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Section A
For each question there are four possible answers, A, B, C and D. Choose the one you
consider to be correct.

1

Granular urea, CON2H4, can be used to remove NO2 from the flue gases of power stations,
converting it into harmless nitrogen.
2 CON2H4 + a NO2

2 CO2 + b H2O + c N2

What are the values of a, b and c in a balanced equation?
a
A

2

3

b

c
5

2

2

B

2

4

C

3

4

D

3

4

4

3
7

2

3

Consider the following half–equations.
MnO4– + 8H+ + 5e–
Fe2+

Mn2+ + 4H2O

Fe3+ + e–
2CO2 + 2e–

C2O42–

What volume of 0.02 mol dm–3 KMnO4 is required to oxidise 20 cm3 of an acidified solution
of 0.05 mol dm–3 FeC2O4?
A

3

10 cm3

B

20 cm3

C

30 cm3

D

50 cm3

Use of the Data Booklet is relevant to this question.
On 9th October 2006, a team of scientists from America and Russia reported the discovery
of element 118, the heaviest element yet discovered. The atoms had a relative atomic
mass of 294. The element has provisionally been named Ununoctium and given the
symbol Uuo.
Which statement about this element and its compound is correct?
A

It has 294 neutrons.

B

It forms a square planar tetroxide UuoO4.

C

It has a higher first ionisation energy than that of 86Rn.

D

It has two more occupied electron shells than a Cs+ ion.
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4

Two conversions are outlined below.
NH4+

NH3

C2H4

C2H6

What similar feature do these two conversions have?

5

A

a lone pair of electrons in the product

B

change in oxidation state of an element

C

decrease in bond angle of the species involved

D

disappearance of a  bond

Two identical bulbs at the same temperature contain ideal gases D and E separately. The
density of gas D is twice that of gas E and the molecular mass of gas D is half that of gas
E.
What is the ratio of the pressure of gas D to that of gas E?
A

6

1:2

B

1:1

C

2:1

D

4:1

Red mercury(II) sulfide is used as a red pigment which is known to darken and this has
been ascribed to the equilibrium below.
HgS(red)

HgS(black)

At temperatures below 400 oC, red HgS is the stable form of HgS.
Data for each form of HgS are given in the table.
Hof / kJ mol–1

So / J mol–1 K–1

red

–58.2

82.4

black

–41.0

108.0

What is the expression for Go, in J mol–1, for the formation of black HgS from red HgS at
450 oC?
A

Go = +17.2 – 723(+25.6)

B

Go = +17.2 – 450(–25.6)

C

Go = +17200 – 450(–25.6)

D

Go = +17200 – 723(+25.6)
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7

Polymerisation is a process in which large number of small molecules (monomers) are
joined together to form long–chain molecules.
Considering that polymerisation is a spontaneous reaction, what are the correct signs of
S and H for the process?

8

S

H

A

–

–

B

–

+

C

+

–

D

+

+

Use of the Data Booklet is relevant to this question.
Lithium cells are used in digital watches, hearing aids and mobile phones.
They consist of lithium and manganese(IV) oxide in non–aqueous pastes enclosed
between sheets of stainless steel.
The electrode reactions are as follows.
Li(s)
Li+(s) + e–
+
Li (s) + MnO2(s) + e–

negative electrode:
positive electrode:

LiMnO2(s)

The capacity of a cell is given in amp hours (Ah), which is the amount of constant current
that can be drawn from the cell in one hour before it becomes discharged.
Which expression will calculate the minimum mass of lithium required to make a cell with a
capacity of 1.8 Ah?
A
B
C
D

1.8 x 3600 x 6.9
96500
1.8 x 3600 x 6.9
1.6 x 10 19

g
g

1.8 x 96500 x 6.9
3600
1.8 x 1.6 x 10 19
6.9 x 3600
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9

An equilibrium can be represented by the following equation.
F(aq) + G(aq)

2H(aq) + J(aq)

In a certain 1 dm3 mixture, the equilibrium concentration of G is 10 mol dm–3.
What will be the new equilibrium concentration of G if 5 mol of pure G is dissolved in the
mixture?

10

11

A

15 mol dm–3

B

between 10 mol dm–3 and 15 mol dm–3

C

10 mol dm–3

D

between 5 mol dm–3 and 10 mol dm–3

Which one of the following statements is correct about a reaction for which the equilibrium
constant is independent of temperature?
A

The enthalpy change is zero.

B

Its rate constants do not vary with temperature.

C

There are equal number of moles of reactants and products.

D

The forward and reverse reactions are of the same order.

The kinetics of the reaction below was studied using the initial rates method.
–

–

I (aq) + ClO (aq)

OH–

IO–(aq) + Cl–(aq)

Experiment

Initial [I–]
/ mol dm–3

Initial [ClO–]
/ mol dm–3

Initial [OH–]
/ mol dm–3

Initial rate
/ mol dm–3 s–1

1

0.0013

0.012

0.100

9.4 x 10–3

2

0.0026

0.012

0.100

18.7 x 10–3

3

0.0013

0.018

0.100

14.0 x 10–3

4

0.0026

0.018

0.050

56.1 x 10–3

What is the overall order of the reaction?
1

A

B

2

C

3

D

4

12 The decomposition of hydrogen peroxide in aqueous solution is a first order process.
2

If of the hydrogen peroxide in a solution of known concentration decomposes in 52
3
minutes at a certain temperature, what is the time taken for the same concentration of
1

hydrogen peroxide to decompose to of its initial concentration?
8

A

267 min
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D
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13 The oxide and chloride of an element K are separately mixed with water. The two resulting
solutions have the same effect on litmus.
Which of the following can be element K?
A

sodium

B

aluminium

C

silicon

D

phosphorus

14 The sulfates of Group II elements exist in crystalline form as follows.
MgSO4.7H2O

CaSO4.2H2O

SrSO4

BaSO4

What is the reason for this trend in hydration?
A

The atomic radius of the elements increases down the group.

B

The ionic character of these sulfates increases.

C

The ionisation energy of the elements decreases down the group.

D

The radius of the cations increases down the group.

15 The following two experiments are carried out with anhydrous potassium chloride and
observations X and Y are made at the end of each experiment.
Concentrated sulfuric acid is added to the potassium chloride and the fumes produced are
bubbled into aqueous potassium bromide solution – observation X.
The potassium chloride is dissolved in concentrated aqueous ammonia and this is then
added to aqueous silver nitrate – observation Y.
What are the observations X and Y?
X

Y

A

brown solution

colourless solution

B

brown solution

white precipitate

C

colourless solution

colourless solution

D

colourless solution

white precipitate
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16 Sulfur is converted to SF6 by fluorine, to SCl2 by chlorine and to S2Br2 by bromine.
Which trend does this information best provide evidence for?
A

the trend in bond energy: F2 < Cl2 > Br2

B

the trend in oxidising ability: F2 > Cl2 > Br2

C

the trend in electronegativity: F > Cl > Br

D

the trend in first ionisation energy: F > Cl > Br

17 Which statement correctly defines a transition element?
A

Transition elements have partially filled d–orbitals.

B

Transition elements form many coloured compounds.

C

Transition elements or their compounds are widely used as catalysts.

D

Transition elements exhibit more than one oxidation state in their compounds.

18 When drops of NH3(aq) are added to Cu(NO3)2(aq), a pale blue precipitate is formed. This
precipitate dissolves when an excess of NH3(aq) is added, forming a deep blue solution.
Which process does not occur in this sequence?
A

acid–base reaction

B

formation of a complex ion

C

ligand exchange

D

reduction of Cu2+ ions

19 Covalent bonds are formed by orbitals overlap. The shape of unsaturated hydrocarbon
molecules can be explained in terms of hybridisation of orbitals.
Which bond is not present in HC

CCH2CH

A

a  bond formed by 2sp–2sp overlap

B

a  bond formed by 1s–2sp2 overlap

C

a  bond formed by 2sp2–2sp2 overlap

D

a  bond formed by 2sp–2sp3 overlap
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20 Methylcyclopentane can react with chlorine via free radical substitution to produce a
mixture of four monochlorinated products, two of which are shown below.

CH2Cl

Cl

For methylcyclopentane, the order of reactivity of tertiary and primary hydrogen atoms
follows a 5 : 1 ratio.
What is the likely ratio of tertiary RCl : primary RCl formed?
A

1 : 15

B

1:3

C

3:5

D

5:3

21 Which of these compounds, on complete combustion of one mole, will release the greatest
amount of energy?

22

A

CH3CH2CH2OH

B

CH3CH2CH3

C

CH3CH2CO2H

D

CH3COCH3

The diagram shows the structure of propofol, a short–acting intravenous anaesthetic used
for both adults and children, and also in veterinary medicine.
OH

propofol

When reacted with a very dilute solution of Cl2, a chlorine atom may substitute for a
hydrogen atom on the benzene ring but not for a hydrogen atom on the alkyl branches or
in the –OH group.
Given that any number of the benzene hydrogen may be substituted, how many possible
products of the reaction are there?
A

1

AJC JC2 PRELIM 2013
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D

7

9

23 Four isomers of C3H6OCl2 are separately subjected to hydrolysis using aqueous sodium
hydroxide.

Which isomer produces an organic product with a different molecular formula from the
other three isomers?
A

CH3CCl2CH2OH

B

CH2ClCHClCH2OH

C

CH2ClCH2CH(OH)Cl

D

CHCl2CH2CH2OH

24 An organic compound N reacts with sodium to produce an organic ion with a charge of –3.
N reacts with NaOH(aq) to produce an organic ion with a charge of –1.

What could be the structural formula of N?

25

A

HO2CCH(OH)CH2CO2H

B

HO2CCH(OH)CH2CHO

C

HOCH2CH(OH)CH2CO2H

D

HOCH2COCH2CHO

The first stage in the synthesis of Antipyrine, a drug used in reducing fever, is the reaction
between compound O and phenylhydrazine.

CH3COCH2CO2CH2CH3

P

NHNH2

+

phenylhydrazine

O

What is the product P of this first stage?
A

B

CH3COCH2CONH

NHCH2CO2CH2CH3

C

CH3COCH2CO
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26 Use of the table on page 8 of the Data Booklet is relevant to this question.

An organic liquid Q with molecular formula C5H10O2, shows a broad absorption at
3100–3500cm–1 in the infra–red spectrum. When Q reacts with acidified sodium
dichromate(VI) solution under mild conditions, a liquid can be distilled from the reaction
mixture. This liquid gives a brick–red precipitate on warming with Fehling’s reagent.
Which of the following is the likely identity of compound Q?
A

CH3(CH2)3CO2H

B

CH3CH(OH)CH2COCH3

C

HOCH2CH2COCH2CH3

D

OH
OH

27 Research has shown that Aigialomycin D, a fungal metabolite, is capable of inhibiting
crucial enzymes related to cancers.
OH

O
O

HO
OH
OH

Aigialomycin D

Which of the following observation is incorrect?
A

It reacts with hot, acidified K2Cr2O7 to give a diketone.

B

It reacts with hot, alkaline aqueous iodine to give a yellow solid.

C

It reacts with Br2(aq) to incorporate up to 6 atoms of bromine in each molecule.

D

It reacts with cold, dilute acidified KMnO4 to give a product that has 7 chiral centres.
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An organic compound R has the following properties:
(i) It has the molecular formula C7H7OCl.
(ii) When Br2(aq) is added to R, a white solid, with Mr of 300.3, is formed.
(iii) Warming R with AgNO3(aq) gives a white solid, which is soluble in NH3(aq).
What is the likely identity of compound R?
A

B
CH3

Cl

CH2OH

Cl

C

OH

D
CH2Cl

HO
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The following information is relevant to questions 29 and 30.
Soy sauce is produced by the fermentation of soy beans by the mould Aspergillus oryzae. The
distinctive salty taste of the sauce is due to salts of glutamic acid formed during fermentation.
NH2
HO2C

CO2H

glutamic acid

There are three pKa values associated with glutamic acid: 2.1, 4.1 and 9.5.
The pH–volume curve obtained when 30 cm3 of NaOH is added to 10 cm3 of the protonated
form of glutamic acid of the same concentration is given below.
pH
9.5
S
T

4.1

2.1

0

29

20

10

30

VNaOH added / cm3

Which of the following is the major species present at point S?
A

B

NH3

NH3
HO2C

HO2C

CO2H
C

D

NH2

NH3
O2C
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30

Electrophoresis is a technique of separating and identifying amino acids. A solution of
amino acids is absorbed into the paper that is moistened with a buffer solution and
stretched between two electrodes. Positively charged species move towards the cathode,
negatively charged towards the anode.
At point T, there are two forms of glutamic acid present in equal amount.
With a buffer at pH 4.1, what will happen to the two forms of glutamic acid when an
electrophoresis experiment was carried out?
A

Both migrate to the anode.

B

Both migrate to the cathode.

C

One remains stationary while the other migrates to the anode.

D

One remains stationary while the other migrates to the cathode.
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Section B

For each of the question in this section, one or more of the three numbered statements 1 to 3
may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick
against the statements that you consider to be correct.)
The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

31

The hydrolysis of S2Cl2 proceeds by two reactions.
reaction 1

S2Cl2 + 2H2O

reaction 2

2H2S + SO2

H2S + SO2 + 2HCl
3
S8 + 2H2O
8

Which of the following correctly describe the reactions?

32

1

An acidic solution is formed in reaction 1.

2

Reverse disproportionation occurs in reaction 2.

3

The oxidation state of chlorine and oxygen remain unchanged in both reactions.

Gaseous particle U has an atomic number n and a charge of +1.
Gaseous particle V has an atomic number of (n + 1) and is isoelectronic with U.
Which of the following statements is always true?
1

V has a smaller radius than U.

2

V is deflected as much as U when passed through an electric field.

3

V releases less energy than U when an electron is added to each particle.
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33

Superoxide dismutase (SOD) is an example of a copper–containing enzyme. It aids in the
reaction of the strongly oxidising superoxide ion, O2, to oxygen and hydrogen peroxide,
thereby protecting the body from harm.
2O2 + 2H+

SOD

O2 + H2O2

The activity of SOD hinges on the active site Cu2+ ion which can be reduced to Cu+.
The E data, where the oxidised and reduced forms of the enzyme are represented as
SODCu2+ and SODCu+, are given in the table below.
half–equations

E/ V

O2 + e

0.33



O2



+

O2 + e + 2H
SODCu

2+

+e

+0.89

H2O2


SODCu

+

+0.42

Which of the following statements are true?

34

1

Disproportionation of superoxide ion, O2, occurs.

2

The reaction of superoxide ion, O2, has high activation energy.

3

The first step of the enzyme–catalysed reaction mechanism is more spontaneous
than the second.

Carbon and silicon each form a tetrachloride. CCl4 has no reaction with water; SiCl4 reacts
violently with water.
Which statement is a correct explanation of this?
1

Si–Cl bond is weaker than C–Cl bond.

2

Carbon does not have low–lying empty d–orbitals.

3

The four large chlorine atoms shield the small carbon atom from the water molecules.
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

35

Use of the Data Booklet is relevant to this question.

The arrangement of electrons in the d–orbitals depends on the spin states of complexes.
The following diagram shows how the d–orbitals are split in an octahedral environment.

energy gap E

d–orbitals of an
isolated Mn+ ion

d–orbitals of Mn+ ion in
presence of ligands

In a ‘high spin’ state, the electrons occupy all the d–orbitals singly, before starting to pair
up in the lower energy d–orbitals.
In a ‘low spin’ state, the lower energy d–orbitals are filled first, by pairing up if necessary,
before the higher energy d–orbitals are used.
Which of the following divalent cations are able to exhibit both spin states in the presence
of different ligands?
1

Co2+

2

Mn2+

3

Ni2+
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36

In organic chemistry, Hückel's rule is used to predict whether a planar monocyclic,
conjugated molecule will have aromatic properties. It was found that aromatic molecule
has a total of (4n + 2)  electrons, where n is an integer (n = 0, 1, 2, 3, …).
Which of the following monocyclic molecule / ion exhibit aromaticity?

N

1

2

3

37

Deuterium, D, is the 21H isotope of hydrogen.
Which reactions yield an organic compound incorporating deuterium, D?
1

CH3CO2H

2

CH3COCH3

NaBD4

DCN
NaCN in D2O
CD3Br
3

FeBr3

38

Below is a reaction scheme involving chloroacetyl chloride.
H2NCH2CH2OH
ClCH2COCl

Na
ClCH2CONHCH2CH2OH

O

N

warm
O

What are the types of reaction shown in this scheme?
1

redox

2

nucleophilic substitution

3

acid–base reaction
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

39

The compound X, CH3COCH2CHO, was reacted in separate experiments with
(i) 2,4–dinitrophenylhydrazine reagent;
(ii) Tollen’s reagent;
(iii) alkaline aqueous iodine.
Which statements about these reactions are correct?

40

1

One mole of X could react with two moles of 2,4–dinitrophenylhydrazine in (i).

2

One mole of X could form two moles of Ag(s) in (ii).

3

One mole of X could form two moles of CHI3(s) in (iii).

Equal amounts of two organic compounds, Y and Z, were added to water and the pH
values of both solutions were determined. It was found that the pH of the aqueous solution
of Y is higher.
Which pairs of compounds could be Y and Z?
Y

Z

1

(CH3)2NH

CH3NH2

2

CH3COCH2NH2

CH3CH2CONH2

3

C6H5O–Na+

C6H5CO2–Na+

AJC JC2 PRELIM 2013

9647/01/H2

H2 Chemistry 9647

Question
Number
1
2
3
4
5

AJC 2013 JC2 PRELIM

Paper 1 – 40 marks

C
C
D
C
D

Question
Number
21
22
23
24
25

6
7
8
9
10

D
A
A
B
A

26
27
28
29
30

C
A
C
C
C

11
12
13
14
15

A
D
D
D
C

31
32
33
34
35

A
D
A
C
B

16
17
18
19
20

B
A
D
A
D

36
37
38
39
40

B
C
B
B
A

AJC JC2 PRELIM 2013

Key

9647/01/H2

Key
B
C
B
C
D

AND
DERSON
N JUNIO
OR COLLEGE
2013 JC
C 2 PREL
LIMINARY
Y EXAMINATION S
NAME:__________________________________ PD
DG:_____
_ /12

R
Register No: ______

CHEMIS
STRY

9647/02
2

Higher 2

16 Septe
ember 2013
3

Paper 2 S
Structured Question
ns

2 hours
s

Candidatess answer on
n the Questiion Paper.
Additional M
Materials:

Data Bo
ooklet

READ THESE INST
TRUCTION
NS FIRST
Write your name, PDG
G and registter number on all the work
w
you hand in.
Write in darrk blue or black pen.
You may usse a pencil for any diag
grams, grap
phs or rough working.
Do not use staples, pa
aper clips, highlighters,
h
, glue or corrrection fluid
d.
Answer all questions.
A Data Boo
oklet is provvided.
At the end of the exam
mination, fas
sten all yourr work secu
urely togethe
er.
The numbe
er of marks is given in brackets
b
[ ] at the end of each question or paart question
n.

For Ex
xaminer’s Use
U

1

P
Paper
2

2
3
Total
4

/ 72

5
6

Thiss document consists off 20 printed pages and 1 blank pagge.
AJC JC2 PRE
ELIM 2013

9
9647/02/H2

[Turn ov
ver

2
1

Planning (P)
The enthalpy change of neutralisation of a mixture of acid and base can be determined by
measuring the temperature change when the two reactants are mixed together.
A student was asked to investigate the enthalpy change of neutralisation between malonic acid,
HO2CCH2CO2H and aqueous sodium hydroxide. She was given two separate solutions, FA 1
and a standard solution of NaOH.
FA 1 contains 1.00 mol dm–3 malonic acid
To ensure that both acidic protons in the malonic acid were reacted, she mixed 40 cm3 of the
0.20 mol dm–3 solution of NaOH provided with 20 cm3 of diluted FA 1 and recorded the
temperature change. The temperature change recorded was approximately 2 °C and the student
decided that it was too low and would create significant uncertainty in the results.
To overcome the problem, she decided to use the undiluted FA 1 in the next measurement and
prepared a more concentrated solution of NaOH, FA 2 from solid anhydrous NaOH.
During the preparation, the student found that the process of dissolving NaOH released heat and
the resultant FA 2 solution had a significantly higher initial temperature than that of the malonic
acid solution. When conducting the experiment, a weighted average of the initial temperatures of
the two solutions was found to ensure that the initial temperature of the acid–base mixture is
more accurate.
(a)

Construct a balanced equation, including the state symbols, for the reaction between
malonic acid and aqueous sodium hydroxide.
………………………………………………………………………………………………………….
[1]

(b)

The enthalpy change of neutralisation between malonic acid and aqueous sodium
hydroxide may be determined by performing an experiment to measure the temperature
change and then analysing the results.
Write a plan on the following page for such an experiment. In your plan, you should use the
same proportions of malonic acid and NaOH solutions as described above.
You may assume that you are provided with the following.
 FA 1, having the concentration given above
 12 g solid anhydrous sodium hydroxide
 deionised water
 the apparatus normally found in a school or college laboratory
Your plan should include the following.
 the intended concentration of FA 2 to be used
 details for the preparation of this FA 2 solution from the solid anhydrous sodium
hydroxide provided
 a diagram of the assembled apparatus that you would use when measuring the
temperature change
 all essential experimental details
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………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
[6]
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(c)

(i) A student carried out the experiment you have planned in (b) and the following data
was collected.
Initial temperature of FA 1 / °C

a

Initial temperature of FA 2 / °C

b

Maximum temperature reached by mixture / °C

c

Outline how you would use her results to determine the enthalpy change of
neutralisation between malonic acid and aqueous sodium hydroxide.
[You may assume that the heat capacity per unit volume of the mixture is
4.2 J K–1 cm–3]

(ii) Using your answer to (c)(i) and given that the enthalpy change of solution of solid
anhydrous NaOH is –44.51 kJ mol–1, sketch an energy cycle involving the reaction of
solid anhydrous NaOH with malonic acid and determine its enthalpy change.

[4]
(d)

Identify one potential safety hazard in this experiment and state how you would minimise
this risk.
………………………………………………………………………………………………………….
………………………………………………………………………………………………………….
[1]
[Total: 12]
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This question involves chlorine and its compounds.
(a)

When chlorine is bubbled into aqueous potassium iodide, a brown mixture is formed.
(i) Write a balanced equation for the above reaction.
……………………………………………………………………………………………………
(ii) Upon shaking the mixture with an equal volume of trichloroethane, two immiscible
layers are observed.
Suggest, with reason, the colour of the organic layer.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
[3]

(b)

Chlorine dissolves in the water to form chloric(I) acid (HOCl), the active agent for swimming
pool disinfection, and hydrochloric acid.
A slightly alkaline pH of about 7.5 is desirable in swimming pools because this range is
most comfortable to the human eye while maintaining water that is not corrosive.
The pH of the water in the swimming pools can be regulated by addition of HCl to control
the amount of ClO– and HOCl present in the solution. It is also recommended that the
amount of HOCl present in the pool should not exceed 2 ppm.
(i) Given that 1 ppm = 1 mg of solute dissolved in 1000 g of solvent, show that the
recommended concentration of HOCl present in the pool is 3.8 x 10–5 mol dm–3.
You may assume that the density of the solvent is 1 g cm–3.

(ii) Write an expression for the acid dissociation constant of HOCl.

……………………………………………………………………………………………………
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(iii) Calculate the concentration of ClO–, in mol dm–3, needed to maintain the desirable pH
in the pool.
[Ka of HOCl is 3.5 x 10–8 mol dm–3]

concentration of ClO– = …….……………………… mol dm–3 [3]
(c)

Chlorine dioxide, ClO2, is produced industrially by reaction of NaClO3 with HCl.
(i) State the oxidation number (O.N.) of chlorine in NaClO3 and ClO2.
O.N. of chlorine in NaClO3

………………………

O.N. of chlorine in ClO2

………………………

(ii) By considering the numbers of bonding and non–bonding electron pairs, draw
diagrams in the boxes below to show the likely shape of ClO3– and ClO2.
In your diagrams, state the shape and clearly indicate the value of bond angles for
each.

ClO3–

ClO2

[6]
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(d)

Chlorine dioxide is an unstable gas which decomposes into chlorine gas and oxygen gas.
(i) Write a balanced equation for this decomposition.
……………………………………………………………………………………………………
(ii) What is the mass of chlorine gas formed when 150.0 g of chlorine dioxide is
decomposed?

mass of chlorine gas formed = ………………………………….. [2]
[Total: 14]
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The Intel® super–fast 45 nm Core 2 processors are based on Penryn technology. This involves
the use, for the first time in computer chips, of an oxide of hafnium.
(a)

This oxide of hafnium has the formula HfO2. Calculate the percentage of hafnium by mass
in this oxide.

percentage of hafnium by mass = ………………………. [1]
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(b)

T
The type of bonding (c
covalent, ion
nic or metallic) present in a substtance can be
b determin
ned
a
and predicte
ed using the
e van Arkel triangle. Th
he triangle is based on electroneg
gativity value
es.
D
Difference in electrone
egativity bettween the element(s)
e
is plotted allong the y–
–axis and th
heir
a
average ele
ectronegativ
vity is plotted
d along the x–axis.
T
The electron
negativity data for O an
nd Hf and selected
s
ele
ements from
m Period 3 of
o the Period
dic
T
Table are prrovided in th
he table be low.
eleme
ent

y
electtronegativity

O

3.61

Na
a

0.93

Si

1.90

Cl

3.16

Hf

1.16

S
Some of the
e Period 3 elements a
and their co
ompounds have
h
been plotted on the van Arkkel
triangle give
en below.

M

difference in electronegativity

3.0

Na
aCl
2.0

SiCl4
1.0

L

Na
N

Si

N

Cl2

0.0
0.0

1.0

2.0

3.0

4.0

a
average ele
ectronegativ
vity

((i)

Using your knowlledge of the
e Period 3 elements and
a their coompounds plotted
p
abovve,
state the
t
type of bonding prresent at ea
ach of thes
se bonding extremes, labelled L, M
and N on the trian
ngle?
L

…
………………
…………… ………………

M

…
………………
…………… ………………

N

…
………………
…………… ………………
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(ii)

On the van Arkel triangle given on page 10, mark the point corresponding to the oxide
of hafnium and use this point and your answer to (b)(i) to decide whether the oxide of
hafnium is best described as ionic, covalent or metallic. Circle the correct option.
The oxide of hafnium is best described as
ionic

covalent

metallic
[4]

(c)

Computer chips contain electrical conductors, semiconductors and insulators.
Use your van Arkel plot in (b)(ii) to deduce the electrical properties of hafnium oxide. Circle
the correct option.
The oxide of hafnium is a / an
conductor

semiconductor

insulator
[1]
[Total: 6]

AJC JC2 PRELIM 2013

9647/02/H2

[Turn over

12
4

A sulfur–containing compound which is present in the Earth’s atmosphere is carbonyl sulfide,
OCS. The sequence of atoms in the molecule is oxygen–carbon–sulfur and the molecule is not
cyclic.
(a)

(i) Draw a dot–and–cross diagram to show the bonding in the OCS molecule.
Show outer electrons only.

(ii) Suggest a value for the O–C–S bond angle.
……………………………………………………………………………………………………
[2]
The variation of the volume with temperature of a fixed mass of an ideal gas at constant pressure
may be represented by a relationship known as Charles’s law,
V=kT
where V is the volume of a gas, T is the temperature in Kelvin and k is a constant.
An experiment was carried out to attempt to verify this law using a gas, having the same shape
as carbonyl sulfide.


A specially adapted gas syringe was filled with a sample of this gas. The syringe was placed
in a temperature controlled chamber at 25 °C and left for 5 minutes. The initial volume of gas
at this temperature was 26.0 cm3.



The temperature was adjusted and, after leaving for 5 minutes, the change in gas volume for
the new temperature was recorded.



The experiment was repeated several times at different temperatures and the results
recorded on the following page. Each change in gas volume at the different temperatures is
determined with respect to the initial volume of gas at 25 oC.

(b)

Process the results in the table on page 13 to calculate the volume of the gas and the
corresponding temperature in Kelvin to enable you to plot a graph to show their
inter–relationship.
(Note 0 °C is 273 K).
Record these values to three significant figures in the additional columns of the table.
Label the columns you use. For each column you use include units where appropriate.

AJC JC2 PRELIM 2013

9647/02/H2

13
temperature
of the gas,
g
T
/ oC

change iin volume
of the g
gas, V
/ ccm3

–2
23

–4
4.20

11

–2
2.10

29
9

0..40

63
3

3..30

94
4

7..00

13
31

9..20
[2]

(c)

nt the data calculated
c
iin (b) in gra
aphical form. Draw the line of best fit.
(i) Presen
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(ii) Using the graph obtained in (c)(i), indicate whether the results do or do not confirm
Charles’s law. Give a reason for your answer.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
[4]
[Total: 8]
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(a)

Use of the Data Booklet is relevant to parts of this question.
Calcium fluoride, CaF2, occurs naturally as the mineral fluorite and is a major source of
fluorine.
(i) Write an equation to represent the lattice energy of calcium fluoride.
……………………………………………………………………………………………………
(ii) Use the grid provided below and the following enthalpy changes to construct a
Born–Haber cycle to calculate the lattice energy of calcium fluoride.
enthalpy change of formation of calcium fluoride
enthalpy change of atomisation of calcium
enthalpy change of atomisation of fluorine
first electron affinity of fluorine

–1220 kJ mol–1
+178 kJ mol–1
+79 kJ mol–1
–328 kJ mol–1

energy

0

lattice energy of calcium fluoride = …………………………………
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(iii) How would you expect the lattice energy of calcium fluoride to compare with that of
iron(II) fluoride? Explain your answer.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
[5]
(b)

Calcium compounds such as calcium fluoride and calcium hydroxide are sparingly soluble
in water. Their solubility products at 298 K are given in the table below.
calcium compound

numerical value of Ksp

CaF2

3.2 x 10–11

Ca(OH)2

6.4 x 10–6

(i) Calculate the solubility of calcium fluoride in water at 298 K.

solubility of calcium fluoride in water = …………………………….
(ii) A saturated solution Q containing calcium fluoride and calcium hydroxide has a pH of
12.
Calculate the solubility of calcium fluoride in solution Q.

solubility of calcium fluoride in solution Q = …………………………….
AJC JC2 PRELIM 2013
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(iii) Comment on and explain the discrepancy in the solubilities of calcium fluoride in water
and in solution Q.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
[5]
(c)

o

When a precipitate is formed, Gppt , in J mol–1, is given by the following expression.
o

Gppt = 2.303RT Iog10 Ksp
(i) Use the data above to calculate Goppt , in kJ mol–1, for calcium fluoride.

Gppt = ………………………… kJ mol1
o

(ii) The standard enthalpy change for the formation of the precipitate CaF2(s) is
–224 kJ mol–1.
o
Use your answer in (c)(i) to calculate the Sppt , in J mol–1 K–1, for the formation of the
precipitate CaF2(s) at 298 K.

o

Sppt = ………………………… J mol–1 K–1
(iii) Explain the significance of the sign of your answer in (c)(ii).
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
[4]
(d)

Another common fluoride compound, silver fluoride, has a Ksp value of 1.006 mol2 dm–6 at
298 K.
Use the expression given in (c) to justify whether silver fluoride is soluble in water at 298 K.
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
…………………………………………………………………………………………………………..
[2]
[Total: 16]
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6

This question examines the chemistry of 2–chloro–2methylpropane, otherwise known as t–butyl
chloride.

(a)

In no more than 3 steps, suggest how t–butyl chloride can be synthesised from
2–methylpropanoic acid. You are required to state the reagents and conditions for each
step and give the structures of the intermediates formed.

O
Cl
OH

[5]

AJC JC2 PRELIM 2013

9647/02/H2

19
t–butyl chloride, undergoes an elimination reaction when heated under reflux at 80 oC with
alcoholic sodium methoxide to yield 2–methylpropene according to the following equation.
(CH3)3CCl + CH3O–(alc)

(CH3)2C=CH2 + Cl– + CH3OH

It was proposed that the reaction takes place via a two–step mechanism and is expected to obey
the following rate law.
rate = k [RX]

where RX denotes an alkyl halide

The kinetics of this reaction was studied and the following results were obtained.

(b)

experiment

[(CH3)3CCl] /
mol dm–3

[CH3O–] /
mol dm–3

relative initial rate

1

0.060

0.060

1.00

2

0.050

0.060

0.833

3

0.040

0.050

0.667

(i) Use the data given above to deduce the rate law and explain if the above proposed
rate law is correct.
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(ii) Hence, propose a mechanism for the above elimination reaction given that the
reaction proceeds via the following 2 steps:
☺ rate–determining step yields a carbocation;
☺ followed by acid–base reaction between H in the carbocation and CH3O–.

[4]
(c)

Explain the effect on the rate constant for this reaction if
(i) the reaction mixture is now heated in an oil bath at 100 oC.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
(ii) t–butyl bromide, (CH3)3CBr, is used instead.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
[4]
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(d)

When t–butyl chloride reacts with hot alcoholic sodium methoxide, a by–product, X
(Mr = 88.0), is formed.
Suggest the structure of X.

X
[1]
(e)

t–butyl amine may be synthesised from the reaction of t–butyl chloride with excess
concentrated NH3.
(i) Suggest why there is a need to use excess concentrated NH3.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
(ii) In the synthesis of t–butyl amine, an impurity with molecular formula C8H19N was
formed. Suggest a structure for this impurity.

[2]
[Total: 16]
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(a)

2013 AJC2 Prelim P2 Suggested Solutions

2NaOH(aq) + HO2CCH2CO2H(aq) → Na+–O2CCH2CO2–Na+(aq) + 2H2O(l)

[1]

correct state symbol given
(b) Intended [FA 2]

[6]

Given that [malonic acid] = 1.00 mol dm-3, and the proportion of solutions are 20 cm3
FA 1 and 40 cm3 aqueous NaOH,
minimum [NaOH] in FA 2 to ensure complete reaction of malonic acid
= 1 mol dm-3
n(NaOH) required to prepare 250 cm3 of FA 2 = 1 × 0.25 = 0.250 mol
mass of NaOH required = 0.25 × (23.0 + 16.0 + 1.0) = 10.0 g
Therefore, about 11 g of solid anhydrous NaOH (more than 10 g) is used in the
preparation of standard solution.

Preparation of FA 2
1. Weigh accurately about 11.0 g of solid anhydrous NaOH in a pre–weighed
weighing bottle. Dissolve this solid in a (100 cm3) beaker with 30 cm3 of water.
2. Reweigh the emptied weighing bottle.
3. Transfer the solution and washings into a 250 cm3 graduated flask and make up
to the mark dropwise with deionised water.
4. Shake the solution to obtain a homogeneous solution and label it FA 2.

Experimental Set-up

(

)

Experimental procedure
5. Transfer 20.0 cm3 of FA 1 using a burette into a styrofoam cup. Place a
thermometer in the solution and record the initial temperature of FA 1.
6. Using a 50 / 100 cm3 measuring cylinder, measure out 40 cm3 of FA 2. Place a
thermometer in the solution and record the initial temperature of FA 2.
7. Quickly transfer the 40 cm3 of FA 2 into the styrofoam cup containing FA 1. Cover
the cup with a lid and observe the maximum temperature rise on the
thermomemter.
8. Record the maximum temperature reached.
9. Repeat experiment until temperature rise is consistent to 0.2 oC.
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[1]

[1]

[1]
[1]

[1]
[1]
(c)

(i)

Appropriate concentration of FA 2 determined with calculations shown.
NaOH solution should be more concentrated than FA 1 (1 mol dm–3) to
ensure complete neutralisation of malonic acid.
Use of weighing balance without TARE function (OR reweighing done)
Determine the mass of anhydrous NaOH that was successfully transferred
from the weighing bottle to prepare the standard solution.
Use of volumetric flask to prepare standard solution of FA 2
Appropriate mass of NaOH used for 100 cm3 or 250 cm3 volumetric flask.
Correct drawing of set–up with appropriate choice of apparatus for the
experiment for insulation.
Styrofoam cup with lid and thermometer, (retort stand)
Show measurement of volumes of solutions and initial temperatures of both
solutions before mixing.
Correct procedures in determining the maximum temperature reached.

(20xa)  ( 40xb)
(20  40)
(20xa)  ( 40xb)
Temperature change = c –
(20  40)
(20a)  ( 40b)
Heat change = 60 × 4.2 × [c –
]
60
Amount of water formed = 2(0.02 × 1) = 0.04 mol
Enthalpy change of neutralisation
(20a)  ( 40b)
= –60 × 4.2 × [c –
] / 0.04
60
= –105[60c – (20a + 40b)] J mol–1
Weighted average of initial temperature =

[1]

[1]
[2]

(ii)

∆Hr = 2 × ∆Hsoln(NaOH) + 2 × ∆Hneut
= (2)(–44.51) + (2)(–0.105)[60c – (20a + 40b)]
= –89.02 – 0.21[60c – (20a + 40b)]
[1]: correct cycle / application of Hess Law
[1]: correct H expression in terms of a, b and c
(d) solid anhydrous sodium hydroxide is highly corrosive and gloves should be worn.

[1]

(accept: malonic acid and sodium hydroxide solutions are corrosive)
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(a)

(i) Cl2 + 3I–
2Cl– + I3– (brown mixture)
(accept Cl2 + 2I–
2Cl– + I2)

[1]

(ii) The organic layer is purple.

[1]

Iodine formed, being more soluble in organic solvent, will dissolve in the
trichloroethane to give a purple layer.
(b)

[1]

(i) 2 ppm = 2 mg of HOCl in 1000 g of solvent
= 2 mg of HOCl in 1000 cm3 of solvent
2x10 3
mol of HOCl in 1 dm3 of solvent
=
(1.0  16.0  35.5)
[1]

[HOCl] = 3.8 x 10–5 mol dm–3
(ii)

(iii)

Ka =

[H3O  ][ClO  ]
[HOCl]

[ClO–] =

[1]

K a [HOCl]
[H3 O  ]

(3.5 x10 8 )(3.8 x10 5 )
(10  7.5 )
= 4.21 x 10–5 mol dm–3

=

(c)

(i)

[1]

O.N. of chlorine in NaClO3

+5

O.N. of chlorine in ClO2

+4

[2]

[1] each
(iii)

O

Cl

 O 

Cl

O

O



[4]

O

allow 104.5o <  < 120o
bent / V–shaped

(+2)/3  107o
trigonal pyramidal

[1] each: correct shape
[1] each: correct bond angle
(d)

(i) 2ClO2
(ii)

[1]

Cl2 + 2O2

No. of moles of ClO2 =

150
= 2.22 mol
[35.5  2(16.0)]

1
(2.22) = 1.11 mol
2
Mass of Cl2 = 1.11 x [2(35.5)]
= 78.8 g

No.of moles of Cl2 =
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3

3

(a)

(b)

% of Hf by mass
m
=
(i)

(ii)

L
M
N

[
[1]

178
x100% = 84
4.8 %
178
8  2(16.0)

[
[1]

metallic
ionic
covalent

averag
ge electrone
egativity forr Hf and O =

1.16  3.61
6
= 2.39 (22.35 – 2.40))
2

ence in electtronegativityy for Hf and
d O = 3.61 – 1.16 = 2.445 (2.45 – 2.50)
2
differe
[
[2]

[1] eacch: correctly
y determine
ed and plotte
ed the coorrdinates for HfO2

difference in electronegativity

M

3.0
0

HfO2
NaCl
2.0
0

SiCl4
1.0
0

L

Na

N

Cl2

Si

0.0
0
0.0

1.0

2.0
2

3.0

4.0

average electronega
ativity
nium is bestt described as ionic (ciircled)
The oxxide of hafn
(c)

4

(a)

T
The oxide of
o hafnium is
s an insulattor (circled)

(i)

[
[1]
[
[1]

[
[1]

O C S
h, OCS is similar
(recall ‘substitutio
on’ approach
s
to OC
CO)

(ii) 180 o
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(b)

temperrature
of the gas
/ oC

change in vvolume
of the g
gas
/ cm
m3

temperatture
of the gas
/K

e gas
voolume of the
/ cm3

–23
3

–4.20
0

250

21.8

11

–2.10
0

284

23.9

29
9

0.40
0

302

26.4

63
3

3.30
0

336

29.3

94
4

7.00
0

367

33.0

131
1

9.20
0

404

35.2

[
[2]

[1]: correct determinatio
d
on of readin
ngs
ding off)
[1]: all readings to 3 s.ff. (ignore er ror in round

(c)

[
[3]

(i)

volume of the gas / cm3

40.0

30
0.0

20
0.0

10
0.0

0
100
1
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[1]: label the x–axis temperature and the y–axis volume (with correct units). The
plotted points must cover at least half the grid in both directions and all points
must be on the given grid.
The point given by question (298, 26.0) can be included / excluded.
If a true origin has been scaled in and the student’s line is extrapolated back to
there then the origin is to be included as a “plotted point” in the assessment of
covering half the grid in both directions.
[1]: check the plotting of points 1, 3, 6
[1]: a ‘straight–line of best fit’ drawn (allow ‘ecf’ here from incorrectly plotted
points).
(ii) Charles’s law is confirmed because a straight line passing through the origin
(direct proportionality) is obtained.
(The data confirms the relationship V = kT or that volume is directly proportional
to absolute temperature.)

[1]

Alternative
Calculations showing that V/T is the same for more than 1 point on the graph
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(a)

(i) Ca2+(g) + 2F–(g)

[1]

CaF2(s)

[3]

(ii)

Ca2+(g) + 2F(g)
energy
590 + 1150 + 2(328)

Ca(g) + 2F(g)
L.E.

178 + 2(79)
0

Ca(s) + F2(g)

1220

CaF2(s)
178 + 2(79) + 590 + 1150 + 2(–328) + L.E. = –1220
L.E. of CaF2 = –1220 – 178 – 2(79) – 590 – 1150 + 2(328)
= –2640 kJ mol–1
[1]: correctly labelled cycle (in terms of H or its value)
[1]: correct application of Hess’ Law
[1]: L.E. of CaF2 correctly determined
(iii) Lattice energy of CaF2 is less exothermic than that of FeF2 as the ionic radius of
Fe2+ (0.076nm) is smaller than that of Ca2+ (0.099nm).
(b)

(i) Let x mol dm–3 be the solubility of CaF2 in water.
Ksp = [Ca2+] [F–]2
3.2 x 10–11 = (x)(2x)2
x = 2.00 x 104 mol dm–3

[1]

[1]

(ii) pH = 12  pOH = 2
 [OH–] = 10–2 = 1.00 x 10–2 mol dm3
Ksp of Ca(OH)2 = [Ca2+]total [OH–]2
6.4 x 106 = [Ca2+]total(1.00 x 10–2)2
[Ca2+]total = 0.0640 mol dm3

[1]

[Ca2+]total[F–]2 = 3.2 x 10–11
(0.0640)[F–]2 = 3.2 x 10–11
[F–] = 2.24 x 105 mol dm–3
Solubility of CaF2 = ½(2.24 x 10–5)
= 1.12 x 10–5 mol dm–3
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(iii) Solubility of CaF2 in solution Q is lower than in water due to common ion effect.

Ca2+ + 2F

CaF2

Presence of Ca2+ from Ca(OH)2 increases the [Ca2+], which shifts the position of
the above equilibrium to the left, resulting in a decrease in the solubility of CaF2.
(c)

(i) Goppt = 2.303 x 8.31 x 298 x log(3.2 x 1011)
= –59.9 kJ mol1
(ii) Goppt = Hoppt – TSoppt


Hppt
 Gppt
o
Sppt =
T
 224  ( 59.9)
) x 1000
=(
298
= –551 J mol1 K1
(iii) Soppt is negative when precipitation occurs.
This is due to decrease in entropy during the phase change as the aqueous
ions become more ordered in the solid precipitate.

(d) Goppt = 2.303(8.31)(298) x log(1.006)
= +14.8 J mol1
o

Since the Gppt is positive, silver fluoride is soluble in water.
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[1]
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(a)

[5]

Step 1:
LiAlH4 in dry ether

O

OH

OH

U

Step 2:

OH

excess conc H2SO4
180 oC

U
(accept other suitable dehydrating agent)

V

Step 3:
HCl(g)
Cl

V

[1] each: correct intermediates U and V
[1] each: correct reagents and conditions for each step
(b)

(i) Comparing experiments 1 & 2 in which [CH3O–] is kept constant,
when [(CH3)3CCl] decreases by 5/6 times, the relative initial rate also decreases
by 0.833/1.00  5/6 times.
Hence, order of reaction with respect to (CH3)3CCl is 1.

[1]

Let the order of reaction with respect to CH3O– be x.
Comparing experiments 2 & 3,

(0.060)x (0.050) 0.833

(0.050)x (0.040) 0.667
6
( )x  0.999  1
5
x0

[1]
–

Hence, order of reaction with respect to CH3O is 0.
Therefore, the proposed rate law is correct.
(ii)

[2]

OCH3
CH3
CH3

C
+
CH3

H
Cl
–

slow

fast
H

C

C

H

CH3

CH3

H

CH3

C

C
CH3

H
Cl

CH3OH

[1]: correct electron pairs movement for both slow and fast step
[1]: correct intermediate and product generated
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(c)

(i) rate constant will increase;

[1]

at 100oC, the reactant molecules have higher kinetic energy and more
molecules will have energy greater or equal to activation energy, resulting in an
increase in rate of reaction and hence rate constant.

[1]

(Since [reactants] remain constant, the increase in rate must be due to increase
in rate constant.)
[1]

(ii) rate constant will increase;

since the rate–determining step involves the breaking of C–X bond, the use of
t–butyl bromide will result in a lowered activation energy as C–Br bond is
weaker than C–Cl bond. Hence the rate of reaction and rate constant increases.

[1]

Ea

(accept use of Arrhenius equation k = AeିRT in explanation for both parts)
(d) X is (CH3)3COCH3
(e)

[1]

(i) To prevent the amine formed (stronger nucleophile than NH3) from undergoing
further substitution with the RX.

[1]

(ii)

[1]
[(CH3)3C]2NH

N
H
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(a)

Nicotinamide adenine dinucleotide (NAD+) is a coenzyme responsible for carrying electrons
from one reaction to another in living cells.
The electrode potential for the reduction of NAD+ in a biological system, E(pH 7), in which
the conditions are at 1 mol dm–3, 25 oC and pH 7, is as shown. The oxidised and reduced
form of the coenzyme is represented as NAD+ and NADH respectively.
NAD+ + H+ + 2e–

NADH

E(pH 7) = –0.320 V

The following Nernst equation can be used to calculate the electrode potential of the above
system when [NAD+] and [NADH] change.
E = E(pH 7) –

[NADH]
0.0592
log10
n
[NAD  ]

where n is the number of moles of electrons transferred in the system.
(i) Using the Nernst equation given, determine the ratio

[NADH]
when E = –0.350 V.
[NAD  ]

(ii) Hence, calculate the percentage of NAD+ in the NAD+–NADH mixture when
E = –0.350 V.

NAD+ is used to metabolise ethanol in living cells via a series of reactions. In the first stage,
ethanol is oxidised to ethanal. In the second stage, ethanal is converted to ethanoate ions.
CH3CH2OH

NAD+

CH3CHO

NAD+

CH3CO2

The electrode potential, E(pH 7), and Gibbs free energy change, G(pH 7), of each of the
carbon–containing species present in the two stages of the metabolism are given below.
Half–equation

CH3CHO + 2H+ + 2e–
CH3COO– + 3H+ + 2e–

CH3CH2OH
CH3CHO + H2O

E(pH 7)
/V

G(pH 7)
/ kJ mol–1

–0.197

+38

–0.581

+112

(iii) Using the data given above, calculate the Ecell(pH 7) for each of the two stages of the
metabolism of ethanol.
(iv) Write a half–equation for the conversion of ethanoate ion to ethanol.

Hence, using your knowledge of Hess’ Law for G, calculate G(pH 7) for this
conversion.
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(v) G(pH 7) and E(pH 7) are related by the following equation.
G(pH 7) = –zFE(pH 7)

where G(pH 7) is the Gibbs free energy change in joules per mole, z is the number
of moles of electrons transferred during the redox reaction and F is the Faraday
constant.
Use the equation you have written in (a)(iv) to decide on a suitable value of z, and
hence calculate the value of E(pH 7).
[9]
(b)

Reductive amination is a common method used in the pharmaceutical industry that
converts carbonyl compounds to amines.
One example of this method is the preparation of ethylamine. Ethanal can be converted to
ethylamine by reductive amination with ammonia, using hydrogen gas over a nickel catalyst
as the reducing agent.
O
CH3

NH2

NH3
H

CH3

followed by H2 / Ni

H
H

The reaction is thought to proceed through the following steps.
O
CH3

H

NH3

HO

NH2

I

CH3

H

NH
II

CH3

NH2

H2 / Ni
H

III

CH3

H
H

B

A

(i) Given that ammonia acts as a nucleophile in step I, suggest a mechanism for this
step. In your answer show any relevant charges, dipoles or lone pairs of electrons you
consider important in this mechanism.
(ii) State the type of reaction for step II.
(iii) Suggest, in terms of the mechanism you have described in (b)(i), whether compound
A has any effect on plane–polarised light.
[6]
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(c)

Amphetamine is a synthetic psychoactive drug that stimulates the central nervous system
by increasing the heart rate and blood pressure.

NH2
amphetamine

Reductive amination shown in (b) can be used as the last step in the synthesis of
amphetamine from benzene.
Cl
AlCl3
IV

C
V

D
VI

NH3
followed
by H2 / Ni

NH2
amphetamine

(i) State the type of reaction for step IV.
(ii) Suggest the reagents and conditions for steps V and VI and the structures for C and
D.
[5]
[Total: 20]
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(a)

Methanoic acid, HCO2H, occurs naturally in ants and stinging nettles.
Unusually, in the presence of sulfuric and hydrofluoric acids, it adds to alkenes to form
larger carboxylic acids.
(i) Draw the structural formulae of the two isomeric carboxylic acids formed when
methanoic acid is added to pent–1–ene. Label your structures E and F.
(ii) Classify each of these carboxylic acids you have drawn in (a)(i) as primary,
secondary or tertiary.
(iii) One of these carboxylic acids exhibits optical isomerism.

Draw the displayed structures of the pair of optical isomers.
(iv) By making use of the above reaction and starting with a suitable isomer of
bromobutane, C4H9Br, devise a synthetic pathway to produce the tertiary carboxylic
acid (CH3)3CCO2H.

In your answer, state the reagents and conditions required for each step as well as
the structure of any intermediate(s) formed.
[8]
(b)

Koch reaction is performed by many chemical companies like Shell and Exxon in their
manufacture of tertiary carboxylic acids, also known as Koch acid.
H+
RCH2CH

CH2

RCH2CH

R

CH3

I

II

C

CH3
CO

III

O

O

OH

C

C
R

C

CH3

H2O
CH3

CH3

H+
IV

R

C

CH3

CH3

(i) Suggest a reason why step II occurs.
(ii) State the role of carbon monoxide, CO, in the mechanism of step III. Illustrate your
answer with a suitable dot–and–cross diagram.
(iii) Suggest a possible starting organic compound in the synthesis of the Koch acid,
(CH3CH2)2C(CO2H)CH3.
(iv) Suggest a reason why esters synthesised from tertiary carboxylic acids are stable
when heated in the presence of acids.
[5]
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(c)

2–(hydroxymethyl)benzoic acid undergoes the following reaction scheme.
CO2

COOH
SOCl2, warm
CH2OH

J
V

NH3, heat
VI

CH2NH2

K
C8H7NO

VII

(i) Suggest the structural formulae of J and K.
(ii) Step VII takes place in the presence of a base. Name the type of reaction that has
taken place.

The thionyl chloride, SOCl2 used in step V can be formed from the reaction of SO2 with
PCl5. A byproduct L with Mr = 153.5 is also formed.
(iii) Explain, with the aid of an equation, why the synthesis of SOCl2 has to be carried out
under anhydrous conditions.
(iv) Suggest a formula for L and construct an equation for its production from the reaction
of SO2 with PCl5.
[7]
[Total: 20]
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(a)

An experiment was conducted to investigate which mechanism, SN1 or SN2, is involved in
the hydrolysis of 2–iodobutane.
When an optically pure enantiomer of 2–iodobutane was reacted with hot, aqueous sodium
hydroxide, the purified product obtained was found to rotate plane–polarised light clockwise
by 5.5o.
An optically pure enantiomer of butan–2–ol was found to rotate plane–polarised light
clockwise by 13.5o.
(i) Explain the difference in optical activity shown by products formed when
2–iodobutane undergoes SN1 and SN2 mechanisms respectively.
(ii) For a secondary halogenoalkane like 2–iodobutane, both SN1 and SN2 can occur to
some extent.

Using the information given above, determine the percentage of 2–iodobutane that
underwent the SN2 mechanism.
(iii) Describe and explain how the rate of hydrolysis will change if 2–chlorobutane is used
instead of 2–iodobutane.
[4]
(b)

CH3
When 1–methylcyclopentene,
, is bubbled through iodine monochloride, ICl,
dissolved in a suitable solvent, a dihalogeno compound is formed.
Name the type of reaction and describe the mechanism for this reaction, including curly
arrows showing the movement of electrons, and all charges.
[3]

(c)

The different reactivities of organic halogeno compounds can be exploited in reactions of
dihalogeno compounds.
Using your answers in (a)(iii), predict the outcomes of the following transformations,
drawing the structures of the intermediate M and the product N.

O

I

OH (aq) (1 mol)
M

NH3 in ethanol

N

Cl
O

In the above reactions, you may assume that the

ring remains unaltered.
[2]
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(d)

Compound P is an isomer of compound M. Compound P is sparingly soluble in water but
readily soluble in aqueous sodium hydroxide.
Heating compound P in aqueous sodium hydroxide, followed by adding excess acid to the
product yields compound Q, C5H10O3, which reacts with warm alkaline aqueous iodine to
give a yellow precipitate.
On treatment with hot concentrated sulfuric acid, compound Q forms a mixture of three
isomeric compounds R, S and T, with the formula C5H8O2, two of which are geometrical
isomers of each other.
Compound R is a sweet smelling liquid. Compound S reacts with 1 mole of aqueous
bromine to give a number of products. Both S and T undergo reaction with acidified
potassium manganate(VII) to give U, C3H4O4, and ethanoic acid. 1 mole of U liberates 1
mole of CO2 on reaction with excess sodium carbonate.
(i) Identify the five compounds Q – U, explaining the chemistry of the reactions
described.
(ii) Write a balanced equation for the reaction of compound Q with warm alkaline
aqueous iodine.
[11]
[Total: 20]
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The name of chromium is derived from the Greek word ‘chrδma’, which means colour, because
many of its compounds are colored.
(a)

When chromium metal is dissolved in dilute sulfuric acid, it produces a blue solution
containing Cr2+(aq). The blue solution slowly turns green even in the absence of air.
This mixture is then filtered to separate the green solution and the unreacted metal. The
green filtrate, V, is divided into two portions, each of 10.0 cm3.
To one portion of solution V, adding sodium hydroxide solution produces a grey−green
precipitate, W. In excess sodium hydroxide, a dark green solution, X, is formed. The dark
green solution turns into a yellow solution, Y, upon warming with hydrogen peroxide
solution.
(i) By quoting and using relevant Eo values from the Data Booklet, explain why the blue
solution turns green.
(ii) Suggest the formula of the complex ion present in solution V.
(iii) Explain why solution V is green in colour.
(iv) Identify W and X and suggest balanced equations for the formation of W from V, and
for the formation of X from W.
(v) What type of reaction occurs when X is converted into Y?

[9]
(b)

The other portion of solution V is reacted exactly with 11.0 cm3 of 0.030 mol dm−3 sodium
carbonate, producing the same grey–green precipitate, W. No carbon dioxide is given off
during the reaction.
(i) Given that the pH of solution V is 3.0, calculate the concentration of the ion you have
suggested in (a)(ii).
[Ka of the ion suggested in (a)(ii) = 9.8  10−5 mol dm−3]
(ii) Using your answer to (b)(i) and the information given above, calculate the number of
moles of sodium carbonate that would react with one mole of the ion in solution V.
(iii) Hence, determine the ionic equation for the above reaction between sodium
carbonate and solution V.
[4]
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(c)

Oxytocin is a hormone that is secreted by the pituitary gland, and functions by stimulating
uterine contraction and lactation during childbirth. The structure of the oxytocin molecule is
shown below.
OH

Tyr
O
H2N
Cys

H

S
Pro

Cys

Leu
O

N

H
N

H 2N
Gly

N
O

O

NH

S
O

Ile

H

HN

O

N

N
O

O

N

O

H
Asn

O

H

NH2

amino acid

formula of side chain
(R in RCH(NH2)CO2H)

Gly

−H

Leu

−CH2CH(CH3)2

Pro

−CH2CH2CH2−

Cys

−CH2SH

Asn

−CH2CONH2

Gln

−CH2CH2CONH2

Ile

−CH(CH3)CH2CH3

Tyr

−CH2C6H4OH

Gln
O
NH2

(i) Explain what is meant by the term denaturation?
(ii) Suggest how chromium metal can interact with the oxytocin molecule to bring about
denaturation.
(iii) Besides chromium metal, discuss one other factor that could cause the oxytocin
molecule to denature. You should use suitable amino acids listed above to illustrate
your answer.
(iv) What reagents and conditions are needed to hydrolyse the oxytocin molecule into its
constituent amino acids?
(v) Draw the displayed formula of the amino acid present in the oxytocin molecule that
contains two chiral atoms. Indicate each chiral atom with an asterisk ( * ).
[7]
[Total: 20]
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(a)

Phosphorus sulfide, P4S3, is used in small amounts in the tip of a match stick. On striking a
match stick, this compound burns to form sulfur dioxide and a solid oxide.
(i) Construct an equation for this reaction.
(ii) The melting points of the two oxides formed in (a)(i) differ significantly from that of
silicon(IV) oxide (SiO2).

Briefly relate this observation to the structure of, and bonding in, each of the oxides.
(iii) The solid oxide formed in (a)(i) dissolves in water to give an acidic solution.

Construct an equation for this reaction and give an approximate pH for the solution
formed.
[6]
(b)

The Contact Process is an industrial process for manufacturing sulfuric acid. The key stage
in this process is the reaction between sulfur dioxide and oxygen.
2SO2(g) + O2(g)

2SO3(g)

H = –197 kJ mol–1

(i) Write an expression for the equilibrium constant, Kp, giving its units.

This reaction is carried out at a pressure of 5 atm and a temperature of 500 oC.
(ii) In what respects are these conditions not what you might have expected? Explain
your answer.
(iii) Vanadium(V) oxide is used as a heterogeneous catalyst for this process.

Suggest why vanadium(V) oxide can act as a heterogeneous catalyst.
(iv) The sulfur trioxide that is produced is then converted into concentrated sulfuric acid.
Concentrated form of the acidic solutions, formed here and in (a)(iii), differ in their
reactions with sodium iodide.

Write balanced equations to illustrate this difference.
[8]
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(c)

In an experiment, a mixture of 0.2 mol of SO2 and 0.1 mol of O2 was allowed to reach
equilibrium at 500 oC and a total pressure of 5 atm.
The gases were then rapidly cooled and an excess of water was very carefully added to the
mixture of gases, under suitable conditions, causing the following reactions to occur.
SO2 + H2O

H2SO3

SO3 + H2O

H2SO4

The resulting solution was made up to 250 cm3 in a standard flask. 25.0 cm3 of this solution
was titrated with 1.00 mol dm–3 NaOH and required 39.20 cm3 for neutralisation.
You may assume that H2SO3 behaves as a monobasic acid in the determination of end
point in the titration.
(i) Calculate the total amount, in moles, of H+ ions present in the 250 cm3 standard flask.
(ii) Hence, calculate the amounts, in moles, of SO2, O2 and SO3 in the original equilibrium
at 500 oC.
(iii) Use your answers to (b)(i) and (c)(ii) to calculate a value for Kp for the equilibrium.

[6]
[Total: 20]
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(a)

2013 AJC2 Prelim P3 Suggested Solutions
[1]

(i) Since n = 2,
0.0592
[NADH ]
E = E(pH 7) –
log10
2
[NAD  ]

–0.350 = –0.320 –

0.0592
[NADH ]
log10
2
[NAD  ]

[NADH]
= 1.01
[NAD  ]
[NADH ]
= 10.3
[NAD  ]

log10

(ii)

[1]
[1]

1
x 100%
(10.3  1)
= 8.85 %

% of NAD+ =

[2]

(iii) Stage 1:
Ecell(pH 7) = –0.320 – (–0.197)
= –0.123 V
Stage 2:
Ecell(pH 7) = –0.320 – (–0.581)
= +0.261 V
[1] each stage
(iv) CH3COO– + 5H+ + 4e–

CH3CH2OH + H2O

CH3COO– + 5H+ + 4e–

[1]

CH3CH2OH + H2O

+112 kJ mol–1

+38 kJ mol–1

CH3CHO + 2H+ + H2O + 2e
G(pH 7) = +112 + (+38)
= +150 kJ mol–1

[1]

(v) G(pH 7) = –zFE(pH 7)
 150 x10 3
E(pH 7) =
( 4 )(96500 )
= –0.389 V

[2]

[1]: correct value for z
[1]: correct E(pH 7) calculated
(b)

[2]

(i)
H
CH3


C O


NH3

slow

NH2

H2 N H
CH3

C O
H

fast

CH3

C OH
H

A
[1] correct dipoles on the carbonyl C and O and curly arrows for slow step
[1] correct intermediate
AJC JC2 PRELIM 2013
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(ii) elimination

[1]

(iii) No.

[1]

The CH3CHO molecule is trigonal planar with respect to the carbonyl carbon
atom. Since the molecule is planar, the NH3 nucleophile has equal probability of
attacking it from either side of the molecule.
This generates equimolar mixture of the enantiomers (racemic mixture). Each
enantiomer rotates plane polarised light in different directions by the same
extent and their optical activity are cancelled out.
(c)

[1]
[1]

(i) electrophilic substitution

[1]

(ii) Steps V: (cold) concentrated H2SO4 followed by H2O, warm
Or H2O(g), concentrated H3PO4, 300 oC, 70 atm

[4]

Steps VI: K2Cr2O7, dilute H2SO4, heat (under reflux)
(cannot accept KMnO4, dilute H2SO4, heat for step VI)

OH

O

C

D

[1] each: correct structure for C and D
[1]: correct reagent and conditions for each stage
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(a)

(i)
(ii)
CH2

H

CO2H

CH2

CH

[3]

CH2CH2CH3

E

2o carboxylic acid

CHCH2CH2CH3

CO2H H
CH2

CH

CH2CH2CH3

F

1o carboxylic acid

[1] each: isomer E and F correctly drawn and labelled
[1]: correct classification of both carboxylic acids
(iii)

CH2CH2CH3
C
H
COOH CH3

[2]

CH2CH2CH3
H

C
CH3

COOH

[1]: correct isomer (E) identified
[1]: correct mirror images shown
(iv)

[3]

Step 1
Br
CH3

C

KOH in ethanol
CH3

CH3

CH2

C

CH3

CH3

heat under reflux

(accept (CH3)2CHCH2(Br) as starting material)
Step 2
CH2

C

CH3

sulfuric and
hydroflouric acids

H

CO2H

CH2

C

CH3

CH3

CH3

[1]: correct isomer of C4H9Br identified
[1]: correct reagent and condition for Step 1
[1]: correct intermediate formed
(b)

(i) To generate a more stable carbocation intermediate

[1]

(ii) Nucleophile

[1]

XX

C xxO

X
X

[1]

(iii) any isomer of hexene (because rearrangement to a 3o carbocation will occur)
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(iv) The steric hindrance due to the 3 bulky R groups present in 3o carboxylic acid
prevents the attack of the nucleophile on the carbonyl carbon during the
hydrolysis reaction.

[1]

(accept: electron–donating effect of alkyl groups making the carbonyl carbon
less electron deficient and hence less susceptible to nucleophilic attack by
water)
(c)

(i)

[2]

O

COCl

N
CH2Cl

J

K

[1] each
(ii) (base–catalysed) hydrolysis

[1]

H3PO4 + 5HCl
(iii) PCl5 + 4H2O
PCl5 hydrolyse in water to produce toxic, acidic gas and not available to react
with SO2.

[1]
[1]

OR
SOCl2 + H2O
SO2 + 2HCl
SOCl2 hydrolyse in water to produce toxic, acidic gases and is not formed.
(iv) SO2 + PCl5

SOCl2 + POCl3 (L)

[2]

[1]: correct identity for L
[1]: correct balanced equation
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(a)

(i) The products formed by SN1 mechanism are racemic mixtures and do not
exhibit optical activity / do not rotate plane–polarised light,
whereas the product formed by SN2 mechanism has an inversion of
stereoisomerism, thus the product will exhibit optical activity / rotate plane–
polarised light.

[1]

(ii) Let the % of reactants that take part in the SN2 mechanism be x.

[1]

[1]

x(13.5)  (100  x )(0)
 5.5
100
x = 40.7%
(iii) The relative ease of hydrolysis of monohalogenoethanes, C2H5X can be
determined by the bond energies of the C–X bond.

[1]

Since C–Cl bond is stronger, 2–chlorobutane tends to hydrolyse slower than
2–iodobutane.
Note:
You may refer to the Data Booklet for bond energies of C–I (240 kJ mol–1) and
C–Cl (340 kJ mol–1).
(b) Type of reaction: electrophilic addition

[3]

CH3

CH3

slow
I
+

CH3

Cl-

+

I

Cl
–

fast

CH3

Cl
I

I

ClNote:
To include:
1) type of reaction,
2) partial charges on I–Cl molecule,
3) show all curly arrows and
4) lone pairs on Cl– ion.

[1]: type of reaction
[1]: correct partial charges on I–Cl and curly arrows, fast and slow steps
[1]: correct intermediate and product
(c)

OH

O

OH

O

[2]

NH2

Cl
M

N

[1] each
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(d)

(i)

Observation

Type of reaction

P is sparingly soluble in
water

Deduction
(P is not a salt, but may
contain hydroxyl or COOH
group)

P is readily soluble in
NaOH

acid–base reaction

P contains a COOH group

P reacts with hot aq NaOH
to give Q, C5H10O3

nucleophilic
substitution

Q contains an alcohol
functional group.

Q reacts with alkaline
I2(aq) to give yellow ppt.

oxidation
(iodoform reaction)

Q contains CH3CH(OH)–
CH3

or
Q reacts with concentrated self–esterification
H2SO4 to give R, which is a
stable sweet–smelling
liquid

C O

structure

R is an ester.
(R must be a 5 or 6
membered cyclic ester as
it is stable, hence minimal
ring strain)
Q contains both the –OH
and –COOH group

Q reacts with concentrated
H2SO4 to give S and T,
with the formula C5H8O2

elimination

S and T contains C=C
(S and T exhibits
geometrical isomerism)

S reacts with 1 mol of
Br2(aq)

electrophilic
addition

S contains only 1 C=C
(a bromohydrin product is
formed as the major
product)

S and T reacts with KMnO4
to give U, C3H4O4 and
ethanoic acid

(strong) oxidation
(oxidative
cleavage)

The C=C in S/T is cleaved,
there is no terminal C=C
as no CO2 is produced.

1 mole of U reacts with
excess Na2CO3 to give 1
mole of CO2.

acid–base reaction

OH
C O

U contains 2
U is a dicarboxylic acid.

OH
CH3CCH2CH2COOH

[10]

O

H3C

O

H

Q
H
CH3

C

C

R
H
CH2CO2H

CH3
H

C

S

AJC JC2 PRELIM 2013
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H
CH2CO2H

HOOCCH2COOH

U

6

[1] each: structures Q, R, S, T and U
[5]: 14 – 18 pts for explanation
[4]: 11 – 13 pts
[3]: 8 – 10 pts
[2]: 5 – 7 pts
[1]: 1 – 4 pts
(ii)

OH

O

CH3CCH2CH2COOH + 7NaOH + 4I2

warm

O

[1]

Na+- OCCH2CH2CO-Na+ + CHI3

H
+ 5NaI + 6H2O

Q
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(a)

(i) Cr3+ + e−
2H+ + 2e−

Cr2+
H2

Eo = −0.41 V
Eo = 0.00 V

o
Ecell
= 0 – (−0.41)
= +0.41 V
o
Since Ecell
> 0, reaction is feasible and the blue Cr2+ is oxidised to green Cr3+.

[1]

(ii) [Cr(H2O)6]3+

[1]

(iii) Cr3+(aq) has partially filled 3d–orbitals.
In presence of water ligands, the 3d–orbitals are split into 2 energy levels with a
small energy gap that lies within the visible light spectrum.
Upon absorption of light energy, the electron is excited from the lower energy
3d–orbitals to the vacant higher energy 3d–orbitals.
Color reflected, which is green, is complementary to the color absorbed, which
is red.

[3]

[1]: partially filled 3d–orbital; (small) energy gap
[1]: d–d transition
[1]: absorption of red (complementary to green)
(iv) W is Cr(OH)3
(accept [Cr(OH)3(H2O)3])

[3]

X is [Cr(OH)4]−
(accept [Cr(OH)6]3− or [Cr(OH)4(H2O)2]−)

From V to W: [Cr(H2O)6]3+ + 3OH−
or [Cr(H2O)6]3+ + 3OH−
From W to X: Cr(OH)3 + OH− (or 3OH−)
or Cr(OH)3(H2O)3 + OH−

Cr(OH)3 + 6H2O
Cr(OH)3(H2O)3 + 3H2O
[Cr(OH)4]− (or [Cr(OH)6]3−)
[Cr(OH)4(H2O)2]− + H2O

[1] each: correct structure for W and X
[1]: both equations correctly balanced

(b)

(v) oxidation
(accept redox)

[1]

[Cr(H2O)5OH]2+ + H3O+
(i) [Cr(H2O)6]3+ + H2O
[[Cr(H2 O) 5 OH] 2 ] [H3 O  ]
Ka =
[[Cr(H2 O) 6 ] 3 ]

[1]

[H3 O  ] 2
=
[[Cr(H2 O) 6 ] 3  ]
(10 3 ) 2
9.8  10 5
= 0.0102 mol dm−3

[[Cr(H2O)6]3+]eqm =

[[Cr(H2O)6]3+]initial = [[Cr(H2O)6]3+]eqm + [[Cr(H2O)6]3+]ionised
= 0.0102 + (1 x 10−3)
= 0.0112 mol dm−3
(accept 0.0102 mol dm−3)
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(ii) n(CO32−) = n(Na2CO3)
= 0.011  0.03
= 0.000330 mol
n([Cr(H2O)6]3+) = 0.01  0.0112
= 0.000112 mol

[1]

2–

0.000330 3
≈
n([Cr(H2 O)6 ] ) 0.000112 1
n(CO3 )

3+

=

(accept 3.2 – 3.3)
(iii) [Cr(H2O)6]3+ + 3CO32−

Cr(OH)3 + 3HCO3− + 3H2O

[2]

[1]: balanced ionic equation
[1]: correct by–product (HCO3−) formed
(c)

(i) Denaturation of proteins involves the disruption of the secondary, tertiary and
quaternary structures which are held together by relatively weak forces of
attraction.

[1]

(ii) Chromium destroys the disulfide bonds by reducing the S–S bonds in oxytocin
to –SH groups.

[1]

(iii) Energy from heating overcomes the van der Waal’s forces between Gly and
Leu (any pair from Gly, Leu, Pro, Ile) that hold the secondary, tertiary and
quaternary structures together.

[2]

or Heating overcomes the hydrogen bonding between Asn and Gln (any pair
from Asn, Gln, Tyr)
[1]: correct interaction identified
[1]: correct illustration with suitable amino acids
(iv) dilute H2SO4, heat for prolonged period (or aqueous NaOH)

[1]

(v)

[2]

H H O
H N C* C O H
H
H C* C H
H
H C H
H C H
H
[1]: correct amino acid with displayed formula
[1]: both chiral carbons identified
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(a)

P4O10 + 3SO2
(i) P4S3 + 8O2
(P4O6 accepted although it is a liquid)
(ignore state symbol; do not accept P2O5, P2O3) [ecf for (ii) & (iii)]

[2]

[1]: correct oxide
[1]: balanced equation
(ii) Both SO2 and P4O10 have simple molecular structure with
weak van der Waals forces between the molecules
SiO2 has a giant molecular structure with
strong, extensive covalent bonds between Si and O atoms

[1]
[1]

hence SO2 and P4O10 have m.p. that are similar but much lower than that of
SiO2.
(iii) P4O10 + 6H2O

4H3PO4 (pH < 2)

[2]

[1]: balanced equation
[1]: correct pH
(b)

(i)

Kp 

p SO3

[2]

2

2

atm

–1

p SO2 p O2

[1]: correct expression
[1]: correct units
(ii) Temperature should be low and pressure should be high.

[1]

A low temperature will cause position of equilibrium will shift to the right to
favour the forward exothermic reaction. Yield of SO3 will increase.

[1]

A high pressure will cause position of equilibrium will shift to the right to reduce
the pressure as it results in a decrease in no. of gaseous particles. Yield of SO3
will increase

[1]

(iii) Vanadium(V) oxide has partially–filled (vacant) 3d–orbitals available to form
temporary bonds with the gaseous SO2 and O2 molecules.

[1]

(iv) For concentrated H2SO4
I– + H2SO4
HI + HSO4–
8HI + H2SO4
4I2 + H2S + 4H2O

[2]

For concentrated H3PO4
I– + H3PO4
HI + H2PO42–
[1] each acid
Note: conc. H3PO4 is not an oxidising agent like conc. H2SO4 hence will only
reacts with NaI in an acid–base reaction.
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(c)

(i)

[1]

39.20
 1.00
1000
= 0.0392 mol
n(H+) present in 25 cm3 = 0.0392 mol
250
n(H+) in 250 cm3 standard flask =
 0.0392
25.0
= 0.392 mol

n(NaOH) =

(ii) Let n(SO3) at equilibrium = x mol

2SO2(g)

+

O2(g)

2SO3(g)

Initial / mol

0.2

0.1

0

Change / mol

–x

–½x

x

0.2 – x

0.1 – ½x

x

Eqm / mol

n(H2SO3) = (0.2 – x) mol
n(H2SO4) = x mol
n(H+) = n(H+ from H2SO3) + n(H+ from H2SO4)
= (0.2 – x) + 2x
= (0.2 + x) mol

[1]

0.2 + x = 0.392
x = 0.192
n(SO3) at equilibrium = 0.192 mol

[1]

n(SO2) = 0.2 – 0.192 = 0.008 mol
n(O2) = 0.1 – (½ x 0.192) = 0.004 mol

[1]

(iii) Total amount of gases = 0.192 + 0.008 + 0.004
= 0.204 mol

0.192
 5 = 4.71 atm
0.204
p SO 2 = 0.196 atm
p SO3 

p O 2 = 0.0980 atm

[1]

4.712
0.196 2  0.098
= 5.89 x 103 atm–1

Kp 
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Section A
For each question there are four possible answers, A, B, C and D. Choose the one you consider to
be correct.
1

A mixture containing only aluminium oxide, Al2O3, and copper(I) oxide, Cu2O, weighs 2.02 g.
When heated under a stream of hydrogen, Al2O3 is unchanged while Cu2O is reduced to
metallic copper and steam.
Cu2O(s) + H2(g)  2Cu(s) + H2O(g)
If the residue weighs 1.88 g, what is the percentage by mass of Cu2O in the mixture?
[Mr : Al2O3, 102.0; Cu2O, 143.0]
A

2

12 %

B

55 %

C

59 %

D

62 %

A constituent of wood preservative is manufactured by heating the ore chromite, FeCr2O4, with
sodium carbonate in air.
4FeCr2O4 + 8Na2CO3 + 7O2  8Na2CrO4 + 2Fe2O3 + 8CO2
What are the changes in oxidation number of chromium and iron in this reaction?

3

A

Change in oxidation number
of chromium
+1

Change in oxidation number
of iron
0

B

+2

0

C

+2

+1

D

+3

+1

Use of the Data Booklet is relevant to this question.
Copper and magnesium are metals that are widely used in alloys. Each metal forms many
compounds containing an M2+ ion.
Which statement concerning the atom and ion of these two elements is correct?

©

A

Cu2+ ion has a smaller ionic radius than Mg2+ ion.

B

Cu atom has a lower first ionization energy than Mg atom.

C

Cu atom has two more occupied electron shells than Mg2+ ion.

D

Cu2+ ion has a larger angle of deflection than Mg2+ ion when both ions are
passed through the same electric field.
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Lecithin is an emulsifier that is used in chocolate to give a smooth texture.

Which of the following statements about lecithin is correct?

5

A

It can form dispersion forces with non-polar molecules present in chocolate.

B

It can form hydrogen bonds between its own molecules.

C

All bond angles surrounding each carbon atom are 109.

D

It does not contain delocalized electrons.

A given mass of a diatomic gas was placed in a vessel of fixed volume V cm3 at a pressure
p atm and temperature T C.
Assuming ideal behavior, which of the following changes would cause the density of the gas to
double?

6

A

Cooling the gas to ½ T C.

B

Adding a catalyst that causes the gas to dissociate into gaseous atoms at T C.

C

Adding an equal mass of the same gas into the same vessel at T C.

D

Connecting the vessel to an identical vessel containing the same mass of the
diatomic gas at T C and p atm.

At all temperatures below 491 C, black HgS converts spontaneously to red HgS.
HgS(s) (black)  HgS(s) (red)

S = 5.5 J mol1 K1

What is the standard enthalpy change for the conversion of black HgS to red HgS?

©

A

+2.7 kJ mol1

B

+4.2 kJ mol1

C

2.7 kJ mol1

D

4.2 kJ mol1
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The rate equation for the reaction between hydrogen gas and iodine gas is given below.
Rate = k[H2][I2]
Kinetics studies have detected odd electron species in the course of the reaction.
Which of the following mechanisms is consistent with the information provided above?

8

A

H2(g) + I2(g)

2HI(g)

(slow)

B

I2(g)
2I(g)
H2(g) + I(g)
H2I(g)
H2I(g) + I(g)
2HI(g)

(fast)
(fast)
(slow)

C

I2(g)
2I(g)
H2(g) + I(g)
H2I(g)
H2I(g) + I(g)
2HI(g)

(fast)
(slow)
(fast)

D

I2(g)
2I(g)
H2(g) + I(g)
H2I(g)
H2I(g) + I(g)
2HI(g)

(slow)
(fast)
(fast)

The remains of an ancient building were recently uncovered in Rome. Its approximate age was
determined by measuring the amount of radioactive 14C that remains and it was found that
15.5% of the original amount of 14C remains.
Assuming that 14C decays via a first-order process and given that its half life is 5730 years,
what is the approximate age of the ancient building?

9

A

1.1 x 104 years

B

1.5 x 104 years

C

1.7 x 104 years

D

2.3 x 104 years

1.00 mol of CH4, 2.00 mol of H2S, 1.00 mol of CS2, and 2.00 mol of H2 were placed in a
500 cm3 reaction vessel at 960 oC. The mixture was allowed to reach equilibrium according to
the following equation.
CH4(g) + 2H2S(g)

CS2(g) + 4H2(g)

At equilibrium, the concentration of CH4 was 1.12 mol dm–3.
What is the value of the equilibrium constant, Kc, at 960 oC?
A

©

1.64 x 103
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1.20

C

0.836
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D

6.10 x 10–4
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10

The relationship between pKw of H2O and temperature is shown below.

pKw

T/ K
Given that the bond energies of the oxygen–hydrogen and oxygen–deuterium bond are
462 kJ mol–1 and 466 kJ mol–1 respectively, which of the following statements is incorrect?
[Deuterium, D = 2H]

11

A

H2O is neutral at 280 K.

B

At 330 K, the pH of H2O is approximately 6.55.

C

The auto-ionisation of H2O is an endothermic reaction.

D

The graph for D2O lies below the graph for H2O.

The reaction between Pb2+(aq) and I–(aq) was investigated. The graph below shows the total
concentration of soluble lead(II)-containing species against the concentration of iodide ions.

Which of the following conclusions can be inferred from the graph above?

©

A

When 0 < [I–] < x, a lead(II) complex is being formed.

B

When [I–] > x, solid lead(II) iodide dissolves.

C

When [I–] = x, the amount of solid lead(II) iodide is at its minimum.

D

When [I–] = x, the concentration of Pb2+(aq) is 0 mol dm–3.
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The diagram below shows the presence of a water droplet on a piece of iron, together with an
unknown metal C which is incorporated into the iron piece to prevent it from corrosion.

Which of the following descriptions of the rusting of iron is correct?

13

14

A

The cathodic site is located at point D in the diagram.

B

When metal C is zinc, iron behaves as the anode.

C

When metal C is copper, corrosion of iron will not occur.

D

The key reaction involving oxygen during rusting is O2 + 2H2O + 4e– 4OH−.

Which of the following chlorides gives a solution of the highest pH when added to water?
A

NaCl

C

CH3NH3Cl

B

MgCl2

D

SiCl4

Magnesium nitrate and barium nitrate were heated strongly in separate experiments.
Which of the following information will distinguish the two compounds?

15

©

A

Colour of the residual solid

B

Solubility of the residual solid in water

C

Colour of the gas evolved

D

Whether the gas evolved rekindles a glowing splint

Which of the following trends concerning halogens and their compounds is correct?
A

The boiling point of the hydrogen halides increases in the order
HF < HCl < HBr < HI.

B

The thermal stability of the hydrogen halides increases in the order
HF < HCl < HBr < HI.

C

The reducing power of the halide ions increases in the order F− < Cl− < Br− < I−.

D

The reactivity of the halogens with hydrogen increases in the order
F2 < Cl2 < Br2 < I2.
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A neutral, red, octahedral complex is formed when ligand P is added to an aqueous solution
of Fe3+ ions.

P
Which of the following statements is incorrect?

17

A

P is a stronger ligand than water.

B

P acts as a tridentate ligand in the complex.

C

The coordination number of iron remains unchanged on adding P.

D

The complex absorbs radiation in the blue-green region of the visible spectrum.

Titanium has the electronic configuration 1s22s22p63s23p63d24s2.
Which one of the following compounds is unlikely to exist?
A

K2TiO4

B

K3TiF6

C

TiO

D

Refer to the three compounds, J, K and L, for Questions 18 and 19.

J

18

19

©

K

L

Which bond is not present in the compounds above?
A

a σ bond formed by sp3 sp3 overlap between two C atoms in J

B

a σ bond formed by sp2 sp2 overlap between C and N atoms in K

C

a σ bond formed by sp3 sp2 overlap between two C atoms in L

D

a σ bond formed by sp2 sp2 overlap between C and N atoms in L

Which of the compounds exhibit geometric isomerism?
J

K

L

A

Yes

Yes

Yes

B

Yes

No

Yes

C

No

No

Yes

D

No

No

No
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20

Methane is mixed with bromine gas in a gas jar. When exposed to uv light, a reaction occurs
and a mixture of products is formed.
Which of the following statements shows that a free radical reaction has occurred?

21

A

The reaction requires uv light to initiate it.

B

The reddish-brown bromine gas decolourises.

C

Trace amounts of ethane are found in the mixture.

D

Hydrogen bromide is a major product of the reaction.

A 1,2-hydride shift is a carbocation rearrangement in which a hydrogen atom in a
carbocation migrates to an adjacent carbon atom to form a more stable carbocation.

Using the information above, which compound is the major product of the following reaction?

A

22

B

C

D

The Diels-Alder reaction is an organic reaction whereby a conjugated diene reacts with a
substituted alkene in a single step to form the product. A particular reaction is shown below.

Three students made claims about this reaction.
X

It is an addition reaction to form a new cyclohexene ring.

Y

The overall order of the reaction is 2.

Z

One mole of the product requires one mole of hydrogen gas when
heated in the presence of nickel catalyst for complete reaction.

Which claims made by the students are correct?
A

©

X and Y
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Y and Z

C

X and Z
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X, Y and Z
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24

Which of the following reagents and conditions can be used to distinguish between the two
compounds below?

A

Aqueous bromine

B

Alkaline KMnO4, heat

C

Aqueous iodine, NaOH, warm

D

Tollens’ reagent, warm

A student wishes to synthesise compound Q from benzene.

Q
Which of the following routes would give the maximum yield of Q?

25

A

Alkylation  nitration  chlorination  reduction  oxidation

B

Nitration  alkylation  oxidation  chlorination  reduction

C

Alkylation  oxidation  nitration  reduction  chlorination

D

Chlorination  nitration  reduction  alkylation  oxidation

Alkyl bromides are commonly prepared by reacting an alcohol with phosphorus tribromide,
PBr3. The reaction takes place in two steps, and the mechanism is shown below.

Which of the following statements is correct?

©

A

The rate of reaction for the first step is independent of the concentration of the
primary alcohol.

B

Both steps involve the formation of a 5-coordinated transition state.

C

In the first step, the primary alcohol acts as a nucleophile.

D

Water can be used as a solvent in this reaction.
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2–Methylpropanoic acid, also known as isobutyric acid, is found in many plants. In the
laboratory, it may be synthesised from 1–bromopropane through a series of reactions.
Which set of reagents, used in sequential order, would be the most suitable for this
synthesis?

27

A

aqueous KOH, acidified KMnO4

B

aqueous KOH, PCl5, ethanolic KCN, dilute HCl

C

ethanolic KOH, HBr, ethanolic KCN, dilute H2SO4

D

ethanolic KOH, HBr, HCN with trace KCN, dilute HCl

A mixture of butanol, propanoic acid and methyl benzoate can be separated using column
chromatography.
This is done by packing a glass column with silica gel, and gently adding the mixture of
compounds to the top of the silica. Ethyl ethanoate is then allowed to flow through the
packed column until each compound passes through the entire column. The rate at which
each compound flows through the column depends on their affinity for silica gel.
Mixture of butanol,
propanoic acid and
methyl benzoate

HO Si
O
HO Si
O
HO Si

Surface of
silica gel

Which option shows the relative rates at which butanol, propanoic acid and methyl benzoate
flow through the column?
Fastest

28

Slowest

A

Butanol

Propanoic acid

Methyl benzoate

B

Propanoic acid

Butanol

Methyl benzoate

C

Methyl benzoate

Butanol

Propanoic acid

D

Methyl benzoate

Propanoic acid

Butanol

Upon complete hydrolysis of a tetrapeptide E, only the following amino acids were obtained.
NH2CH(CH2OH)CO2H
serine (Mr = 105.0)

NH2CH(CH(CH3)2)CO2H
valine (Mr = 117.0)

NH2CH(CH2C6H5)CO2H
phenylalanine (Mr = 165.0)

What could be the Mr of E?
A
©

351.0
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390.0

C

450.0
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492.0
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Experiments are carried out on three compounds, F, G and H.

F

G

H

A sample of 0.01 mol of each compound is boiled under reflux with 50 cm 3 of 1 mol dm–3
sodium hydroxide (an excess) until hydrolysis is complete and any ammonia produced is
expelled from the solution. The excess NaOH is titrated in each case and is found to require
20 cm3, 30 cm3 and 40 cm3 of 1 mol dm–3 HCl for neutralization.
What sequence of compounds matches these results?

30

20 cm3

30 cm3

40 cm3

A

G

F

H

B

F

G

H

C

F

H

G

D

H

G

F

The reaction conditions for four different transformations are given below.
Which transformation has a set of conditions that is correct?
A

B

C

D

©
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick
against the statements you consider to be correct).
The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only is
correct

No other combination of statements is used as a correct response.
31

Boron nitride, BN, exists in two possible forms, hexagonal boron nitride and cubic boron
nitride. The structure of hexagonal boron nitride and cubic boron nitride are similar to
graphite and diamond respectively.
boron atom
nitrogen atom

hexagonal boron nitride

cubic boron nitride

Which of the following statements are correct?

32

©

1

The layers in hexagonal boron nitride are held together by van der Waals’
forces.

2

There is dative bonding in cubic boron nitride.

3

The boron-nitrogen bond in cubic boron nitride is shorter than that in hexagonal
boron nitride.

For which of the following reactions does the value of H represent both a standard
enthalpy change of combustion and a standard enthalpy change of formation?
1

P4(s) + 5O2(g)  P4O10(s)

2

½N2(g) + ½O2(g)  NO(g)

3

2Mg(s) + O2(g)  2MgO(s)
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The table below shows some equilibrium constants involving HCl and HClO4.
Equations
HCl + H2O
H3O+ + Cl–
HCl + CH3CO2H
CH3CO2H2+ + Cl–
HClO4 + H2O
H3O+ + ClO4–
HClO4 + CH3CO2H
CH3CO2H2+ + ClO4–

Kc
∞
2.8 x 10–9
∞
1.3 x 10–5

Which of the following statements could be inferred from the table above?

34

1

HClO4 is a stronger acid than HCl.

2

CH3CO2H2+ is a stronger acid than H3O+.

3

Liquid ammonia can be used to compare the acid strengths of HCl and HClO4
because it is a stronger base than H2O.

The Latimer diagram of an element provides a summary of the standard reduction potential
data for that element. The Latimer diagram of chromium in acidic medium is shown below.
+1.72
+1.35
Cr(VI) +0.55 Cr(V)

Cr(IV) +2.10

Cr(III)

-0.41

Cr(II) -0.91 Cr
-0.74

+0.95
+1.33

Which of the chromium species listed below will likely undergo disproportionation?
1

35

36

Cr(II)

2

Cr(IV)

3

Cr(V)

What would be observed when a small sample of P4O6 is added to some water containing a
few drops of Universal Indicator?
1

The solid dissolves.

2

The solution changes colour from blue to red.

3

White fumes are evolved.

Use of the Data Booklet is relevant to this question.
Paper coated with starch and potassium iodide is commonly used as a test for unknowns
during qualitative analysis. A positive test is indicated by the appearance of a dark blue
colour on the paper.
Which solution gives a positive test when starch-iodide paper is dipped into it?

©

1

Cl2(aq)

2

FeCl3(aq)

3

Dilute HCl
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only is
correct

No other combination of statements is used as a correct response.
37

To a limited amount of solid M in a beaker, solution N was added, followed by excess
aqueous ammonia. A solid was observed to be present in the beaker.
Which of the following could M and N be?

38

39

M

N

1

AgNO3

NaI

2

ZnCO3

dilute HNO3

3

CuO

dilute H2SO4

Which of these compounds can be oxidised by acidified potassium dichromate(VI) solution
and also gives a brick red precipitate with Fehling’s reagent?
1

CH2(OH)CH2CH2CHO

2

C6H5CHO

3

(CH3)2C(OH)CH2COCH3

Ethanamide, CH3CONH2, is the simplest amide derived from ethanoic acid. It is used as a
plasticizer and industrial solvent.
Which of the following statements regarding ethanamide are correct?

40

1

Electrons are delocalized across the atoms O, C and N.

2

Ethanamide dissolves in water to give an alkaline solution.

3

Ethanamide is a planar molecule.

Phenylamine can be synthesised from nitrobenzene in two steps. Tin and concentrated
hydrochloric acid are used in the first step.
Which of the following statements are correct?

©

1

A water-soluble intermediate is formed in the process.

2

An excess of NaOH is added in the second step to liberate phenylamine.

3

Tin is regenerated.
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1
2
3
4
5
6
7
8
9
10

D
D
C
A
C
D
B
B
A
D

11
12
13
14
15
16
17
18
19
20

B
D
A
B
C
B
A
D
B
C

21
22
23
24
25
26
27
28
29
30

A9
B 11
C9
D 11
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2
1

Planning
You are provided with a 2.00 mol dm–3 solution of sodium hydroxide and a solution of sulfuric
acid of unknown concentration.
The enthalpy change of neutralization, Hneut, is the molar enthalpy change for the reaction:
H+(aq) + OH–(aq)  H2O(l)
A preliminary investigation was carried out to measure the temperature changes, T, when
different volumes of the sulfuric acid and sodium hydroxide were reacted together.
In one experiment, 10.00 cm3 of H2SO4 was reacted with 40.00 cm3 of NaOH and the
temperature change was found to be 11.0 oC.
In a second experiment, 20.00 cm3 of H2SO4 was reacted with 30.00 cm3 of NaOH and the
temperature change was 18.4 oC.
(a)

Write a plan to determine the concentration of the sulfuric acid, and a value for the
enthalpy change of neutralization, Hneut. Your plan must enable you to plot a graph that
includes the data from both of the experiments described above. You may use
apparatus normally found in a school laboratory.
Your plan should contain the following:





a labelled diagram of the assembled apparatus you would use for measuring the
temperature changes, T,
all essential experimental details, including precision of apparatus and volumes of
reagents,
a sketch of the graph you expect to obtain, and
an outline of the calculations you would perform to find
(i) the concentration, in mol dm–3, of the sulfuric acid
(ii) the molar enthalpy change of neutralization, Hneut, in kJ mol– 1

In your calculations, you must clearly define all terms used and simplify your final
mathematical expression.
You may use letters a, b, … etc, to represent quantities used.

©
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……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............

1

……………………………………………………………………………………………..............

2

……………………………………………………………………………………………..............

3

……………………………………………………………………………………………..............

4

……………………………………………………………………………………………..............

5

……………………………………………………………………………………………..............

6

……………………………………………………………………………………………..............

7

……………………………………………………………………………………………..............

8

……………………………………………………………………………………………..............

9

……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
……………………………………………………………………………………………..............
[10]

©
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4
(b)

A student carries out your plan using 1.00 mol dm–3 barium hydroxide instead of
2.00 mol dm–3 sodium hydroxide. Explain whether he would obtain the same
results for the concentration of sulfuric acid and for the molar enthalpy change of
neutralization, within experimental errors.
…………………………………………………………………………………………….......
…………………………………………………………………………………………….......
…………………………………………………………………………………………….......
…………………………………………………………………………………………….......
[2]
[Total: 12]
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5
2

(a)

A pink complex salt A has the molecular formula CoN5H17OCl3 (Mr = 268.4).
1.00 g of A is dissolved in water and the solution is titrated with 0.500 mol dm–3 silver
nitrate solution. It is found that 22.40 cm3 of silver nitrate is required for complete
reaction.
When the pink solid A is heated, water vapour was evolved to give a purple solid B.
A and B have the same coordination number.
(i)

Calculate the number of moles of free chloride ions per mole of A.

(ii)

Draw the structure of the complex ion in A.

(iii)

Suggest the formula of the complex ion in B.
………………………………………………………………………………………….........

(iv)

Account for the difference in the colour of A and B.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
[5]

©
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(b)

Aqueous hydrogen peroxide is fairly stable, but when a mixture of a cobalt(II) salt and
tartaric acid is added to aqueous hydrogen peroxide, the initially pink solution slowly
turns into a green Co(III) species.

tartaric acid
After a while, oxygen gas is vigorously evolved and the solution turns back to pink again.
Both tartaric acid and the cobalt(II) salt are recovered from the solution at the end.
(i)

Explain the reactions that occurred in the observations that are in italics.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(ii)

State the role of the cobalt(II) salt and give two pieces of evidence to support your
answer.
Role of the cobalt(II) salt: …………………………………
Evidence 1:
………………………………………………………………………………………….........
………………………………………………………………………………………….........
Evidence 2:
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(iii)

Write an equation for the overall reaction.
………………………………………………………………………………………….........

(iv)

With the aid of relevant data in the Data Booklet, show that Co3+ is not stable in
aqueous solution and hence comment on the role of tartaric acid.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
[9]
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(c)

A student wants to plate a leaf with a thin layer of cobalt. He first coated the leaf with
graphite. The leaf and a platinum electrode were then immersed into an aqueous
solution of cobalt(II) sulfate and electroplating was carried out.
(i)

Draw a fully labelled sketch of the electroplating set-up.

(ii)

Give the equations, with state symbols, for the processes occurring at the anode
and cathode.
Cathode: ………………………………………………………………………….............
Anode : ………………………………………………………………………………......

(iii)

After some time, the leaf was coated with a 0.20 mm layer of cobalt. Given that the
surface area of the leaf was 10 cm2 and the density of cobalt metal is 8.90 g cm–3,
calculate the volume of gas produced at the platinum electrode at room
temperature.

(iv)

Calculate the time taken, in hours, to coat the leaf in (iii) if the current used was
0.5 A.

[6]
[Total: 20]
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(a)

In fast nuclear reactors, the nuclear fission chain reaction is sustained by fast neutrons.
They typically operate at a temperature of about 600 oC and so water is unsuitable as a
cooling liquid. Instead, liquid metals are used as the cooling agents.
The melting and boiling points of some metals are given in the table below.
Metal
Magnesium
Sodium
Mercury
(i)

Melting point /oC
650
98
–39

Boiling point /oC
1090
884
357

From the list of metals, select one metal that can be used as a cooling agent for
the nuclear reactor. Explain your choice.
………………………………………………………………………………………….........

(ii)

Explain why the melting point of magnesium is higher than that of sodium.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(iii)

On the axis provided, sketch the first ten successive ionization energies of the
magnesium atom.
Energy/ kJ mol–1

No. of electrons removed
[4]

©

Hwa Chong Institution 2013

9647 / 02 / C2 Prelim 2013

9
(b)

Alkynes are highly versatile compounds that may be utilized for numerous reactions.
They can be easily reduced to their alkanes by addition of H2 over a metal catalyst.

(i)

With the aid of the Maxwell Boltzmann distribution curve, explain why the addition
of a catalyst will increase the rate of reaction.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
(ii)

Describe, in terms of orbital overlap, the bonding of the two carbon atoms of the
CC bond in ethyne. You may use diagrams to illustrate your answer.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………

[5]
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(c)

Alkynes can form vinylborane through a process known as hydroboration.
This process can be viewed as an electrophilic addition reaction with borane, BH3, as the
attacking electrophile.

(i)

Explain why BH3 can behave as an electrophile to form vinylborane.
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(ii)

It is suggested that the electrophilic addition of alkynes by BH3 goes through the
formation of the intermediate below.

Describe the reaction mechanism for the formation of vinylborane.

©
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(iii)

The addition of BH3 across the CC bond forms only the trans isomer of
vinylborane.
The trans-vinylborane then undergoes multiple additions to form trivinylborane.

One mole of trivinylborane reacts with 3 moles of Br2 in CCl4.
Suggest the structure of trivinylborane.

[4]
[Total: 13]
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(a)

Ophthalmic acid, a tri-peptide, is an antioxidant used to prevent damage to important
cellular components caused by reactive oxygen species such as free radicals and
peroxides.

ophthalmic acid
(i)

What is unusual about the peptide bond formed by the N-terminal amino acid in
ophthalmic acid?
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(ii)

Draw the structural formulae of the compounds formed when ophthalmic acid
undergoes complete acid hydrolysis.

[4]
(b)

To understand patients suffering from knee joint rheumatoid arthritis, scientists often
study the amino acid sequence of the cartilage protein isolated from their knees.
A segment of the polypeptide structure of cartilage protein, containing 11 amino acids,
was digested using an enzyme and the following fragments were identified.
Leu  Pro  Val  Lys  Val
Ile  His  Cys  Pro  Gly
Cys  Pro  Gly  Val  Leu  Pro
State the primary structure of this segment of cartilage protein.
…………………………………………………………………………………………..................
[1]
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(c)

Histidine, one of the amino acids found in cartilage protein, has the following structure.

(i)

Explain how low pH might affect the tertiary structure of the cartilage protein.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(ii)

Explain why histidine is soluble in water.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

A sample of histidine extracted from cartilage protein rotated plane polarised light
anticlockwise.
A second sample of histidine obtained from laboratory synthesis had no effect on plane
polarised light.
(iii)

Suggest an explanation for these observations.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(iv)

Draw structures to show the optical isomers of histidine.

[7]
[Total: 12]
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5

The structure of white phosphorus is given below.

(a)

(i)

Using the structure above, explain why white phosphorus is highly reactive and
unstable.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(ii)

Write an equation to illustrate the reaction of white phosphorus with excess oxygen
to give phosphorus oxide. Include state symbols in your equation.
………………………………………………………………………………………….........
[2]

(b)

Phosphoric(V) acid may be produced by the “thermal” process. The phosphoric(V) acid
produced is essentially free from impurities and is used in food products. The acid is
made by burning a spray of molten phosphorus in a mixture of air and steam in a
stainless steel combustion chamber.
(i)

Write an equation, including state symbols, to represent the conversion of
phosphorus to phosphoric acid using the ‘thermal’ process.
………………………………………………………………………………………….........

(ii)

Highly diluted phosphoric(V) acid is used in soft drinks to impart a sour taste.
A 500 cm3 bottle of Coca Cola usually contains a 0.05% solution by mass of
phosphoric(V) acid. Assuming that the density of the drink is 1 g cm–3 and taking
phosphoric(V) acid to behave as a monoprotic acid, calculate the pH of the drink.
[Ka1 (H3PO4) = 7.5 10–3 mol dm–3; Mr (H3PO4) = 98.0]

[4]
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(c)

The kinetic theory of gases was stated by Emil Clapeyron in 1834. Gaseous PCl5 is
considered a non-ideal gas. Explain three ways in which gaseous PCl5 violates the ideal
gas assumptions.
…………………………………………………………………………………………...................
…………………………………………………………………………………………...................
…………………………………………………………………………………………...................
…………………………………………………………………………………………...................
…………………………………………………………………………………………...................
…………………………………………………………………………………………...................
[3]

(d)

A hydrocarbon, C4H10, was irradiated with uv light in the presence of a limited amount of
chlorine gas to give C and D, both of which do not rotate plane-polarised light. On further
treatment with hot concentrated alcoholic potassium hydroxide, both C and D gave E.
(i)

Draw the structures of C, D and E.

C:

D:

E:

Further investigation showed that in addition to compound E, minute amounts of a side
product F, C8H18O, was found in the product mixture after the treatment with hot
concentrated alcoholic potassium hydroxide.
(ii)

Suggest how compound F may have been produced.
………………………………………………………………………………………….........
………………………………………………………………………………………….........
………………………………………………………………………………………….........

(iii)

Suggest the structure of compound F.

[6]
[Total = 15]
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2013 C2 Chemistry Prelim Paper 2 – Answers
1 (a)

Diagram: [1]
thermometer
lid

styrofoam cup calorimeter

H2SO4
(or NaOH or
mixture)

(250 cm3) beaker

Example of procedure: [5]
1. Use a burette to transfer _(volume)_ cm3 of __(H2SO4)__ into a styrofoam cup. (Place the
cup in a 250 cm3 beaker to prevent it tipping over.) Record the initial temperature of H2SO4
solution using a thermometer of precision (± 0.1 oC).
2. From a second burette, measure _(volume)_ cm3 of __(NaOH)__ into another styrofoam
cup. Record the initial temperature of NaOH solution.
3. Add H2SO4 solution to NaOH solution (or vice versa). Use the thermometer to stir the
mixture gently.
4. Record the highest temperature reached.
5. Repeat steps 1 to 4 using the volumes in the table below.
6. The temperature change, ΔT = Tfinal – Tinitial, where Tinitial is the weighted average by volume.

Experiment

Volume of
H2SO4 /
cm3

Volume of
NaOH /
cm3

1

5.00

45.00

(given data)

10.00

40.00

2

15.00

35.00

(given data)

20.00

30.00

3

30.00

20.00

4

35.00

15.00

5

40.00

10.00

Sketch : [1]

Initial
Initial
Highest
temperature temperature
temperature
of H2SO4 /
of NaOH /
/ oC
o
o
C
C

11.0

18.4

ΔT / oC

20

ΔTmax

15
10
5
0

0

10

20

30

40

Calculations: [3]
(i)
Let volume of NaOH at ΔTmax (from the graph) =

50

vol of NaOH / cm3

a cm3

a
x 2.00 mol
1000
a
a
and H2SO4 = ½ x
x 2.00 =
mol
1000
1000
a
a
n
1000
Therefore, [H2SO4] =
=
=
(50  a )
(50  a)
v
1000
Then OH– =

(ii)

Heat change for the reaction Q = m x c x ΔTmax J
where m = 50 g,
c = specific heat capacity of the final solution in J g–1 K–1,
ΔTmax is read from graph (in K or oC)
ΔHneut

= −

Q
n

J mol–1

where n = no of mol of H2O formed = 2 x

Therefore, ΔHneut

(b)

mol dm–3

m c Tmax
1000
= −
a
2 
1000

=

−

a
1000

m c Tmax
2a

kJ mol–1

The results will be the same for the concentration of sulfuric acid (because the neutralization
reaction occurs according to stoichiometry / the same no of moles of OH– and H+ is present.
However, the molar enthalpy change of neutralization will be different because the precipitation of
barium sulfate occurs with an enthalpy change / is exothermic.
[2]

2 (a)

(i)

no. of moles of AgNO3 = 1.12 x 10–2
no. of moles of Cl– = 1.12 x 10–2
no. of moles of A = 1.00/268.4 = 3.73 x 10–3
no. of moles of free Cl– ions per mole of A = (1.12 x 10–2)/( 3.73 x 10–3) = 3

[2]

(ii)

[1]

(b)

(iii)

Complex ion in B: [Co(NH3)5Cl]2+

(iv)

The different ligands in A and B cause the splitting of the d–orbitals to be different /energy
gap between the splitted d–orbitals is different/ both absorb wavelength of different
frequency, thus showing different complement colours. [1]

(i)

Pink Co(II) (aq) is oxidised to green Co(III) (aq) by aqueous hydrogen peroxide, while
hydrogen peroxide is reduced to water.

[1]

After a while, the green Co(III) (aq) is reduced back to pink Co(II) (aq) by hydrogen peroxide
while hydrogen peroxide is oxidised to oxygen gas.
[2]
(ii)

Role: Co(II) (aq) is acting as a homogeneous catalyst.
Evidence:
 There is an intermediate Co(III) formed
 The rate of reaction speeds up
 Co(II) (aq) is regenerated

(iii)

2 H2O2  O2 + 2H2O [1]

(iv)

Co3+ + e
Co2+ +1.82V
+
O2 + 4H + 4e
2H2O +1.23V
Eo cell = +1.82 – (+1.23) = + 0.59 V

[3]

Co3+ reduced easily in the presence of water to Co2+.
Tartaric acid stabilises Co3+/ act as a complexing agent / act as a ligand.
(c)

[3]

(i)

Pt
electrode

Leaf coated with graphite

Co(II) sulphate (aq)

[1]

(ii)

(iii)

Cathode: Co2+(aq) + 2e  Co(s)
Anode: 2H2O(l)  O2(g) + 4H+(aq) + 4e

[2]

No. of moles of Co coated = (8.90 x 0.2 x 10–1 x 10) / 58.9 = 0.0302
No. of moles of O2 = (0.0302) / 2 = 0.0151
Volume of gas = 0.0151 x 24 = 0.363 dm3 (or 363 cm3)

(iv)

[2]

No of moles of Co to be coated on the leaf = 0.0302 mol
No of moles of electrons to be transferred = 0.0302  2 = 0.0604 mol
Q = It = nF
0.5  t = 0.0604  96500
t = 11657.2s = 3.24 hr [1]

3 (a)

(i)

Sodium. At 600oC, sodium is still a liquid. [1]

(ii)





Charge density of Mg2+ is greater than Na+
Number of delocalized electrons in magnesium is greater than sodium
More energy is required to overcome the stronger metallic bonding (attraction between
Mg2+ cations with its sea of delocalized electrons), hence melting point of magnesium is
higher than sodium.

(ii)
Energy/ kJ mol–1
×
× ×

×

×

×

× ×

×

×

[1] – correct shape of curve
(first gap is larger than the
second gap)

No. of electrons
removed

[2]

(b)

(i)

Number of
particles

EA cat.




The activation energy of a catalysed (Eacat) reaction is lower than that of an uncatalysed
(Eauncat) reaction.
The catalyst provides an alternate pathway with lower activation energy.
This increases the proportion of molecules with KE greater than or equal to Ea and
increases frequency of effective collision and hence increases rate of reaction.
[3]





CC consists of 1 bond and 2  bonds
The bond is formed from a head on overlap of the sp hybridised orbitals
The  bonds are formed from a side on overlap of the p orbitals.



(ii)

EA

Kinetic Energy

If a diagram is drawn, diagram must be labeled to show the orbitals involved in each overlap.

[2]
(c)

(i)

The boron atom is electron deficient and is able to accept an electron pair from the CC
bond. [1]

(ii)

[2]

(iii)

[1]
4 (a)

(i)

The peptide bond is not formed using the –CO2H on the -carbon.

OR

The peptide bond is formed using the side chain acid group of the N–terminal amino acid. [1]
(ii)

[1] for each correct structure
(b)

Ile-His-Cys-Pro-Gly-Val-Leu-Pro-Val-Lys-Val [1]

(c)

(i)

At low pH, N / NH becomes NH+ / NH2+. This disrupts the hydrogen bonds in the tertiary
structure, and hence leads to denaturation. [2]

(ii)

In aqueous media, histidine exists as a zwitterion. Thus it is able to form ion-dipole
interactions with the water molecules, hence allowing it to dissolve well in water. [2]

(iii)

The sample of histidine extracted from cartilage protein contains only one enantiomer.
The sample obtained from laboratory synthesis is a racemic mixture OR contains both
enantiomers in equal amounts. [2]

(iv)

[1]
5 (a)

(b)

(i)

Bond angle strain as the P-P-P bond angle (60o) is more acute that the ideal 107o.

(ii)

P4 (s) + 5O2 (g)  P4O10 (s)

(i)

P4 (l) + 6H2O (g) + 5O2 (g)  4H3PO4 (l) / (g)

(ii)

Mass of H3PO4 in 500 cm3 of Coke =

[1]

0.05
 500  1 = 0.25 g
100

[1]

[1]

H3PO4 =

0.25
= 2.55 x 10-3 mol
98.0

[H3PO4] =

2.55  103
= 5.10 x 10-3 mol dm-3
500
1000

H2PO4 2  H+ 
 
Ka1 = 
H3PO4 
2

H+ 
 
7.50 x 10 =
5.10  10-3  H+ 
-3

[H+] = 3.48 x 10-3 mol dm-3
pH = 2.46
(c)

[3]

PCl5 has a large electron cloud/ has a large number of electrons and hence dispersion forces exist
between molecules.
PCl5 is large molecule and hence its volume is not negligible compared to the volume of the
container.
Collisions between PCl5 molecules are inelastic as energy is expended to overcome the dispersion
forces of attraction.
[3]

(d)

(i)

[3]
(ii)

Either C or D may undergo nucleophilic substitution with potassium hydroxide to give an
alcohol.
This alcohol acts as a nucleophile and substitutes the Cl atom on C or D to give F.

(iii)

Accept any one of these structures.

[2]

[1]

[Total = 15]
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Answer any four questions.
1

(a)

Sodium chloride and sodium iodide react differently when warmed with concentrated
sulfuric acid.
Describe what you would observe when these reactions are carried out, write equations for
the reactions that occur and suggest an explanation for these different reactions.
Include state symbols in your equations.

[5]

Solvent extraction is an analytical technique which involves extracting a solute dissolved in one
solvent with another solvent. The two solvents must be immiscible with each other. The ratio of
the concentrations of the solute in the two solvents at equilibrium is a constant value called the
partition coefficient.
For this partition law to hold true, the solute must exist in the same molecular form in both
solvents.
(b)

At room temperature, an aqueous solution of iodine containing 1.20 × 10 −3 mol dm−3 of
iodine was found to be in equilibrium with a solution in tetrachloromethane containing
0.102 mol dm−3 of iodine.
Calculate the partition coefficient of iodine between tetrachloromethane and water, and
comment on the significance of the value obtained.
[2]

(c)

When iodine is dissolved in aqueous potassium iodide, it forms the triiodide complex ion
according to the following equilibrium.
I2(aq) + I−(aq) ⇌ I3−(aq)

reaction 1

To determine the equilibrium constant of the above reaction, a solution of iodine dissolved
in 0.100 mol dm−3 aqueous potassium iodide was shaken with tetrachloromethane until
equilibrium was reached at room temperature.
The tetrachloromethane layer contained 0.0850 mol dm−3 of I2. The aqueous layer was
found to contain I2 and I3− at a total combined concentration of 0.0170 mol dm−3.

©

(i)

Use the value of the partition coefficient calculated in (b) to determine the
concentration of I2 in the aqueous layer.

(ii)

Calculate the concentrations of I3− and I− in the aqueous layer.

(iii)

Write an expression for Kc for reaction 1 and calculate its value. Indicate units in
your answer.
[6]
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3
(d)

Chlorine and iodine can form many interhalogen compounds.
compound is iodine monochloride, ICl.

One such interhalogen

Iodine monochloride can be used to halogenate benzene. When this reaction is carried out
in a suitable polar solvent, a Lewis acid catalyst is not required.

(e)

(i)

Suggest why a Lewis acid is not required in the reaction.

(ii)

Describe the reaction mechanism for the reaction between benzene and iodine
monochloride.
[4]

Iodine monochloride disproportionates when warmed with sodium hydroxide.
(i)

State, with a reason, which of the two halogen atoms in iodine monochloride
undergoes disproportionation.

(ii)

Give an equation for the disproportionation of iodine monochloride in aqueous
sodium hydroxide.
[3]
[Total: 20]
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2 Carbonyl compounds react with HCN to form cyanohydrins via a nucleophilic addition reaction.
(a)

In an experiment to study this reaction, propanone, HCN and KCN were mixed in the
following concentrations.
Propanone
HCN
KCN

: 0.100 mol dm–3
: 0.010 mol dm–3
: 0.010 mol dm–3

The concentration of HCN was monitored as the reaction proceeds.
(i)

Based on your knowledge of the mechanism for the reaction, sketch the graph of
[HCN] vs time that you would expect to obtain.

(ii)

In the experiment, the half-life of propanone was 20.0 s. Predict and explain the half-life
of propanone if the concentration of KCN used was 0.020 mol dm–3 instead.
[2]

(b) The reaction between propanone and HCN is an important step used to synthesise the
monomer methyl methacrylate, in the production of acrylic glass.

methyl methacrylate
(i)

Draw the displayed formula of the product obtained when propanone reacts with HCN
under suitable conditions.

(ii)

Starting with the product in b(i), outline a three-step reaction scheme to obtain methyl
methacrylate.
Your answer should include clearly the reagents and conditions in each step, and the
structures of all intermediates formed.
[4]

(c)

For each of the three compounds given below, suggest a simple chemical test that will
identify it from the other two via a positive result.
For each test, give reagents and conditions and state the observations for each of A, B and
C.
Your test(s) may rely on a preliminary breaking-up of the compound, and subsequent testing
of the reaction products.

[6]
©
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(d) One mole of hydrocarbon R (Mr = 136), reacts with three moles of hydrogen gas in the
presence of nickel catalyst. Prolonged oxidation of R yields carbon dioxide, S (C4H6O3) and
T (C3H6O) in mole ratio 3:1:1. Both S and T react with alkaline aqueous iodine to give a pale
yellow precipitate. Compound U can be synthesized by reacting S with thionyl chloride
(SOCl2), followed by ethylamine.
(i)

Determine the molecular formula of R.

(ii)

Deduce the structures of compounds R, S, T and U, and explain the reactions
described. Equations are not required.
[8]
[Total: 20]
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3 In 2009, archaeologists discovered a well-preserved vial of perfume in the tomb of Queen
Hatshepsut, a female pharaoh who ruled the Ancient Egypt. The 2.0 g of fluid in the vial contained
plant extracts like methyl butanoate, which made up 18.4 % by mass. Some ethanol and water
were also present.
(a)

The human nose can detect the strawberry smell of methyl butanoate at a minimum
concentration of 10 ppm (parts per million) by mass. Assuming that all the fluid found in the
vial was extracted and vapourised, calculate the volume of a room above which the smell of
methyl butanoate can no longer be detected by the human nose.
Assume density of the air in the room is 1.20 kg m–3.
[1 ppm by mass is 1 g in 1 x 106 g]

[2]

Ancient Egyptian perfumes uncovered by archaeologists had seldom retained their aromas.
Instead the aromas were often replaced with the rancid smell of carboxylic acids. These acids
could react with the clay mineral of the vial, Al2O3.2SiO2.2H2O, causing the perfume to evaporate
through the thinned walls.
(b) Suggest two possible carboxylic acids that could be present in the perfume of Queen
Hatshepsut and explain how they could have been formed.
[2]
(c)

Explain how increasing the temperature would affect the rate of formation of these carboxylic
acids.
[2]

(d) Explain how the acids can cause the thinning of the vial walls.
(e)

[1]

The aluminum oxide present in the clay mineral can exist as gibbsite, Al(OH)3, and boehmite,
AlO2H. Both decompose at high temperature to form aluminium oxide and steam only.
(i)

Write an equation each for the decomposition of gibbsite, Al(OH)3, and boehmite,
AlO2H.

(ii)

The following table lists some Hf  values.
compound

Hf  / kJ mol–1

gibbsite, Al(OH)3(s)

–1293

boehmite, AlO2H(s)

–996

H2O g)

–242

The enthalpy change for the decomposition of gibbsite is +102 kJ mol–1. Use the data
above to calculate the Hf  of Al2O3(s). Hence, determine the enthalpy change for the
decomposition of boehmite, AlO2H(s).
[6]

©
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Two carbonyl compounds, β-ionone and β-damascone, were used to reconstruct Queen
Hatshepsut’s perfume.

β-ionone (in violet oil extract)
(f)

β-damascone (in rose oil extract)

Molecules which give characteristic smells in perfumes can be classified into head, heart or
base notes.
Head Note
Heart Note
Base Note

Light molecules that give the initial impact and generally last a few
minutes on the skin
Molecules that form the bulk of the perfume and last for a few hours
e.g. β-ionone
Less volatile molecules of the fragrance

Methyl butanoate and β-damascone are classified under different notes. Suggest their
classifications and explain your choice in terms of bonding.
[3]
(g) The synthesis of β-damascone from β-ionone via an electrochemical route was patented in
1984. It involved the formation of ketoxime via condensation in step I, followed by an anodic
oxidation in step II. In the last step, the oxygen-nitrogen bond was cleaved to give
β-damascone.

β-ionone

ketoxime

β-damascone

(i)

Suggest the reagent in step I.

(ii)

Construct a balanced half-equation for the oxidation of ketoxime in step II under acidic
conditions.

(iii)

Draw the structures of all the four stereoisomers of ketoxime.

[4]
[Total: 20]
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4

(a)

There is said to be a ‘diagonal relationship’ between elements of the second and third
periods of the Periodic Table, exemplified by lithium and magnesium, and by beryllium and
aluminium.
(i)

By considering the trends in electronegativity across the period and down the group,
suggest why the ‘diagonal relationship’ exists.

(ii)

Beryllium chloride dissolves in water to give [Be(H2O)4]2+. Predict and explain the pH of
the solution.
[3]

(b) When aluminium chloride, AlCl3, is mixed with ammonia, heat is evolved. The amount of
heat evolved per mole of the mixture is shown in the diagram below.

Heat evolved/J mol–1
of mixture

0

0.5

1.0

Mole fraction of AlCl3

(c)

(i)

What can you deduce from the diagram about the molar ratio of the aluminium chloride
and ammonia reaction? Draw a diagram to illustrate the nature of the bonding in the
product formed, and indicate the values of the bond angles clearly.

(ii)

Sketch the curve you would expect to obtain for the heat evolved for mixtures of
beryllium chloride, BeCl2, and ammonia. Label your axes clearly.
[3]

Beryllium oxide was heated with a mixture of potassium fluoride and hydrogen fluoride. An
ionic compound was formed, which dissolved in water. When the resultant solution was
added to aqueous lead(II) nitrate, an immediate white precipitate, A, containing only
beryllium, fluorine and lead was obtained. The white precipitate contained 3.08 % by mass
of beryllium.
(i)

Given that the relative formula mass of A is approximately 290, deduce the empirical
formula of A.

(ii)

The anion in compound A is also formed when beryllium difluoride reacts with excess
potassium fluoride.
Draw a dot-and-cross electron diagram of this anion and hence deduce its shape.

©
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9
(d) The ‘rare earth’ elements play a crucial role in the manufacture of modern electronic gear
such as mobile phones. They are formed as a result of filling in of the penultimate f-subshell,
which consists of seven degenerate orbitals. Europium, Eu, is one of the rare earth
elements.
The ground state electron configuration of Eu can be written as [Xe] 4f7 6s2.
(i)

What is meant by the term ‘ground state’?

(ii)

Draw the ‘electron-in-box’ diagram for the valence electrons of the Eu2+ ion.

(iii) Europium(II) nitrate decomposes on heating in the same way as Group II nitrates.
Would you expect the decomposition temperature of Eu(NO3)2 to be higher or lower
than that of Be(NO3)2? Explain your answer.
[4]
(e)

Ketene, C2H2O, is a member of a class of unsaturated organic compounds that is widely
used in organic synthesis.
CH2=C=O
ketene
(i)

Suggest chemical tests (reagent, conditions and observations) that you may use to
confirm each of the functional groups in ketene. Write a balanced equation for each
test you use.

(ii)

The Staudinger synthesis is an important step in the synthesis of penicillin. It involves
the reaction of a ketene with an imine to form a cyclic amide. It is suggested that in the
rate-determining step of the mechanism, the imine acts as a nucleophile to attack the
ketene, forming a zwitterion intermediate.

By means of curly arrows and labeling the relevant charges, show clearly the
movement of electrons in this rate-determining step and suggest the structure of the
zwitterion formed.
[6]
[Total: 20]
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5

In 1824, Wöhler prepared oxalic acid (also known as ethanedioic acid), possibly the first synthesis
of an organic molecule.

oxalic acid
(a)

Despite being an organic acid, oxalic acid is a rather strong acid, with two pKa values:

pK
pK11==1.27
1.27

(i)

pK2 = 4.27

Suggest two reasons why the pK1 value of oxalic acid is lower than the pKa value of
formic acid, HCO2H (pKa = 3.7).

When a solution of 0.100 mol dm–3 oxalic acid is added slowly to a 30.0 cm3 solution of
0.100 mol dm–3 NaOH, the following titration curve was obtained.

(ii)

The major organic species present at points A and C are –O2C–CO2– and HO2C–CO2–
respectively. Explain this observation fully.
In your answer, include an equation for the reaction that occurred to produce each of
these two species.

©

(iii)

Calculate the pH value at point B, showing clearly your working.

(iv)

Explain, with the aid of an equation, how the mixture at point D can resist pH change
upon the addition of a small amount of aqueous NaOH.
[9]
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(b)

Starting with oxalic acid as the only organic reagent, propose a synthetic scheme to obtain
the following compound.

Your answer should include reagents and conditions used, as well as any intermediate
compound.
[2]
(c)

(i)

Oxalate ions, C2O42–, are toxic to the human body. If sufficient amounts are ingested
and released into the bloodstream, the high concentration of oxalate ions would
cause the precipitation of calcium oxalate in the urine, which can accumulate into
painful kidney stones.
Assuming that the body excretes an average of 250 mg of calcium ions per litre of
urine, what is the minimum concentration of oxalate ions needed to precipitate
calcium oxalate in the urine?
Numerical value of solubility product of calcium oxalate, CaC2O4: 2.7 x 10–9

(ii)

(d)

A student added an excess amount of calcium oxalate in water to obtain a saturated
solution at equilibrium.
I

Write an equation to show why the saturated solution has a pH above 7 at
25 oC.

II

Predict and explain what happens when excess dilute HCl is added to the
saturated solution.
[5]

The oxalate ion, C2O42–, forms a complex with platinum in oxaliplatin, a drug used in cancer
treatment.

(i)

Explain why oxaliplatin is considered a complex.

(ii)

State the oxidation number and coordination number of platinum in oxaliplatin.

(iii)

Explain why a complex can be formed between platinum and oxalate ion, unlike
calcium in (c) which forms a precipitate.
[4]
[Total: 20]
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2013 C2 Chemistry Prelim Paper 3 – Answers
1

(a)

NaX (s) + H2SO4 (l)  HX (g) + NaHSO4 (s)
2HI (g) + H2SO4 (l)
6HI (g) + H2SO4 (l)
8HI (g) + H2SO4 (l)

 I2 (g) + SO2 (g) + 2H2O (l)
 3I2 (g) + S (s) + 4H2O (l)
 4I2 (g) + H2S (g) + 4H2O (l)

Observations: white fumes of HCl
Violet fumes of I2
Halides are reducing and the reducing power increases down the group.
(b)

partition coefficient = (0.102  0.00120) = 85
Reciprocal of 85, i.e. 1.176 × 10−2 (to 4 sig. fig.) is also acceptable.

I2 is more soluble in CCl4 than in H2O.
(c)

(i)
(ii)

[2]

[I2]aq = 0.0850/85 = 0.00100 mol dm−3

[1]

Since total iodine in the aqueous layer measures both I3− and I2,
Concentration of I3− = 0.0170 – 0.001 = 0.0160 mol dm−3
Concentration of iodide ions = 0.100 – 0.0160 = 0.0840 mol dm−3

(iii)

eqm concentrations / mol dm−3

0.0840

Substituting and solving, Kc = 190 mol−1 dm3

(i)

[2]

Kc = [I3−] / ([I−][I2])
I−(aq)

(d)

[5]

+

I2(aq)
0.001

⇌

I3−(aq)
0.0160

[3]

A Lewis acid is not required because the partial positive charge on iodine is sufficiently positive.
[1]
1

(ii)

Mechanism: electrophilic substitution

+

–
HCl

Correct arrows
Correct intermediate
slow/fast steps clearly indicated

(e)

(i)

(ii)

[3]

Iodine undergoes disproportionation.
Its oxidation number is intermediate and can be both oxidised and reduced simultaneously.
OR
The oxidation number of chlorine is the lowest possible so it cannot disproportionate.
3ICl + 6OH− → IO3− + 2I− + 3Cl− + 3H2O

2

[2]
[1]

2

(a)

(i)
[HCN]

time

(ii)

[1]
10.0s
1st order w.r.t CN–. Hence, when [CN–] doubles, rate doubles, time taken to consume the same
amount of propanone will then be halved.
OR
CN– is a catalyst in this reaction. Hence, [CN–] stay constant throughout.
Rate = k’[propanone]
where k’ = k[CN–]
t1/2 = ln 2 / k’
= ln 2 / k[CN–]
Hence, when [CN–] doubles, the half-life will decrease by 2x.

(b)

(i)

[1]

[1]

(ii)

[3]
3

(c)

Test 1:
Reagents and Conditions: 1. dilute H2SO4, heat
2. neutral FeCl3 (aq)
Observations:
A: violet coloration
B & C: No violet coloration
Test 2:
Reagents and Conditions: NaOH(aq), heat
Observations:
B: pungent NH3 gas evolved that turned moist red litmus blue
A & C: No pungent NH3 evolved
Test 3:
Reagents and Conditions: Br2(aq)
C: orange-yellow Br2(aq) decolourizes, (white ppt)
A & B: No decolourization of orange-yellow Br2(aq)

(d)

(i)

(ii)

CxHy  3CO2 + C4H6O3 + C3H6O
S
T
Hence, x = 10
12(10) + y(1) = 136
y = 16

[6]

[1]



R undergoes reduction and has 3 C=C bond



Both S and T have



1 terminal C=C bond
Or
R:



S undergoes a nucleophilic substitution with thionyl chloride. Hence, S has –CO2H group.



The product then undergoes a condensation with ethylamine to give U.
[5 max 3 marks]

4

S:

U:

or

or

[4]

5

3

(a)

Mass of methyl butanoate = 2.0 

18.4
= 0.368 g
100

106
= 36.8 x 104 g = 36.8 kg
10
Volume of air = 36.8  1.20 = 30.7 m3
Mass of air = 0.368 

(b)

[2]

Any two of the following:
Ethanoic acid / butanoic acid / methanoic acid
Ethanoic acid is formed from the oxidation of ethanol
Butanoic acid due to the acid-hydrolysis of methyl butanoate / ester.
Methanoic acid due to acid-hydrolysis of ester and subsequent oxidation of
methanol.
[2]

(c)

Increase temperature will increase the rate.
There is an increase in the fraction of molecules that have kinetic energy larger than
or equal to the activation energy.
[2]

(d)

(e)

The walls of the vial are thinned because the acids reacted Al2O3 in an acid-base
reaction since Al2O3 is amphoteric, forming Al3+ which is soluble. (also accept
equation)
[1]
(i)

(ii)

2Al(OH)3  Al2O3 + 3H2O
2AlO2H  Al2O3 + H2O

[2]

½HfO = 102 – 3/2 (-242) – 1293
HfO = -1656 kJ mol-1
Hr = ½ (-1656) + ½ (-242) – (-996)
Hr = +47 kJ mol-1

(f)

β-damascone : Heart note

Methyl butanoate : Head note

[4]

β-damascone and β-ionone have similar electron cloud size. It needs similar amount
of energy to break the dispersion forces / van der Waals forces of attraction between
the molecules
Methyl butanoate has smaller electron cloud size. It needs lesser amount of energy
to break the dispersion forces / van der Waals forces of attraction between the
molecules

6

[3]
(g)

(i)

NH2OH

[1]

(ii)

[1]

(iii)

[2]

7

(a)

(i)

(ii)

Across the period, electronegativity increases. Down the group, electronegativity decreases.
The elements along the diagonal have similar electronegativity, hence they have similar
properties.
[1]
pH = 3 (accept any specific value from 1 to 4, but not a range)
Due to the high charge-density of the Be2+, hydrolysis occurs as the O−H bonds in the H2O
ligands are sufficiently polarised , weakened and break readily to donate a proton.
[BeH2O)4]2+(aq) + H2O(l)

(b)

(i)

[Be(H2O)3OH] +(aq) + H3O+(aq) (equation not required)

AlCl3 and NH3 react in a 1 : 1 mole ratio to form an adduct:

(dative bond, correct bond angle 109.5 about Al and N)

[2]

[2]

(ii)
Heat evolved / J mol–1

4

0.25

0.33

0.75

0.50

Mole fraction of BeCl2
(correct shape of graph with peak indicated at about mole fraction BeCl2 = 0.33)
(c)

(i)

[1]

Since the Mr is 290, there can only be 1 Pb in the compound.
% Pb = 207/290 x 100% = 71.38%
% F = 100 – 71.38 – 3.08 = 25.54%
Pb : Be : F = 0.345 : 0.342 : 1.344 = 1 : 1 : 4 ;

8

Empirical formula = PbBeF4

[2]

(ii)
●x

x●

4 bond pairs,  shape is
tetrahedral

(d)

(i)
(ii)

[2]
The term ‘ground state’ is used to describe atoms whose electrons occupy their lowest possible
energy levels.
[1]
2+
7
Eu has an electron configuration [Xe] 4f ,

[1]
(iii)

(e)

(i)

Higher. Eu2+ has a bigger ionic radius, hence lower charge-density and hence lower polarizing
power than Be2+. The electron cloud of the NO3- is distorted to a smaller extent, the N – O bond
is weakened to a smaller extent. More energy (high temperature) is needed to cause
decomposition of europium(II) nitrate.
[2]
1.
Add bromine in CCl4 at rtp, decolourisation of the yellow orange bromine confirms
presence of C=C functional group.
[accept any confirmatory test for alkene]
CH2=C=O + Br2  CH2Br–CBr=O

2.

Add 2,4-DNPH. An orange ppt confirms the presence of the C=O group.
[4]

(ii)

[2]

9

5

(a)

(i)

The first deprotonation of oxalic acid forms a mono-anion which is stabilized by intramolecular
hydrogen bonding, hence the dissociation lies much on the right and pK1 is lower than that in
formic acid.
The presence of the electron-withdrawing –CO2H group also disperses the negative charge on
the mono-anion, making it more stable than formate anion (HCO2–) which has no such
stabilization.
[2]

(ii)

From the start of titration till point A, the NaOH is present in excess amount compared to the
added oxalic acid. Hence the reaction occurring is:
2 NaOH + (CO2H)2  –O2C–CO2– + 2 H2O
OR At 15 cm3, the amount of oxalic acid added is half that of NaOH (or stoichiometric amounts
of oxalic acid and NaOH have been added), hence complete neutralization occurs to form the
dianion, –O2C–CO2–.
From A to C, the reaction occurring is:
–

O2C–CO2– + (CO2H)2  2 HO2C–CO2–

where –O2C–CO2– acts as a base to react with oxalic acid. Hence the monoanion is formed.
[3]
(iii)

At point B, both –O2C–CO2H and –O2C–CO2– are present.
K2 = [–O2C–CO2–][H+] / [–O2C–CO2H]
The reaction occurring from point A to C is:
–

O2C–CO2– + (CO2H)2  2 HO2C–CO2–

n(–O2C–CO2–) present at A = 1.5 x 10–3 mol
n((CO2H)2) added from A to B = 1 x 10–3 mol
Hence no. of moles of remaining –O2C–CO2– at B = 0.5 x 10–3 mol
No. of moles of HO2C–CO2– formed = 2 x 10–3 mol
So K2 = 10–4.27 = [H+] x 1 / 4  pH = 3.67

10

[2]

(iv)

Both oxalic acid and HO2C–CO2– are present in significant amounts. When a small amount of
OH– is added, oxalic acid reacts with the OH– ions to form HO2C–CO2–.
HO2C–CO2H + OH–  HO2C–CO2– + H2O
The resulting decrease in [HO2C–CO2H] and increase in [HO2C–CO2–] are relatively small (OR
ratio of [HO2C–CO2H] to [HO2C–CO2–] is relatively constant), hence pH change is resisted.
[2]

(b)

[2]
(c)

concentration of Ca2+ in urine
= (250 x 10–3/40.1) / 1 mol dm3 = 6.23 x 10–3 mol dm–3

(i)

Minimum concentration of oxalate = 2.7 x 10–9 / 6.25 x 10–3
= 4.33 x 10–7 mol dm–3
(ii)

I:

II:

(d)

(i)
(ii)
(iii)

[2]

Some solid will dissolve.
Explanation: Oxalate, being a base, will react with H+ added. Hence [oxalate] will
decrease and the solubility equilibrium: CaC2O4(s)
Ca2+(aq) + C2O42–(aq) will
shift and favour the dissolution of the salt.
[3]

It can be considered a complex because it consists of a central metal ion (platinum) dativelybonded to surrounding molecules known as ligands (oxalate and 1,2-diaminocyclohexane).
[1]
Oxidation number: +2
Coordination number: 4
[1]
Pt2+ is a transition metal ion which has a partially-filled d subshell of low energy which allows it
to accept lone pair of electrons from oxalate ions to form a dative bond.
[2]
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Sodium carbonate peroxyhydrate with the formula (Na2CO3)xyH2O2 is used in some
eco-friendly cleaning products and as a laboratory source of anhydrous hydrogen
peroxide.
2MnO4– + 6H+ + 5H2O2  2Mn2+ + 8H2O + 5O2
When 20.0 cm3 of 0.100 mol dm–3 sodium carbonate peroxyhydrate is titrated with
0.200 mol dm–3 acidified KMnO4, it requires 12.0 cm3 of acidified KMnO4 before the first
pink colour appears.
When an identical sample is acidified, it releases 96.0 cm3 of carbon dioxide at room
conditions.
What is the ratio of x:y ?
A

2

1:3

B

2:3

C

2:1

D

3:1

Use of the Data Booklet is relevant to this question.
Species containing one or more unpaired electrons and can be attracted by an
external magnetic field are said to be paramagnetic.
Which of the following species is not paramagnetic?
A

3

Cr3+

B

Cu+

C

Ni2+

D

V3+

Elemental oxygen exists in the atmosphere in two forms, O2 and O3. Even though O2
and O3 are both made up of oxygen atoms, they have different physical and chemical
properties.
Which of the following best explains why O3 is more soluble in water compared to O2?
A

O3 is more stable than O2 and thus O3 is able to react more readily with water.

B

O3 is able to form more extensive van der Waals’ forces with water molecules as
compared to O2.

C

O3 is able to form permanent dipole-permanent dipole interaction with water but
O2 is not able to do so.

D

O3 has more lone electrons
ion-dipole interaction with water.

than

O2 and
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The diagram shows a liquid flowing from a burette and a negatively charged rod being
brought near the flow.

Burette

Liquid

What would happen to the flow of the liquid if the liquid were methanol and carbon
tetrachloride respectively?

methanol

carbon tetrachloride

A

Deflected towards the rod,
larger deflection angle

Deflected towards the rod,
smaller deflection angle

B

Deflected towards the rod,
smaller deflection angle

Deflected towards the rod,
larger deflection angle

C

Not deflected

Deflected towards the rod

D

Deflected towards the rod

Not deflected
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F

4500

E
4000
3500

C

D

3000

K

2500

J

H

2000
1500

G

1000

I

500
0

Elements
W
Which of the following statements
s
a
about eleme
ents C to L is incorrecct?
A

L has a larger atomic radius tthan D.

B

E and L– have fully filled p-orrbitals.

C

H has higher first ionisation e
energy than G.

D

C and K form com
mpounds witth the formu
ula KC2 and
d KC3.
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A simplified structure of a molecule of chlorophyll is shown. Mg is situated in the centre
of a planar arrangement of the four N atoms.

N1
N

Mg

N2

N
O

Which of the following is not true?

7

A

The hybridisation about N1 is sp2.

B

The hybridisation about Mg is sp3.

C

The bonding between Mg and N2 is ionic.

D

The bonding between Mg and N1 is dative covalent.

The graph below shows how pV changes with p for the three gases, J, K and L, at a
fixed temperature (where p = pressure, V = volume).
pV

400

Gas J
Gas K

200
Gas L
p

0
Which of the following correctly identifies the gases?
Gas J

Gas K

Gas L

A

1 mol of NH3

1 mol of H2

1 mol of N2

B

1 mol of N2

1 mol of H2

1 mol of NH3

9647/01/CJC JC2 Preliminary Exam 2013
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8

C

2 mol of N2

1 mol of H2

1 mol of NH3

D

2 mol of H2

1 mol of NH3

1 mol of N2

Solutes dissolve in solvents to form solutions. If a semi-permeable membrane that
allows solvent molecules to pass through it, is placed between a pure solvent and a
solution containing a solute in that solvent, pure solvent only will go through the
membrane into the solution. This process is called osmosis.
Which statement regarding ∆S is correct for the following processes?

9

A

Dissolving the solute in the solvent results in a negative ∆S.

B

Evaporation of the solvent from the solution results in a negative ∆S.

C

Cooling the solution will not change ∆S since the number of particles in the
system is unchanged.

D

Movement of solvent molecules through the semi-permeable membrane during
osmosis results in a positive ∆S.

The ionic product of water at 10 oC is 2.93 x 10–15 mol2 dm–6.
What is the pH of a solution containing 0.02 mol dm–3 of Ba(OH)2 at 10 oC?
A

10

12.6

B

12.9

C

13.1

D

13.3

The pH of human blood is constant at about 7.4.
Which species present in the human body removes excess H+(aq) to help keep the
blood pH constant?
A

11

CO2

B

CO32–

C

HCO3–

D

H2CO3

Use of the Data Booklet is relevant to this question.
Hydrazine (N2H4) can be used to reduce metal ions to their elemental forms in the
treatment of wastewater. An important half-equation involving hydrazine is shown.
N2 + 4H2O + 4e– ⇌ 4OH– + N2H4

Eo = –1.17 V

Which of the following substances cannot be removed from a wastewater source by
hydrazine?
A

Pb4+

B

Fe3+

C

Zn2+

9647/01/CJC JC2 Preliminary Exam 2013
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The last stage in the production of aluminium involves the electrolysis of refined
aluminium oxide (Al2O3) dissolved in molten cryolite (Na3AlF6) using graphite
electrodes. A typical cell operates at 3.0 x 105 A. Oxygen gas produced at the anode
reacts with graphite forming carbon dioxide gas. The electrodes are replaced when 50 %
of the graphite is used up.
If the mass of the electrode used is 5000 kg, what is the time taken, in minutes, before
replacement of the electrode is necessary?
A

13

1.34 x 105

B

2.68 x 105

C

4.47 x 103

D

8.94 x 103

One of the reactions that occurs in a sample of polluted air containing oxides of
nitrogen is the oxidation of nitrogen monoxide to nitrogen dioxide.
2NO(g) + O2(g)  2NO2(g)
The table shows some data obtained in experiments carried out at 25 °C to determine
the rate equation for this reaction.
Initial concentration / mol dm–3
NO(g)

O2(g)

Rate of formation of NO2
/ mol dm–3 s–1

1

0.025

0.020

8.75 x 10–2

2

0.050

0.020

3.50 x 10–1

3

0.025

0.040

1.75 x 10–1

Experiment

Which of the following statement is correct?

14

A

The half-life of O2 is not affected by a decrease in initial concentration of NO.

B

The graph of [O2] versus time is a straight-line graph passing through origin.

C

A decrease in [NO] increases the rate constant.

D

The units of the rate constant is mol–2 dm6 s–1.

The standard enthalpy change of the reaction below can be calculated using the data
shown in the table.
Ca(NO3)2(aq) + H2SO4(aq)  CaSO4(s) + 2HNO3(aq)

∆Ho = x kJ mol–1

∆Ho/ kJ mol–1
1
2

N2(g) +

3
2

O2(g) + aq + e–  NO3–(aq)

–206

Ca2+(aq) + 2e–  Ca(s)
Ca(s) + S(s) + 2O2(g)  CaSO4(s)
2S(s) +4O2(g) + 4e–  2SO42–(aq)

–347
–1435
–1814

What is the value of x in kJ mol–1?
A

–1081

B

–875

C

–181
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By definition, the enthalpy change of fusion of a solid is the amount of energy, in J or
kJ, needed to melt one mole of a solid at its melting point.
The enthalpy changes of fusion of four successive elements, W to Z, in the third period
(sodium to argon) of the Periodic Table is given in the table.
element

W

X

Y

Z

enthalpy change of fusion / kJ mol–1

10.8

46.4

0.6

1.4

Which sequence correctly identifies the elements W to Z?

A
B
C
D

16

17

W
Mg
Al
Si
P

X
Al
Si
P
S

Y
Si
P
S
Cl

Z
P
S
Cl
Ar

When a mineral was heated in a Bunsen flame to a constant mass, a colourless gas
that gave a white precipitate with lime water was evolved. The remaining solid was
cooled and then added to aqueous hydrochloric acid. Vigorous effervescence was
seen. What was the mineral?
A

aragonite, CaCO3

B

dolomite, CaCO3.MgCO3

C

artinite, MgCO3.Mg(OH)2.3H2O

D

barytocalcite, BaCO3.CaCO3

A student carried out two experiments with anhydrous potassium chloride.
Experiment I: Concentrated sulfuric acid was added to potassium chloride and the
fumes produced were bubbled into aqueous potassium iodide.
Experiment II: Potassium chloride was dissolved in aqueous ammonia and then
silver nitrate was added to the resultant mixture.
What was observed in each experiment?
Experiment I

Experiment II

A

brown solution

white precipitate

B

colourless solution

white precipitate

C

brown solution

colourless solution

D

colourless solution

colourless solution

9647/01/CJC JC2 Preliminary Exam 2013

9
18

Mohr’s salt, a pale green crystalline solid soluble in water, is a ‘double sulfate’
containing two cations, one of which is Fe2+.
To determine the identity of the second cation, a sample of solid Mohr’s salt is heated
with solid sodium hydroxide. A colourless gas was evolved, which readily dissolved in
water to give an alkaline solution. The residue is a grey-green solid insoluble in water.
Which set gives the identity of the gas and the solid residue?
gas
H2
NH3
NH3
SO2

A
B
C
D

19

residue
FeSO4
Na2SO4
Fe(OH)2
Fe(OH)2

Covalent bonds are formed by orbital overlap. The shape of unsaturated hydrocarbon
molecules can be explained in terms of hybridisation of orbitals.
Which bond is not present in H2C=C=CHCH2CH3?

20

A

a  bond formed by 2sp – 2sp2 overlap

B

a  bond formed by 2sp3 – 2sp2 overlap

C

a  bond formed by 1s – 2sp3 overlap

D

a  bond formed by 2sp3 – 2sp3 overlap

Acetretin is a retinoid that is used to treat skin diseases.

Assuming that –OCH3 is inert, what is the total number of different organic products
that can be formed when acetretin is treated with hot acidified potassium
manganate(VII)?
A

2

B

3

C

4
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The reaction conditions for four different transformations are given below.
Which transformation has a set of conditions that is not correct?

A

B

C

D

22

When a halogen compound S was boiled under reflux for some time with aqueous
silver nitrate, a precipitate was seen.
Which formula could represent S?
A

CCl4

B

CH3CH=CHCl

CH3
C

H3C

C

Cl

D

9647/01/CJC JC2 Preliminary Exam 2013
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An organic compound X undergoes the following reactions:
(i)

It decolourises a solution of bromine in tetrachloromethane.

(ii)

It reacts with phosphorus pentachloride giving copious white fumes of HCl.

(iii)

It reacts with hot alkali to give a compound with two alcohol functional groups.

Which compound could be X?

24

A

HOH2CCH=CHCH=CHCH2Cl

B

Cl2CHCH=CHCH2CO2H

C

BrCH2CH2CHClCH2COCl

D

ClCH2CH2CH=CHCH(Cl)CH2OH

Which reaction yields a carbon compound incorporating deuterium, D? [D = 2H]
A

B

C

D

25

The sesquiterpene lactone, M, extracted from sunflowers, was studied to determine
its anti-tumour potency.

How many moles of dilute NaOH are required to completely hydrolyse 1 mol of M?
A

3

B

4

C

5
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The pinacol rearrangement involves the reaction of a diol in acidic conditions to form a
carbonyl compound as shown below.

2,3-diphenylpentan-2,3-diol has the structure shown below.

Which structural formulae is not a product of the pinacol rearrangement of
2,3-diphenylpentan-2,3-diol?

A

B

O

C

D

O

9647/01/CJC JC2 Preliminary Exam 2013
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Which compounds will not produce CHI3 on warming with alkaline I2(aq)?
A

CH3CO2CHICOCH3

B

CH3CO2CI3

C

COCH2I

D

CH3CH2I

Flurogestone acetate is a synthetic steroid that can be used as a hormone.

O
O
HO
F

O

O
Which of the following is true about Flurogestone acetate?
A
B
C
D

29

It reacts with H2 to form a product with 3 new chiral centres.
It reacts with Br2(aq) to incorporate up to 3 atoms of bromine in each molecule.
1 mole of Flurogestone acetate reacts with 3 moles of 2,4-dinitrophenylhydrazine.
1 mole of Flurogestone acetate reacts with aqueous alkaline iodine to give 2
moles of CHI3.

Which statement about amino acids found in the body is always true?
A

They are chiral compounds.

B

They exist as zwitterions at pH 7.

C

They exist as crystalline solids at room temperature.

D

They are soluble in water due to the formation of hydrogen bonding.

9647/01/CJC JC2 Preliminary Exam 2013
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The structure of glutamic acid is shown below.

It has pKa values of 2.1, 4.3 and 9.7.
A solution of glutamic acid was titrated against aqueous sodium hydroxide and the
following graph is obtained.
pH

S
9.7 –

R

4.3 –

Q

2.1 –

P
Vol of NaOH / cm3

What deduction can be drawn from the titration curve above?
A

B

Maximum buffering capacity occurs at point P.

is the predominant species at point Q.

C

Point R corresponds to the isoelectric point of glutamic acid.

D

A doubly charged anion is the predominant species at point S.
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For each of the following questions, one or more of the three numbered statements 1 to 3
may be correct. Decide whether each of the statements is or is not correct. The responses
A to D should be selected on the basis of:
A

B

C

D

1, 2 and 3
are correct

1 and 2 only
are correct

2 and 3 only
are correct

1 only is
correct

No other combination of statements is used as a correct response.
31

32

Which statements about relative formula mass are correct?
1

It is the ratio of the sum of the average mass of the formula unit to 1/12 of the
mass of a 12C atom.

2

It is the sum of the relative atomic masses of the atoms within the formula unit.

3

It is the ratio of the mass of 1 mol of the formula unit to the mass of 1 mol of 1H
atom.

Lithium hydride is used as a reagent for the synthesis of organic reducing agents such
as lithium aluminium hydride (LiAlH4) and lithium borohydride (LiBH4). Lithium hydride
is produced by reacting lithium metal with hydrogen gas:
2Li + H2  2LiH
The standard enthalpy change of formation of LiH can be measured in the laboratory
and the atomisation energies of Li and H are given as x and y kJ mol–1 respectively.
What further information is required to calculate the lattice energy of LiH?

33

1

The hydrogen-hydrogen bond energy.

2

The electron affinity of hydrogen.

3

The first ionisation energy of lithium.

Consider the following mechanism.
A+B

C

fast

A+CD+E

slow

C+EB+D

fast

What can be deduced from the mechanism?
1

The rate equation is rate = k[A]2[B]2.

2

The overall equation is 2A + C  2D.

3

B is a catalyst and E is an intermediate.
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The responses A to D should be selected on the basis of:
A

B

C

D

1, 2 and 3
are correct

1 and 2 only
are correct

2 and 3 only
are correct

1 only is
correct

No other combination of statements is used as a correct response.
34

X, Y and Z are Period 3 elements.

Element X has high thermal conductivity at room temperature. It forms a chloride that
hydrolyses in water forming an acidic solution, and an oxide that reacts very slowly
with aqueous acids.
Element Y and its oxide have high melting points. The chloride of Y reacts with water
to form steamy fumes and an acidic solution.
Element Z has a chloride that forms an acid in water, and an oxide which reacts
vigorously with water to form solutions containing strong acids.
Which of the following statements about X, Y and Z is true?

35

1

The chloride of X sublimes when heated.

2

A chloride of Z reacts with carboxylic acids.

3

The oxides of X and Y readily dissolve in water.

A student set up four standard half-cells each containing one of the metals, W, X, Y
and Z, immersed in a solution of its metallic salts. These were then used to make
different electrochemical cells. The table below shows the standard cell potential, Eөcell
and the negative terminal of each electrochemical cell.
Cell

Metals used

Eөcell / V

Negative terminal

A

W and X

+1.10

X

B

X and Y

+0.46

Y

C

X and Z

+0.47

X

Which one of the following statement is correct?
1

W can oxidise X, Y and Z.

2

Y has a stronger reducing power than Z.

3

W and Z form a cell represented as W(s) / Wn+(aq) / / Zm+(aq) / Z(s).
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1,1-dichloro-1-fluoroethane is known to cause the depletion of ozone in the upper
atmosphere.
Which of the following are not involved in the destruction of ozone by
1,1-dichloro-1-fluoroethane?

37

1

CH3CCl2F(g)  CH3CCl2(g) + F(g)

2

ClO(g) + O(g)  Cl(g) + O2(g)

3

Cl(g) + CH3CCl2F(g)  HCl(g) + CH2CCl2F(g)

The preparation of 1-bromopropane involves the controlled addition of concentrated
sulfuric acid to a mixture of propan-1-ol and sodium bromide.
CH3CH2CH2OH + HBr  CH3CH2CH2Br + H2O
When the mixture is subsequently heated, by-products are formed as the reagents
may react in more than one way or because the products formed may react with the
reactants.
What could be a by-product of the reaction?

38

1

CH3CH=CH2

2

Br2

3

SO2

Oseltamivir, which is marketed widely as Tamiflu, is commonly used in the treatment of
influenza.

In the following reactions, the –OR group is inert and does not react.
Which reactions would Oseltamivir undergo?
1

It decolourises purple KMnO4.

2

It gives a yellow precipitate with aqueous alkaline iodine.

3

It reacts with HCl at room temperature to give a neutral salt.
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The responses A to D should be selected on the basis of:
A

B

C

D

1, 2 and 3
are correct

1 and 2 only
are correct

2 and 3 only
are correct

1 only is
correct

No other combination of statements is used as a correct response.
39

In which reaction will the oxidation number of carbon change by 4?

1

2

3

40

Carbonyl compounds undergo nucleophilic addition reactions as shown below.

Carbonyl compounds can also react with Grignard reagent in a similar way. Grignard
reagent has the general formula R’’MgBr and is a good source of nucleophile (R’’–).
For example, the nucleophile, “ CH3CH2–”, can be generated from the Grignard reagent,
CH3CH2MgBr.
Which compounds can be obtained from reaction of an aldehyde with Grignard reagent?
1

CH3CH2CH2CH2OH

2

CH3CH2CH(OH)CH3

3

(CH3)3COH
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Planning (P)
Natural water that contains calcium and magnesium ions is said to be 'hard'. Tap water in
England is hard water, which is evident from the limescale found in kettles.
The main source of calcium and magnesium ions in hard water is limestones. However,
neither calcium carbonate nor magnesium carbonate is appreciably soluble in water. It is
said that the solubility is partly the result of carbon dioxide present in rain water.
You are to design an experiment to investigate whether the presence of carbon dioxide
in water, indeed, increases the solubility of magnesium carbonate.
In addition to the standard apparatus available in a school laboratory, you are provided
with the following materials,
 magnesium carbonate
 distilled water
 distilled water saturated with carbon dioxide
 methyl orange indicator
 phenolphthalein indicator
 standard hydrochloric acid
(a)

Write an expression for the solubility product, Ksp, of magnesium carbonate, stating
its units.
……………………………………………………………………………………………....[1]

(b)

When a solution is saturated, the undissolved solid is in equilibrium with its aqueous
solution.
X(s) + aq

X(aq)

Describe briefly how you would prepare a saturated solution of magnesium
carbonate at room temperature.
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
………………………………………………………………………………………………. [3]
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(c)

The concentration of a saturated solution of magnesium carbonate may be
determined by titration with standard hydrochloric acid.
(i)

Given that, at room temperature, Ksp of magnesium carbonate has a numerical
value of 6.82 × 10–6, suggest an appropriate concentration of the standard
hydrochloric acid to be prepared. Show your working.

(ii)

Name the indicator used in this titration.
……………………………………………………………………………………….. [4]

(d)

Describe what further experiments you would carry out to show that solubility of
magnesium carbonate is increased by the presence of carbon dioxide in water.
State clearly the volume of solution used and the expected results.

[3]
(e)

Recently phenolphthalein is classified as a carcinogen and is banned from use in the
school laboratory. Suggest a suitable replacement for phenolphthalein indicator from
the list below.
indicator
congo red
methyl red
phenol red
cresol red

colour (lower pH)
blue
red
yellow
yellow

pH range
3.0 – 5.0
4.8 – 6.0
6.4 – 8.2
7.1 – 8.8

colour (upper pH)
red
yellow
red-violet
violet

……………………………………………………………………………………………… [1]
[Total: 12]
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Ethylbenzene is a highly flammable and colourless liquid. It is important in the
petrochemical industry as an intermediate in the production of styrene which is a precursor
for polystyrene, a common plastic material.
Ethylbenzene has a characteristic gasoline odour with an odour threshold, which is the
lowest concentration of a compound detectable by smell, of 2.3 parts per million (ppm). It
also has density of 0.866 g cm–3 and boiling point of 136 °C.
(a)

Ethylbenzene can be produced by combining ethene with benzene in an acidcatalysed reaction as shown below.

(i)

Name the mechanism for this reaction.
…………………………………………………………………………………………..

(ii)

The first step of the mechanism involves the reaction between AlCl3 and HCl.
Show clearly how ethene interacts with the species formed from the first step to
generate the attacking species for subsequent reaction with benzene. You
should include in your answer curly arrows to depict electron movement and all
charges.

(iii) Suggest why 1,4-diethylbenzene is also formed in the overall reaction.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
(iv) If a room has dimensions of 5 m x 4 m x 3 m, calculate the minimum mass of
ethylbenzene that would be present before its odour is detected.

[6]
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(b)

Ethylbenzene can reversibly undergo catalytic dehydrogenation at 600 oC and
0.5 bar in the presence of a solvent to form styrene. [1 bar = 1 x 105 Pa]

H > 0

(i)

State two main assumptions of the kinetic theory of gases.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..

(ii)

Under the conditions used for the reaction, 0.0200 g of the equilibrium mixture
occupies 38.0 cm3. Calculate the average relative molecular mass of the
gaseous mixture, giving your answer to 1 decimal place.

(iii) Assuming the mole fraction of styrene and hydrogen gas is the same at
equilibrium, and using your answer in (b)(ii), calculate the proportion of
ethylbenzene, styrene and hydrogen gas present in the equilibrium mixture.
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(iv) Hence, calculate the value of Kp for the dehydrogenation of ethylbenzene at
600 °C, giving its units.

(v)

State and explain the effect of an increase in temperature on the Kp for the
dehydrogenation of ethylbenzene.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
[9]
[Total: 15]
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“Every drop of Evian Natural Spring Water begins as rain and snow falling high in the
pristine and majestic French Alps.”
Bottled water has become big business due to a growing number of consumers preferring
bottled water to tap water. Statements advertising bottled water tends to convey images of
purity and natural processes.
The label of an Evian mineral water bottle shows the following:

Mineral content
Aluminium
Calcium
Magnesium
Potassium
Bicarbonate
Chloride
Nitrate
Sulfate
(a)

pH = 7.1
Amount per L (mg dm–3)
trace
80
26
1
360
6.8
3.7
35

Suggest the ions which will be precipitated when excess alkali is added to the
mineral water.
..…………………………………………………………………………………………..... [1]

(b) Describe, with the use of suitable equations, what happens to the aluminium ions in
the water sample as alkali is added slowly until in excess.

[2]
(c)

A student carried out an electrolysis using a sample of Evian water. Write an
ion-electron equation for the reaction at the cathode assuming an inert electrode
was used.
..…………………………………………………………………………………………..... [1]
[Total: 4]
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Chlorine containing inorganic compounds have often been used as bleaching or
disinfecting agent. An example is chlorine dioxide, ClO2.
(a)

Chlorine dioxide can exist in both the anionic form, ClO2–, as well as the cationic
form, ClO2+.
(i)

Calculate the oxidation state of chlorine in each of the species.
ClO2: ………………

(ii)

ClO2+: ……………… ClO2–: …………………

Given that chlorine is the central atom, draw the dot-and-cross diagram for
each of the species. For ClO2 and ClO2+, predict the O–Cl–O bond angle.
ClO2

ClO2+

ClO2–

Dotandcross
diagram

Bond
angle

105o
[6]

(b)

When a sample of solid sodium chlorite, NaClO2, is dissolved in water, the cations
and anions are each surrounded by water molecules.
Draw suitable diagrams to illustrate how a water molecule is attached to a sodium
ion and a chlorite ion. Include labels in your answer to show the types of interaction
involved.
Na+

ClO2–

[2]
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Organic compounds containing halogen atoms such as chlorine are very useful in organic
reactions.
(c)

Halogenoalkanes can undergo the Wurtz reaction, a coupling reaction where two
halogenoalkanes are reacted with sodium to form a new carbon-carbon bond.
2R–X + 2Na  R–R + 2Na+ X–
(i)

Explain why the reaction does not occur readily when chlorobenzene is used.
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………...
…………………………………………………………………………………………...

(ii)

When a 1:1 molar mixture of 2-chloropropane and chloroethane is reacted in
the presence of sodium, a mixture of three alkanes is formed.
Suggest the structures of these alkanes and the ratio in which they are formed.

Alkane
formed

Ratio
[3]
[Total: 11]
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5

Methanoic acid can be oxidised by bromine to form carbon dioxide gas.
HCO2H(aq) + Br2(aq) → 2Br –(aq) + 2H+(aq) + CO2(g)
A student carried out an experiment to determine the rate of this reaction using a large
excess of methanoic acid. During the reaction, reddish-brown colour of bromine fades as
it is used up. The change in colour intensity, measured by a colorimeter, can be used to
determine the concentration of bromine.
The experimental data obtained is shown in the table below
Time / min

0

1

2

3

4

6

8

10

[Br2] / mol dm–3

0.010

0.008

0.007

0.0054

0.0046

0.0029

0.0020

0.0013

(a)

In the experiment, the initial concentration of methanoic acid used was
0.50 mol dm–3. Explain why a large amount of methanoic acid was used in the
experiment.
………………………………………………………………………………………………….
………………………………………………………………………………………………..
………………………………………………………………………………………………..
……………………………………………………………………………………………… [1]

(b)

(i)

On the grid provided on the next page, plot a suitable graph which you can use
to determine the order of reaction with respect to bromine.

(ii)

Using the graph you have drawn in (b)(i), determine the order of reaction with
respect to bromine and the initial rate of the reaction. All relevant working
should be shown on the graph or in the space provided below.

Order of reaction with respect to Br2: ……………………
Initial rate of reaction: …………………..
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(c)

Write the rate equation for the reaction between bromine and methanoic acid given
that the overall order of reaction is 2. Hence, calculate the rate constant for the
reaction including its units.

[2]
(d)

Suggest an alternative method which can be used to determine the order of reaction
with respect to bromine.
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
……………………………………………………………………………………………… [1]
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(e)

The following table gives the pKa values of some carboxylic acids.
Carboxylic Acids

Formula

pKa1

pKa2

ethanoic acid

CH3CO2H

4.74

-

2-fluoroethanoic acid

FCH2CO2H

2.65

-

2-chloroethanoic
acid

ClCH2CO2H

(i)

-

benzoic acid

4.20

-

2-hydroxybenzoic
acid

2.97

13.40

4-hydroxybenzoic
acid

4.48

9.32

Suggest a value for the pKa of 2-chloroethanoic acid.
pKa of 2-chloroethanoic acid is ………………..

(ii)

With the aid of equations, explain why 2-hydroxybenzoic acid has a higher pKa2
than 4-hydroxybenzoic acid.

………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
……………………………………………………………………………………………… [3]
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(f)

Oxidation of carboxylic acids involves the removal of the carbonyl carbon atom as
carbon dioxide in a process known as decarboxylation.
Carboxylic acids with a carbonyl carbon at position 3 readily undergo thermal
decarboxylation as illustrated by malonic acid.

Simple carboxylic acids such as ethanoic acid rarely undergo such decarboxylation.
By using this information and your knowledge of the reactions of carboxylic acids
and its derivatives, complete the reaction scheme shown below by drawing the
structures of compounds A to D in the boxes provided. State the reagents and
conditions for step 1 and step 2.

Step 1: Reagents: ……………………………

Step 2: Reagents: ……………………….

Conditions: …………………………..

Conditions: ………………………
[6]
[Total: 17]
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Chromium is a typical transition element and it forms many stable coloured complexes
that are capable of exhibiting various types of isomerism.
(a)

Chromium(III) chloride with the general formula CrCl36H2O can exist as hydrated
isomers which differs in the number of water molecules attached as ligands to the
metal ion.
(i)

One of the hydrated isomers is [CrCl2(H2O)4]Cl2H2O. Explain why an aqueous
solution of this isomer is green.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..

(ii)

Suggest the formulae of two other possible hydrated isomers of chromium(III)
chloride.
…………………………………………………………………………………………..
……………………………………………………………………………………….….

(iii) When aqueous ammonia is added gradually to a solution containing
[Cr(H2O)6]3+, a grey-green precipitate is formed. When aqueous ammonia is
added in excess, the precipitate dissolves to give a purple solution. Explain the
observations with the aid of relevant equations, including state symbols.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
[8]
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(b)

Certain octahedral transition metal complexes are able to exhibit both geometric
(cis-trans) and optical isomerism.
Cis-trans isomers are isomers which differ in the arrangement of two ligands.
Cis- isomers are isomers where the two ligands are 90 apart from one another in
relation to the central metal ion, whereas trans-isomers are isomers where the two
ligands are 180 apart in the complex.
(i)

Select a suitable hydrated isomer of chromium(III) chloride which contains a
complex ion capable of exhibiting cis-trans isomerism. Draw the structures of
the two isomers and label clearly which is the cis- and trans- isomers.
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(ii)

Another chromium-containing complex, [CrCl(NH3)(en)2]2+, exists as three
isomers. [en: ethylenediamine, H2NCH2CH2NH2]
Isomer A rotates plane-polarised light to the right.
Isomer B rotates plane-polarised light to the left.
Isomer C has no effect on the plane-polarised light.
Draw the structures of isomers A to C.
You may use

NH2

NH2

to represent ethylenediamine.

A

B

C

[5]
[Total: 13]
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1

Planning (P)
Natural water that contains calcium and magnesium ions is said to be 'hard'. Tap water in
England is hard water, which is evident from the limescale found in kettles.
The main source of calcium and magnesium ions in hard water is limestones. However,
neither calcium carbonate nor magnesium carbonate is appreciably soluble in water. It is
said that the solubility is partly the result of carbon dioxide present in rain water.
You are to design an experiment to investigate whether the presence of carbon dioxide
in water, indeed, increases the solubility of magnesium carbonate.
In addition to the standard apparatus available in a school laboratory, you are provided
with the following materials,
 magnesium carbonate
 distilled water
 distilled water saturated with carbon dioxide
 methyl orange indicator
 phenolphthalein indicator
 standard hydrochloric acid
(a)

Write an expression for the solubility product, Ksp, of magnesium carbonate, stating
its units.
 Ksp = [Mg2+] [CO32–] mol2 dm–6
……………………………………………………………………………………………....[1]

(b)

When a solution is saturated, the undissolved solid is in equilibrium with its aqueous
solution.
X(s) + aq

X(aq)

Describe briefly how you would prepare a saturated solution of magnesium
carbonate at room temperature.
 Dissolve solid in water until some solid remains undissolved.
…………………………………………………………………………………………………..
 Allow solution to stand for few hours (to establish equilibrium).
…………………………………………………………………………………………………..
 Filter to remove undissolved solid. The saturated solution is
…………………………………………………………………………………………………..
collected as the filtrate.
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
………………………………………………………………………………………………. [3]
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(c)

The concentration of a saturated solution of magnesium carbonate may be
determined by titration with standard hydrochloric acid.
(i)

Given that, at room temperature, Ksp of magnesium carbonate has a numerical
value of 6.82 × 10–6, suggest an appropriate concentration of the standard
hydrochloric acid to be prepared. Show your working.


for a saturated solution of MgCO3, [Mg2+] [CO32–] = Ksp



 [CO32–] =
=

K sp

(since [Mg2+] = [CO32–] = [MgCO3])

6.82 106 = 2.61 × 10–3 mol dm–3



MgCO3 + 2 HCl  MgCl2 + CO2 + H2O



For volume of analyte to be  volume of titrant at end-point,
 [HCl ] = 2 × [MgCO3]
OR
= 2 × 2.61 × 10–3
2MgCO3 + 2HCl  MgCl2 + Mg(HCO3)2
= 5.22 × 10–3 mol dm–3
 [HCl ] = [MgCO3]
 a suitable [HCl ] = 5.22 × 10–3 mol dm–3
= 2.61 × 10–3 mol dm–3

(ii)

Name the indicator used in this titration.

(ii) phenolphthalein indicator

methyl orange indicator
……………………………………………………………………………………….. [4]
(d)

Describe what further experiments you would carry out to show that solubility of
magnesium carbonate is increased by the presence of carbon dioxide in water.
State clearly the volume of solution used and the expected results.


Prepare a saturated solution of MgCO3 in water saturated with CO2.



Pipette 25.0 cm3 of the saturated solution of MgCO3 prepared above (into a
250 cm3 conical flask). Add (3 drops of) methyl orange indicator. Titrate with
standard / 5.22 × 10–3 mol dm–3 HCl (placed in a 50 cm3 burette) until the
solution in the conical flask changed from yellow to orange.
Expected results: vol of HCl > that for saturated solution of MgCO3.
[3]

(e) Recently phenolphthalein is classified as a carcinogen and is banned from use in the
school laboratory. Suggest a suitable replacement for phenolphthalein indicator from
the list below.
indicator
congo red
methyl red
phenol red
cresol red

colour (lower pH)
blue
red
yellow
yellow

pH range
3.0 – 5.0
4.8 – 6.0
6.4 – 8.2
7.1 – 8.8

colour (upper pH)
red
yellow
red-violet
violet

cresol red
……………………………………………………………………………………………… [1]
[Total: 12]
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Ethylbenzene is a highly flammable and colourless liquid. It is important in the
petrochemical industry as an intermediate in the production of styrene which is a precursor
for polystyrene, a common plastic material.
Ethylbenzene has a characteristic gasoline odour with an odour threshold, which is the
lowest concentration of a compound detectable by smell, of 2.3 parts per million (ppm). It
also has density of 0.866 g cm–3 and boiling point of 136 °C.
(a)

Ethylbenzene can be produced by combining ethene with benzene in an acidcatalysed reaction as shown below.

(i)

Name the mechanism for this reaction.
Electrophilic substitution
…………………………………………………………………………………………..

(ii)

The first step of the mechanism involves the reaction between AlCl3 and HCl.
Show clearly how ethene interacts with the species formed from the first step to
generate the attacking species for subsequent reaction with benzene. You
should include in your answer curly arrows to depict electron movement and all
charges.

(iii) Suggest why 1,4-diethylbenzene is also formed in the overall reaction.
Presence of electron donating / activating ethyl group makes
…………………………………………………………………………………………..
ethylbenzene even more susceptible to further electrophilic attack at
…………………………………………………………………………………………..
position 4 on benzene, thereby forming the disubstituted compound.
…………………………………………………………………………………………..
(iv) If a room has dimensions of 5 m x 4 m x 3 m, calculate the minimum mass of
ethylbenzene that would be present before its odour is detected.
Volume of room = 5 x 4 x 3 = 60 m3
For odour detection,
minimum vol of ethylbenzene = 2.36 x 60
10

= 1.38 x 10–4 m3
 minimum mass of ethylbenzene = (0.866 x 106) x 1.38 x 10–4
= 119.5 g
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(b)

Ethylbenzene can reversibly undergo catalytic dehydrogenation at 600 oC and
0.5 bar in the presence of a solvent to form styrene. [1 bar = 1 x 105 Pa]

H > 0

(i)

State two main assumptions of the kinetic theory of gases.
1. Gas particles have negligible size/volume compared to the volume of
…………………………………………………………………………………………..
its container.
…………………………………………………………………………………………..
2. There is negligible intermolecular forces of attraction between gas
…………………………………………………………………………………………..
particles.
…………………………………………………………………………………………..

(ii)

Under the conditions used for the reaction, 0.0200 g of the equilibrium mixture
occupies 38.0 cm3. Calculate the average relative molecular mass of the
gaseous mixture, giving your answer to 1 decimal place.
using ideal gas equation, pV = nRT

Mr

0.0200

e
g
a
r
e
v
a

(0.5 x 105)(38.0 x 10–6) =

(8.31)(600 + 273)

 Average Mr = 76.4
(iii) Assuming the mole fraction of styrene and hydrogen gas is the same at
equilibrium, and using your answer in (b)(ii), calculate the proportion of
ethylbenzene, styrene and hydrogen gas present in the equilibrium mixture.
Let fraction of styrene in mixture be x.
Hence, fraction of hydrogen gas would also be x, and
fraction of ethylbenzene would be (1–2x).
(1–2x) Mr ethylbenzene + x Mr styrene + x Mr hydrogen = 76.4
106 (1–2x) + 104x + 2x = 76.4
 x = 0.279
Hence in the mixture,
Fraction of styrene = fraction of hydrogen = 0.279
Fraction of ethylbenzene = 0.442
(iv) Hence, calculate the value of Kp for the dehydrogenation of ethylbenzene at
600 °C, giving its units.
Kp =
=

Pstyrene  Phydrogen
Pethylbenzene
(0.279  0.5) 2
0.442  0.5

= 0.0881 bar OR 8.81 x 103 Pa
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(v)

State and explain the effect of an increase in temperature on the Kp for the
dehydrogenation of ethylbenzene.
Dehydrogenation of ethylbenzene is an endothermic process.
…………………………………………………………………………………………..
According to Le Chatelier’s Principle, increasing temperature favours
…………………………………………………………………………………………..
endothermic reaction. Thus, position of equilibrium shifts to the right.
…………………………………………………………………………………………..
There will be a greater proportion of styrene and hydrogen gas in the
…………………………………………………………………………………………..
reaction mixture, causing the Kp to increase.
…………………………………………………………………………………………..
[9]
[Total: 15]
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“Every drop of Evian Natural Spring Water begins as rain and snow falling high in the
pristine and majestic French Alps.”
Bottled water has become big business due to a growing number of consumers preferring
bottled water to tap water. Statements advertising bottled water tends to convey images of
purity and natural processes.
The label of an Evian mineral water bottle shows the following:

Mineral content
Aluminium
Calcium
Magnesium
Potassium
Bicarbonate
Chloride
Nitrate
Sulfate
(a)

pH = 7.1
Amount per L (mg dm–3)
trace
80
26
1
360
6.8
3.7
35

Suggest the ions which will be precipitated when excess alkali is added to the
mineral water.
Mg2+ and Ca2+
..…………………………………………………………………………………………..... [1]

(b)

Describe, with the use of suitable equations, what happens to the aluminium ions in
the water sample as alkali is added slowly until in excess.
Formation of white ppt of Al(OH)3 when alkali is added initially.
Al3+ + 3 OH–  Al (OH)3
White precipitate dissolves in excess alkali forming colourless solution
of [Al (OH)4]–.
Al (OH)3 + OH–  [Al (OH)4]–
[2]

(c)

A student carried out an electrolysis using a sample of Evian water. Write an
ion-electron equation for the reaction at the cathode assuming an inert electrode
was used.
2H2O + 4e–  H2 + 2OH–
..………………………………………………………………………………………….....
[1]
[Total: 4]
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Chlorine containing inorganic compounds have often been used as bleaching or
disinfecting agent. An example is chlorine dioxide, ClO2.
Chlorine dioxide can exist in both the anionic form, ClO2–, as well as the cationic
form, ClO2+.
(i)

Calculate the oxidation state of chlorine in each of the species.
+4
ClO2: ………………

(ii)

+3
+5
ClO2+: ………………
ClO2–: …………………

Given that chlorine is the central atom, draw the dot-and-cross diagram for
each of the species. For ClO2 and ClO2+, predict the O–Cl–O bond angle.
ClO2+

ClO2

Dotandcross
diagram

Bond
angle

(b)

115o

ClO2–

xx

(a)

xx

4

105o

118o

Accept any value
between 105o and 118o

[6]

When a sample of solid sodium chlorite, NaClO2, is dissolved in water, the cations
and anions are each surrounded by water molecules.
Draw suitable diagrams to illustrate how a water molecule is attached to a sodium
ion and a chlorite ion. Include labels in your answer to show the types of interaction
involved.
Na+

ClO2–

[2]
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Organic compounds containing halogen atoms such as chlorine are very useful in organic
reactions.
(c)

Halogenoalkanes can undergo the Wurtz reaction, a coupling reaction where two
halogenoalkanes are reacted with sodium to form a new carbon-carbon bond.
2R–X + 2Na  R–R + 2Na+ X–
(i)

Explain why the reaction does not occur readily when chlorobenzene is used.
Strong C-Cl bond present in chlorobenzene due to the overlap of the p
…………………………………………………………………………………………...
orbitals of Cl with the delocalised π electron system of benzene that
…………………………………………………………………………………………...
gives the C-Cl a partial double bond character.
……………………………………………………………………………………………
…………………………………………………………………………………………...

(ii)

When a 1:1 molar mixture of 2-chloropropane and chloroethane is reacted in
the presence of sodium, a mixture of three alkanes is formed.
Suggest the structures of these alkanes and the ratio in which they are formed.

Alkane
formed

Ratio

1

2

1
[3]
[Total: 11]
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5

Methanoic acid can be oxidised by bromine to form carbon dioxide gas.
HCO2H(aq) + Br2(aq) → 2Br –(aq) + 2H+(aq) + CO2(g)
A student carried out an experiment to determine the rate of this reaction using a large
excess of methanoic acid. During the reaction, reddish-brown colour of bromine fades as
it is used up. The change in colour intensity, measured by a colorimeter, can be used to
determine the concentration of bromine.
The experimental data obtained is shown in the table below
Time / min

0

1

2

3

4

6

8

10

[Br2] / mol dm–3

0.010

0.008

0.007

0.0054

0.0046

0.0029

0.0020

0.0013

(a) In the experiment, the initial concentration of methanoic acid used was
0.50 mol dm–3. Explain why a large amount of methanoic acid was used in the
experiment.
A large amount was used to ensure that the concentration of methanoic acid
………………………………………………………………………………………………….
is effectively constant throughout the experiment. Thus, the rate of reaction is
………………………………………………………………………………………………..
independent of the concentration of methanoic acid/the reaction will be of
………………………………………………………………………………………………..

(b)

pseudo zero order with respects to methanoic acid.
……………………………………………………………………………………………… [1]
(i)
On the grid provided on the next page, plot a suitable graph which you can use
to determine the order of reaction with respect to bromine.
Graph of [Br2] (y-axis) vs time (x-axis) should be drawn.
Axes should be correctly labelled and a smooth curve should be drawn.
(ii)

Using the graph you have drawn in (b)(i), determine the order of reaction with
respect to bromine and the initial rate of the reaction. All relevant working
should be shown on the graph or in the space provided below.
constant half-life, t½ = 3.4 – 3.6 min

1
Order of reaction with respect to Br2: ……………………
2.06 x 10–3 mol dm–3 min–1
Initial rate of reaction: …………………..
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(c)

Write the rate equation for the reaction between bromine and methanoic acid given
that the overall order of reaction is 2. Hence, calculate the rate constant for the
reaction including its units.
Since the overall order is 2,
 order w.r.t. to methanoic acid is 1.
Hence, rate equation is rate = k [Br2] [HCO2H]
Method 1: Use rate equation to solve for k
k=

3
rate
= 2.06 10
[Br2 ][HCO2H]
(0.010)(0.50)

= 0.412 mol–1 dm3 min–1
Method 2: Use half-life from graph to find k’
At constant [HCO2H], rate = k' [Br2]

where k' = k [HCO2H]

k’= ln 2 = ln 2 = 0.193
t

1

2

3.6

 k [HCO2H] = 0.193
k (0.50) = 0.193
 k = 0.385 mol–1 dm3 min–1
[2]
(d)

Suggest an alternative method which can be used to determine the order of reaction
with respect to bromine.
Measure volume of CO2 evolved at fixed time interval (gas collection)
………………………………………………………………………………………………….
(Titration is not likely to work here as both methanoic acid and product (H+)
………………………………………………………………………………………………….
can be neutralised.)
……………………………………………………………………………………………...
[1]
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(e)

The following table gives the pKa values of some carboxylic acids.
Carboxylic Acids

Formula

pKa1

pKa2

ethanoic acid

CH3CO2H

4.74

-

2-fluoroethanoic acid

FCH2CO2H

2.65

-

2-chloroethanoic
acid

ClCH2CO2H

benzoic acid

4.20

-

2-hydroxybenzoic
acid

2.97

13.40

4.48

9.32

4-hydroxybenzoic
acid
(i)

-

HO

CO2H

Suggest the value for the pKa of 2-chloroethanoic acid.
2.86
pKa of 2-chloroethanoic acid is ………………..

(ii)

With the aid of equations, explain why 2-hydroxybenzoic acid has a higher pKa2
than 4-hydroxybenzoic acid.
For the 2nd ionisation:

2-hydroxybenzoate ion is a weaker acid than its counterpart as the OH
………………………………………………………………………………………………….
group and the O– in the carboxylate ion form intramolecular hydrogen
………………………………………………………………………………………………….
bonding due to the close proximity between the two groups.
………………………………………………………………………………………………….
This limits the dissociation of the hydroxyl group, resulting in a larger pKa2
value. (diagram not needed)
………………………………………………………………………………………………….
………………………………………………………………………………………………[3]
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(f)

Oxidation of carboxylic acids involves the removal of the carbonyl carbon atom as
carbon dioxide in a process known as decarboxylation.
Carboxylic acids with a carbonyl carbon at position 3 readily undergo thermal
decarboxylation as illustrated by malonic acid.

Simple carboxylic acids such as ethanoic acid rarely undergo such decarboxylation.
By using this information and your knowledge of the reactions of carboxylic acids
and its derivatives, complete the reaction scheme shown below by drawing the
structures of compounds A to D in the boxes provided. State the reagents and
conditions for step 1 and step 2.

KMnO4/H+ or K2Cr2O7/H+
Step 1: Reagents: ……………………………
under reflux
Conditions: heat
…………………………..

limited CH3CH2OH
Step 2: Reagents: ……………………….
conc H2SO4 and heat
Conditions: ………………………
under reflux
[6]
[Total: 17]
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Chromium is a typical transition element and it forms many stable coloured complexes
that are capable of exhibiting various types of isomerism.
(a)

Chromium(III) chloride with the general formula CrCl36H2O can exist as hydrated
isomers which differs in the number of water molecules attached as ligands to the
metal ion.
(i)

One of the hydrated isomers is [CrCl2(H2O)4]Cl2H2O. Explain why an aqueous
solution of this isomer is green.
Cr3+ has d3 electronic configuration/ incompletely/ partially filled d-orbitals
…………………………………………………………………………………………..
In
the presence of ligands, the incompletely filled d-orbitals become nondegenerate / split into two groups of slightly different energy/ split into a
…………………………………………………………………………………………..
lower and higher energy level. When a d-electron from the lower energy
level
(3d) is promoted/excited to the higher energy level (3d*), a process
…………………………………………………………………………………………..
known as d-d* electronic transition occurs.
…………………………………………………………………………………………..
Radiation (red light) in visible light region of the electromagnetic spectrum
…………………………………………………………………………………………..
is
absorbed. The green light transmitted (not absorbed) will be seen as the
colour of the complexes.
…………………………………………………………………………………………..
…………………………………………………………………………………………..

(ii)

…………………………………………………………………………………………..
Suggest the formulae of two other possible hydrated isomers of chromium(III)
chloride.
…………………………………………………………………………………………..
or [Cr(H2O)6]Cl3
or [CrCl3(H2O)3]3H2O
[CrCl(H
2O)5]Cl2H2O
……………………………………………………………………………………….….

(iii) When aqueous ammonia is added gradually to a solution containing
[Cr(H2O)6]3+, a grey-green precipitate is formed. When aqueous ammonia is
added in excess, the precipitate dissolves to give a purple solution. Explain the
observations with the aid of relevant equations, including state symbols.
In
aqueous ammonia, hydroxide ions are produced.
…………………………………………………………………………………………..
NH3(aq) + H2O(l)
NH4+(aq) + OH–(aq)
…………………………………………………………………………………………..
or
3+
2+
[Cr(H2O)6] (aq) [Cr(OH)(H2O)5] (aq) + H+(aq)
…………………………………………………………………………………………..
NH3(aq) + H+(aq)
NH4+(aq)
…………………………………………………………………………………………..
The hydroxide ions produced react with Cr3+(aq) and a grey-green precipitate
…………………………………………………………………………………………..
of
Cr(OH)3 is formed.
Cr3+(aq) + 3OH–(aq)
Cr(OH)3(s)
…………………………………………………………………………………………..
3+
[Cr(H2O)6] (aq) + 3 NH4OH (aq)  Cr(OH)3(s) + 6H2O (l) + NH4 +(aq)
…………………………………………………………………………………………..
The grey-green precipitate dissolves in excess NH3(aq) to give a purple
[8]
3+
solution due to the formation of the complex ion, [Cr(NH3)6] (aq).
Cr(OH)3(s) + 6NH3(aq)
[Cr(NH3)6]3+(aq) + 3OH–(aq)
[Cr(H2O)6]3+(aq) + 6NH3(aq))  [Cr(NH3)6]3+(aq) + 6H2O (l)
9647/02/CJC JC2 Preliminary Exam 2013
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(b)

Certain octahedral transition metal complexes are able to exhibit both geometric
(cis-trans) and optical isomerism.
Cis-trans isomers are isomers which differ in the arrangement of two ligands.
Cis- isomers are isomers where the two ligands are 90 apart from one another in
relation to the central metal ion, whereas trans-isomers are isomers where the two
ligands are 180 apart in the complex.
(i)

Select a suitable hydrated isomer of chromium(III) chloride which contains a
complex ion capable of exhibiting cis-trans isomerism. Draw the structures of
the two isomers and label clearly which is the cis- and trans- isomers.
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(ii)

Another chromium-containing complex, [CrCl(NH3)(en)2]2+, exists as three
isomers. [en: ethylenediamine, H2NCH2CH2NH2]
Isomer A rotates plane-polarised light to the right.
Isomer B rotates plane-polarised light to the left.
Isomer C has no effect on the plane-polarised light.
Draw the structures of isomers A to C.
You may use

NH2

NH2

to represent ethylenediamine.

A

B

C

[5]
[Total: 13]
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1.

Answer any four questions.
Use of the Data Booklet is relevant to this question.

(a)

(i)

Define the term standard electrode potential, E o .

(ii)

For the element M (where M is Co or Ni), suggest an explanation for the
difference in the E o values between
M 2+ + 2e–

M

and

[M(NH3)6]2+ + 2e–

M + 6NH3
[4]

(b)

A student set up the following electrochemical cell.
+

–

salt-bridge
Ag(s)

Ag(s)
saturated AgCl(aq)
AgCl(s)

AgNO3(aq)
0.010 mol dm–3

(i)

What device is used to measure the e.m.f. of the cell?

(ii)

Name a compound that could be used to prepare a workable salt-bridge for
this cell and explain how it helps to maintain electrical neutrality.

(iii)

Amongst other factors, the electrode potential is dependent on the
temperature and the concentration of the ions.
At 298 K, the reduction potential, E, of Ag+(aq)/Ag(s) can be obtained from the
equation
E=E

o

+ 0.059 log10 [Ag+(aq)]

The student found that the e.m.f. of the cell was +0.17 V at 298 K.
Calculate the reduction potential, E, of each half-cell and hence the
concentration of Ag+(aq) ions in the saturated AgCl(aq).
[Given: E
(iv)

o

of Ag+(aq)/Ag(s) = +0.80 V at 298 K]

State and explain the effect on the cell e.m.f. of adding a small volume of
NH3(aq) to the Ag+(aq)/Ag(s) half-cell.
[9]
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(c)

Putrescine (1,4-diaminobutane) is a foul-smelling compound found in rotting flesh
and in "bad breath". It is produced by the breakdown of amino acids in living and
dead organisms.
Like ammonia, putrescine is a weak base. While ammonia has a pKb value of 4.74,
putrescine has two pKb values which are found to be 3.20 (pKb1) and 4.65 (pKb2)
respectively.
(i)

Explain why putrescine is a stronger base than ammonia.

(ii)

Write equations to represent Kb1 and Kb2 of putrescine. Hence explain why
pKb1 of putrescine is smaller than pKb2.

A chemist proposed the following synthetic routes to synthesise putrescine.
Route 1:
CH3CH2CH2CH2Cl

Cl2, uv light

ClCH2CH2CH2CH2Cl

Route 2:
ClCH2CH2CH2CH2Cl

conc. NH3 (excess)
heat in sealed tube

H2NCH2CH2CH2CH2NH2
putrescine

(iii)

By considering the type of reaction taking place, comment briefly on the yield
of putrescine synthesised via route 1.

(iv)

Route 2 is found to give only 10 % yield of putrescine.
Suggest another synthetic route to obtain a higher yield of putrescine, starting
from ethene. State clearly the reagents and conditions required.
[7]
[Total: 20]
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2.

(a)

Sodium hypochlorite (NaClO) is a chemical commonly found in bleaching agents. It
was developed in the 18th century and was initially used to bleach cotton. It became
a popular compound for bleaching clothes when it was found that sodium
hypochlorite can remove stains from clothes at room temperature. Sodium
hypochlorite is also used as a disinfectant in water treatment and in swimming pools.
As compared to chlorine which can cause respiratory problems, sodium hypochlorite
is a safer choice of disinfectant.
The original method of producing sodium hypochlorite involved passing chlorine gas
through a solution of sodium carbonate. The addition of chlorine to water results in
the equilibrium shown below.
Cl2 + H2O
(i)

HOCl + H+ + Cl –

Some chlorine gas was bubbled through 100 cm3 of water at 25 °C and
allowed to reach equilibrium. The initial concentration of chlorine was
0.10 mol dm–3. At equilibrium, the concentration of chlorine decreased by
30 %.
Write an expression for Kc for the above equilibrium and use the data provided
to calculate its value. You may assume that the [H2O] is 55.5 mol dm–3
throughout.

(ii)

A typical household bleach contains a mixture of sodium hypochlorite, calcium
hypochlorite and sodium hydroxide.
Suggest why sodium hydroxide is added to household bleach.

(iii)

HOCl is a weak acid (pKa = 7.5) which partially dissociates at a pH range of 5
to 8, thus giving rise to the equilibrium below.
Cl2 + H2O

2H+ + OCl – + Cl –

Using this information and your answer in (a)(i), calculate the Kc value for this
equilibrium. Include its units in your answer.
(iv)

A more effective method to manufacture sodium hypochlorite is through the
reaction of chlorine gas with sodium hydroxide.
Write an equation for this reaction. Explain why the resulting mixture has to be
kept at temperatures below 40 °C.
[9]
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(b)

Elements X, Y and Z are found in periods 2 and 3 of the Periodic Table. The proton
numbers of these elements fall within the range of 4 to 15.


Element X reacts readily with water. 1 mol of the resulting compound is
neutralised by 1 mol of ethanoic acid.



The oxide of Y is amphoteric but the chloride of Y is acidic. 1 mol of the
chloride of Y reacts with 2 mol of ammonia to give a single compound.



Element Z forms two chlorides, ZCla and ZClb. 1 mol of ZCla reacts with water in
the cold to give two chlorine-containing products in the mole ratio of 1: 2.

Identify X, Y and Z. Explain your reasoning and give relevant equations to support
your answer.
[5]
(c)

Benzoic acid can react with alkyl halides to form esters.

(i)

Why is it necessary to react benzoic acid with silver(I) hydroxide in Step 1?

(ii)

What will be observed at the end of step 2?

(iii)

Describe the mechanism for the reaction that occurred in step 2.

(iv)

A carboxylic acid reacted with silver(I) hydroxide followed by dibromomethane
to give the following product.

O
C
O
N
H
Deduce the structure of this carboxylic acid.
[6]
[Total: 20]
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3.

During any vigorous physical activity, sweating is the primary means by which the body
maintains its core temperature of 37 oC. However, this will result in the loss of body fluid
and electrolytes like chloride, phosphate, calcium, magnesium, sodium and potassium
ions. If the levels of electrolytes are not adequately replenished, this can potentially lead
to dehydration followed eventually by heat stroke if the percentage bodyweight lost as
sweat exceeds 10 % or more.
An isotonic sports drink contains electrolytes, which aid fluid absorption, and
carbohydrates that provide the necessary fuel for the body to maintain peak performance
and enhance post exercise recovery.
(a)

Magnesium and calcium ions are found in many isotonic drinks. A student decides
to investigate the amount of magnesium ion in a certain brand of isotonic drink by
precipitating the ion with aqueous ammonia.
Ksp / mol3 dm–9

Decomposition Temperature / oC

Mg(OH)2

1.5 x 10–11

350

Ca(OH)2

4.7 x 10–6

580

(i)

Given that the base dissociation constant, Kb, of ammonia is
1.0 x 10–5 mol dm–3, calculate the [OH–] in 1.0 x 10–3 mol dm–3 aqueous
ammonia.

(ii)

The student discovered that precipitation occurred when equal volumes of the
isotonic drink and 2.0 x 10–3 mol dm–3 aqueous ammonia were mixed together.
Using your answer in (a)(i), determine the minimum concentration of
magnesium ion in the isotonic drink. Hence, find the minimum mass, in
milligrams, of magnesium ions in 500 cm3 of the isotonic drink.

(iii)

Write a balanced equation, with state symbols, for the thermal decomposition
of magnesium hydroxide.
The data given in the table above shows that calcium hydroxide has to be
heated to a higher temperature before it decomposes. Explain why.
[7]
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(b)

Another two key ingredients commonly found in isotonic drinks are citric acid and
sodium citrate. The structure of citric acid is given below:

(i)

There are three pKa values associated with citric acid: 3.1, 4.8 and 6.4.
Suggest the major species present in solutions of citric acid at the following pH
values.




(c)

pH 2
pH 4
pH 6

(ii)

Write two relevant equations to show how a solution containing citric acid and
sodium citrate is able to regulate pH within a very specific range in isotonic
drinks. You may use HA to represent citric acid and NaA to represent sodium
citrate.

(iii)

Using the information given in (b)(i), calculate the pH of the resulting solution
when 35.0 cm3 of 0.100 mol dm–3 of citric acid is added to 25.0 cm3 of
0.100 mol dm–3 of sodium hydroxide.
[7]

Citric acid can be dehydrated to give a mixture of two isomeric compounds J and K
with the molecular formula C6H6O6. When one of the isomers is heated gently, a
cyclic compound L, C6H4O5, is formed.
L is a 6-membered ring and does not react with 2,4-dinitrophenylhydrazine.
L decolourises Br2(aq). 1 mol of L reacts with sodium to give ½ mol of hydrogen
gas.
(i)

Draw the displayed formulae of the two isomers J and K, and state the type of
isomerism shown.

(ii)

Suggest the structure for compound L and identify which isomer, J or K,
produces L. Write equations for all reactions, and explain the observations.
[6]
[Total: 20]
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4.

This question is about reactions involving propanone.
(a)

(b)

In an experiment to determine the enthalpy change of combustion of propanone,
∆Hc, the fuel was burned under a copper can containing 250 g of water. It was found
that the temperature of the water rose by 23.5 oC after 1.0 g of propanone had been
burned. The heat transfer was known to be 80 % efficient.
(i)

Define enthalpy change of combustion of propanone, ∆Hc.

(ii)

Calculate the ∆Hc of propanone. Ignore the heat capacity of the copper can,
and use 4.18 J g–1 K–1 for the heat capacity of water.
[4]

The Wacker oxidation is an industrial process where ketones can be synthesised by
the palladium-catalysed oxidation of alkene with oxygen. Propanone can be made
from propene as shown below.
CH3CH=CH2 + ½O2  CH3COCH3
(i)

Using relevant bond energy data from the Data Booklet, calculate the enthalpy
change for the reaction.

(ii)

How would you expect the enthalpy changes of the reaction to differ from that
calculated in (b)(i) if pent-2-ene was used to synthesise pentanone?

(iii)

By considering the entropy and enthalpy change during the reaction, explain
why the reaction cannot be carried out at very high temperatures.

(iv)

The enthalpy change of formation of water and carbon dioxide are
–289 and –394 kJ mol–1 respectively. With the aid of an energy cycle, use
these values and your answer in (b)(i) to calculate the enthalpy change of
formation of propene.
[7]
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(c)

Propanone and iodine reacts in an acidic medium according to the equation.
CH3COCH3 + I2

H+

CH3COCH2I + HI

The energy profile diagram of the reaction is as shown.

A is formed when propanone undergoes a rearrangement reaction without the loss
of any atoms. A can react with sodium metal but not with
2,4-dinitrophenylhydrazine. B is formed when A undergoes electrophilic addition
with I2.
(i)

Using the information above, suggest an equation for each step of the
mechanism for the reaction between propanone and iodine, showing clearly
the structures of compounds A and B. State which step in the mechanism is
the slow step. You are not required to use curly arrows to show movement of
electrons.

(ii)

H+ ions functions as a homogenous catalyst in this reaction.
Explain what is meant by homogenous catalyst.

(iii)

Suggest two other reactions of propanone, one involving a homogeneous
catalyst and the other, involving a heterogeneous catalyst. In each case, state
clearly the identity of the catalyst and write an equation to represent the
reaction.

(iv)

Draw the structures of all organic compounds formed when the reaction
between propanone and iodine is carried out in hot aqueous sodium hydroxide
instead.
[9]
[Total: 20]
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5.

This question involves carboxylic acids and its derivatives.
(a)

Carboxylic acids can be used to form a number of derivatives. For example,
O
R

O

O
R

R'
C O C
acid anhydride

C

O

O
Cl

R

acyl chloride

R

NH2
C
amide

C

O

R'

ester

Carboxylic acid and its derivatives tend to undergo the following reaction:

The reaction mechanism consists of two steps. The first step is a slow step. It
involves an attack by a nucleophile, Nu–, at the electron-deficient carbonyl carbon,
forming an unstable tetrahedral intermediate anion. This is then followed by the loss
of Z– from the intermediate.
(i)

Based on the description of the mechanism given above, suggest the type of
reaction taking place.

(ii)

Write the rate equation for the above reaction.

The susceptibility of carboxylic acid derivatives, RCOZ, to attacks by nucleophiles
can be determined by the relative basicity of the nucleophile and the leaving group,
Z–.
The table below gives the pKa values of some acids.
Conjugate base

Acid

pKa

Cl –

HCl

4.2

4.7

9.9
OH–

HOH

16

CH3O–

HOCH3

17

NH2–

HNH2

35

9647/03/CJC JC2 Preliminary Exam 2013

11
(iii)

State the relationship between the relative strength of an acid and its conjugate
base.

(iv)

Acyl chloride reacts more readily with CH3O– than with C6H5O–.
By considering the data above and your answer in (a)(iii), explain why this is
so.

(v)

Hence, identify the products A to C for the following reactions. You may
assume that the reactants are in equimolar ratio.

I

II

[7]

(b)

Fibrous protein has polypeptide chains arranged parallel to one another along a
single axis cross-linked to give long fibres (twisted helices) or sheets (pleated
sheets). Collagen is a fibrous protein that contains three polypeptide chains wound
around one another.
With reference to collagen, describe and explain what is meant by the terms
primary, secondary and tertiary structures of proteins. In each case you should state
the type of bonding or interaction involved.
[3]
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(c)

Gelatin can be derived from collagen.
(i)

Complete hydrolysis of a protein produces individual amino acids, but partial
hydrolysis can break the protein down into dipeptide or tripeptide fragments.
Using the same 3-letter abbreviations as below, write out the amino acid
sequence of a portion of the gelatin polypeptide containing nine amino acids
that could produce the following fragments on hydrolysis.
gly-pro-arg
pro-gly-pro
glu-pro-gly
arg-gly-glu
ala-gly-pro

(ii)

Gelatin is produced by the partial denaturation of collagen. The collagen is
treated with either dilute acid or base where the arginine residue or the
glutamic acid residue will undergo some changes that lead to denaturation.
The structures of arginine residue and glutamic acid residue are as follows.
H
N
H
N

O
H
C C

O
H
C C

CH2

CH2

CH2

CH2

NH

C

O

OH

glutamic acid residue

CH2

C

NH

NH2

arginine residue

I

What is meant by the term denaturation?

II

Sketch a diagram to show the interaction between glutamic acid
residues and arginine residues in collagen, taking into account the forms
that the amino acid residues exist in at pH 7. Hence, suggest how an
acid might interact with collagen to bring about denaturation.
[4]
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(d)

Galanthamine is a drug used to treat Alzheimer’s disease. It can be extracted from
snowdrops. The structures of galanthamine and its derivative (compound A) are
shown below.

OH

O

Br

HO

N
O
CH3
Cl
Galanthamine
(i)

(ii)

Compound A

Draw the structures of all products obtained when compound A is treated
with

I

hot acidified potassium dichromate(VI)

II

hot aqueous sodium hydroxide

Suggest a simple chemical test which allows you to distinguish between
galanthamine and compound A. You should state clearly the reagents and
conditions used and the observations you would expect to make.
[6]
[Total: 20]
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1.

Answer any four questions.
Use of the Data Booklet is relevant to this question.
(a)

Define the term standard electrode potential, E o .

(i)

Standard electrode potential, E o , is defined as the potential difference
between a standard hydrogen electrode and a metal (the electrode)
which is immersed in a solution containing metal ions at 1 mol dm–3
concentration at 25 °C and 1 atmospheric pressure.
[values of standard conditions should be given]

(ii)

For the element M (where M is Co or Ni), suggest an explanation for the
difference in the E o values between
M 2+ + 2e–

M

and

[M(NH3)6]2+ + 2e–

M + 6NH3
[4]

E o /V
Co2+(aq)+ 2e–
[Co(NH3)6]2+ + 2e–
OR Ni2+(aq) + 2e–
[Ni(NH3)6]2+ + 2e–
E

o

Co(s)

–0.28

Co + 6NH3

–0.43

Ni(s)

–0.25

Ni + 6NH3

–0.51

of [M(NH3)6]2+/M is more negative than that of [M(H2O)6]2+/M.

This is because as H2O ligands in the aquated ions are replaced by the
stronger NH3 ligands, the +2 oxidation state of M is stabilised and this
makes the metal more reducing, or its ion less oxidising.
(b)

A student set up the following electrochemical cell.
+

–

salt-bridge
Ag(s)
AgNO3(aq)
0.010 mol dm–3

(i)

Ag(s)
saturated AgCl(aq)
AgCl(s)

What device is used to measure the e.m.f. of the cell?
high-resistance voltmeter.
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(ii)

Name a compound that could be used to prepare a workable salt-bridge for
this cell and explain how it helps to maintain electrical neutrality.
salt bridge can be prepared by using KNO3(aq) or NaNO3(aq).
K+ (or Na+) ions leave the salt bridge into LHS half-cell (where Ag+ is
reduced to Ag) to 'balance' the loss of positively charged Ag+ ions;
NO3– ions leave the salt bridge into RHS half-cell (where Ag is oxidised to
Ag+) to 'balance' the increase in positively charged Ag+ ions.

(iii)

Amongst other factors, the electrode potential is dependent on the
temperature and the concentration of the ions.
At 298 K, the reduction potential, E, of Ag+(aq)/Ag(s) can be obtained from the
equation
E = E o + 0.059 log10 [Ag+(aq)]
The student found that the e.m.f. of the cell was +0.17 V at 298 K.
Calculate the reduction potential, E, of each half-cell and hence the
concentration of Ag+(aq) ions in the saturated AgCl(aq).
[Given: E o of Ag+(aq)/Ag(s) = +0.80 V at 298 K]
Ag+(aq)/Ag(s) half-cell, Ered = E o + 0.059 log10 [Ag+(aq)]
= +0.80 + 0.059 log10 (0.010)
= +0.682 V
Since e.m.f. of cell = +0.17 V, and Ecell = Ered – Eoxid
 Eoxid = Ered – Ecell
= +0.682 – 0.17 = +0.512 V
AgCl(aq)/Ag(s) half-cell, Eoxid = E o + 0.059 log10 [Ag+(aq)]
+0.512 = +0.80 + 0.059 log10 [Ag+(aq)]
 [Ag+(aq)] = 1.31 × 10–5 mol dm–3

(iv)

State and explain the effect on the cell e.m.f. of adding a small volume of
NH3(aq) to the Ag+(aq)/Ag(s) half-cell.
[9]
Ag+ + e–
Ag; E = +0.682 V
+
Ag + NH3 + H2O  AgOH(s) + NH4+ or Ag+ + 2NH3  [Ag(NH3)2]+
NH3(aq) reacts with Ag+(aq) to form AgOH ppt (or [Ag(NH3)2]+ complex
ions). Hence, [Ag+] decreases which causes the equilibrium position of
above equilibrium reaction to shift to LHS and so, electrode potential,
E(Ag+/Ag), becomes less positive; i.e. Ered < +0.682 V.
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(c)

Putrescine (1,4-diaminobutane) is a foul-smelling compound found in rotting flesh
and in "bad breath". It is produced by the breakdown of amino acids in living and
dead organisms.
Like ammonia, putrescine is a weak base. While ammonia has a pKb value of 4.74,
putrescine has two pKb values which are found to be 3.20 (pKb1) and 4.65 (pKb2)
respectively.
(i)

Explain why putrescine is a stronger base than ammonia.
in putrescine - presence of electron-donating alkyl group increases the
electron density on the N atom, making the lone pair on the N atom more
available to accept protons.

(ii)

Write equations to represent Kb1 and Kb2 of putrescine. Hence explain why
pKb1 of putrescine is smaller than pKb2.
H2N(CH2)4NH2 + H2O
H2N(CH2)4NH3+ + H2O

Kb1

H2N(CH2)4NH3+ + OH ––––––– equation 1

Kb2

H3N(CH2)4NH3+ + OH ––––––– equation 2

+

Since it is easier to protonate a neutral molecule (equation 1) than to
protonate a positively charged ion (equation 2), Kb1 is larger than Kb2.
Hence, pKb1 (= log10 Kb1) is smaller than pKb2.
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A chemist proposed the following synthetic routes to synthesise putrescine.
Route 1:
Cl2, uv light

CH3CH2CH2CH2Cl

ClCH2CH2CH2CH2Cl

Route 2:
ClCH2CH2CH2CH2Cl

(iii)

conc. NH3 (excess)
sealed tube

H2NCH2CH2CH2CH2NH2
putrescine

By considering the type of reaction taking place, comment briefly on the yield
of putrescine synthesised via route 1.
Reaction 1 gives a poor yield since free-radical substitution reaction may
occur at any of the C–H bonds and so, many different substitution
products are obtained.

(iv)

Route 2 is found to give only 10 % yield of putrescine.
Suggest another synthetic route to obtain a higher yield of putrescine, starting
from ethene. State clearly the reagents and conditions required.
[7]
CH2=CH2

Cl2 (in CCl4)
in the dark

ClCH2CH2Cl
KCN (ethanol)
heat under reflux

NCCH2CH2CN
H2 / Pt
heat

H2NCH2CH2CH2CH2NH2
putrescine

[Total: 20]
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2.

(a)

Sodium hypochlorite (NaClO) is a chemical commonly found in bleaching agents. It
was developed in the 18th century and was initially used to bleach cotton. It became
a popular compound for bleaching clothes when it was found that sodium
hypochlorite can remove stains from clothes at room temperature. Sodium
hypochlorite is also used as a disinfectant in water treatment and in swimming pools.
As compared to chlorine which can cause respiratory problems, sodium hypochlorite
is a safer choice of disinfectant.
The original method of producing sodium hypochlorite involved passing chlorine gas
through a solution of sodium carbonate. The addition of chlorine to water results in
the equilibrium shown below.
Cl2 + H2O
(i)

HOCl + H+ + Cl –

Some chlorine gas was bubbled through 100 cm3 of water at 25 °C and
allowed to reach equilibrium. The initial concentration of chlorine was
0.10 mol dm–3. At equilibrium, the concentration of chlorine decreased by
30 %.
Write an expression for Kc for the above equilibrium and use the data provided
to calculate its value. You may assume that the [H2O] is 55.5 mol dm–3
throughout.
[H+ ] Cl [HOCl]
Kc =
Cl2 [H2 O]

Cl2

H2O

HOCl

Cl –

H+

0.10

55.5

0

0

0

mol dm–3

-(0.3x
0.1)

0

+0.03

+0.03

+0.03

Equilibrium
conc/

0.07

55.5

0.03

0.03

0.03

Initial conc/
mol dm–3
Change/

mol dm–3

Kc =

0.03 × 0.03 × 0.03
0.07 × 55.5

= 6.94 x 10–6 mol dm–3
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(ii)

A typical household bleach contains a mixture of sodium hypochlorite, calcium
hypochlorite and sodium hydroxide.
Suggest why sodium hydroxide is added to household bleach.
When sodium hydroxide is added, this results in a decrease in [H+], the
position of equilibrium shifts to the right.
This reduces the tendency of OCl
harmful to humans.

(iii)

–

forming chlorine gas which is

HOCl is a weak acid (pKa = 7.5) which partially dissociates at a pH range of 5
to 8, thus giving rise to the equilibrium below.
2H+ + OCl – + Cl –

Cl2 + H2O

Using this information and your answer in (a)(i), calculate the Kc value for this
equilibrium. Include its units in your answer.
Kc =

[H+

H+ + OCl –

HOCl

Ka =

-

Cl [OC ]
Cl2 [H2 O]

[H+ ][OCl[HOCl]

Kc = Kc (in a(i)) x Ka
Kc = 6.94 x 10–6 x 10–7.5
= 2.20 x 10–13 mol2 dm–6
(iv)

A more effective method to manufacture sodium hypochlorite is through the
reaction of chlorine gas with sodium hydroxide.
Write an equation for this reaction. Explain why the resulting mixture has to be
kept at temperatures below 40 °C.
2NaOH + Cl2 → NaCl + NaClO + H2O
NaClO undergoes disproportionation at high temperatures to form
NaClO3
[9]
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(b)

Elements X, Y and Z are found in periods 2 and 3 of the periodic table. The proton
numbers of these elements fall within the range of 4 to 15.


Element X reacts readily with water. 1 mol of the resulting compound is
neutralised by 1 mol of ethanoic acid.



The oxide of Y is amphoteric but the chloride of Y is acidic. 1 mol of the
chloride of Y reacts with 2 mol of ammonia to give a single compound.



Element Z forms two chlorides, ZCla and ZClb. 1 mol of ZCla reacts with water in
the cold to give two chlorine-containing products in the mole ratio of 1: 2.

Identify X, Y and Z. Explain your reasoning and give relevant equations to support
your answer.
[5]
X is Na

(proton no = 11)

(Na reacts readily with water. NaOH formed requires only one mole of acid for
neutralisation)
2Na + 2H2O → 2NaOH + H2
NaOH + CH3CO2H → CH3CO2– Na+ + H2O

Y is Be (proton no = 4)
(Behaviour of Be is similar to Al.)
Be in BeCl2 is electron deficient as it has only 4 electrons. Hence it can form 2
dative covalent bonds with ammonia.
Z is P

(proton no = 15)

PCl5 + H2O  POCl3 + 2HCl
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(c)

Benzoic acid can react with alkyl halides to form esters.

(i)

Why is it necessary to react benzoic acid with silver(I) hydroxide in Step 1?
This to generate the benzoate ion is a stronger nucleophile than benzoic
acid for nucleophilic substitution reaction to occur.

(ii)

What will be observed at the end of Step 2?
Yellow ppt of AgI will be observed.

(iii)

Describe the mechanism for the reaction in step 2.
Mechanism: Nucleophilic substitution reaction (SN2)

-

O
O

H

C
C

-

O

H

H

C
O

I

C

I

H H

H

O
H

C
O

+

C
H
H
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(iv)

A carboxylic acid reacted with silver(I) hydroxide followed by dibromomethane
to give the following product.

O
C
O
N
H
Deduce the structure of this carboxylic acid.
[6]
[Total: 20]
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3.

During any vigorous physical activity, sweating is the primary means by which the body
maintains its core temperature of 37 oC. However, this will result in the loss of body fluid
and electrolytes like chloride, phosphate, calcium, magnesium, sodium and potassium
ions. If the levels of electrolytes are not adequately replenished, this can potentially lead
to dehydration followed eventually by heat stroke if the percentage bodyweight lost as
sweat exceeds 10 % or more.
An isotonic sports drink contains electrolytes, which aid fluid absorption, and
carbohydrates that provide the necessary fuel for the body to maintain peak performance
and enhance post exercise recovery.

(a)

Magnesium and calcium ions are found in many isotonic drinks. A student decides
to investigate the amount of magnesium ions in a certain brand of isotonic drink by
precipitating the ion with aqueous ammonia.

(i)

Ksp / mol3 dm–9

Decomposition Temperature / oC

Mg(OH)2

1.5 x 10–11

350

Ca(OH)2

4.7 x 10–6

580

Given that the base dissociation constant, Kb, of ammonia is
1.0 x 10–5 mol dm–3, calculate the [OH–] in 1.0 x 10–3 mol dm–3 aqueous
ammonia.
NH3 + H2O ⇌ NH4+ + OH–
Kb =

[NH 4  ][OH  ]
= 1.0 x 10–5
[NH3 ]

Assume [NH3] = 1.0 x 10–3 mol dm–3 and since [NH4+] = [OH–],
1 x 10–5 =

[OH  ]2
0.001

[OH–] = 1 x 10–4 mol dm–3
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(ii)

The student discovered that precipitation occurred when equal volumes of the
isotonic drink and 2.0 x 10–3 mol dm–3 aqueous ammonia were mixed together.
Using your answer in (a)(i), determine the minimum concentration of
magnesium ions in the isotonic drink. Hence, find the minimum mass, in
milligrams, of magnesium ions in 500 cm3 of the isotonic drink.
[NH3]mix = ½ [NH3]orig (since total volume is doubled)
[NH3]mix = 1.0 x 10–3 mol dm–3
From (i), [OH–]mix = 1 x 10–4 mol dm–3 when [NH3] = 1.0 x 10–3 mol dm-3
For precipitation to occur, [Mg2+]mix [OH–]2mix > 1.5 x 10–11
[Mg2+]mix >

1.5  10 -11
(1.0  10 -4 ) 2

> 1.5 x 10–3 mol dm–3
[Mg2+]orig > (2 x 1.5x10–3)
> 3.0 x 10–3 mol dm–3
Min. amt of Mg2+ in 500 cm3 of isotonic drink = ½ x 3.0 x 10–3 = 1.5 x 10–3 mol
Min. mass of Mg2+ in 500 cm3 of isotonic drink = 1.5 x 10–3 x 24.3
= 0.0365 g
= 36.5 mg
(iii)

Write a balanced equation with state symbols for the thermal decomposition of
magnesium hydroxide.
The data given in the table above shows that calcium hydroxide has to be
heated to a higher temperature before it decomposes. Explain why.
Mg(OH)2(s)  MgO(s) + H2O(g)
Ca2+ has a larger ionic size than Mg2+, meaning it has a smaller charge
density and hence lower polarising power. The OH– ion is thus
polarised to a smaller extent. Ca(OH)2 is therefore, more stable than
Mg(OH)2 and so, decomposes at a higher temperature.
[7]
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(b)

Another two key ingredients commonly found in isotonic drinks are citric acid and
sodium citrate. The structure of citric acid is given below:

(i)

There are three pKa values associated with citric acid: 3.1, 4.8 and 6.4.
Suggest the major species present in solutions of citric acid at the following pH
values.




pH 2
pH 4
pH 6
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(ii)

Write two relevant equations to show how a solution containing citric acid and
sodium citrate is able to regulate pH within a very specific range in isotonic
drinks. You may use HA to represent citric acid and NaA to represent sodium
citrate.
O

O

HO

OH
O

HO

O

OH
O

O

HO

+

HO

OH
O
OH

OH

O

OH-

OH

OH

O

H+

O

OH

O

+

O

OH
O
OH

+

H2O

O

[or A– + H+  HA ; HA + OH–  A– + H2O]
(iii)

Using the information given in (b)(i), calculate the pH of the resulting solution
when 35.0 cm3 of 0.100 mol dm–3 citric acid is added to 25.0 cm3 of
0.100 mol dm–3 sodium hydroxide.
Upon reaction, weak acid and salt is present – acidic buffer formed.
HA
+ NaOH  NaA + H2O
Initial
35 cm3
25 cm3
3
final
10 cm
0 cm3
25 cm3
pH = pKa + log
pH = 3.1 + log (25.0  0.100) / 60

(10 .0  0.100) / 60

pH = 3.1 + 0.398
= 3.50
[7]

9647/03/CJC JC2 Preliminary Exam 2013

15
(c)

Citric acid can be dehydrated to give a mixture of two isomeric compounds J and K
with the molecular formula C6H6O6. When one of the isomers is heated gently, a
cyclic compound L, C6H4O5, is formed.
L is a 6-membered ring and does not react with 2,4-dinitrophenylhydrazine.
L decolourises Br2(aq). 1 mol of L reacts with sodium to give ½ mol of hydrogen gas.

(i)

Draw the displayed formulae of the two isomers J and K, and state the type of
isomerism shown.

Type of isomerism: Geometric isomerism
(ii)

Suggest the structure for compound L and identify which isomer, J or K,
produces L. Write equations for all reactions, and explain the observations.
L does not react with 2,4-DNPH  L is not a carbonyl compound
L decolourises Br2(aq)  L has C=C bond

1 mol of L reacts with sodium to give ½ mol of hydrogen gas
 L has only one –OH group

L is formed from isomer K.
[6]
[Total: 20]
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4.

This question is about reactions involving propanone.

(a)

In an experiment to determine the enthalpy change of combustion of propanone,
∆Hc, the fuel was burned under a copper can containing 250 g of water. It was found
that the temperature of the water rose by 23.5 oC after 1.0 g of propanone had been
burned. The heat transfer was known to be 80 % efficient.

(i)

Define enthalpy change of combustion of propanone, ∆Hc.
Enthalpy change (heat or energy change accepted) when 1 mol of
propanone is completely burnt in oxygen/ burnt in excess oxygen
under the stated conditions.

(ii)

Calculate the ∆Hc of propanone. Ignore the heat capacity of the copper can,
and use 4.18 J g–1 K–1 for the heat capacity of water.
[4]

Q = mc∆T
= 250 x 4.18 x 23.5
= 24558 J
∆Hc = –

100 24558
x
80
1/58

= - 1780 kJ mol–1
(b)

The Wacker oxidation is an industrial process where ketones can be synthesised by
the palladium-catalysed oxidation of alkene with oxygen. Propanone can be made
from propene as shown.
CH3CH=CH2 (g) + ½O2 (g)  CH3COCH3 (l)
(i)

Using relevant bond energy data from the Data Booklet, calculate the enthalpy
change for the above reaction.
Bond broken: C=C

+610 kJ mol–1

6 C-H

+6(410) kJ mol–1

1 C-C

+350 kJ mol–1

½ O=O

+½(496) kJ mol–1

Bond formed: 2 C–C

–2(350) kJ mol–1

6 C-H

–6(410) kJ mol–1

C=O

–740 kJ mol–1

∆H = +610 + ½(496) – 350 – 740
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(ii)

How would you expect the enthalpy changes of the reaction to differ from that
calculated in (b)(i) if pent-2-ene was used to synthesise pentanone?
The enthalpy change of reaction would be the same as the net number
of bonds broken and formed are the same as the reaction above/
increase in no. of C-C/C-H bonds to be formed and broken cancel out/
reaction involves breaking C=C and ½ O=O bond and forming C=O and
C-C only

(iii)

By considering the entropy and enthalpy changes during the reaction, explain
why the reaction cannot be carried out at very high temperatures.
Entropy change/∆S of reaction is negative/ entropy decreases due to the
decrease in number of gaseous particles.
∆G = ∆H - T∆S
Since ∆H is negative, at high temperatures, the term (–T∆S) becomes
more positive than ∆H/ (–T∆S)> ∆H thus causing ∆G to be positive and
the reaction to be non-spontaneous/ not feasible/ does not proceed

(iv)

The enthalpy change of formation of water and carbon dioxide are
–289 and –394 kJ mol–1 respectively. With the aid of an energy cycle, use
these values and your answer in (b)(i) to calculate the enthalpy change of
formation of propene.
[7]
-232
CH3CH=CH2(g) + ½ O2(g)
CH3COCH3(l)
∆Hf

-1780

3 C(s) + 3 H2(g) + 4½ O2(g)
3 CO2(g) + 3 H2O(l)
3(-289-394)
∆Hf = 3(–289 – 394) + 1780 + 232
= –37.0 kJ mol–1
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(c)

Propanone and iodine reacts in an acidic medium according to the equation.
CH3COCH3 + I2

H+

CH3COCH2I + HI

The energy profile diagram of the reaction is as shown.

A is formed when propanone undergoes a rearrangement reaction without the loss
of any atoms. A can react with sodium metal but not with
2,4-dinitrophenylhydrazine. B is formed when A undergoes electrophilic addition
with I2.

(i)

Using the above information, suggest an equation for each step of the
mechanism for the reaction between propanone and iodine, clearly showing
the structures of compounds A and B. State which step in the mechanism is
the slow step. You are not required to use curly arrows to show movement of
electrons.
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(ii)

H+ ions functions as a homogenous catalyst in this reaction.
Explain what is meant by homogenous catalyst.
A homogenous catalyst is one which is in the same phase as the
reactants and it alters the rate of the reaction without itself undergoing
any permanent chemical change.

(iii)

Suggest two other reactions of propanone, one involving a homogeneous
catalyst and the other, involving a heterogeneous catalyst. In each case, state
clearly the identity of the catalyst and write an equation to represent the
reaction.
Heterogenous catalyst: Ni
CH3COCH3 + H2  CH3CH(OH)CH3
Homogeneous catalyst: CN–
CH3COCH3 + HCN  CH3C(OH)(CN)CH3

(iv)

Draw the structures of all organic compounds formed when the reaction
between propanone and iodine is carried out in hot aqueous sodium hydroxide
instead.
[9]

[Total: 20]
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5.

This question involves carboxylic acids and its derivatives.
(a)

Carboxylic acids can be used to form a number of derivatives. For example,

Carboxylic acid and its derivatives tend to undergo the following reaction:

The reaction mechanism consists of two steps. The first step is a slow step. It
involves an attack of a nucleophile, Nu–, at the electron-deficient carbonyl carbon,
forming an unstable tetrahedral intermediate anion. This is then followed by the loss
of Z– from the intermediate.

(i)

Based on the description of the mechanism given above, suggest the type of
reaction taking place.
Addition-elimination reaction

(ii)

Write the rate equation for the above reaction.
Rate = k [RCOZ] [Nu–]
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The susceptibility of carboxylic acid derivatives, RCOZ, to attacks by nucleophiles
can be determined by the relative basicity of the nucleophile and the leaving group,
Z–.

The table below gives the pKa values of some acids.

Conjugate base

Acid

pKa

Cl –

HCl

4.2

O

4.7
CH3

C

O

O H

9.9

OH–

HOH

16

CH3O–

HOCH3

17

NH2–

HNH2

35

(iii)

State the relationship between the relative strength of an acid and its
conjugate base.
A stronger acid gives a weaker conjugate base.

(iv)

Acyl chloride reacts more readily with CH3O– than with C6H5O–.
By considering the data above and your answer in (a)(iii), explain why this is
so.
CH3O– is a stronger conjugate base/nucleophile than C6H5O–.
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(v)

Hence, identify the products A to C for the following reactions. You may
assume that the reactants are in equimolar ratio.

I

II

I

A is

B is CH3CO2H

II

C is

[7]
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(b)

Fibrous protein has polypeptide chains arranged parallel to one another along a
single axis cross-linked to give long fibres (twisted helices) or sheets (pleated
sheets). Collagen is a fibrous protein that contains three polypeptide chains wound
around one another.
With reference to collagen, describe and explain what is meant by the terms primary,
secondary and tertiary structures of proteins. In each case you should state the type
of bonding or interaction involved.
[3]

Primary (1o) structure of a protein shows the order (or sequence) of amino
acids in a protein chain, and consists of amide/peptide bonds formed between
amino acids. The primary structure determines what the protein is, how it
folds, and its function.

Secondary (2o) structure of proteins refers to the detailed configurations of
the chain due to hydrogen bonding. In collagen, most of the secondary
structure takes the form of α-helix or -pleated sheet which is stabilised by
large numbers of hydrogen bonds between the C=O and N-H group of
peptide/amide linkages.

Tertiary (3o) structure refers to the overall 3-dimenional shape of the protein
involving folding or coiling of the chains. It shows how protein molecules are
arranged in relation to each other due to the various R (residual) group
interactions such as ionic bonding between charged groups, hydrogen
bonding between polar groups, disulfide linkages containing S-H or S-S
groups and van der Waals’ between non-polar groups.

(c)

Gelatin can be derived from collagen.

(i)

Complete hydrolysis of a protein produces individual amino acids, but partial
hydrolysis can break the protein down into dipeptide or tripeptide fragments.
Using the same 3-letter abbreviations as below, write out the amino acid
sequence of a portion of the gelatin polypeptide containing nine amino acids
that could produce the following fragments on hydrolysis.
gly-pro-arg
pro-gly-pro
glu-pro-gly
arg-gly-glu
ala-gly-pro
ala-gly-pro-arg-gly-glu-pro-gly-pro
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(ii)

Gelatin is produced by the partial denaturation of collagen. The collagen is
treated with either dilute acid or base where the arginine residue or the
glutamic acid residue will undergo some changes that lead to denaturation.
The structures of arginine residue and glutamic acid residue are as follows.
H
N
H
N

O
H
C C

CH2

CH2

CH2

CH2

NH

C

O

OH

glutamic acid residue

I

O
H
C C

CH2

C

NH

NH2

arginine residue

What is meant by the term denaturation?
Denaturation is a process that alters / destroys / disrupts the
secondary, tertiary and quaternary structures of proteins.

II

Sketch a diagram to show the interaction between glutamic acid residues
and arginine residues in collagen, taking into account the forms that the
amino acid residues exist in at pH 7. Hence, suggest how an acid might
interact with collagen to bring about denaturation.
[4]
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Negatively charged glutamic residues will be protonated which will
disrupt the ionic interactions holding together the tertiary structure
of collagen
(d)

Galanthamine is a drug used to treat Alzheimer’s disease. It can be extracted from
snowdrops. The structures of galanthamine and its derivative (compound A) are
shown below.

OH

O

Br

HO

N
O
CH3
Cl
Galanthamine
(i)

Compound A

Draw the structures of all products obtained when compound A is treated
with

I

hot acidified potassium dichromate(VI)

II

hot aqueous sodium hydroxide

I

For hot acidified potassium dichromate (VI)
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II

(ii)

For hot aqueous sodium hydroxide

Suggest a simple chemical test which allows you to distinguish between
galanthamine and compound A. You should state clearly the reagents and
conditions used and the observations you would expect to make.
[6]
Add neutral iron (III) chloride to separate samples of compound A and
galanthamine.
Compound A will give a violet colouration whereas galanthamine will not
give any violet colouration.
[Total: 20]
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Section A
For each question, there are four possible answers A, B, C, and D. Choose the one you
consider to be correct.
1

A 1.0 g sample containing 0.0065 mol of organoboron compound, with the formula
CxHyBOz, was burnt in an excess of oxygen. The carbon dioxide and steam produced
were passed into solid NaOH and P2O5, which increased in mass by 2.29 g and
0.877 g respectively. What is the molecular formula of the organoboron compound?
A

2

B C8H7BO2

C C8H15BO2

D C9H15BO

SO2 gas is found in air near volcanoes. 218.4 cm3 of SO2 collected at s.t.p. near a
volcano was reacted with 25.0 cm3 of 0.130 mol dm–3 acidified potassium dichromate
solution to turn the solution from orange to green. What is the oxidation state of
sulfur at the end of the reaction?
A

3

CH2BO2

0

B +2

C +4

D +6

Varying volumes of H2O2 of an unknown concentration was reacted with varying
volumes of 0.50 mol dm–3 acidified potassium manganate(VII) in a series of
experiments, to produce the graph below. The total volume of solutions used in each
experiment was 100 cm3. In each experiment, the difference between the highest
temperature reached and the initial temperature was calculated, and was plotted
against the volume of H2O2 used.
∆T/ ºC
13.5

70

Volume of H2O2/ cm3

What is the concentration of H2O2 and the enthalpy change of the reaction per mole of
H2O2? Assume specific heat capacity of the solution is 4.2 J g–1 K–1 and the density of
the solution is 1 g cm-3.
[H2O2]

Enthalpy change of reaction

A

0.536 mol dm–3

+151 kJ mol–1

B

0.214 mol dm–3

+378 kJ mol–1

C

0.536 mol dm–3

+378 kJ mol–1

D

0.214 mol dm–3

+151 kJ mol–1
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4

Elements W, X, Y and Z are four consecutive elements in the Periodic Table. The
following table shows the first four ionisation energies of each element.
Element

1st I.E

2nd I.E

3rd I.E

4th I.E

W

1685

3374

6050

8408

X

2081

3952

6122

9371

Y

496

4562

6910

9543

Z

738

1451

7733

10543

Which Groups do elements W and Z belong to?

5

W

Z

A

Group VII

Group II

B

Group V

Group I

C

Group III

Group VI

D

Group I

Group IV

Four ions of unknown elements are given below.
21 +
10 M

20 −
11 N

20 2− 21 3−
9P
9Q

Which of the following correctly shows a pair of isotopic and isoelectronic species?

6

Isotopic

Isoelectronic

A

P2–, Q3–

N–, Q3–

B

N–, P2–

M+, N–

C

N–, P2–

N–, Q3–

D

P2–, Q3–

M+, N–

Given the following reaction:
A (g) + B (g

2C (g) + 2D (g)

Kp = 2.10 x 102 atm2

An equimolar mixture of A and B is allowed to reach equilibrium at 700 K. Determine
the total pressure at equilibrium if the partial pressure of C at equilibrium is found to
be 2.00 atm.
A

© DHS 2013

1.28 atm

B 4 atm

C 4.28 atm
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D 4.56 atm
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7

The following shows a graph of effective nuclear charge against proton number for
elements in Period 3 of the Periodic Table, from sodium to chlorine.
Effective Nuclear Charge
7
6
5
4
3
2
1
0

Na
1

Mg
2

Al
3

Si
4

P
5

6S

Cl
7

Which of the following trends cannot be inferred from the graph above?

8

A

Atomic radii decrease across the period.

B

Electron affinity increase across the period.

C

Electronegativity increase across the period.

D

Electrical conductivity decrease across the period.

When bromoethane reacts with alcoholic potassium hydroxide to produce ethene, the
overall equation and rate equation are given as follows.
CH3CH2Br + OH– → CH2=CH2 + H2O + Br–
rate = k[CH3CH2Br][OH–]
Which of the following statement is consistent with the rate equation?
A

The units of the rate constant k are mol–2 dm–6 s–1.

B

This is an elementary reaction as intermediates are formed.

C

When bromoethane reacts with excess KOH, the half life of bromoethane is
halved if [KOH] is doubled.

D

The graph of [CH3CH2Br] against time shows a constant half life, indicating first
order of reaction with respect to KOH.

© DHS 2013

9647/01

[Turn over

5
9

10

Which of the following reactions of first row transition metal ions is correct?
A

Addition of Na2CO3(aq) to FeCl3(aq) produces a brown precipitate of Fe2(CO3)3.

B

Addition of KI(aq) to CuSO4(aq) produces a blue precipitate of CuI2.

C

Addition of KOH to K2CrO4(aq) produces an orange solution of K2Cr2O7.

D

Addition of concentrated HCl to CuSO4(aq) produces a yellow solution of
H2[CuCl4].

The table below describes the solubilities of magnesium and barium sulfates and
hydroxides in water.

2+

Mg
Ba2+

Solubility of sulfates in water
Soluble
Sparingly soluble

Solubility of hydroxides in water
Sparingly soluble
Soluble

Which of the following is not true?

11

A

Enthalpy change of solution is likely to be exothermic for magnesium sulfate but
endothermic for barium sulfate.

B

The enthalpy change of hydration for barium cations is more exothermic than for
magnesium cations.

C

Magnesium sulfate is more soluble than barium sulfate as enthalpy change of
hydration becomes less exothermic down the group.

D

Barium hydroxide is more soluble than magnesium hydroxide as lattice energy
of the ionic solid is less exothermic down the group.

Which of the following statements about strontium and palladium is true?
A

The atomic radius of palladium is smaller than strontium as the d electrons in
palladium provide effective shielding against the nuclear charge.

B

Palladium, with a larger number of valence electrons, has stronger electrostatic
forces of attraction between its cations and electrons.

C

Strontium has a maximum oxidation state of +2 while palladium has a maximum
oxidation state of +5.

D

There are more atoms per unit volume of strontium, compared to palladium.

© DHS 2013
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12

In an experiment, a cell is set up to obtain pure nickel from a nickel-silver alloy as
shown below.

electrode R

electrode S
NiSO4(aq)

When a current of 40.0 A flows through the electrolyte for 26.8 minutes, the mass of
the anode changes by 50 g.
Which of the statement is correct?

13

A

Electrode R is pure nickel and electrode S is the nickel-silver alloy.

B

The concentration of NiSO4(aq) decreases during the experiment.

C

The mass of the cathode changes by 50 g during the experiment.

D

The nickel-silver alloy contains 39% of nickel by mass.

Which of the following does not show a possible reaction between a halide and
concentrated H2SO4?
A

6HI + H2SO4 → 3I2 + S + 4H2O

B

2HI + H2SO4 → I2 + SO2 + 2H2O

C

NaCl + H2SO4 → NaHSO4 + HCl

D

8HBr + H2SO4 → 4Br2 + H2S + 4H2O

© DHS 2013

9647/01

[Turn over

7
14

The table below shows the reactions of some halogens with sodium thiosulfate and
hydrogen.
Halogen
Chlorine
Iodine

Reaction with Na2S2O3
4Cl2 + S2O32– + 5H2O → 8Cl– + 2SO42– + 10H+
I2 + 2S2O32– → 2I – + S4O62–

Reaction with H2
Cl2 + H2 → 2HCl
I2 + H2
2HI

Which statement can be deduced from the above equations?

15

A

The decomposition temperature of HCl is lower than that of HI.

B

Iodine is a more powerful oxidising agent than chlorine.

C

Astatine cannot oxidise thiosulfate to sulfate anions.

D

Bromine does not oxidise S2O32– to S4O62–.

2–Aminobenzoic acid and 4–aminobenzoic acid, as shown below, are commonly used
in organic synthesis.

2 – Aminobenzoic acid
I

4 – Aminobenzoic acid
II

Which of the following shows the correct trend in acidity, melting point, and solubility?

16

A

Ka
I > II

Melting point
I < II

Relative solubility in water
I < II

B

I < II

I > II

I < II

C

I > II

I > II

I > II

D

I < II

I < II

I > II

Which of the following conversions show the correct product obtained with LiAlD4 in
dry ether, followed by D2O? (D = 2H)

A

Reactant
CH3CN

Product with LiAlD4
CH3CD2NH2

B

CH3CH=CH2

CH3CHDCH2D

CH3COOH

CH3CD2OD

C
D
© DHS 2013
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17

F, G and H are consecutive elements in Period 3. Element H has an oxide that reacts
with hot concentrated NaOH, and the first ionisation energy of element G is lower than
F.
Which of the following shows the identities of elements F, G and H?

18

A

F
Mg

G
Al

H
Si

B

Na

Mg

Al

C

Al

Si

P

D

Si

P

S

The major product from the reaction scheme below is molecule W. Which of the
following shows the most likely structure of W?
conc H2SO4, cold,
excess NaOH(aq),
Na, heat
followed by H2O, warm
heat
Br

O

A

O

B
O

C

19

W

O

D

Medrogestrone, which has the structure shown below, is a drug used in the treatment
of cancer.
O

O

Medrogestrone
Upon treatment with cold KMnO4 and cold HCN, with catalytic NaCN, how many
stereoisomers will be formed?
A

© DHS 2013

28

B 210

C 212
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D 214
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The following diagram shows the structural components of oxyhaemoglobin and the
oxygenated form of haemoglobin. Each subunit is a polypeptide chain. It is known
that molecules with multiple bonds form very strong bonds with Fe2+, and prevents
dioxygen from binding.

Which of the following statements about oxyhaemoglobin is not correct?

21

A

The four subunits make up a tertiary structure.

B

The Fe2+ in haem is octahedral.

C

The molecules CO, CN–, SO2 and NO are toxic to the body.

D

The Fe in haem undergoes ligand exchange and replaces a water molecule with
O2 in order to form oxyhaemoglobin.

Gingerol is a natural product found in fresh ginger. It can be derivatised to form T, as
shown below.
O

OH

H3CO

CO2H

HO

T
Which of the following shows the correct number of moles of Na(s), NaOH(aq) and
Br2(aq) that can react with T? (Assume –OCH3 is inert)

A

Na(s)
3

NaOH(aq)
2

Br2(aq)
1

B

3

2

2

C

3

3

1

D

2

2

1

© DHS 2013
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The following shows the R – groups of some amino acids.
Amino
acid

Glu

Lys

Phe

Ser

Val

R – group
CH2

CH2

CH2

CH2

COOH

CH2

CH2

CH2

HC

OH

CH3

CH3

CH2
NH2

Which of the following shows the correct R–group interactions between the stated
pairs of amino acids at pH 1?

23

A

Amino acids
Ser, Ser

R–group interactions
Disulfide bridge

B

Glu, Val

Hydrogen bonding

C

Phe, Lys

Ionic interactions

D

Val, Phe

Hydrophobic

Lithium diisopropyl amine (LDA) is a strong base that is commonly used to
deprotonate alcohols. The alkoxides formed can be used in organic synthesis as
shown below.
Step 1
N

Li+

+ ROH

→

H
N

+ RO

Li+

LDA
RO– + CH3Br → ROCH3 + Br–

Step 2

Which of the following statements is not true?
A

This reaction cannot be carried out in an acidic medium.
H

B

N

+ RO

Li+

C

Step 2 is an electrophilic substitution.

D

Step 1 is an acid–base reaction.
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A prodrug is a molecule that can be converted into its active form in the body. An
example is Enalapril, as shown below. The active form of Enalapril can be formed
when enzymes in the body hydrolyse esters found on the molecule.
CH2CH2CHCO2CH2CH3

CO2H

NHCH(CH3)CONH
Enalapril

Which of the following is not true of Enalapril?
A

Enalapril decolourises aqueous KMnO4 when heated in an acidic medium.

B

Enalapril does not react with 2,4–dinitrophenylhydrazine.

C

Enalapril reacts with two moles ethanoyl chloride.

D

The active form of Enalapril has the structure
CO2H
CH2CH2CHCO2H
CH2CH3
NHCH(CH3)CONH
Enalapril

25

A student prepared phenyl ethanoate by reacting phenol with excess ethanoyl chloride,
using CCl4 as solvent. After the reaction, the student poured the reaction mixture into a
separating funnel containing aqueous sodium carbonate, and carefully shook the
separating funnel. Which of the following shows the correct identification of the layers
observed, and the compounds dissolved?

A

Phenylethanoate
in CCl4
CH3COCl and
Na2CO3 in H2O

CH3COO–Na+
in H2O
B

Phenylethanoate
in CCl4

CH3COCl and
Na2CO3 in H2O
C

© DHS 2013

Phenylethanoate
in CCl4

Phenylethanoate
in CCl4
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D

HCl in H2O
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Unknowns J, K and L are halogen containing organic compounds. The following
chemical tests are conducted with each unknown separately and the observations are
recorded.
J
Test 1
Addition of each unknown separately to
water.
Test 2
Warm each unknown separately with
aqueous NaOH, followed by the addition of
dilute nitric acid and aqueous silver nitrate

K

No visible White
change
fumes

L
No visible
change

No visible White
Yellow
change
precipitate precipitate
formed
formed after
15 minutes

Which of the following shows possible identities of J, K and L?

27

A

J
Chlorobenzene

K
Benzoyl chloride

L
Iodomethane

B

1,2 –dichlorobenzene

Ethanoyl chloride

Iodoethene

C

Bromomethylbenzene

Ethanoyl chloride

Iodobenzene

D

Bromomethylbenzene

Benzoyl chloride

Iodoethane

The following molecule, U, can be synthesized from benzene.

Br
NH2

HO2C

U
Which of the following synthetic route would give the highest yield for U?
A

bromination → alkylation → reduction → nitration → oxidation

B

alkylation → oxidation → bromination → nitration → reduction

C

nitration → reduction → bromination → alkylation → oxidation

D

nitration → alkylation → reduction → bromination → oxidation

© DHS 2013
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Radicals are sp2 hybridised, with the lone electron occupying the unhybridised p
orbital. Their relative rates of formation are tabulated below.

28

Radical

CH3
H3C

Relative rate
formation

of

C

H
CH3

H3C

5

C

H
CH3

H3C

4

C

H

1

What is the ratio of 1–chloro–2–methylpropane to 2–chloro–2–methylpropane formed
when 2–methylpropane reacts with chlorine gas in the presence of UV light?
A

29

9:5

B 9:4

C 9:1

D 1:1

Which of the following alcohols produce the largest number of products, including
stereoisomers, when reacted with excess concentrated H2SO4 at 170oC?
A

CH3CH2CH2CH2CH2OH

B

CH3CH2CH2CH(OH)CH3

C

CH3CH2CH(OH)CH2CH3

D

CH3CH(CH3)CH(OH)CH3

30 GABA is a neurotransmitter in the mammalian central nervous system.
OH

H2N
O

GABA
Which of the following conversions shows the best method to synthesize GABA?

A
Cl

B
Cl

C

D

Cl

Cl

© DHS 2013

alcoholic KCN,
reflux

LiAlH4 in dry ether

HCN, catalytic NaCN
cold

H+(aq), reflux

Cl

Cl

OH

OH

K2Cr2O7/H+(aq),
reflux

alcohlic KCN,
reflux

K2Cr2O7/H+(aq),
reflux

alcoholic KCN,
reflux

9647/01

H+(aq), reflux

LiAlH4 in dry ether

H2/Pd

H2/Pd
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Section B
For each question in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a
tick against the statements which you consider to be correct).
The responses A to D should be selected on the basis of
A
1, 2 and 3
are correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only
is correct

No other combination of statements is used as a correct response.
31

Carbon exists as a number of allotropes, for example graphite, fullerenes and
acetylenic carbon, which have the following description.
Allotrope
Graphite
Fullerene
Acetylenic carbon

Description
Each carbon atom is covalently bonded to three other carbon
atoms.
Each carbon atom has an unhybridised p orbital with one
electron, which can be delocalised over the whole molecule.
Chains of atoms with alternating triple and single bonds, with
bond lengths at either 1.21 x 10–10 m or 1.38 x 10–10 m.

Which of the following deductions on the shape of the carbon atom, hybridisation, and
electrical conductivity of the allotrope are correct?
Allotrope

32

Shape

Hybridisation
2

Electrical conductivity

1

Fullerene

Trigonal planar

sp

Conductor

2

Acetylenic carbon

Linear

sp

Non- conductor

3

Graphite

Trigonal
pyramidal

sp3

Conductor

Which of the following explains why real gas deviate from ideal gas behaviour?
1

Gas particles are simple molecules with weak intermolecular van der Waals’ forces
of attraction.

2

Gas particles can be compressed to a certain minimum volume, beyond which
cannot decrease further even if pressure increases.

3

Gas particles move at higher speeds when temperature increases.

© DHS 2013
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The ressponses A to
t D should be selected
d on the basis of
A
1, 2 and 3
are correctt

B
1 and 2 on
nly
are correcct

C
2 and 3 only
are corre
ect

D
1 only
is correcct

No othe
er combinattion of state
ements is ussed as a correct respon
nse.
33

The followin
ng shows the
t
titration
n curve obttained whe
en N–methy
ylethylene diamine,
C
CH3NHCH2CH
C 2NH2, is titrated
t
with hydrochlorric acid.
pH
H

III
IV
V

Volume of HCl/cm3
W
Which of the following statements
s
a true of the
are
t curve ab
bove?

34

1

Point IV
V representss a solution that resistss pH change
es.

2

At point III, the solution consissts of only CH
C 3NHCH2CH
C 2NH3+Cl–.

3

Point V can be dete
ermined using litmus as
a an indicator.

The molecules α–Vetivo
one and Kh
husimol are
e isolated frrom the vettiver grass native to
In
ndia.

α
α–Vetivone

Khusimol
K

W
Which of the following re
eactions ca
an distinguissh α–vetivon
ne and Khusimol?
1

Acidified
d KMnO4, re
eflux, follow
wed by the addition
a
of aqueous
a
sod
dium carbonate.

2

Addition
n of 2,4–dinitrophenylhy
ydrazine.

3

Addtion of PCl5.

© DHS 2013
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The responses A to D should be selected on the basis of
A
1, 2 and 3
are correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only
is correct

No other combination of statements is used as a correct response.
35

The diagram represents the distribution of molecular kinetic energies within a gas at
temperature T1.
Fraction of
molecules

Kinetic Energy
Which of the following statements is correct?

36

37

1

As the gas is cooled, the maximum of the curve will be displaced to the left.

2

Raising the temperature increases the proportion of molecules at any given
energy.

3

The total number of molecules varies at different temperature.

Which of the following will liberate a pungent gas that turns damp red litmus blue, upon
warming with dilute aqueous sodium hydroxide?
1

CH3CN

2

CH3CONH2

3

CH3CO2–NH4+

Which of the following statements describe the reaction of butanone with HCN, in a
catalytic amount of NaOH?
1

The slow step involves the breaking of a π bond.

2

Two products that rotate plane polarised light in opposite directions are formed.

3

The rate equation is rate = k[butanone].
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The responses A to D should be selected on the basis of
A
1, 2 and 3
are correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only
is correct

No other combination of statements is used as a correct response.

38

The Bayllis–Hillman reaction is a base catalysed C–C bond forming reaction, which
converts aldehydes to alcohols. For example, ethanal and methyl acrylate reacts as
shown below.
O
H3C

O
H

Ethanal

+

OH O
OCH3

H3C

OCH3

Methyl acrylate

Which of the following is a product of the Bayllis–Hillman reaction?
OH O

1

H3C
H3C

H

OH O
CH3

2
O

3

39

HO

OCH2CH3

A teacher reacted 0.001 mol of compound V with aqueous iodine in aqueous sodium
hydroxide. After filtration of the yellow precipitate, she added dilute nitric acid, followed
by excess silver nitrate to the filtrate, and obtained 0.006 mol of another yellow
precipitate.
Which of the following is a possible structure of compound V?
O
O

I
I

1

O

O

3

2

I

O
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The responses A to D should be selected on the basis of
A
1, 2 and 3
are correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only
is correct

No other combination of statements is used as a correct response.
40

Methylbenzene reacted with bromine in FeBr3, in the presence of UV light. Which of the
following pairs of compounds consist of one likely and one unlikely product of this
reaction?
1
and
Br

Br

2
and
Br

3

Br

and

© DHS 2013
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For
Examiner’s
Use

Answer all questions in the space provided.
1

Planning
Solubility is defined as the mass of solid that will dissolve in and just saturate
100 g of solvent at a particular temperature.
When potassium nitrate dissolves in water, the temperature of the solution
decreases as the enthalpy change of solution is endothermic.
You are to plan an experiment to investigate how the solubility of potassium nitrate
varies with temperature. The units of solubility are grams per one hundred grams
of water (g/100 g of water).
(a)

(i)

Predict how the solubility of potassium nitrate will change if the solution
temperature is increased.

(ii)

Display your prediction in the form of a sketch, labeling clearly the
y–axis.

25

temperature / °C
[3]
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(b)

You are to design an experiment to test your prediction in (a).
(i)

Given that the solubility of potassium nitrate at 70 °C = 11.3 mol dm–3
Calculate the maximum mass of potassium nitrate that can be
dissolved in 100 g of water at 70 °C.

(ii)

Describe how you would carry out the experiment. You should
• include the apparatus used;
•

ensure a wide range of results suitable for analysis by graph;

•

decide on the amount of water and potassium nitrate to be
used; and

•

describe how the temperature of the solution is to be
maintained.

For
Examiner’s
Use

You may also assume that standard laboratory apparatus are
available.
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For
Examiner’s
Use

(iii)

Draw a table with appropriate headings to show the data you would
record when carrying out your experiments and the values you would
calculate in order to construct a graph to support or reject your
prediction in (a). The headings must include the appropriate units.

[7]
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(c)

Potassium nitrate is used as an excellent additive in fertilisers. It dissolves in
water with an enthalpy change of solution of +34.9 kJ mol–1.
It is given that the lattice energy of potassium nitrate is –687 kJ mol–1 and the
enthalpy change of hydration of potassium ion is –322 kJ mol–1. With the aid
of an energy level diagram, calculate the enthalpy change of hydration of
nitrate ion.

For
Examiner’s
Use

[2]
[Total: 12]

2

The use of Data Booket is relevant to this question.
The nitrates, carbonates and hydroxides of Group II elements can undergo thermal
decomposition.
The nitrates of lead and zinc can undergo thermal decomposition similar to calcium
nitrate. The decomposition temperatures of the three nitrates are given in the table
below.
Compound
Lead(II) nitrate, Pb(NO3)2
Zinc nitrate, Zn(NO3)2
Calcium nitrate, Ca(NO3)2
(a)

Decomposition temperature / °C
290
105
132

Explain the data above by quoting relevant values from the Data Booklet and
using your knowledge and understanding of the trend in the decomposition
temperature of the Group II nitrates.

[3]
© DHS 2013
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(b)

The mineral hydromagnesite is a hydrated carbonate of magnesium, with the
formula Mgx(CO3)y(OH)z.nH2O and a molar mass of 466 g mol–1. Group II
carbonates and hydroxides decompose to give the same solid product.

For
Examiner’s
Use

When 1.00 g of a pure sample of hydromagnesite was heated to constant
mass, 0.378 g of carbon dioxide was given off. Steam was also produced.
The remaining white solid from the above decomposition was completely
dissolved in 50 cm3 of a 1.0 mol dm–3 solution of hydrochloric acid. The
resultant solution was transferred into a volumetric flask and diluted to
250 cm3 with deionised water. A 25.0 cm3 aliquot of this diluted solution
required 28.50 cm3 of a 0.10 mol dm–3 solution of sodium hydroxide for
complete neutralisation.

© DHS 2013

(i)

Calculate the value of y.

(ii)

Calculate the value of x.
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For
Examiner’s
Use

(iii)

Hence or otherwise, deduce the values of z and n.

(iv)

Using your answers from parts b(i) to (iii), write a balanced equation,
with state symbols, for the thermal decomposition of hydromagnesite.

[9]
(c)

A mixture of magnesium oxide, alumina (Al2O3) and silica (SiO2) is
usually used in the manufacture of refractory material. Suggest, with
explanation and suitable equations, how magnesium oxide can be
separated from a mixture containing these three oxides.

[3]
[Total: 15]
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For
Examiner’s
Use

The data for some liquids are given below:

ethanol
cyclohexane
hexane
(a)

Mr
46
84
86

boiling point/ °C
79
81
69

density / g cm−3
0.79
0.78
0.66

(i)

Suggest why the boiling point of cyclohexane differs from that of
hexane.

(ii)

Suggest why the density of ethanol differs from that of hexane.

[3]
(b)

Equal volumes of 1.0 mol samples of the following liquids were mixed and the
following results were obtained in the following table.
Mixture of liquids

Heat change

Hexane mixed with cyclohexane
Hexane mixed with ethanol

(i)

© DHS 2013

No heat absorbed or given out
?

Explain why there was no heat change on mixing hexane and
cyclohexane.
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(ii)

Predict, with reasoning, the heat change on mixing hexane and
ethanol.

For
Examiner’s
Use

[3]
(c)

(i)

Write a balanced equation, for the complete combustion of ethanol,
C2H6O.

(ii)

By using appropriate bond energy data from the Data Booklet,
calculate the enthalpy change of combustion of ethanol.

[3]
[Total: 9]
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4

(a)

Chlorine forms an oxide Cl2O6 which exists as singly charged ions in the solid
state. The oxidation states of chlorine are +5 and +7 in the cation and anion
respectively.

For
Examiner’s
Use

Suggest the formulae of the ions and draw the dot–and–cross diagram for the
cation.
[3]
Formula of cation:
Formula of anion:
dot–and–cross diagram of cation:

(b)

When chlorine is bubbled through cold sodium hydroxide solution and
acidified silver nitrate solution, only half of the chlorine that has dissolved is
precipitated as silver chloride. When the sodium hydroxide is hot, up to
five–sixth of the chlorine can be precipitated. Explain the observations, giving
balanced equations where appropriate.

[3]
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(c)

For
Examiner’s
Use

Chlorate(VII) ion can be produced from the reaction of Cl2O7 with alkali.
(i)

Write an equation for the formation of chlorate(VII) ion.

(ii)

State the type of reaction undergone.

(iii)

Given that Cl2O7 molecule is a symmetrical, draw the shape of the
molecule, indicating the possible Cl–O–Cl bond angle.

Cl–O–Cl bond angle: ...............................
[4]
[Total: 10]
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5

(a)

Oseltamivir is an anti–influenza drug being used to treat the so called
‘Bird–flu’. This anti–viral drug can be converted to its active form GS 4071, in
the body after being administered. The structure of Oseltamivir is shown
below:

For
Examiner’s
Use

O

O

O

O
O

O

O

OH
NH

NH

NH 2

NH2

Oseltamivir

GS 4071

You may assume that the ether (–O–) group in Oseltamivir is unreactive in
any reactions in this question.

© DHS 2013

(i)

Circle and name four different functional groups present in Oseltamivir.

(ii)

Oseltamivir is actually sold as the phosphate salt rather than in the
form as shown above. Suggest why this is so.

(iii)

What type of reaction is involved in the conversion of Oseltamivir into
GS 4071?

(iv)

Draw the structural formula of all organic products formed when
Oseltamivir is heated with excess sodium hydroxide.

9647/02
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(v)

At room conditions, Oseltamivir reacts with HBr in 1:2 ratio. Draw the
structure of the product formed.

For
Examiner’s
Use

[6]

(b)

Oseltamivir can be produced from Quinic acid, found in coffee beans or
Shikimic acid, found in star anise.

OH

HO

HO

COOH

COOH

HO

HO

(i)

OH

OH

Quinic acid

Shikimic acid

Use the table of characteristic values for infra–red absorption in
the Data Booklet, identify an infra–red absorption range shown by
Shikimic acid but not Quinic acid.
cm−1

(ii)

© DHS 2013

Give the structural formula of the organic product when Shikimic acid
reacts with excess ethanoyl chloride.
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(iii)

The titration curve below shows the reaction between a solution of a
10.0 cm3 of 0.10 mol dm–3 solution of Shikimic acid and
0.05 mol dm–3 KOH solution.

For
Examiner’s
Use

pH
14
12
10
8
6
4
2
0

Volume of KOH(aq) added / cm3

0

Calculate the value of Ka for Shikimic acid.

(iv)

Suggest the reagents and conditions for a reaction that could be used
to distinguish between Shikimic acid and another compound R.
CH2COOH

R
State the expected observation of the reaction on each compound.
reagent/condition:
expected observation:
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(v)

When compound R is reacted with iodine in the presence of aqueous
sodium hydrogencarbonate, iodine does not add across the
carbon–carbon double bond of compound R as might be expected.
Instead, a compound S, which has a molecular formula, C8H11O2I, is
formed as shown:
CH2COOH

For
Examiner’s
Use

I
I2
NaHCO3(aq)

O
O

R

S

Suggest an explanation for the observation.

[9]
[Total: 15]
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(a)

The Strecker synthesis is a route to preparing amino acids.
Glycine, 2–aminoethanoic acid, can be prepared from methanal, as a starting
material. This is shown in the four–steps reaction scheme below:
O

NH
NH3

C

H

E

H

elimination
of H2O

Step 1

NH2
reagent?

C

H

For
Examiner’s
Use

H

H

C

C

N

H
Step 3

Step 2

H+/H2O

Step 4

NH2
H

C

COOH

H
2-aminoethanoic acid

© DHS 2013

(i)

State the role of ammonia used in Step 1.

(ii)

Suggest a structure for compound E.

(iii)

Suggest a suitable reagent used in Step 3.
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A starting material, compound Z, can be used to prepare isoleucine, shown
below using a Strecker synthesis.
NH2

For
Examiner’s
Use

O
CH3
OH

CH3

isoleucine
(iv)

Draw the structure of compound Z.

[4]
Much research has been carried out in recent years investigating the exact
structure of silk. A silk fibre is composed of many identical protein chains,
which are mainly made from the amino acids glycine, alanine and serine, with
smaller amounts of four other amino acids.

(b)

(i)

A solution of glycine at its isoelectric point can act as a buffer.
By writing appropriate equations, show how a solution of glycine at its
isoelectric point can function as a buffer.

(ii)

Predict the movement of glycine when a potential difference is applied
at pH 13.

[3]
© DHS 2013
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(c)

Assuming that a silk protein made from equal amounts of the three amino
acids glycine, alanine and serine has Mr of about 600 000. Calculate the
average number of amino acids residues in the protein chain.
[Mr (glycine = 75; Mr (alanine) = 89; Mr (serine) = 105]

For
Examiner’s
Use

[3]

(d)

Unlike silk protein, globular proteins such as enzymes contain relatively small
amounts of glycine and alanine when compared to the amounts of some
other amino acids. Suggest why this is so.

[1]
[Total: 11]

© DHS 2013

9647/02

[Turn over

Name:

Suggested Solutions

Index Number:

Class:

DUNMAN HIGH SCHOOL
Preliminary Examination
Year 6
H2 CHEMISTRY

9647/02

Paper 2 Structured

19 September 2013
2 hours

Additional Materials: Data Booklet

INSTRUCTIONS TO CANDIDATES
1

Write your name, index number and class on this cover page.

2

Answer all questions.

3

Write your answers in the spaces provided on the question paper.

4

A Data Booklet is provided.

5

The number of marks is given in brackets [ ] at the end of each question or part question.

6

You may use a calculator.

FOR EXAMINER’S USE
Question
No.
Marks

1

2

12

3

15

4

9

5

10

6

15

Total

11

%

[72]

_______________________________________________________________________________________________

This question paper consists of 16 printed pages and 1 blank page.
© DHS 2012

[Turn over

2

Answer all questions in the space provided.
1

Planning
Solubility is defined as the mass of solid that will dissolve in and just saturate 100 g of
solvent at a particular temperature.
When potassium nitrate dissolves in water, the temperature of the solution decreases as the
enthalpy change of solution is endothermic.
You are to plan an experiment to investigate how the solubility of potassium nitrate varies
with temperature. The units of solubility are grams per one hundred grams of water (g/100 g
of water).
(a) (i)
Predict how the solubility of potassium nitrate will change if the solution
temperature is increased.
By Le Chatelier’s principle, when temperature is increased, the equilibrium will
shift to the right to absorb the excess heat and favour the endothermic
reaction. Hence the solubility will increase with increasing temperature.

(ii)

Display your prediction in the form of a sketch, labeling clearly the y-axis.
solubility

25

temperature/ °C
[3]
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You are to design an experiment to test your prediction in (a).

(b)
(i)

Given that the solubility of potassium nitrate at 70 °C = 11.3 mol dm–3
Calculate the maximum mass of potassium nitrate that can be dissolved in 100 g
of water at 70 °C.
Maximum mass = (100/1000) x 11.3 x (39.1 x 14.0 x 3(16.0))
= 114 g

(ii)

Describe how you would carry out the experiment. You should
• include the apparatus used;
•

ensure a wide range of results suitable for analysis by graph;

•

decide on the amount of water and potassium nitrate to be used;

•

describe how the temperature of the solution is to be maintained.

You may also assume that standard laboratory apparatus are available.

1. Measure approximately 120 g of potassium nitrate using a weighing
balance. [1] Measure 100 ml of water using a measuring cylinder/burette
and transfer the water to a 250 cm3 beaker.
(total mass of solid + water should not exceed 250 g, mass of solid added
should be more than 114g in every 100 g of water)
2. Add potassium nitrate to the beaker containing water and stir the mixture.
3. Heat the mixture to 70 °C in a thermostat controlled water bath.
4. Stir the mixture gently throughout the heating.
5. Allow to stand/ leave for a long time to establish equilibrium
6. Filter the solution (not cooled or decanted) .
7. Heat the residue to dryness and weigh the residue .
8. Repeat step 1 – 7 for another four experiments (at least) but changing the
temperature in step 3 to 30 °C, 40 °C, 50 °C and 60 °C respectively. (accept
any temperature range of at least 40 °C)
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(iii)

Draw a table with appropriate headings to show the data you would record when
carrying out your experiments and the values you would calculate in order to
construct a graph to support or reject your prediction in (a). The headings must
include the appropriate units.
Mass of potassium nitrate /g
Mass/Volume of water /g or cm3
Mass of dry residue /g
Solubility = Initial mass of potassium nitrate – mass of dry residue
Temperature (°C)
30
40
50
60
70

Solubility (g /100g water)

[7]
(c)

Potassium nitrate is used as an excellent additive in fertilisers. It dissolves in water with
an enthalpy change of solution of +34.9 kJ mol–1.
It is given that the lattice energy of potassium nitrate is –687 kJ mol–1 while the
enthalpy change of hydration of potassium ion is –322 kJ mol–1. With the aid of an
energy level diagram, calculate the enthalpy change of hydration of nitrate ion.

energy

K+ (g) + NO3– (g)
ΔHhydθ

ΔHlattθ
K+ (aq) + NO3– (aq)

ΔHsolnθ
KNO3 (s)
endothermic dissolution(ΔHsolnθ > 0)

By Hess’ Law,
L.E = ∑(∆Hhyd of ions) – ∆Hsol
–687 = (–322 + Enthalpy change of hydration of nitrate ion) – (+34.9)
Enthalpy change of hydration of nitrate = –330 kJ mol–1

[2]
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2

The use of Data Booket is relevant to this question.
The nitrates, carbonates and hydroxides of Group II elements can undergo thermal
decomposition.
The nitrates of lead and zinc can undergo thermal decomposition similar to calcium nitrate.
The decomposition temperature of the three nitrates are given in the table below.
Decomposition temperature / 0C
290
105
132

Compound
Lead(II) nitrate, Pb(NO3)2
Zinc nitrate, Zn(NO3)2
Calcium nitrate, Ca(NO3)2
(a)

Explain the data above by quoting relevant values from the Data Booklet and using
your knowledge and understanding of the trend in the decomposition temperature of
the Group II nitrates.
Cation Ionic radius /nm
Pb2+ 0.120
Zn2+ 0.074
Ca2+ 0.099
The decomposition temperature increases in the order from zinc nitrate to calcium
nitrate to lead(II) nitrate. This is because the ionic radius of Zn2+ is smaller than Ca2+
which in turn is smaller than Pb2+.
Zn2+ has highest charge density and hence greatest polarising power.
Zn2+ is able to distort the electron cloud of the nitrate anion to the most and weaken the
N–O bond to the greatest extent. Hence zinc nitrate has a lowest thermal stability and
can decompose at the lowest temperature.

(b)

The mineral hydromagnesite is a hydrated carbonate of magnesium, with the formula
Mgx(CO3)y(OH)z.nH2O and a molar mass of 466 g mol-1. Group II carbonates and
hydroxides decompose to give the same solid product.
When 1.00 g of a pure sample of hydromagnesite was heated to constant mass, 0.378
g of carbon dioxide was given off. Steam was also produced.
The remaining white solid from the above decomposition was completely dissolved in
50 cm3 of a 1.0 mol dm-3 solution of hydrochloric acid. The resultant solution was
transferred into a volumetric flask and diluted to 250 cm3 with deionised water. A 25.0
cm3 aliquot of this diluted solution required 28.50 cm3 of a 0.10 mol dm-3 solution of
sodium hydroxide for complete neutralisation.
(i)

Calculate the value of y.
moles of hydromagnesite = 1 / 466 = 2.15 x 10–3 mol
moles of CO2 given off = 0.378 / 44 = 8.59 x 10–3 mol
y = 8.59 x 10–3 ÷ 2.15 x 10–3 = 4
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(ii)

Calculate the value of x.
moles of HCl(aq) used = 50/1000 x 1 = 0.050 mol
moles of NaOH used to neutralize remaining HCl(aq) in 25 cm3
= 28.5/1000 x 0.10 = 0.00285 mol
moles of HCl reacted with MgO
= 0.050 – (0.00285 x 10) = 0.0215 mol
MgO + 2HCl → MgCl2 + H2O
moles of MgO formed
= 0.0215 ÷ 2 = 0.0107 mol
= moles of Mg present
x = 0.0107 / 2.15 x 10–3 = 5

(iii)

Hence or otherwise, deduce the values of z and n.
For a neutral solid Mg5(CO3)4(OH)z.nH2O,
+2 x 5 – 2 x 4 + (–1 x z) = 0
therefore, z = 2 to balance the overall charge.
Mass of water per mole of hydromagnesite
= 466 – (5 x 24.3 + 4 x 60 + 2 x 17) = 70.5 g
n = 70.5 / 18 ≈ 4

(iv)

2

(c)

Using your answers from parts b(i)-(iii), write a balanced equation, with state
symbols, for the thermal decomposition of hydromagnesite.
[9]
Mg5(CO3)4(OH)2.4H2O (s) --> 5MgO (s) + 4CO2 (g) + 5H2O (g)

A mixture of magnesium oxide, alumina (Al2O3) and silica (SiO2) is usually used in the
manufacture of refractory material. Suggest with explanation and suitable equations,
how magnesium oxide can be separated from a mixture containing these three oxides.
[3]
Magnesium oxide is basic and hence has no reaction with alkali. To the mixture, add
excess NaOH (concentrated/aqueous) and both amphoteric (Al2O3) and acidic (SiO2)
oxides will dissolve. Hence, the resulting mixture can be filtered and MgO can be
obtained as the residue.
Al2O3 + 2OH– + 3H2OÆ 2Al(OH)4–
SiO2 + 2OH– Æ SiO32– + H2O

3

The data for some liquids are given below:

ethanol
cyclohexane
hexane

© DHS 2013

Mr
46
84
86

bp / 0C
79
81
69
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0.78
0.66
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(a)

(i)

Suggest why the boiling point of cyclohexane differs from that of hexane.
There exists Van der Waals’ (VDW) forces between molecules of cyclohexane
and hexane. However, shape of cyclohexane molecule allows (chair
conformation) more extensive VDW forces to exist between them. Therefore,
boiling point is higher as more energy is needed to overcome the more extensive
VDW forces of attractions.
For your knowledge:

chair conformation of
cyclohexane
(ii)

Suggest why the density of ethanol differs from that of hexane.
There exist stronger hydrogen bonding between molecules of ethanol and
weaker Van der Waals’ forces of attraction between molecules of hexane.
Stronger intermolecular forces of attraction coupled with smaller molecular size
of ethanol result in larger number of molecules (or larger mass) of ethanol
contained per unit volume , hence density is larger than hexane.

(b)

Equal volume, V cm3 of 1.0 mol samples of the following liquids were mixed and the
following results were obtained in the following table.
Mixture of liquids

Heat change

Hexane mixed with No heat absorbed
cyclohexane
or given out
Hexane mixed with
ethanol
(i)

?

Explain why there was no heat change on mixing hexane and cyclohexane.
VDW forces of attractions are formed between molecules of hexane/cylcohexane
mixture and the energy given out is used to overcome intermolecular forces of
attractions in hexane and cyclohexane that are of similar strength.

(ii)

Predict, with reasoning, whether heat is absorbed or evolved on mixing hexane
and ethanol.
Heat will be absorbed. Heat is needed to overcome hydrogen bonding between
ethanol molecules and this is not compensated by the heat released between
ethanol and hexane interactions of very dissimilar strength.

3

(c)

(i)

Write a balanced equation for the complete combustion of ethanol, C2H6O.
C2H6O(l) + 3O2(g) → 2CO2(g) + 3H2O(l)

© DHS 2013
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(ii)

By using appropriate bond energy data from the Data Booklet, calculate the
enthalpy change of combustion of ethanol.
∆Hc = [BE(C–C) + 5BE(C–H) + BE(C–O) + BE(O–H) + 3BE(O=O)] –
[4BE(C=O) + 6BE(O–H)]
= [350 + 5(410) + 360 + 460 + 3(496)] – [4(740) + 6(460)]
= –1010 kJ mol–1 (3 s.f.)
[3]
[Total: 9]

4

(a)

Chlorine forms an oxide Cl2O6 which exists as singly charged ions in the solid state.
The oxidation states of chlorine are +5 and +7 in the cation and anion respectively.
Suggest the formulae of the ions and draw the dot-and-cross diagram for the cation.
[3]
Formulae of ions: [ClO2]+ and [ClO4]-

(b)

When chlorine is bubbled through cold sodium hydroxide solution and acidified silver
nitrate solution, only half of the chlorine that has dissolved is precipitated as silver
chloride. When the sodium hydroxide is hot, up to five–sixth of the chlorine can be
precipitated. Explain the observations, giving balanced equations where appropriate.
cold NaOH: 2NaOH (aq) + Cl2 (aq) → NaCl (aq) + NaClO (aq) + H2O (l)
hot NaOH: 6 OH– (aq) + 3 Cl2 (aq) → 5 Cl– (aq) + ClO3– (aq) + 3 H2O (l)
The free chloride ions will be precipitated out as silver chloride with silver nitrate.
When chlorine reacts with cold NaOH, Cl2≡Cl–≡ClO–
When chlorine reacts with hot NaOH, Cl2≡5Cl–≡ClO3–
[3]

(c)

Chlorate(VII) ion can be produced from the reaction of Cl2O7 with alkali.
(i)

Write an equation for the formation of chlorate(VII) ion.
Cl2O7 + 2OH- Æ 2ClO4- + H2O

(ii)

State the type of reaction undergone.
Acid-base reaction/neutralisation

(iii)

© DHS 2013

Given that Cl2O7 molecule is symmetrical, draw the shape of the molecule,
indicating the possible Cl-O-Cl bond angle.
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O

O
1050

Cl

Cl
O

O

O
O

5

(a)

O

[4]

[Total: 10]
Oseltamivir is the anti-influenza drug being used to treat so called ‘Bird-flu’. This antiviral drug can be converted to its active form GS 4071, in the body after being
administered. The structure of Oseltamivir is shown below:
O

O

O

O
O

O

O

OH
NH

NH

NH 2

NH2

Oseltamivir

GS 4071

You may assume that the ether (–O–) group in Oseltamivir is unreactive in any
reactions in this question.
(i)

Circle and name four different functional groups present in Oseltamivir.
Amide, amine (primary), ester, alkene, (ether)

(ii)

Oseltamivir is actually sold as the phosphate salt rather than in the form as
shown above. Suggest why this is so.
To increase its solubility so that it is more easily absorbed by the body.

(iii)

What type of reaction is involved in the conversion of Oseltamivir into GS 4071?
Hydrolysis (Do not allow acid hydrolysis)

(iv)

Draw the structural formula of all organic products formed when Oseltamivir is
heated with excess sodium hydroxide.

O
O
O

-

+
Na+, CH3COO Na and CH3CH2OH

H2N
NH2

© DHS 2013
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(v)

At room conditions, Oseltamivir reacts with HBr in 1:2 ratio. Draw the structure
of the product formed.
[6]
Acid-base with amine group and Addition on alkene group.

O
Br
O
O

O
NH
+

NH3Br

(b)

-

Oseltamivir can be produced from Quinic acid, found in coffee beans or Shikimic acid,
found in star anise.

OH

HO

HO

COOH

COOH
HO

HO
OH

OH

Quinic acid
(i)

Shikimic acid

Use the table of characteristic values for infra-red absorption in the Data
Booklet, identify an infra-red absorption range shown by Shikimic acid but not
Quinic acid.
1610-1680 cm-1

(ii)

Give the structural formula of the organic product when Shikimic acid reacts with
excess ethanoyl chloride.
CH3COO

COOH

CH3COO

[

OCOCH3

© DHS 2013
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(iii)

The titration curve below shows the reaction between a solution of a 10.0 cm3 of
0.10 mol dm-3 solution of Shikimic acid and 0.05 mol dm-3 KOH solution.
pH
14
12
10
8
6
4
2
0
0

Volume of KOH(aq) added / cm3

Calculate the value of Ka for Shikimic acid.
Volume of KOH needed for complete neutralisation = 20 cm3.
At maximum buffering capacity, vol of KOH used = 10 cm3 and pH=pKa.
Therefore, Ka of Shikimic acid = 1.00 x 10-5 mol dm-3
OR, initial pH of Shikimic acid is 3. [H+] = 10-3 mol dm-3.
Let HA be the general formula of Shikimic acid.
Ka = [H+][A-]/[HA] = (10-3)2/ 0.10 = 1.00 x 10-5 mol dm-3
(iv)

Suggest the reagents and conditions for a reaction that could be used to
distinguish between Shikimic acid and another compound R, shown below:
CH2COOH

R
State the expected observation of the reaction on each compound.
Reagent/condition: acidified dichromate (VI), warm
Expected observation: orange acidifies dichromate turns from orange to green
with Shikimic acid while no colour change observed for R.

© DHS 2013
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(v)

When compound R is reacted with iodine in the presence of aqueous sodium
hydrogencarbonate, iodine does not add across the carbon-carbon double bond
of compound R as might be expected. Instead, a compound S, which has a
molecular formula, C8H11O2I, is formed as shown:

I
CH2COOH

I2
NaHCO3(aq)

O
O

R

S

Suggest an explanation for the observation.
[9]
[Total: 15]
R undergoes electrophilic addition with iodine and acid-base reaction in alkaline
medium to form

I

+

6

(a)

O

O-

The Strecker synthesis is a route to preparing amino acids. Glycine, 2-aminoethanoic
acid, can be prepared from methanal, as a starting material. This is shown in the foursteps reaction scheme below:
reagent ?

Step 1

Step 3

Step 2

Step 4

2-aminoethanoic acid

(i)

State the role of ammonia used in Step 1.
Nucleophile

(ii)

Suggest a structure for compound E

CH2(OH)(NH2)

© DHS 2013
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(iii)

Suggest a suitable reagent used in Step 3.
HCN

A starting material, compound Z, can be used to prepare isoleucine, shown below
using a Strecker synthesis.
NH2
O
CH3
CH3

OH

isoleucine
(iv)

Draw the structure of compound Z.
[4]

Much research has been carried out in recent years investigating the exact structure of
silk. A silk fibre is composed of many identical protein chains, which are mainly made
from the amino acids glycine, alanine and serine, with smaller amounts of four other
amino acids.

(b)

(i)

A solution of glycine at its isoelectric point can act as a buffer.
By writing appropriate equations, show how a solution of glycine at its isoelectric
point can function as a buffer.
H3N+CH2COO- + H+
H3N+CH2COO- + OH-

(ii)

Æ H3N+CH2COOH
Æ H2NCH2COO- + H2O

Predict the movement of glycine when a potential difference is applied at pH 13.
[3]
At pH 13, the –CO2H group is deprotonated to give –CO2-, the glycine species
will move towards the positive electrode.

© DHS 2013
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(c)

Assuming that a silk protein made from equal amounts of the three amino acids
glycine, alanine and serine has Mr of about 600 000. Calculate the average number of
amino acids residues in the protein chain. [Mr (glycine = 75; Mr (alanine) = 89; Mr
(serine) = 105]
[3]
A H2O molecule is lost when peptide bond is formed in protein structure,
Mr of the gly-ala-ser fragment = 269 -3(18) = 215
Average number of such gly-ala-ser fragment = 600 000/ 215 = 2791
Average number of amino acids residues = 2791 x 3 = 8732

(d)

Unlike silk protein, globular proteins such as enzymes contain relatively small amounts
of glycine and alanine when compared to the amounts of some other amino acids.
Suggest why this is so.
[1]
[Total: 11]
Globular proteins need polar/H-bonding/ionic side-chains to enhance their solubility.

END OF PAPER

© DHS 2013

9647/02

[Turn over

Name:

Index Number:

Class:

DUNMAN HIGH SCHOOL
Preliminary Examination
Year 6
H2 CHEMISTRY
Paper 3
Paper 2

9647/03
24 September 2013
2 hours

Additional Materials: Data Booklet, Graph Paper & Writing Paper
IMPORTANT INSTRUCTIONS TO CANDIDATES
1

Answer any four questions.

2

Begin each question on a fresh sheet of paper.

3

At the end of the examination:
•

Staple or fasten all your work securely together with the Cover Sheet on top.

•

Hand in the question paper separately.

INFORMATION FOR CANDIDATES
The number of marks is given in brackets [ ] at the end of each question or part question.
You are advised to show all workings and calculations.
You are reminded of the need for good English and clear presentation in your answers.

This question paper consists of 10 printed pages and 0 blank page.
© DHS 2013

[Turn over

2
Answer any four questions.
Begin each question on a fresh sheet of paper.
1

Dinitrogen pentoxide, N2O5, can be produced by the following reaction sequence in the car
engine:
I
II
III
(a)

N2(g) + O2(g) → 2NO(g)
NO(g) + 1/2O2(g) → NO2(g)
2NO2(g) + 1/2O2(g) → N2O5(g)

∆Hθ = +180 kJ mol–1; ∆Sθ = +24.8 J mol–1 K–1
∆Hθ= –57.0 kJ mol–1
∆Hθ = –110 kJ mol–1

(i)

Explain why reaction I does not take place at room temperature but occurs in
car engine.

(ii)

Predict, with reasons, the sign of ∆Sθ in reaction II.

(iii) Nitrogen dioxide is a pollutant that is often produced in car engine. Suggest how
the pollutant can be removed in the car engine.
(iv) By drawing a suitable energy cycle and using the data above, calculate the
standard enthalpy change of formation of dinitrogen pentoxide.
[8]
(b)

The rate of reaction for reaction II was investigated and the following kinetics data
was obtained.
Time/minutes

0
5
10
15
20
25
30

Experiment 1,
with [NO] = 0.10 mol dm–3
[O2] / mol dm–3
0.0050
0.0031
0.0019
0.0011
0.0007
0.0005
0.0004

Experiment 2,
with [NO] = 0.05 mol dm–3
[O2] / mol dm–3
0.0050
0.0045
0.0040
0.0036
0.0032
0.0029
0.0026

(i)

Explain why nitrogen monoxide is used in large excess.

(ii)

Using the same axes, plot graphs of [O2] against time for the two experiments.

(iii) Use your graphs to determine the order of reaction with respect to O2 and NO,
showing your workings clearly.
(iv) State the rate equation of reaction II and hence calculate the rate constant,
including its units.
(v)

(c)

Explain how the half–life of oxygen will be affected when the concentration of
nitrogen monoxide is doubled.
[10]

The nitrogen dioxide produced in reaction II is able to form dinitrogen tetraoxide as
shown below:
N2O4 (g)
2NO2(g)
brown
colourless

© DHS 2013
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Explain whether the enthalpy change of dimerisation is endothermic or exothermic.
Hence, predict the colour change of the reaction mixture when the temperature is
increased.
[2]
[Total: 20]
2

Transition elements, such as cobalt, copper and chromium, have different properties that
can distinguish themselves from the main group element such as magnesium. With their
unique properties, transition elements are capable of having variable oxidation states and
forming coloured complexes.
(a)

What do you understand by the term transition element?
[1]

(b)

When air is bubbled through an aqueous solution containing CoCl2, NH4Cl and NH3,
and the resulting solution evaporated, crystals of a salt X can be isolated. X has the
following composition by mass:
Co, 25.2 %; N, 24.0 %; H, 5.1 %; Cl, 45.7 %
On adding an excess of aqueous silver nitrate to an aqueous solution containing
0.01 mol of X, 1.43 g of silver chloride is precipitated.
Determine the formula of the octahedral cation in X. Hence, calculate the oxidation
number of the cobalt atom in X.
[4]

(c)

Haemocyanin is a copper containing oxygen transport molecule in horseshoe crabs.
Both oxygenated and deoxygenated forms of haemocyanin contain copper ions.
Haemocyanin is colourless when deoxygenated and blue when it is exposed to
oxygen.
Suggest the oxidation states of copper in the oxygenated and deoxygenated forms
of haemocyanin. Hence explain the difference in colour observed.
[3]

(d)

Reagents containing transition elements are commonly used in organic synthesis. A
common reagent used is potassium dichromate(VI).
In the organic synthesis below, observations are made when an optically active
organic halogen derivative A, C5H11ClO is reacted with several reagents to yield the
final organic product E, C10H16O4.
Compound A, C5H11ClO is an organic halogen derivative that fumes with thionyl
chloride in pyridine. When A reacts with aqueous sodium hydroxide, it yields
equimolar of B and C with the same molecular formulae, C5H12O2.
When B and C are separated, each compound is found to rotate plane–polarised
light in opposite directions with equal magnitude. C is then heated under reflux with
acidified potassium dichromate(VI) to yield D which produces effervescence with
sodium carbonate. When D is further refluxed in the presence of concentrated
sulfuric acid, a neutral organic product E, C10H16O4 is obtained.
(i)

© DHS 2013

Suggest, with explanations, the structures for compounds A, B, C, D and E.
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(ii)

Describe the mechanism of the reaction of A with aqueous sodium hydroxide
to produce B and C. Indicate clearly in your mechanism how equimolar of B
and C is obtained.
[12]
[Total: 20]

3

(a)

A low–cost lithium–copper air fuel cell consisting of a copper electrode immersed in
an aqueous alkaline electrolyte and a lithium electrode immersed in an organic
electrolyte has recently been developed. Mixing of the two electrolyte solutions is
prevented by using a solid electrolyte separator where only lithium ions can pass
through the separator.
air

Cu metal
electrode

Li metal
electrode

Aqueous alkaline
electrolyte
Organic
electrolyte
Solid electrolyte
separator

The copper electrode is oxidised by oxygen in the air to copper(I) oxide. During
discharge, copper(I) oxide will be reduced to copper solid at the electrode. Similarly,
during discharge, lithium will be oxidised to give lithium ions and pass through the
separator into the aqueous alkaline electrolyte.

(b)

(i)

State the direction of the flow of electron during discharge in the lithium–copper
air fuel cell.

(ii)

Write ionic half–equations for the reaction that occur at each electrode during
discharging.

(iii)

It is discovered that the voltage of this fuel cell is +2.30 V. Using relevant data
from the Data Booklet, predict the electrode potential for the cathode reaction.
State an assumption that you have made.

(iv)

Explain why lithium ions are allowed to pass through the separator.

(v)

Two different electrolytes are used in this lithium–copper air fuel cell. Suggest a
reason why an aqueous alkaline electrolyte cannot be used solely in this fuel
cell.
[8]

The copper(I) oxide is reddish–brown in colour. When concentrated hydrochloric acid
is added to it and the mixture warmed, it is observed that the precipitate dissolved to
give a colourless solution. The copper complex ion formed is linear in shape.
Suggest an identity for the copper complex ion and an equation for the reaction.
[2]

© DHS 2013
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(c)

An experiment is conducted to determine the formula of complex ion formed between
copper(II) and ammonia.
100 cm3 of 0.100 mol dm–3 of copper(II) sulfate is mixed with 100 cm3 of aqueous
ammonia. The resulting solution, which contains an excess of ammonia, is then
shaken with trichloromethane and allowed to stand for equilibrium to be established.
25.0 cm3 of trichloromethane layer is found to neutralise 26.00 cm3 of
0.025 mol dm–3 hydrochloric acid while 25.0 cm3 of aqueous layer required
21.00 cm3 of 1.00 mol dm–3 hydrochloric acid for neutralisation.
The equilibrium constant of ammonia between the aqueous layer and the
trichloromethane layer is 25.0.
NH3 (aq)
K=

NH3 (CHCl3)

[ammonia] aqueous
[ammonia] CHCl3

Calculate the following:

(d)

(i)

the concentration of ammonia in the trichloromethane layer.

(ii)

the concentration of free ammonia in the aqueous layer, using the given
equilibrium constant.

(iii)

the total concentration of ammonia (free and complexed) in the aqueous layer.

(iv)

the value of n in the formula of the complex ion [Cu(NH3)n]2+, stating one
assumption made in the calculation.
[8]

Sodium 2–aminobenzoate is a bidentate ligand that can form a complex with
Cu2+(aq). Different volumes of 0.05 mol dm–3 Cu2+(aq) and 0.025 mol dm–3 sodium
2–aminobenzoate are mixed to form a few mixtures.

These mixtures show light absorbancy as shown in the graph below. The
absorbance is proportional to the concentration of the complex.
Absorbance

0
10
© DHS 2013

3.33
6.67

5
5

6.67
3.33
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Cu (aq)
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Determine the mole ratio of the copper ion to the 2–aminobenzoate ligand in the
octahedral complex formed, with the maximum light absorbance, and draw its
structure.
[2]
[Total: 20]

4

A tooth is made up of two parts: the crown and the root. Dental crown is the visible part of
the teeth which is made of enamel and dentine.

Enamel
Crown
Dentine

Root

The enamel is made of hydroxyapatite, Ca5(PO4)3OH. In the mouth, mineral substances
such as calcium ions and phosphate ions that are present in saliva contribute to the
formation and decomposition of the hydroxyapatite. These two processes occur
simultaneously until an equilibrium is reached. The formation process is called
mineralisation of the enamel, whereas the decomposition process is called
demineralisation.
Ca5(PO4)3OH(s)

5Ca2+(aq) + 3PO43–(aq) + OH–(aq)

Presence of dental plaque is a major cause for demineralisation of tooth. The pH of dental
plaque can be significantly reduced by presence of acetic and lactic acids. If it goes below
the critical pH for a long period of time, demineralisation process can occur and dental
cavities will appear.
(a)

Explain how an acidic medium can affect the demineralisation of teeth.
[2]

(b)

It is known that fluoride ions ensure a better protection for teeth. One of the proposed
mechanisms to explain this phenomenon suggests that fluoride ions can substitute
the hydroxide ions of hydroxyapatite during the mineralisation process to form
fluoropaptite, Ca5(PO4)3F, which has a lower solubility.
(Ksp value of fluoroapatite = 1.0 x 10–60)
(i)

Write the balanced equation for the reaction describing the demineralisation of
fluoroapatite in water. Hence write a Ksp expression of fluoroapatite.

(ii)

Calculate the solubility of fluoroapatite in water and hence the concentration of
phosphate ions.

(iii)

In the presence of a weak acid, HF, the concentration of fluoride ions from
demineralisation of fluoroapatite is less than expected. Explain why this is so.
[7]
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(c)

A phenyl ester can be converted to a hydroxyl phenyl ketone via a rearrangement
reaction known as the Fries rearrangement.
It involves migration of an acyl group of phenyl ester to the benzene ring. The
reaction is ortho, para–selective and the position of acylation can be regulated by the
choice of temperature. A Lewis acid catalyst like AlCl3 is required.
R

O
OH

O
R

O

AlCl 3

ortho–product

> 100 °C
AlCl3

R

O

rt

para–product
OH

Using the Fries rearrangement in step II of the reaction scheme below, give the
reagents and conditions for steps I – IV and deduce the structures for intermediates
A – C.

[7]
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(d)

Aromatic amines can react with cold nitrous acid and hydrochloric acid to form
diazonium salts.

5 °C
These salts undergo azo coupling reactions with arenes such as phenol to form azo
compounds that can be used as dyes.

A student attempts to synthesise an azo compound from the following aromatic
amine, E, using the azo coupling reaction.

E
(i)

Give the structure of the diazonium salt formed when E reacts with cold nitrous
acid and hydrochloric acid.

(ii)

State the type of mechanism that azo coupling reaction undergoes.

(iii)

Draw the structure of the possible azo compound formed between the
diazonium salt in (d)(i) and D.

(iv)

Suggest a reason why the azo compound may not be obtained during the
synthesis.
[4]
[Total: 20]
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5

Nylon is a generic designation for a family of polyamides. They are condensation
copolymers formed by reacting equal parts of a diamine and a dicarboxylic acid.
Two useful precursors, M and J, for the synthesis of a type of Nylon are prepared from
tetrahydrofuran F.
H2/Ni

M

H3O+
heat

J

H

The mechanism of the reaction between F and HCl to form G involves four steps (I) – (IV).
(I) The first step involves the protonation of tetrahydrofuran (F).
(II) This is followed by the attack of a chloride ion on the cyclic intermediate to open up
the cyclic ring with the breaking of a C–O bond. This gives 4–chlorobutan–1–ol.

HO

(III) The third step involves the protonation of 4–chlorobutan–1–ol similar to step (I).
(IV) The last step is the attack of another chloride ion on the intermediate, with the
removal of a H2O molecule, forming G.
(a)

(i)

Using the above information, propose a mechanism for the formation of G from
4–chlorobutan–1–ol, showing clearly the movement of electrons using curly
arrows.

(ii)

What type of reaction takes place in step (II)?

(iii)

Suggest the structures for H, M and J.
[7]

(b)

The elements of Group VII, especially chlorine, play an important role in the
development of chemistry. The following are reactions that involve element of
chlorine and its compounds.
(i)

Identify the element K below and explain the observations as fully as you can.
Equations are not required.
Element K forms a colourless gaseous hydride which dissolves readily in water
to form a strongly acidic solution. When this solution is shaken with aqueous
chlorine in the presence of hexane, two layers of liquid are obtained and a violet
colour is seen at one of the layers.

(ii)

© DHS 2013

When a sample of interhalogen compound L, IxCly was dissolved in an excess of
aqueous potassium iodide, a brown solution was obtained. The brown solution
required 34.0 cm3 of 0.50 mol dm–3 sodium thiosulfate for reaction.
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When the experiment was repeated with another sample of L of the same mass
with excess potassium iodide, a yellow precipitate was first obtained with careful
addition of aqueous silver nitrate. When the yellow precipitate was filtered off, a
white precipitate of mass 1.83 g was obtained when more aqueous silver nitrate
was added.
Determine the formula of compound L and hence construct a balanced equation
between compound L and potassium iodide.
(iii)

Anhydrous iron(III) chloride is a dark brown solid which exist as a dimer, Fe2Cl6
in the solid state. It is a moisture sensitive solid which forms an acidic solution in
water. In the gaseous state, the dimer increasingly dissociates into its monomer
completely at 400 oC.
0.450 g of Fe2Cl6 and 1.069 g of FeCl3 were placed in a 0.500 dm3 evacuated
flask and heated to 350 oC. The pressure of the mixture at equilibrium was found
to be 8.01 x 104 Pa.
•
•

Explain, with equation, how iron(III) chloride, FeCl3 forms an acidic
solution in water.
Calculate the equilibrium constant, Kc (including its units) for the
dissociation of Fe2Cl6 at 350 oC.
[13]
[Total: 20]
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2
Answer any four questions.
Begin each question on a fresh sheet of paper.
1

Dinitrogen pentoxide, N2O5, can be produced by the following reaction sequence in the car
engine:
I
II
III
(a)

∆HӨ = +180 kJ mol-1; ∆SӨ = +24.8 J mol-1 K-1
∆HӨ = –57.0 kJ mol-1
∆HӨ = –110 kJ mol-1

N2(g) + O2(g) → 2NO(g)
NO(g) + 1/2O2(g) → NO2(g)
2NO2(g) + 1/2O2(g) → N2O5(g)
(i)

Explain why reaction I does not take place at room temperature but occurs in
car engine.
∆GӨ = ∆HӨ – T∆SӨ
∆GӨ (+172.6 kJ mol-1) is positive at 298 K, hence reaction I is not spontaneous
at room temperature
The high temperature in the car engine causes the T∆SӨ to become more
positive (or – T∆SӨ to become more negative). This will lead to a more negative
∆GӨ and hence reaction I becomes spontaneous.

(ii)

Predict in reaction II, with reasons, the sign of ∆SӨ.
The amount of gases decreases from 11/2 mol to 1 mol, hence there are lesser
number of ways to arrange the gaseous particles in the system. ∆SӨ is
negative.

(iii) Nitrogen dioxide is a pollutant that is often produced in car engine. Suggest how
the pollutant can be removed in the car engine.
Pt
2NO2(g) → N2(g) + 2O2(g)
The nitrogen dioxide is converted to nitrogen and oxygen gas in the catalytic
convertor (with Pt as catalyst) in the car engine.

(iv) By drawing a suitable energy cycle and using the data above, calculate the
standard enthalpy change of formation of dinitrogen pentoxide.
∆HfӨ(N2O5)

5

N2(g) + /2O2(g)

N2O5(g)

+180
2NO(g) + 3/2O2(g)

–110

2(–57.0)
2NO2(g) + 1/2O2(g)
By Hess’ law,
∆HfӨ(N2O5) = +180 + 2(–57.0) – 110 = –44.0 kJ mol-1
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(b)

The rate of reaction for reaction II was investigated and the following kinetics
data was obtained.
Time/minutes

0
5
10
15
20
25
30

(i)

Experiment 1,
with [NO] = 0.10 mol dm-3
[O2] / mol dm-3
0.0050
0.0031
0.0019
0.0011
0.0007
0.0005
0.0004

Experiment 2,
with [NO] = 0.05 mol dm-3
[O2] / mol dm-3
0.0050
0.0045
0.0040
0.0036
0.0032
0.0029
0.0026

Explain why nitrogen monoxide is used in large excess.
This is to ensure that the concentration of nitrogen monoxide remains
approximately constant so that the rate of reaction will be independent of the
concentration of nitrogen monoxide.

(ii)

Using the same axes, plot graphs of [O2] against time for the two experiments.
0.006

[O2] / mol dm‐3

0.005
0.004
0.003

experiment 1, [NO] =
0.10 mol dm‐3

0.002

experiment 2, [NO] =
0.05 mol dm‐3

0.001
0
0

t1 = 7min

10
t2 = 7min

20

30

40

time / min

(iii) Use your graphs to determine the order of reaction with respect to O2 and NO,
showing your workings clearly.
Using the curve for experiment 1, t1 ≈ t2 ≈ 7 min. The half-lives of O2 are
approximately constant at 7 min, hence the reaction is first order with respect to
O2.
When [NO] = 0.1 mol dm-3, initial rate = 4 x 10-4 mol dm-3 min-1
When [NO] = 0.05 mol dm-3, initial rate = 1 x 10-4 mol dm-3 min-1
When [NO] is doubled, the initial rate is quadrupled. Hence, the reaction is
second order with respect to NO.

(iv) State the rate equation of reaction II and hence calculate the rate constant,
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including its units.
rate = k[O2][NO]2
Using initial rate method:
4 x 10-4 = k(0.005)(0.1)2
k = 8.00 mol-2 dm6 min-1
or using half-life method:
rate = k’[O2] where k’ = k[NO]2
k’ = ln2 / 7 = 0.09902 min-1
k = 0.09902 / (0.1)2 = 9.90 mol-2 dm6 min-1
(v)

Explain how the half-life of oxygen will be affected when the concentration of
nitrogen monoxide is doubled.
rate = k[O2][NO]2
rate = k’[O2] where k’ = k[NO]2
t1/2 = ln2 / k’
= ln2 / k[NO]2
When [NO] is doubled, the half-life of O2 will be reduced by 4 times.

(c)

The nitrogen dioxide produced in reaction II is able to form dinitrogen tetraoxide
as shown below:
2NO2(g)
brown

N2O4(g)
colourless

Explain whether the enthalpy change of dimerisation is endothermic or
exothermic. Hence, predict the colour change of the reaction mixture when the
temperature is increased.
The forward reaction is exothermic as N-N bond is formed during dimerisation.
By Le Chatelier’s principle, an increase in temperature favours the backward
reaction and the position of equlibrium shifts to the left. Hence, the colour of the
reaction mixture becomes darker brown.
[Total: 20]

2

Transition elements, such as cobalt, copper and chromium, have different properties that
can distinguish themselves from the main group element such as magnesium. With their
unique properties, transition elements are capable of having variable oxidation states and
forming coloured complexes.
(a)

What do you understand by the term transition element?
A transition element is a d-block element that is capable of forming at least one
ion with a partially-filled d-subshell.

(b)

When air is bubbled through an aqueous solution containing CoCl2, NH4Cl and
NH3, and the resulting solution evaporated, crystals of a salt X can be isolated.
X has the following composition by mass:
Co, 25.2 %; N, 24.0 %; H, 5.1 %; Cl, 45.7 %
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On adding an excess of aqueous silver nitrate to an aqueous solution
containing 0.01 mol of X, 1.43 g of silver chloride is precipitated.
Determine the formula of the octahedral cation in X. Hence, calculate the
oxidation number of the cobalt atom in X.

% mass
% mole
Mole ratio

Co
25.2
0.428
1

N
24.0
1.714
4

H
5.1
5.1
12

Cl
45.7
1.287
3

n(AgCl) = 1.43 / 143.5 ≈ 0.01 mol
1 mol of complex contains 1 mol of free chloride ions. Hence, the formula of
the octahedral cation is [Co(NH3)4Cl2]+
Oxidation number of cobalt = +3
(c)

Haemocyanin is a copper containing oxygen transport molecule in horseshoe
crabs. Both oxygenated and deoxygenated forms of haemocyanin contain
copper ions. Haemocyanin is colourless when deoxygenated and blue when it
is exposed to oxygen.
Suggest the oxidation states of copper in the oxygenated and deoxygenated
forms of haemocyanin. Hence explain the difference in colour observed.
Oxidation state of Cu in oxygenated state = +2
Oxidation state of Cu in deoxygenated state = +1
In the oxygenated state, as the higher energy d-orbital is empty and d-electron
in the lower energy d-orbital can be promoted to a higher energy level in Cu2+
(d9), the colour of haemocyanin is blue.
In the deoxygenated state, all d orbitals are fully filled in Cu+ (d10), hence d-d
transition is not possible which results in colourless haemocyanin.

(d)

Reagents containing transition elements are commonly used in organic
syntheses. A common reagent used is potassium dichromate(VI).
In the organic synthesis below, observations are made when an optically active
organic halogen derivative A, C5H11ClO is reacted with several reagents to
yield the final organic product E, C10H16O4.
Compound A, C5H11ClO is an organic halogen derivative that fumes with
thionyl chloride in pyridine. When A reacts with aqueous sodium hydroxide, it
yields equimolar of B and C with the same molecular formulae, C5H12O2.

(i)

When B and C are separated, each compound is found to rotate planepolarised light in opposite directions with equal magnitude. C is then heated
under reflux with acidified potassium dichromate(VI) to yield D which produces
effervescence with sodium carbonate. When D is further refluxed in the
presence of concentrated sulfuric acid, a neutral organic product E, C10H16O4 is
obtained.
Suggest, with explanations, the structures for compounds A, B, C, D and E.
•
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•
•
•
•
•
•

isomers which can rotate plane-polarised light.
A undergoes substitution reaction with thionyl chloride to produce fumes of
HCl. A is an alcohol.
A undergoes nucleophilic substitution (or SN1) with NaOH(aq) to produce a
racemic mixture containing B and C. A is a chloroalkane or B/C are
alcohols.
B and C are able to rotate plane-polarised light. Hence, they are optical
isomers (enantiomers), each containing a chiral centre. B and C form a
racemic mixture.
C is oxidised by K2Cr2O7/H+ to give D, a carboxylic acid. C contains a
primary alcohol.
D undergoes neutralisation (acid-base reaction) with Na2CO3
effervescence of CO2. D contains a carboxylic acid group.
Two D molecules undergo condensation reaction (esterification) to produce
the ester, E.

Structures

CH2CH3

CH2CH3

CH2CH3

C*

C*
H3C

C

Cl

CH2OH

CH3
CH2OH

B

C

H3C

CH2OH

A

Cl
HO

OH
Cl

H3C
CH2CH3

O

CH2CH3
C

C
H3C

C

O

OH
O

CO2H

C
C

D

H3C

O
CH2CH3

E
(ii)
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Describe the mechanism of the reaction of A with aqueous sodium hydroxide
to produce B and C. Indicate clearly in your mechanism how equimolar of B
and C is obtained.

9647/03

[Turn Over

7

Attack of nucleophile above trigonal planar carbocation:
HO

OH

H3C
C+

C*

CH2CH3

HOH2C

HOH2C

CH3
CH2CH3

Formation of equimolar of B and C is due to the attack of the nucleophile, OH-,
on either side (top or bottom) of the trigonal planar carbocation intermediate
with equal probability.
[Total: 20]
3 (a)

A low–cost lithium–copper air fuel cell consisting of a copper electrode immersed in an
aqueous alkaline electrolyte and a lithium electrode immersed in an organic electrolyte
has recently been developed. Mixing of the two electrolyte solutions is prevented by
using a solid electrolyte separator where only lithium ions can pass through the
separator.
air

Cu metal
electrode

Li metal
electrode

Aqueous alkaline
electrolyte
Organic
electrolyte
Solid electrolyte
separator

The copper electrode is oxidised by oxygen in the air to copper (I) oxide. During
discharge, copper(I) oxide will be reduced to copper solid at the electrode. Similarly,
during discharge, lithium will be oxidised to give lithium ions and pass through the
separator into the aqueous alkaline electrolyte.
(i)
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From Li to Cu
(ii)

Write ionic half–equations for the reaction that occur at each electrode during
discharging.
Anode: Li → Li+ + e
Cathode: Cu2O + H2O + 2e → 2Cu + 2OH–

(iii)

It is discovered that the voltage of this fuel cell is +2.30V. Using relevant data
from the Data Booklet, predict the electrode potential for the cathode reaction.
State an assumption that you have made.
Eθcell = Eθred – Eθoxd
+2.30 = Eθred – (–3.04)
Eθred = –0.74V
It is assumed that voltage of the fuel cell is measured at standard conditions of
298 K and 1 atm with the electrolyte concentration at 1 mol dm–3.

(iv)

Explain why lithium ions are allowed to pass through the separator.
An increase in [OH–] at cathode compartment builds up negative charges and an
increase in [Li+] at anode compartment builds up positive charges. Hence Li+
ions flow from anode compartment to cathode compartment to maintain a
balance in charges (or maintain electrical neutrality) in the fuel cell.

(v)

(b)

Two different electrolytes are used in this lithium–copper air fuel cell. Suggest a
reason why an aqueous alkaline electrolyte cannot be used solely in this fuel
cell.

The lithium metal electrode will react violently with water (forming lithium
hydroxide and hydrogen gas) hence an aqueous alkaline electrolyte cannot be
used at the anode compartment.
[8]
The copper(I) oxide is reddish–brown in colour. When concentrated hydrochloric acid
is added to it and the mixture warmed, it is observed that the precipitate dissolved to
give a colourless solution. The copper complex formed is linear in shape.
Suggest an identity for the copper complex and give an equation for the reaction.
[2]
A colourless water soluble CuCl2– complex ion is formed when hydrochloric acid is
added.
Cu2O(s) + 4HCl(aq) → 2 CuCl2–(aq) + H2O(l) + 2H+(aq)

(c)

An experiment is conducted to determine the formula of complex formed between
copper(II) and ammonia.
100 cm3 of 0.100 mol dm–3 of copper(II) sulfate is mixed with 100 cm3 of aqueous
ammonia. The resulting solution, which contains an excess of ammonia is then shaken
with trichloromethane and allowed to stand for equilibrium to be established.
25.0 cm3 of trichloromethane layer is found to neutralise 26.00 cm3 of
0.025 mol dm–3 hydrochloric acid while 25.0 cm3 of aqueous layer required
21.00 cm3 of 1.00 mol dm–3 hydrochloric acid for neutralisation.
The equilibrium constant of ammonia between the aqueous layer and the
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trichloromethane layer is 25.0.
NH3 (aq)
K=

NH3 (CHCl3)

[ammonia]aqueous
[ammonia]CHCl3

Calculate the following:
(i)
the concentration of ammonia in the trichloromethane layer.
[NH3] = 26.00/25.0 x 0.025 = 0.026 mol dm–3
(ii)

the concentration of free ammonia in the aqueous layer, using the equilibrium
constant.
K=

[ammonia]aqueous
[ammonia]CHCl3

= 25.0

[ammonia]aqueous = 0.026 x 25.0 = 0.65 mol dm–3
(iii)

the total concentration of ammonia (free and complexed) in the aqueous layer.
Total [ammonia] = 21.00/25.0 x 1.00 = 0.84 mol dm–3

(iv)

the value of n in the formula of the complex ion [Cu(NH3)n]2+, stating one
assumption made in the calculation.
[8]
[ammonia] (complexed) = 0.84 – 0.65 = 0.19 mol dm–3
nCu2+ = 0.100 x 0.100 = 0.0100 mol
nammonia (complexed) = 0.19 x 200/1000 = 0.038 mol
n = 0.038/0.01 = 3.8
≈4
Assumption: (Any one)
1. All the ammonia ligands (complexed) reacted with hydrochloric acid.
2. None of the copper complex ion is partitioned/ migrated to the organic layer.
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(d)

Sodium 2–aminobenzoate is a bidentate ligand that can form a complex with Cu2+(aq).
Different volumes of 0.05 mol dm–3 Cu2+(aq) and 0.025 mol dm–3 sodium
2–aminobenzoate are mixed to form a few mixtures.

These mixtures show light absorbancy as shown in the graph below. The absorbance
is proportional to the concentration of the complex.
Absorbance

0
10

3.33
6.67

5
5

6.67
3.33

10
0

Volume/ cm3
Cu (aq)
Sodium 2–aminobenzoate
2+

Determine the mole ratio of the copper ion to the 2–aminobenzoate ligand in the
octahedral complex formed, with the maximum light absorbance, and draw its
structure.
[2]
no. of moles of Cu2+ = 3.33/1000 x 0.05 = 1.665 x 10–4 mol
no. of moles of 2–aminobenzoate = 6.67/1000 x 0.025 = 1.665 x 10–4 mol
Cu2+ ≡ 2–aminobenzoate ligand

[Total: 20]
4 A tooth is made up of two parts: the crown and the root. Dental crown is the visible part of
the teeth which is made of enamel and dentine.
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Enamel
Crown
Dentine

Root

The enamel is made of hydroxyapatite, Ca5(PO4)3OH. In the mouth, mineral substances
such as calcium ions and phosphate ions that are present in saliva contribute to the
formation and decomposition of the hydroxyapatite. These two processes occur
simultaneously until an equilibrium is reached. The formation process is called
mineralisation of the enamel, whereas the decomposition process is called demineralisation.
Ca5(PO4)3OH(s)

5Ca2+(aq) + 3PO43–(aq) + OH–(aq)

Presence of dental plaque is a major cause for demineralisation of tooth. The pH of dental
plaque can be significantly reduced by presence of acetic and lactic acids. If it goes below
the critical pH for a long period of time, demineralisation process can occur and dental
cavities will appear.
(a)

Explain how an acidic medium can affect the demineralisation of teeth.
[2]
Ca5(PO4)3OH(s)
5Ca2+(aq) + 3PO43–(aq) + OH–(aq) --- (1)
In an acidic medium, the H+ ions can react with OH– or PO43– ions produced during
demineralisation of hydroxyapatite in eqm (1). By Le Chatelier’s Principle, this shifts
the equilibrium (1) forward (or to the right), encouraging/ accelerating the
demineralisation process which resulted in tooth decalcification.

(b)

It is known that fluoride ions ensure a better protection for teeth. One of the proposed
mechanisms to explain this phenomenon suggests that fluoride ions can substitute the
hydroxide ions of hydroxyapatite during the mineralisation process to form
fluoropaptite, Ca5(PO4)3F, which has a lower solubility. (Ksp value of fluoroapatite =
1.0 x 10–60)

(i)

Write the balanced equation for the reaction describing the demineralisation of
fluoroapatite in water. Hence write a Ksp expression of fluoroapatite.
Ca5(PO4)3F(s)

5Ca2+(aq) + 3PO43–(aq) + F–(aq)

Ksp of fluoroapatite = [Ca2+]5[PO43–]3[F–]
(ii)

Calculate the solubility of fluoroapatite in water and hence the concentration of
phosphate ions.
Let the solubility of fluoroapatite be x.
Ksp of fluoroapatite = [Ca2+]5[PO43–]3[F–] = 1.0 x 10–60
1.0 x 10–60 = (5x)5(3x)3(x)
x = 6.11 x 10–8 mol dm–3
Solubility of fluoroapatite in water is 6.11 x 10–8 mol dm–3
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[PO43–] = 3x = 1.83 x 10–7 mol dm–3
(iii)

In the presence of a weak acid, HF, the concentration of fluoride ions from
demineralisation of fluoroapatite is less than expected. Explain why this is so.
[7]
HF(aq)
H+ (aq) + F–(aq)
Ca5(PO4)3F(s)
5Ca2+(aq) + 3PO43–(aq) + F–(aq) --- (2)
The common ion, F–(aq), from the dissociation of weak acid HF will cause equilibrium
(2) to shift backwards (or left) by Le Chatelier’s Principle. Thus, the solubility of
fluoroapatite decreases and hence concentration of fluoride ions is lesser than
expected.

(c)

A phenyl ester can be converted to a hydroxyl phenyl ketone via a rearrangement
reaction known as the Fries rearrangement.
It involves migration of an acyl group of phenyl ester to the benzene ring. The reaction
is ortho, para–selective and the position of acylation can be regulated by the choice of
temperature. A Lewis acid catalyst like AlCl3 is required.
R

O
OH

O
R

O

AlCl3

ortho- product

> 100°C
R

AlCl3

O

rt

para- product
OH

Using the Fries rearrangement in step II of the reaction scheme below, give the
reagents and conditions for steps I – IV and deduce the structures for intermediates
A – C.
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[7]
I: CH3COCl (OR NaOH followed by CH3COCl), r.t.
II (Fries rearrangement): AlCl3, heat at > 100°C
III: dilute HNO3, r.t. OR conc. HNO3 & conc. H2SO4, reflux
IV: excess CH3I, heat
COCH3
COCH3
NO

COCH3
NH2

2

A:
O
H3CCO

C:

B:

HO

HO
O

(d)

O

CH3

CH3

Aromatic amines can react with cold nitrous acid and hydrochloric acid to form
diazonium salts.

These salts undergo azo coupling reactions with arenes such as phenol to form azo
compounds that can be used as dyes.

A student attempts to synthesise an azo compound from the following aromatic amine,
E, using the azo coupling reaction.

(E)
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(i)

Give the structure of the diazonium salt formed when E reacts with cold nitrous
acid and hydrochloric acid.

(ii)

State the type of mechanism that azo coupling reaction undergoes.
Electrophilic substitution

(iii)

Draw the structure of the possible azo compound formed between the diazonium
salt in (i) and D.

(iv)

Suggest a reason why the azo compound may not be obtained during the
synthesis.
Any one:
• D has two electron–withdrawing acyl group (CH3CO–) attached to the aryl ring
of phenol which will decrease its electron density and hence the reactivity of D
towards coupling reaction with the diazonium salt.
• The bulky substituents on the aryl ring of D cause steric hindrance and it is
more difficult for the dizaonium salt (electrophile) to approach the aryl ring.
[4]
[Total: 20]

5 Nylon is a generic designation for a family of polyamides. They are condensation
copolymers formed by reacting equal parts of a diamine and a dicarboxylic acid.
Two useful precursors (M and J) for the synthesis of a type of Nylon are prepared from
tetrahydrofuran (F).
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The mechanism of the reaction between F and HCl to form G involves four steps (I) – (IV).
(I) The first step involves the protonation of tetrahydrofuran (F).
(II) This is followed by the attack of a chloride ion on the cyclic intermediate to open up the
cyclic ring with the breaking of a C–O bond. This gives 4–chlorobutan–1–ol.

O

H

Cl

H
O

Cl

(I)

(II)

HO

Cl

4-chlorobutan-1-ol

F

(III) The third step involves the protonation of 4–chlorobutan–1–ol.
(IV) The last step is the attack of another chloride ion on the intermediate, with the removal
of a H2O molecule, forming G.
(a)

(i)

Using the information, propose a mechanism for the formation of G from
4–chlorobutan–1–ol, showing clearly the movement of electrons using curly
arrows.

(ii)

What type of reaction takes place in step (II)?
Nucleophilic substitution.

(iii)

(b)

Suggest the structures for H, M and J.

[7]
The elements of Group VII, especially chlorine, play an important role in the
development of chemistry. The following are reactions that involve element of chlorine
and its compounds.
(i)
Identify the element K below and explain the observations as far as you can.
Equation is not required.
Element K forms a colourless gaseous hydride which dissolves readily in water
to form a strongly acidic solution. When this solution is shaken with aqueous
chlorine in the presence of hexane, two layers of liquid are obtained and a violet
colour is seen at one of the layers.
Element K is iodine.
Gaseous HI dissociates in water to form H+ and I– giving a strongly acidic
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solution as H–I bond is weak and easily broken. I– ions in the solution will be
oxidised by aqueous Cl2 to I2 which readily dissolves in organic solvent (hexane)
to give a violet colouration.
(ii)

When a sample of interhalogen compound L, IxCly was dissolved in an excess of
aqueous potassium iodide, a brown solution was obtained. The brown solution
required 34.0 cm3 of 0.50 mol dm-3 sodium thiosulfate for reaction.
When the experiment was repeated with another sample of L of the same mass
with excess potassium iodide, a yellow precipitate was first obtained with careful
addition of aqueous silver nitrate. When the yellow precipitate was filtered off, a
white precipitate of mass 1.83 g was obtained when more aqueous silver nitrate
was added.
Determine the formula of compound L and hence construct a balanced equation
between compound L and potassium iodide.

IxCly + yI– → [(x + y)/2] I2 + yCl–
I2 + 2S2O32– → 2I– + S4O62–
n(I2) produced when reacted with KI
= [0.50 x (34.0/1000)] / 2 = 8.50 x 10-3 mol
n(Cl) in L = 1.83 / 143.5 = 0.0128 mol

Ö y = 0.0128, x = 4.20 x 10-3
simplest mole ratio, x:y = 1:3
Hence formula of L is ICl3.
ICl3 + 3I– Æ 2I2 + 3Cl–
(iii)

Anhydrous iron(III) chloride is a dark brown solid which exist as a dimer, Fe2Cl6
in the solid state. It is a moisture sensitive solid which forms an acidic solution in
water. In the gaseous state, the dimer increasingly dissociates into its monomer
completely at 400 oC.
0.450 g of Fe2Cl6 and 1.069 g of FeCl3 were placed in a 0.500 dm3 evacuated
flask and heated to 350 oC. The pressure of the mixture at equilibrium was found
to be 8.01 x 104 Pa.

•
•

Explain, with equation, how iron(III) chloride, FeCl3 forms an acidic solution
in water.
Calculate the equilibrium constant, Kc (including its units) for the
dissociation of Fe2Cl6 at 350 oC.

The high charge density of hydrated Fe3+ ion enables it to attract electrons away
from one of its surrounding water molecules, thereby polarising and weakening
the O–H bond which results in the release of a proton.
FeCl3 (s) + 6H2O (l) → [Fe(H2O)6]3+ (aq) + 3Cl– (aq)
[Fe(H2O)6]3+ (aq)
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Assuming ideal behaviour,
pV = ntotal RT
8.01 x 104 x 0.500 x 10−3 = ntotal x 8.31 x (273+350)
ntotal = 0.007735 mol
Initial amount of Fe2Cl6 =

0.450
= 0.001386 mol
55.8x2 + 35.5x6

Initial amount of FeCl3 = 1.069 / 162.3 = 0.006587 mol
Let amount of Fe2Cl6 dissociated at equilibrium be x mol

Initial amount / mol
Change in amount / mol
Equilibrium amount / mol

Fe2Cl6(g)
0.001386
–x
0.001386 – x

2FeCl3(g)
0.006587
+ 2x
0.006587+ 2x

Hence, 0.001386 − x + 0.006587 + 2x = 0.007735
0.007973 + x = 0.007735

x = − 2.38 x 10-4
Equilibrium constant, Kc for the dissociation of Fe2Cl6
=[(6.111 x 10-3)2/0.500] / (1.624 x 10-3)
= 0.0460 mol dm-3
[Total: 20]
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Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider
to be correct.

1

A giant molecule contains a large amount of carbon, mainly of isotopes
found that the relative atomic mass of carbon in the molecule is 12.20.

12

C and

13

C. It was

What is the ratio of 12C and 13C?
A

2

3:1

B

3:4

C

4:1

D

1:4

20.0 cm3 of 0.02 mol dm–3 aqueous sodium bromate(V), NaBrO3, was found to react
completely with 80.0 cm3 of 0.01 mol dm–3 hydroxylamine, NH2OH. The half equation for the
reduction of bromate(V) ions is given as shown.
BrO3–(aq) + 6H+ (aq) +6e

Br – (aq) + 3H2O(l)

Which of the following could be the nitrogen containing product in this reaction?

3

A

N2O

B

NO2

C

NO

D

NO3–

The successive ionisation energies (IE) of two elements, A and B, are given below.
IE/ kJ mol–1

1st

2nd

3rd

4th

5th

6th

7th

8th

A

1090

2350

4610

6220

37800

47000

-

-

B

1251

2298

3822

5158

6542

9362

11018

33604

What is the likely formula of the compound that is formed when A reacts with B?
A

4

AB

B

A2B3

C

AB4

D

A4B

Which electronic configuration represents an atom of an element that forms a simple ion with
a charge of –3?
A

1s2 2s2 2p6 3s2 3p1

B

1s2 2s2 2p6 3s2 3p3

C

1s2 2s2 2p6 3s2 3p6 3d1 4s2

D

1s2 2s2 2p6 3s2 3p6 3d3 4s2

PRELIM 2 © INNOVA
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5

6

7

8

Which of the following species has a square planar structure?
A

BrF4–

B

BF4–

C

CH4

D

C2H4

Which of the following processes is endothermic?
A

condensation of steam

B

freezing of water

C

electrolysis of water

D

Ca(s) + 2H2O(l)

Ca(OH)2(aq) + H2(g)

Which value would be required to estimate the lattice energy for the hypothetical ionic
compound MgH2?
A

The electron affinity of hydrogen

B

The first ionisation energy of hydrogen

C

The magnesium-hydrogen bond energy

D

The standard enthalpy change of formation of MgH

Use of the Data Booklet is relevant to this question.
The circuit shown in the diagram was set up.

What are the products formed at the anode and cathode and what is the substance present in
the sludge after some time?
anode

cathode

sludge

A

Cu2+

Cu

Ag

B

Fe

2+

C

+

D

Ag , Fe
2+

2+

Cu , Fe

PRELIM 2 © INNOVA
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9

10

The equilibrium constant for reaction I below is K. What is the equilibrium constant for
reaction II?

Reaction I

SO2(g) +

Reaction II

2SO3(g)

1
O2(g)
2

2SO2(g) + O2(g)

A

K–2

C

2K

B

2

D

2K–1

K

SO3(g)

When 5.00 cm3 of a 0.100 mol dm−3 base is titrated against 0.100 mol dm−3 of aqueous
CH3COOH, the following titration curve is obtained.
14

C

12
10
8
pH

6

D

4

E

2
0
0

2

4

6

8

10 12

14

16

Volume of 0.100 mol dm−3
3
18 20 of CH3COOH / cm

Which of the following correctly identifies the base used and the point on the curve at which
pH = pKa?
base used

point where pH = pKa

A

KOH(aq)

C

B

Ba(OH)2(aq)

D

C

KOH(aq)

E

D

Ba(OH)2(aq)

E
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The table gives the concentrations and pH values of the aqueous solutions of two compounds,
C and D. Either compound could be an acid or a base.
C

D
-3

Concentration

2 mol dm

2 mol dm-3

pH

6

9

Student E concluded that C is a strong acid.
Student F concluded that the extent of dissociation is lower in C(aq) than in D(aq).
Which of the students is/are correct?

12

A

E only

B

F only

C

Both E and F

D

Neither E nor F

A 10 cm3 sample of 0.010 mol dm-3 HCl is diluted by adding distilled water at constant
temperature.
Which one of the following items correctly shows the effect of the dilution on the
concentrations of H+ and OH− ions in the solution?

13

[H+]

[OH−]

A

increase

increase

B

increase

decrease

C

decrease

increase

D

decrease

decrease

Lead is the final product formed by a series of changes in which the rate determining stage is
the radioactive decay of uranium-238. This radioactive decay is a first order reaction with a
half-life of 4.5 x 109 years.
What would be the age of a rock sample, originally lead-free, in which the molar proportion of
uranium to lead is now 1:3?
A

1.5 x 109 years

B

2.25 x 109 years

C

4.5 x 109 years

D

9.0 x 109 years
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Ellingham diagrams are plots of ∆G against temperature, T. An Ellingham diagram for two
reactions involving the oxidation of S and SO2 is as shown below:
∆G / kJ mol-1

II

I

Temperature / K
Given that ∆G = ∆H – T∆S, which of the following correctly shows the two reactions
corresponding to reactions I and II in the above Ellingham diagram?
reaction I

15

A

2S(s) + 3O2(g)

B

2SO2(s) + O2(g)

C

S(s) + O2(g)

D

2SO2(g) + O2(g)

reaction II

2SO3(g)
2SO3(g)
SO2(g)
2SO3(g)

2SO2(g) + O2(g)
S(s) + O2(g)

2SO3(g)
SO2(g)

2S(s) + 3O2(g)

2SO3(g)

2S(s) + 3O2(g)

2SO3(g)

When one mole sample of hydrated chromium(III) chloride, CrCl3.6H2O is treated with excess
of aqueous silver nitrate, 3 moles of silver chloride is precipitated. What is the most probable
formula of the complex ion in the salt?
A

[CrCl2(H2O)4]+

B

[CrCl(H2O)5]2+

C

[CrCl(H2O)3]2+

D

[Cr(H2O)6]3+
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The properties of the oxides of four elements K, L, M and N in the third period in the Periodic
Table are given below.
•

The oxide of K is insoluble in water and in dilute acid but is soluble in hot and
concentrated sodium hydroxide.
The oxide of L is amphoteric.
The oxide of M reacts with dilute sodium hydroxide at room temperature.
The oxide of N dissolves in water to form a strong alkaline solution.

•
•
•

Which of the following is correct in order of increasing proton number?

17

18

19

A

N, L, K, M

B

K, L, M, N

C

N, K, L, M

D

N, M, K, L

The size of Na+, Mg2+ and Al3+ is in the order: Na+ > Mg2+ > Al3+. Which of the following best
explain this trend?
A

The number of electrons and protons decreases.

B

The number of electrons and protons increases.

C

The number of electrons decreases while the number of protons increases.

D

The number of electrons are the same but the number of protons increases.

Which property of Group II elements (magnesium to barium) or their compounds increases
with increasing proton number?
A

the magnitude of the enthalpy change of hydration of the metal ion

B

the stability of the carbonate to heat

C

the acidity of an aqueous solution of the chloride

D

the tendency to form complex ions

An alcohol with molecular formula CnH2n+1OH has a chiral carbon atom but does not react
with MnO4– / H+.
What is the least number of carbon atoms such an alcohol could possess?
A

5

C

7

B

6

D

8
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9647/01/2013

[Turn Over

8
20

Species with the molecular formula CH3 can act as an electrophile, a free radical or a
nucleophile depending on the number of outer shell electrons on the central carbon atom.
How many outer shell electrons must be present for CH3 to act in these different ways?

21

A

CH3 as an
electrophile
6

CH3 as a
free radical
7

CH3 as a
nucleophile
8

B

6

8

7

C

7

6

8

D

8

7

6

Compound O dissolves in aqueous sodium hydroxide to form a homogenous solution. When
benzoyl chloride is added to the resulting solution, a white suspension forms. Which of the
following could be compound O?
A

B

C

D
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Which of the following reaction schemes produces 3-bromophenylamine in the highest yield?
A

B

C

D

23

High energy radiation in the stratosphere produces free-radicals from chlorofluoroalkanes,
commonly known as CFCs.
Which free radical is most likely to result from the irradiation of CHFClCF2Cl?

24

A

CHFClCFCl

B

CHClCF2Cl

C

CHFCF2Cl

D

CFClCF2Cl

Which pair of reactions could have the same common intermediate?
P

CH3CH2CH3

intermediate

(CH3)2CHCN

Q

CH3CH(OH)CH3

intermediate

(CH3)2C(OH)CN

R

CH3CH=CH2

S

intermediate

CH3CO2CH2CH2CH3

intermediate

A

P and Q

C

Q and S

B

P and R

D

R and S
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Santonin is a drug that was once widely used to expel parasitic worms from the body.

When santonin is first treated with warm dilute H2SO4, and then the product of this reaction is
treated with cold acidified KMnO4, a final product T is obtained.
How many atoms of hydrogen in each molecule of product T can be displaced with sodium
metal?

26

A

2

C

5

B

4

D

6

A reaction pathway diagram is shown.

Which reaction does not have such a profile?

NaCN

A

CH3CHO + HCN

CH3CH(OH)CN

B

C2H5Br + NaOH

C2H5OH + NaBr

C

(CH3)3CBr + NaOH

D

(CH3)3COH + NaBr
Br
Br

+ Br2
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Thyroxine and Cyproterone are compounds that are often used in hormone therapy.

Which of the following reagents cannot be used to distinguish between the two compounds?

28

A

neutral FeCl3

C

aqueous silver nitrate

B

alkaline aqueous iodine

D

sodium carbonate

The reaction conditions for four different transformations are given below.
Which transformation has a set of conditions that is not correct?
UV light

A

CH3CH3 + Cl2 (CCl4)

CH3CH2Cl + HCl

KMnO4/H+

B

CH2=CHCH=CH2

Heat

4CO2 + 3H2O

C

heat

+ HNO3

+ H2O

D

heat

+ 2OH–

PRELIM 2 © INNOVA
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The C−H bond lengths of four hydrocarbons are given in the table below.
compound

structural formula

C−H bond length /nm

methane

CH4

0.110

ethane

CH3CH3

0.110

ethene

CH2=CH2

0.108

ethyne

CH≡CH

0.106

Which of the following helps to explain the shortest C−H bond length observed in ethyne?
A

Ethyne is a linear molecule.

B

The orbital of the carbon atom used in formation of the C−H bond in ethyne has the
greatest s-orbital character.

30

C

An sp2-sp2 overlap is observed between the two carbon atoms in ethyne.

D

The carbon-carbon triple bond in ethyne is the strongest.

Hydrocortisone is a steroid hormone produced by the adrenal gland and is released in
response to stress. It is commonly used as an active ingredient in anti-inflammatory
creams.
O
HO

OH

HO
H

H

H

O

Hydrocortisone

Which of the following statements about hydrocortisone is incorrect?
A

It turns hot acidified K2Cr2O7 from orange to green.

B

When treated with NaBH4 in the presence of methanol, it forms a compound
containing five hydroxy groups.

C

The number of chiral centres increases by 2 after it reacts with cold HCN, in the
presence of NaCN.

D

When treated with an excess of hot concentrated acidified KMnO4, it forms a
compound containing five carbonyl groups.
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3
may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick
against the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3 are correct

1 and 2 only are
correct

2 and 3 only are
correct

1 only is correct

No other combination of statements is used as a correct response.

31

Boron is a non-metallic element which is placed above aluminium in Group III of the Periodic
Table. It forms a compound with nitrogen known as boron nitride which has a graphite
structure.
Which of the following conclusions can be drawn from this information?
1

The empirical formula of boron nitride is BN.

2

The boron and nitrogen atoms are likely to be arranged alternatively in a hexagonal
pattern.

3

Boron nitride has a layer structure with van der Waals’ forces between the layers.
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3 are correct

1 and 2 only are
correct

2 and 3 only are
correct

1 only is correct

No other combination of statements is used as a correct response.

32

Use of the Data Booklet is relevant to this question.
The graph below shows the variation in electromotive force (emf) of the electrochemical cell
with lg [U+(aq)] at 298 K.
Cu(s) | Cu2+(aq, 1 mol dm−3) || U+(aq) | U(s)
emf /V
(0, +0.46)

lg [ U+(aq) ]

(0, 0)
(−0.80, 0)

Which of the following statements are true?
1

Cu(s) is the negative electrode.

2

The emf of the given cell under standard conditions will be +0.46V.

3

The standard electrode potential of the U+(aq) | U(s) half-cell is +0.80V.
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Consider the reaction

→ products
V + W + X ⎯⎯
Two separate experiments were carried out using 1.0 mol dm-3 and 2.0 mol dm-3 of V
respectively. A graph of the variation of the concentration of W with time is plotted.
[W]

1.0
1.0 mol dm-3 V

2.0 mol dm-3 V
10

20

time /min

From the graph, which of the following is/are true regarding the above reaction?

34

35

1

The reaction is first order with respect to V.

2

The reaction is zero order with respect to W.

3

The reaction is first order with respect to X.

Which of the following are typical properties of transition elements?
1

They exhibit variable oxidation states in their compounds.

2

All ions formed by the elements have partially filled d-orbitals.

3

Their atoms have fully filled d-orbitals.

Which of the following regarding the chlorides of the third period elements are correct?
1

All the chlorides undergo hydrolysis in water except sodium chloride.

2

AlCl3 exists only in the gas phase at high temperature.

3

The covalent character increases.
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3 are correct

1 and 2 only are
correct

2 and 3 only are
correct

1 only is correct

No other combination of statements is used as a correct response.

36

37

Which one of the following statements is/are likely to be true with regards to astatine or its
compounds?
1

Astatine is a black solid at room conditions.

2

Hydrogen astatide decompose into its constituent elements readily.

3

Sodium astatide reacts with hot concentrated sulfuric acid to produce astatine.

Alliin is the compound responsible for the smell of garlic.

alliin
Which statements about this compound are correct?

38

1

It can exist in optically active forms.

2

It exists as a dipolar ion in aqueous solutions.

3

The bond angle O – S – C is 120o.

The reaction between carbonyl compounds and 2,4-dinitrophenylhydrazine is known as
condensation. Which of the following are intermediate steps found in the multi-step
mechanism of this reaction?
1

nucleophilic substitution

2

nucleophilic addition

3

elimination
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Human serum albumin, HSA, is an important protein that transports long chain fatty acids
and other hydrophobic molecules in the bloodstream.
Five of the most common amino acids in HSA molecule are listed below.

glutamic acid

formula of side chain,
R in RCH(NH2)CO2H
–CH2CH2CO2H

leucine

–CH2CH(CH3)2

lysine

–CH2CH2CH2CH2NH2

valine

–CH(CH3)2

cysteine

–CH2SH

amino acid

Which of the following statements about the type of interactions present in HSA is correct?
1

There exists hydrogen bonding between lysine and glutamic acid.

2

There are van der Waals’ forces between leucine and valine in the protein.

3

There are disulfide linkages present in HSA.
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3 are correct

1 and 2 only are
correct

2 and 3 only are
correct

1 only is correct

No other combination of statements is used as a correct response.

40

Alanine is a non-essential amino acid which is found in a wide variety of foods, especially
meats.

alanine
A fully protonated alanine has 2 pKa values associated with it: 2.3 and 9.7.
The pH change when 1 mol dm–3 of NaOH is added to 50 cm3 of a 1 mol dm–3 solution of
alanine in a solution of pH 1 is shown below.

Which of the following statements are true?
1

A buffer exists at point L.

2

The isoelectric point of alanine occurs at pH 6.
The major organic species present at point J and K are:

3
and
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Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider
to be correct.

1

A giant molecule contains a large amount of carbon, mainly of isotopes
found that the relative atomic mass of carbon in the molecule is 12.20.

12

C and

13

C. It was

What is the ratio of 12C and 13C?
A

3:1

B

C

3:4

4:1

D

1:4

Answer: C
Let the relative abundance of 12C be x and 13C be 1-x
12x + 13(1-x) = 12.20
12x + 13 – 13x = 12.20
x = 0.80
Ratio of 12C : 13C = 0.80 : (1-0.80)
= 0.80 :0.20
=4:1

2

20.0 cm3 of 0.02 mol dm–3 aqueous sodium bromate(V), NaBrO3, was found to react
completely with 80.0 cm3 of 0.01 mol dm–3 hydroxylamine, NH2OH. The half equation for the
reduction of bromate(V) ions is given as shown.
BrO3–(aq) + 6H+ (aq) +6e

Br – (aq) + 3H2O(l)

Which of the following could be the nitrogen containing product in this reaction?
A

N2O

B

NO2

C

NO

D

NO3–

Answer: C
Amount of BrO3- used = 0.02/1000 x 20
= 0.0004 mol
Amount of electrons taken in = 0.0004 x 6 = 0.0024 mol
Amount of NH2OH used = 0.01/1000 x 80.0
= 0.0008 mol
Amount of NH2OH : Amount of electrons
0.0008 : 0.0024
1:3
Î 3 electrons were given out by each N in NH2OH
Oxidation number of N in NH2OH = -1
New oxidation number of N = +2
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The successive ionisation energies (IE) of two elements, A and B, are given below.
IE/ kJ mol–1

1st

2nd

3rd

4th

5th

6th

7th

8th

A

1090

2350

4610

6220

37800

47000

-

-

B

1251

2298

3822

5158

6542

9362

11018

33604

What is the likely formula of the compound that is formed when A reacts with B?
A

AB

B

A2B3

C

AB4

D

A4B

Answer: C
Biggest Jump for Q: 4th to 5th IE: Q is in group IV
Biggest Jump for R:7th to 8th IE: R is in Group VII

4

Which electronic configuration represents an atom of an element that forms a simple ion with
a charge of –3?
A

1s2 2s2 2p6 3s2 3p1

B

1s2 2s2 2p6 3s2 3p3

C

1s2 2s2 2p6 3s2 3p6 3d1 4s2

D

1s2 2s2 2p6 3s2 3p6 3d3 4s2

Answer: B
Simple ion means that it will not be a transition metal; hence C and D will be eliminated.
In order to form a charge of -3, it will gain 3 electrons to fulfil octet configuration, hence it has 5
valence electrons.

5

Which of the following species has a square planar structure?
A

BrF4–

B

BF4–

C

CH4

D

C2H4

Answer: A
BrF4- has 2 lone pair and 4 bond pair, hence square planar structure.
BF4- and CH4 has 4 bond pairÆ tetrahedral
C2H4 has 3 bond pair around each C Æ square planar wrt to each C
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Which of the following processes is endothermic?
A

condensation of steam

B

freezing of water

C

electrolysis of water

D

Ca(s) + 2H2O(l)

Ca(OH)2(aq) + H2(g)

Answer: C
The electrolysis of water involves 2H2O(l) Æ 2H2(g) + O2(g) which requires electrical energy,
thus endothermic.
7

Which value would be required to estimate the lattice energy for the hypothetical ionic
compound MgH2?
A

The electron affinity of hydrogen

B

The first ionisation energy of hydrogen

C

The magnesium-hydrogen bond energy

D

The standard enthalpy change of formation of MgH

Answer: A
the hypothetical ionic compound MgH consists of Mg2+ and H− ions. Thus, to estimate the LE of
MgH2, we require the value of electron affinity of hydrogen.

8

Use of the Data Booklet is relevant to this question.
The circuit shown in the diagram was set up.

What are the products formed at the anode and cathode and what is the substance present in
the sludge after some time?
anode
A

Cu

B

Fe

C

+

D

2+

2+

Ag , Fe
2+

2+

Cu , Fe
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cathode

sludge

Cu

Ag

Cu

2+

Ag

Cu

2+

Zn

Cu
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Ag

5
Eθ/V
Fe2+(aq)

+

Cu2+(aq)
Ag+(aq)

+ 2e
+

2e

Fe(s)
Cu(s)

e

–0.44

+0.34
Ag(s)
+0.80

At the anode:
Cu(s)
Cu2+(aq) + 2e
Since the Eθ Fe2+/Fe is more negative than EθCu2+/Cu, Fe is oxidised to Fe2+ ions at the
anode as well.
Since the Eθ Ag+/Ag is more positive than EθCu2+/Cu, Ag will not be oxidised to Ag+ ions at
the anode but will drop just off at the anode as “anode sludge”.

At the cathode:
Cu2+(aq) + 2e

Cu(s)

Since EθCu2+/Cu is more positive than Eθ Fe2+/Fe, Fe2+ will remain in the solution as Cu2+ is
preferentially reduced over Fe2+

9

The equilibrium constant for reaction I below is K. What is the equilibrium constant for
reaction II?

Reaction I

SO2(g) +

Reaction II

2SO3(g)

1
O2(g)
2

2SO2(g) + O2(g)

A

K–2

C

2K

B

2

D

2K–1

K

SO3(g)

Rearranging (1):

[ SO2 ] [O2 ]
[ SO3 ]

Kc for Reaction I:

Kc =

[ SO3 ]

[ SO2 ][O2 ]

1/2

1/2

=K

=

1
K

---------- (1)
Squaring on both sides:

[ SO2 ] [O2 ] = 1 = K-2
2
K2
[ SO3 ]
2

Kc for Reaction II:

[ SO2 ] [O2 ]
2
[ SO3 ]
2

Kc =

expression for Reaction II

Answer : A
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When 5.00 cm3 of a 0.100 mol dm−3 base is titrated against 0.100 mol dm−3 of aqueous
CH3COOH, the following titration curve is obtained.
14

C

12
10
8
pH

6

D

4

E

2
0
0

2

4

6

8

10 12

14

16

Volume of 0.100 mol dm−3
3
18 20 of CH3COOH / cm

Which of the following correctly identifies the base used and the point on the curve at which
pH = pKa?
base used

point where pH = pKa

A

KOH(aq)

C

B

Ba(OH)2(aq)

D

C

KOH(aq)

E

D

Ba(OH)2(aq)

E

Amt of base in conical flask = (5/1000) x 0.1 = 5 At point D:
x 10-4
Amt of excess CH3COOH = (5/1000) x 0.1
= 5 x 10-4
Amt of CH3COOH needed for complete
neutralisation = (10/1000) x 0.1 = 1 x 10-3
Amt of CH3COOH ≠ Amt of CH3COOBase : CH3COOH = 5 x 10-4 : 1 x 10-3 = 1 : 2

⇒ [CH3COOH] ≠ [CH3COO-]
⇒ pH ≠ pKa

Thus, the base is dibasic.

2 CH3COOH + Ba(OH)2 Æ 2 H2O
(CH3COO)2Ba

At point E:
Amt of excess CH3COOH
+ = (10/1000) x 0.1 = 1 x 10-3

Amt of CH3COOH = Amt of CH3COOAmt of (CH3COO)2Ba formed at neutralisation =
5 x 10-4
⇒ [CH3COOH] = [CH3COO-]
Amt of CH3COO- = 2 x 5 x 10-4 = 1 x 10-3
⇒ pH = pKa
For pH=pKa, [CH3COOH] = [CH3COO-].
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The table gives the concentrations and pH values of the aqueous solutions of two compounds,
C and D. Either compound could be an acid or a base.
C

D
-3

Concentration

2 mol dm

2 mol dm-3

pH

6

9

Student E concluded that C is a strong acid.
Student F concluded that the extent of dissociation is lower in C(aq) than in D(aq).
Which of the students is/are correct?
A

E only

B

F only

C

Both E and F

D

Neither E nor F

From the pH values, C is an acid while D is a

To determine degree of dissociation in D:

base.

pH = 9
⇒ pOH = 14 – 9 = 5

To determine degree of dissociation in C:

⇒ [OH-] = 10-5

pH = 6

Since [OH-] << [D], compound D is not a strong

⇒ [H+] = 10-6

base.

+

Since [H ] << [C], compound C is not a

The degree of dissociation of C lesser than D.

strong acid. Thus, student E is wrong.

Thus, student F is correct.

Answer : B
12

A 10 cm3 sample of 0.010 mol dm-3 HCl is diluted by adding distilled water at constant
temperature.
Which one of the following items correctly shows the effect of the dilution on the
concentrations of H+ and OH− ions in the solution?
[H+]

[OH−]

A

increase

increase

B

increase

decrease

C

decrease

increase

D

decrease

decrease

Answer: C
HCl is a strong acid & so it’s completely ionized in aqueous solution.
+
On dilution, [H ] decreases.
Since temperature is constant, Kw = [H+][OH−] does not change.
+
−
Hence as [H ] decreases, [OH ] must increase to keep Kw constant.
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Lead is the final product formed by a series of changes in which the rate determining stage is
the radioactive decay of uranium-238. This radioactive decay is a first order reaction with a
half-life of 4.5 x 109 years.
What would be the age of a rock sample, originally lead-free, in which the molar proportion of
uranium to lead is now 1:3?
A

1.5 x 109 years

B

2.25 x 109 years

C

4.5 x 109 years

D

9.0 x 109 years

Answer: D
Uranium

lead

1

0

½

½

¼

½+¼=¾

For molar ratio of Ur: Pb to be 1:3, Ur needs to undergo 2 half-lives of decay.
Thus, age of rock sample = 2(4.5 x 109) = 9.0 x 109 years
14

Ellingham diagrams are plots of ∆G against temperature, T. An Ellingham diagram for two
reactions involving the oxidation of S and SO2 is as shown below:
∆G / kJ mol-1

II

I

Temperature / K
Given that ∆G = ∆H – T∆S, which of the following correctly shows the two reactions
corresponding to reactions I and II in the above Ellingham diagram?
reaction I
A

2S(s) + 3O2(g)

B

2SO2(s) + O2(g)

C

S(s) + O2(g)

D

2SO2(g) + O2(g)
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2SO3(g)
2SO3(g)
SO2(g)
2SO3(g)

2SO2(g) + O2(g)
S(s) + O2(g)

2SO3(g)
SO2(g)

2S(s) + 3O2(g)

2SO3(g)

2S(s) + 3O2(g)

2SO3(g)
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Answer: C
Using ∆G = ∆H – T∆S, and the graph of ∆G against T
y = mx + c Æ y = ∆G, c = ∆H, x = T, m = −∆S
=> −∆S is the gradient So just focus on ∆S

For graph I, there’s no change in entropy.
=> no. of gas molecules at reactant side = no. of gas molecules at product side => answer is C
For graph II, there is a decrease in entropy (∆S negative) for 2S(s) + 3O2(g)

2SO3(g),

so −∆S has a positive slope gradient.
15

When one mole sample of hydrated chromium(III) chloride, CrCl3.6H2O is treated with excess
of aqueous silver nitrate, 3 moles of silver chloride is precipitated. What is the most probable
formula of the complex ion in the salt?
A

[CrCl2(H2O)4]+

B

[CrCl(H2O)5]2+

C

[CrCl(H2O)3]2+

D

[Cr(H2O)6]3+

Answer : D
Keyword: 3 moles of AgCl precipitated means that 3 moles of Cl− is ionic bonded to the complex
(ie. 3 Cl- ions are free ions)
From the formula of CrCl3.6H2O, the 3 Cl− is ionic bonded to the complex & water is dative covalent
bonded to the complex.
Thus, answer is [Cr(H2O)6]3+. The structural formula of the salt is [Cr(H2O)6]3+.3CI-

16

The properties of the oxides of four elements K, L, M and N in the third period in the Periodic
Table are given below.
•
•
•
•

The oxide of K is insoluble in water and in dilute acid but is soluble in hot and
concentrated sodium hydroxide.
The oxide of L is amphoteric.
The oxide of M reacts with dilute sodium hydroxide at room temperature.
The oxide of N dissolves in water to form a strong alkaline solution.

Which of the following is correct in order of increasing proton number?
A

N, L, K, M

B

K, L, M, N

C

N, K, L, M

D

N, M, K, L
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Answer: A
This is a recall question.
Oxide of K insoluble in water and in dilute acid => giant covalent structure
Oxide of K reacts with dilute hot and concentrated sodium hydroxide => it’s SiO2
Oxides of L is amphoteric => Al2O3
Oxide of M reacts with dilute sodium hydroxide at room temperature => covalent structure with
acidic nature => M is non-metal

The oxide of N dissolves in water to form a strong alkaline solution => ionic structure => N is metal

So arrange according to increasing proton number: metal (ie N), Al (ie L), Si (ie K), non-metal (ie M)

17

The size of Na+, Mg2+ and Al3+ is in the order: Na+ > Mg2+ > Al3+. Which of the following best
explain this trend?
A

The number of electrons and protons decreases.

B

The number of electrons and protons increases.

C

The number of electrons decreases while the number of protons increases.

D

The number of electrons are the same but the number of protons increases.

Answer: D
For ionic radius, always must check if they’re isoelectronic series
Na+, Mg2+ and Al3+ have 10 electrons but their proton number increases, thus nuclear attraction
increases from Na+, Mg2+ and Al3+. And size is in the order: Na+ > Mg2+ > Al3+.

18

Which property of Group II elements (magnesium to barium) or their compounds increases
with increasing proton number?
A

the magnitude of the enthalpy change of hydration of the metal ion

B

the stability of the carbonate to heat

C

the acidity of an aqueous solution of the chloride

D

the tendency to form complex ions

Answer: B
Option A wrong because magnitude of ∆Hhyd of M2+ (α charge/ ionic radius) decrease down group II
Option B correct because down group II, charge density & polarising power of M2+ decrease. So
more heat energy required to decompose the group II carbonates. In other words, group II
carbonates less easily decompose & more stable towards heat.
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Option C wrong. Acidity of M2+ also directly proportional to charge density. If charge density of M2+
decrease down group II, M2+ less able to polarise the water molecules to give out H+, so less acidic.
Option D wrong because tendency to form complex depends on
•
Presence of vacant d-orb to accept lone pair e- from ligands,
•
High charge density of cations to attract lone pair e- from ligand which favours dative cov
bond formation.
Charge density of M2+ decrease down group II
Î so lower tendency to form complex ion down group II.

19

An alcohol with molecular formula CnH2n+1OH has a chiral carbon atom but does not react
with MnO4– / H+.
What is the least number of carbon atoms such an alcohol could possess?
A

5

C

7

B

6

D

8

Answer: C

Alcohol that does not undergo oxidation => tertiary alcohol
To be chiral alcohol, it must have 4 different groups around the C-OH

Ö

20

, minimum 7 carbons.

Species with the molecular formula CH3 can act as an electrophile, a free radical or a
nucleophile depending on the number of outer shell electrons on the central carbon atom.
How many outer shell electrons must be present for CH3 to act in these different ways?

A

CH3 as an
electrophile
6

CH3 as a
free radical
7

CH3 as a
nucleophile
8

B

6

8

7

C

7

6

8

D

8

7

6

Answer: A
This is a question on definition.
Electrophile is positively charged & less no. of electrons than radical and nucleophile.
Free radical has odd no. of electrons
Nucleophile is negatively charged / has lone pair of electrons (with more no. of electrons than
radical & electrophile.)
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Compound O dissolves in aqueous sodium hydroxide to form a homogenous solution. When
benzoyl chloride is added to the resulting solution, a white suspension forms. Which of the
following could be compound O?
A

B

C

D

Answer: B
Compound O dissolves in aqueous sodium hydroxide => it is acidic, so option C & D out
Only phenol can react with benzoyl chloride (an acyl chloride) to form ester.

22

Which of the following reaction schemes produces 3-bromophenylamine in the highest yield?
A

B

C

D

Answer: B
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NH2

1

3

3-bromophenylamine looks like this:

Br

To put bromine to the 3-position, the starting reactant must be electron-withdrawing group
(with multiple bond/unstaturated), so eliminate option A & C.

Option D is out because reduction of

23

which is not phenylamine.

High energy radiation in the stratosphere produces free-radicals from chlorofluoroalkanes,
commonly known as CFCs.
Which free radical is most likely to result from the irradiation of CHFClCF2Cl?
A

CHFClCFCl

B

CHClCF2Cl

C

CHFCF2Cl

D

CFClCF2Cl

Answer: C
To form free radical, you need to undergo homolytic fission, ie breaking of weakest covalent bond.
Check Data Booklet, C-Cl bond is the weakest & will break first to form Cl radical & CHFCF2Cl

24

Which pair of reactions could have the same common intermediate?
P

CH3CH2CH3

intermediate

(CH3)2CHCN

Q

CH3CH(OH)CH3

intermediate

(CH3)2C(OH)CN

R

CH3CH=CH2

S

intermediate

CH3CO2CH2CH2CH3

intermediate

A

P and Q

C

Q and S

B

P and R

D

R and S
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Answer: B
Reaction S is definitely out because ester functional group can only undergo hydrolysis to give
RCOOH (CH3COOH) & R’OH (CH3CH2CH2OH – the alcohol intermediate) which react with HBr to
give CH3CH2CH2Br .
Reaction P, Q, R has intermediate that is alkyl halide functional group.
Reaction P intermediate is (CH3)2CHBr
Reaction Q intermediate is (CH3)2C(OH)Br
Reaction R intermediate is CH3CH(Br)CH3 which is also the same as (CH3)2CHBr.

25

Santonin is a drug that was once widely used to expel parasitic worms from the body.

When santonin is first treated with warm dilute H2SO4, and then the product of this reaction is
treated with cold acidified KMnO4, a final product T is obtained.
How many atoms of hydrogen in each molecule of product T can be displaced with sodium
metal?
A

2

C

5

B

4

D

6

Ans: D
Santonin under acidic hydrolysis (of ester) to give an alcohol and carboxylic acid. The product
undergoes mild oxidation (of alkene) with cold acidified KMnO4 to giveT.

Na undergoes redox with all –OH groups. Since there are 5 alcohol and 1 carboxylic acid
group, a total of 6 H atoms can be displaced with Na.
PRELIM 2 © INNOVA
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A reaction pathway diagram is shown.

Which reaction does not have such a profile?
NaCN

A

CH3CHO + HCN

CH3CH(OH)CN

B

C2H5Br + NaOH

C2H5OH + NaBr

C

(CH3)3CBr + NaOH

(CH3)3COH + NaBr

D

Br
Br

+ Br2
Ans: B

The energy profile diagram suggested that the reaction mechanism is a two steps reaction
(2 humps).
Option A (Nucleophilic addition), Option C (Nucleophilic substitution, SN1) and Option D
(Electrophilic addition) are all two-steps reaction.
Option B (Nucleophilic substitution, SN2) is a single step reaction, hence there should only be
one hump in the energy profile diagram.
27

Thyroxine and Cyproterone are compounds that are often used in hormone therapy.

Which of the following reagents cannot be used to distinguish between the two compounds?
A

neutral FeCl3

C

aqueous silver nitrate

B

alkaline aqueous iodine

D

sodium carbonate
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Ans: C

Reagents
neutral FeCl3
(test for phenol)
alkaline aqueous iodine
or
(test for
aqueous silver nitrate
(test for acyl chloride /
halogenoalkanes)

Thyroxine
Violet colouration

Cyproterone
No violet colouration

No pale yellow ppt

Pale yellow ppt

No (yellow) ppt

No (white) ppt.
p orbital of Cl overlap with p
orbital of adjacent C atom,
strengthening C–Cl bond
No effervescence

)

sodium carbonate
(test for carboxylic acid)

28

Effervescence.

The reaction conditions for four different transformations are given below.
Which transformation has a set of conditions that is not correct?
UV light

A

CH3CH3 + Cl2 (CCl4)

CH3CH2Cl + HCl

KMnO4/H+

B

CH2=CHCH=CH2

Heat

4CO2 + 3H2O

C

heat

+ HNO3

+ H2O

D

heat

+ 2OH–

+ 2Cl– + H2O

Ans: C
Option A: Free radical substitution. UV light and CCl4 as solvent are both correct.
Option B: Oxidative cleavage. Acidified KMnO4 and heating are both correct.
Option C:Electrophilic substitution. Concentrated HNO3 and concentrated H2SO4 (as a
catalyst) at 30oC is the correct set of reagents and conditions.
Option D: Nucleophilic substitution. Aqueous OH– and heating are both correct.

Note: Geminol diol (with 2 –OH groups attached to the same C atoms are unstable, and will
undergo internal dehydration readily to give a carbonyl compound)
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(unstable, lose H2O from the 2 –OH groups readily)

29

The C−H bond lengths of four hydrocarbons are given in the table below.
compound

structural formula

C−H bond length /nm

methane

CH4

0.110

ethane

CH3CH3

0.110

ethene

CH2=CH2

0.108

ethyne

CH≡CH

0.106

Which of the following helps to explain the shortest C−H bond length observed in ethyne?
A

Ethyne is a linear molecule.

B

The orbital of the carbon atom used in formation of the C−H bond in ethyne has the
greatest s-orbital character.

C

An sp2-sp2 overlap is observed between the two carbon atoms in ethyne.

D

The carbon-carbon triple bond in ethyne is the strongest.

Ans: B
Option A: True statement but does not account for the observation.
Option B:
compound

structural formula

Orbitals to form C−H
bond

methane

CH4

sp3 of C and 1s of H

% of s character in
hybrid orbital of C
25%

ethane

CH3CH3

sp3 of C and 1s of H

25%

ethene

CH2=CH2

sp2 of C and 1s of H

33%

ethyne

CH≡CH

sp of C and 1s of H

50%

The greater the s character in the hybrid orbital of C atom, the shorter the C–H bond
will be. (as electrons in the bond will be closer to the nucleus)
Option C: It should be an sp–sp overlap between the two C atoms in ethyne.
Option D: True statement but does not account for the observation.
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Hydrocortisone is a steroid hormone produced by the adrenal gland and is released in
response to stress. It is commonly used as an active ingredient in anti-inflammatory
creams.
O
HO

OH

HO
H

H

H

O

Hydrocortisone

Which of the following statements about hydrocortisone is incorrect?
A

It turns hot acidified K2Cr2O7 from orange to green.

B

When treated with NaBH4 in the presence of methanol, it forms a compound
containing five hydroxy groups.

C

The number of chiral centres increases by 2 after it reacts with cold HCN, in the
presence of NaCN.

D

When treated with an excess of hot concentrated acidified KMnO4, it forms a
compound containing five carbonyl groups.

Ans: D
Option A: The primary and secondary alcohols in hydrocortisone can undergo oxidation
with hot acidified K2Cr2O7, hence turning it from orange to green.
Option B: NaBH4 is a specific reducing agent that only reduces carbonyl groups. The 2
ketone groups in hydrocortisone can be reduced to 2 secondary alcohol groups. Thus in
total, there are now 5 –OH groups.
Option C: The 2 ketone groups in hydrocortisone undergoes nucleophilic addition with cold
HCN, NaCN to give 2 cyanohydrin groups, each of which contains a chiral C. Thus, number
of chiral C in the compound increases by 2.
Option D: Hydrocortisone undergoes oxidation (of alkene and alcohol) to give the following
compound containing 4 carbonyl groups.
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Boron is a non-metallic element which is placed above aluminium in Group III of the Periodic
Table. It forms a compound with nitrogen known as boron nitride which has a graphite
structure.
Which of the following conclusions can be drawn from this information?
1

The empirical formula of boron nitride is BN.

2

The boron and nitrogen atoms are likely to be arranged alternatively in a hexagonal
pattern.

3

Boron nitride has a layer structure with van der Waals’ forces between the layers.

Answer: A
In graphite, the carbon atoms are arranged in hexagonal flat parallel layers. Within each layer, each
C atom is covalently bonded to 3 other C atoms. The adjacent layers are held together by weak van
der Waals’ forces.
Since boron nitride is described to have a graphite structure, all the above statements are correct.

32

Use of the Data Booklet is relevant to this question.
The graph below shows the variation in electromotive force (emf) of the electrochemical cell
with lg [U+(aq)] at 298 K.
Cu(s) | Cu2+(aq, 1 mol dm−3) || U+(aq) | U(s)
emf /V
(0, +0.46)

lg [ U+(aq) ]

(0, 0)
(−0.80, 0)

Which of the following statements are true?
1

Cu(s) is the negative electrode.

2

The emf of the given cell under standard conditions will be +0.46V.

3

The standard electrode potential of the U+(aq) | U(s) half-cell is +0.80V.

Ans: A
Option A: From cell notation, Cu2+/Cu half-cell is the oxidation half-cell of the galvanic
cell (since it’s being placed on the LHS of the cell notation). Thus Cu(s), being the anode,
is the negative electrode.
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Option B: Under standard conditions, [U+] = 1 mol dm-3. Thus lg [ U+(aq) ] = 0. From the
graph, when lg [ U+(aq) ] = 0, the emf of the cell is +0.46 V.
Option C: Since EƟcell = +0.46V under standard conditions,
+0.46 = EƟ(U+/U) – (+0.34)
EƟ(U+/U) = +0.80 V
33

Consider the reaction

→ products
V + W + X ⎯⎯
Two separate experiments were carried out using 1.0 mol dm-3 and 2.0 mol dm-3 of V
respectively. A graph of the variation of the concentration of W with time is plotted.
[W]

1.0
1.0 mol dm-3 V

2.0 mol dm-3 V
10

20

time /min

From the graph, which of the following is/are true regarding the above reaction?
1

The reaction is first order with respect to V.

2

The reaction is zero order with respect to W.

3

The reaction is first order with respect to X.

Ans: B
Option 1: When [V] doubles from 1 mol dm-3 to 2 mol dm-3, keeping [W] constant, the rate doubles
(gradient doubles) from

1
1
to
. Hence reaction is first order wrt V.
20 10

Option 2: Graph of [W] vs time is a straight line with constant gradient. Hence zero order wrt W.
Option 3: There is not sufficient information from the question to determine order of reaction wrt X.
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Which of the following are typical properties of transition elements?
1

They exhibit variable oxidation states in their compounds.

2

All ions formed by the elements have partially filled d-orbitals.

3

Their atoms have fully filled d-orbitals.

Ans: D
Option 1: Transition elements exhibit variable oxidation states in their cpds due to the similarity in
energy levels of 3d and 4s electrons. These electrons can be lost easily to form variable oxidation
states.
Option 2: The word “All” is wrong. Transition metal ions that are colourless have the electronic
configuration of 3do (empty) or 3d10 (fully filled).
Option 3: Not all transition element atoms have fully filled d-orbitals. In general, they have the
valence electronic configuration of ndx (n+1)sy (e.g. 3dx 4sy), where x = 1 to 10, y = 1 or 2

35

Which of the following regarding the chlorides of the third period elements are correct?
1

All the chlorides undergo hydrolysis in water except sodium chloride.

2

AlCl3 exists only in the gas phase at high temperature.

3

The covalent character increases.

Ans: A
Option 1: NaCl undergo hydration in water to form a neutral solution with pH 7. The charge density
of the Na+ ion is too low to undergo hydrolysis.
Option 2: Aluminium chloride, AlCl3 exists as a dimers, Al2Cl6 in the vapour state held together by
dative bonds at temperatures around 180 - 190°C. As the temperature increases, the dimers, Al2Cl6
dissociates to form AlCl3 molecules. Hence Option 2 is correct.
Option 3: Across a period (Na to S), the elements change from metals to non-metals. Bonding of
their oxides varies from ionic to covalent (acidic to basic).
36

Which one of the following statements is/are likely to be true with regards to astatine or its
compounds?
1

Astatine is a black solid at room conditions.

2

Hydrogen astatide decompose into its constituent elements readily.

3

Sodium astatide reacts with hot concentrated sulfuric acid to produce astatine.

Ans: A
This is a recall question!
Option 1: Colour intensity of halogens increases down the group. Since iodine is already a black
solid, astatine must also be a black solid at rtp.
Option 2: Down the group, thermal stability of the HX decreases, as the H-X bond length increases,
H-X bond strength decreases, less energy required to break the H-X bond. Hence HAt should
decompose into H2 and At2 easily.
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Option 3:
When concentrated sulfuric acid is added to solid halides, the following reaction occurs.
NaX (s) + conc H2SO4 (I) → HX (g) + NaHSO4 (s)
HX produced will continue to reduce H2SO4, depending on the reducing power of the X- ion.
As the reducing power of X- increases down the group, following the trend, Astatine will be formed
when sodium astatide reacts with hot concentrated sulfuric acid.
2HBr (g) + H2SO4 (l) → Br2 (g) + SO2(g) + 2H2O (l)
8HI (g) + H2SO4 (l) → 4I2 (g) + H2S (g) + 4H2O (l)
8HAt (g) + H2SO4 (l) → 4At2 (g) + H2S (g) + 4H2O (l)
37

Alliin is the compound responsible for the smell of garlic.

alliin
Which statements about this compound are correct?
1

It can exist in optically active forms.

2

It exists as a dipolar ion in aqueous solutions.

3

The bond angle O – S – C is 120o.

Ans: B
Option 1: There is a chiral centre present, hence it can exist as enantiomers, hence it can exist in
optically active forms.

Option 2: There is a NH2 and COOH group in the same molecule. Hence, intramolecular acid-base
reaction can happen to give a zwitterion. A zwitterion is a dipolar ion (has both positive and negative
charge).

Option 3:
S atom has 1 more lone pair of electrons, but is not drawn in the diagram. Do note that the qn will
NOT draw it for you. You will need to realise that on your own.
With a lone pair, S atom has 3 bond pairs, and 1 lone pair Æ shape is trigonal pyramidal
(bond angle about 107o)
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The reaction between carbonyl compounds and 2,4-dinitrophenylhydrazine is known as
condensation. Which of the following are intermediate steps found in the multi-step
mechanism of this reaction?
1

nucleophilic substitution

2

nucleophilic addition

3

elimination

Ans: C
Thinking process: Carbonyl compounds undergo nucleophilic addtion reaction.
Hence, option 1 is defintely wrong.
For reaction between carbonyl cpds and 2,4-dinitrophenylhydrazine, it follows the mechanism
below:
R
C O
R
NO2
NO2
R'
R'
C Onucleophilic
addition
H
H
N NH2
N N
O2N
O2N
H
H
Overall: Condensation :)

NO2
H
N

O2N

R'
N

elimination
O2N

C

NO2
R'
H
N

R

R
C

OH

N
H

+ H2O
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Human serum albumin, HSA, is an important protein that transports long chain fatty acids
and other hydrophobic molecules in the bloodstream.
Five of the most common amino acids in HSA molecule are listed below.

glutamic acid

formula of side chain,
R in RCH(NH2)CO2H
–CH2CH2CO2H

leucine

–CH2CH(CH3)2

lysine

–CH2CH2CH2CH2NH2

valine

–CH(CH3)2

cysteine

–CH2SH

amino acid

Which of the following statements about the type of interactions present in HSA is correct?
1

There exists hydrogen bonding between lysine and glutamic acid.

2

There are van der Waals’ forces between leucine and valine in the protein.

3

There are disulfide linkages present in HSA.
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Ans: C
Option 1: –CH2CH2CH2CH2NH2 in lysine and –CH2CH2CO2H in glutamic acid will undergo
ACID-BASE reaction first to give –CH2CH2CH2CH2NH3+ in lysine and –CH2CH2CO2– in glutamic
acid. They will subsequently bond to each other via ionic bonding.
Option 2: Leucine and valine R groups are non-polar, hence they will interact with each other via
van der Waals’ forces of interaction.
Option 3: There is cysteine amino acid present, hence there will be disulfide linkages present.
40

Alanine is a non-essential amino acid which is found in a wide variety of foods, especially
meats.

alanine
A fully protonated alanine has 2 pKa values associated with it: 2.3 and 9.7.
The pH change when 1 mol dm–3 of NaOH is added to 50 cm3 of a 1 mol dm–3 solution of
alanine in a solution of pH 1 is shown below.

Which of the following statements are true?
1

A buffer exists at point L.

2

The isoelectric point of alanine occurs at pH 6.
The major organic species present at point J and K are:

3
and
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Ans: A
Thinking process: Identify the different species present at the various points of the titration curve.
Fully-protonated alanine is in the conical flask, NaOH is in the burette.
Hence, buffer only occurs AFTER the equivalence point. Hence option 1 is correct.

When fully protonated alanine reacts with NaOH, the following reaction occurs.

At the equivalence point,
is present. Since this is a zwitterion, it is electrically
neutral, hence the equivalence point pH can be taken to be the isoelectric point (the pH at which
the amino acid is electrically neutral). Hence option 2 is correct.
Hence in the region from 0 to 25 cm3, there are 2 species present:

and

(which exists as zwitterion form

)

At point J: MAJOR organic species present is the protonated alanine.
At point K: The end point is nearing, hence the MAJOR organic species should be

Hence option 3 is correct.

Answers:
1
2
3
4
5
6
7
8
9
10

C
C
C
B
A
C
A
D
A
D
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13
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17
18
19
20

B
C
D
C
D
A
D
B
C
A

21
22
23
24
25
26
27
28
29
30
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B
B
C
B
D
B
C
C
B
D

31
32
33
34
35
36
37
38
39
40

A
A
B
D
A
A
B
C
C
A
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Answer ALL questions on the spaces provided.
Planning (P)
1

The solubility of cerium(IV) sulfate, at a particular temperature, is defined as the mass of
cerium(IV) sulfate that will dissolve in and just saturate 100 g of solvent at that
temperature. It can also be represented by the following equation:

Solubility =

mass of cerium(IV) sulfate (g)
100 g of solvent

A saturated solution is one in which no more solid can dissolve at a particular
temperature.
When cerium(IV) sulfate dissolves in water, the saturated solution is in contact with the
undissolved solid to establish the following equilibrium.
Ce(SO4)2(s) + aq

Ce4+(aq) + 2SO42–(aq)

Cerium(IV) sulfate is unusual. Its solubility decreases as the temperature of the solution
increases.
Cerium(IV) sulfate crystals also dissolve in dilute sulfuric acid, H2SO4, a corrosive aqueous
solution.
You are to plan an experiment to investigate how the solubility of cerium(IV) sulfate
crystals in dilute sulfuric acid depends on the concentration of the acid.
(a) By considering the ions present in a solution of cerium(IV) sulfate in sulfuric acid,
predict and explain how the solubility of the cerium(IV) sulfate will be affected by the
concentration of the acid.
Prediction:
………………………………………………………………………………………………......
Explanation:
………………………………………………………………………………………………......
…………………………………………………………………………………………………..
………………………………………………………………………………………………..[1]
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(b) You are to design a two-part laboratory experiment to investigate your prediction in
(a).
Part 1 – solubility of cerium(IV) sulfate in water
In addition to the standard apparatus present in a laboratory you are provided with
the following materials.
100 cm3 distilled water
solid cerium(IV) sulfate, Ce(SO4)2
Give a step-by-step description of how you would
•
•
•
•
•

prepare a saturated solution using all of the 100 cm3 of distilled water,
control the temperature of the experiment,
separate the saturated solution from undissolved solid,
obtain the mass of cerium(IV) sulfate and mass of water in the saturated solution,
calculate the solubility of cerium(IV) sulfate from the experimental results.

………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
PRELIM 2 © INNOVA

9647/02/2013

[Turn over

For
Examiner’s
Use

4
For
Examiner’s
Use

Part 2 – solubility of cerium(IV) sulfate in sulfuric acid
In addition to other standard apparatus present in a laboratory, you are provided with
the following materials.
100 cm3 volumetric flask
5 mol dm–3 sulfuric acid
distilled water
solid cerium(IV) sulfate
Give a step-by-step description of how you would prepare a range of solutions of
sulfuric acid of different concentrations. These solutions could then be used to
investigate the solubility of cerium(IV) sulfate in different concentrations of sulfuric
acid. See part (c).
Your plan should include details of the following.
(i) the number and concentrations of the solutions to be prepared
(ii) the volumes of acid and water used to prepare the solutions
(iii) the apparatus and method you would use in their preparation
You should include a table to tabulate your details for (i) and (ii).
In (i), you should prepare 5 solutions with different concentrations, and the range
should cover at least a fourfold increase in concentration and at least one should be
greater than 2.5 mol dm−3. 5 mol dm−3 could be one of these.

………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
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………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
………………………………………………………………………………………………......
…………………………………………………………………………………………..…...[9]

(c) Draw another table with appropriate headings to show the data you would record
when investigating the solubility of cerium(IV) sulfate in the solutions of sulfuric acid
planned in (b), Part 2.

[1]
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(d) State a risk that must be taken into consideration when planning the experiment.
………………………………………………………………………………………………......
………………………………………………………………………………………………..[1]
[Total: 12]
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(a) Iron is commonly produced in a blast furnace from the ore haematite, which contains
iron(III) oxide. Either carbon or carbon monoxide can bring about the reduction of
iron(III) oxide.

3
C(s)
2

Reaction 1:

Fe2O3(s) +

Reaction 2:

Fe2O3(s) + 3CO(g)

Reaction 1
Reaction 2

2Fe(s) +

3
CO2(g)
2

2Fe(s) + 3CO2(g)

∆H / kJ mol–1
+234
–24.8

∆S / J mol–1 K–1
+279
+15.2

(i) The carbon monoxide is formed by the following reaction.
C(s) + CO2(g)

2CO(g)

By means of a suitable energy cycle or any other method, calculate the ∆Hr for
this reaction using the ∆H data provided for Reactions 1 and 2.

(ii) Calculate the ∆G of reaction 1 and 2 and state which reaction is more
spontaneous at 1800 K.

PRELIM 2 © INNOVA

9647/02/2013

[Turn over

For
Examiner’s
Use

8
(iii) In reality, reaction 2 occurs more readily than reaction 1 at 1800 K. Suggest a
reason for this.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
……………………..…………………………………………………………………[7]

(b)

Iron and its compounds are also commonly used in organic reactions. One such
reaction is the Friedel-Crafts acylation reaction. In this reaction, benzene reacts with
acyl chlorides, RCOCl, in the presence of iron(III) chloride as a catalyst.
The first step of the mechanism produces the electrophile R
attack the benzene ring.

C

O that can then

(i) Draw the product formed when benzene reacts with ethanoyl chloride in the
presence of FeCl3.
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(ii) Describe the mechanism of the above reaction, including the formation of the
electrophile.

[4]
(c)

(i) The dissolution of potassium nitrate in water is represented by the following
equilibrium.
K+(aq) + NO3–(aq)
KNO3(s) + aq
With the aid of the above equilibrium, explain the following phenomenon.
When potassium nitrate dissolves in water, the temperature drops. If a
saturated solution of potassium nitrate at 100 oC is cooled to room
temperature, crystals are formed.
……………………………………………………….…………………………………..
……………………………………………………….…………………………………..
……………………………………………………….…………………………………..
……………………………………………………….…………………………………..
……………………………………………………….…………………………………..
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(ii) Write the Kc expression for the dissolution of potassium nitrate, including its
units.
…………………...……………………………………………………………………[4]
[Total: 15]

3

(a) Ammonia may be prepared in a school laboratory by using the apparatus below.

The reaction involves the displacement of ammonia from one of its compounds.
(i) Construct a balanced equation for the reaction between the two reagents.
……………………………………………………………………………….…………..
(ii) Common drying agents include calcium oxide, concentrated sulfuric acid and
phosphorus(V) oxide.
Which of these could be used in the drying tower in this experiment? Explain
your answer.
……………………………………………………………………………….….………..
……………………………………………..………………………………….………[3]
(b)

When water is added to white anhydrous CuSO4, the solid dissolves to give a blue
solution. On addition of concentrated NH4Cl (aq), the solution changes to a yellowgreen due to formation of copper containing species D. Concentrating the solution
produces green crystals E of an ammonium salt with empirical formula CuN2H8Cl4.
(i)

Write the electronic configuration of the copper atom.
..............................................................................................................................

(ii)

Suggest the formulae of the cation present in E.
Cation present in E ........................................
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Suggest the formulae of anion D.
Anion D………………………………………

(iv)

Suggest a balanced equation for the formation of anion D from aqueous
CuSO4.
……………………………………………………………………………………………

When excess of NH3(aq) is added to species D, the yellow green solution turns to a
deep blue solution.
(v)

Use this information and the information above to suggest the strength of NH3,
H2O and Cl– ligands in decreasing order.
………………… > ………………… > …………………
[5]

(c)

(i) Describe what you would see when aqueous silver nitrate is added to separate
tubes containing aqueous sodium chloride, aqueous sodium bromide and
aqueous sodium iodide.
……………………………………………………………………………….…………..
……………………………………………………………………………….…………..
(ii) With reference to (c)(i), describe how the relative solubilities in NH3(aq) can be
used to distinguish between solutions of the halide ions Cl–, Br–, I–.
………………………………………………………………..………………………….
……………………………………………………………………..…………………….
……………………………………………………………………..…………………….
……………………………………………………………………..…………………….
………………………………………………………………………..………………….
……………………………………………………………………..…………………….
……………………………………………………………………..…………………….
……..……………………………………………………………….…………………[4]
[Total: 12]
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(a)

The solubility product, Ksp, of barium sulfate has a numerical value of
1.08 x 10–10 mol2 dm–6.
(i)

Write an expression for the Ksp of barium sulfate.
.……………………………………………………………………..…………………….

(ii)

Use the value of Ksp given to calculate the concentration of barium sulfate in a
saturated solution.

[2]
(b)

Data concerning the elements of Group II of the Periodic Table, at 298K, are given in
the table. Further data can be found in the Data Booklet.

∆Hhydration of M2+/ kJ mol–1
solubility of sulfate/
mol per 100 g of water
(i)

Mg

Ca

Sr

Ba

–1980

–1650

–1480

–1365

1.8 x 10–1

4.7 x 10–3

7.1 x 10–5

9.4 x 10–7

When a salt such as a Group II sulfate dissolves in water, the lattice energy
must be overcome. Suggest and explain how the magnitude of the lattice
energy of Group II sulfates change from MgSO4 to BaSO4. No calculation is
required.
.……………………………………………………………………..…………………….
.……………………………………………………………………..…………………….
.……………………………………………………………………..…………………….
.……………………………………………………………………..…………………….

(ii)

Suggest why ∆Hhydration of M2+ becomes less negative from Mg2+ to Ba2+.
.……………………………………………………………………..……………………
.……………………………………………………………………..……………………
[4]

PRELIM 2 © INNOVA

9647/02/2013

[Turn over

For
Examiner’s
Use

13
(c) Dinitrogen pentoxide, N2O5, exist as covalent molecules in the gas phase, but as
ionic [NO2+ NO3−] in the solid or in solution.
Draw dot-and-cross diagrams showing the electrons (outer shells only) in NO2+ and
NO3−, and predict their shapes.
NO3−

NO2+

[3]
[Total: 9]
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5 Compound W has the molecular formula C8H11NO. It is an aromatic compound which
contains two functional groups.
Data about the reactions of W are given in the table.
reaction

reagent

result

1

Na

colourless gas evolved; white solid formed
which is soluble in H2O

2

PCl5(s)

steamy white fumes

3

alkaline I2(aq)

pale yellow ppt

4

HCl(aq) at room
temperature

colourless solution formed

5

Br2(aq) in excess

white solid formed which has Mr = 294.8

6

acidified KMnO4 and
heat

purple KMnO4 decolourises

In this question, when identifying functional groups, your answers should be unambiguous.
(a)

(i) Based on reaction 1, give the names of two different functional groups that
could be present in W.
…………………………………………………………………………….…………..….
(ii) Which of the functional groups you have named in (a)(i) is confirmed by
reaction 2? Explain your answer.
…………………………………………………………………………………..………..
……………………………………………………………………………………..……..
……………………………………………………………………………………..……..
……………………………………………………………………………………..……..
……………………………………………………………………………………....…[4]

(b)

(i) What type of reaction takes place in reaction 3?
…………………………………………………………………………………….…..….
(ii) State, as fully as you can, the functional group that reaction 3 shows to be
present in W.
……………………………………………………………………….………….……..[2]

(c)

(i) What type of reaction takes place in reaction 4?
………………………………………………………………………………….……..….
(ii) Deduce the molecular formula of the white solid formed in reaction 5.
………………………………………………………………………………….……..….
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(iii) Give the functional group that reactions 4 and 5 show to be present in W.
……………………………………………………………………………..….……….[3]
(d) You now have enough information to determine the structural formula of W.
(i) Draw the fully displayed structure of W.

(ii) Explain clearly why you have placed each of the two functional groups in their
particular positions.
…………………………………………………………………………………..………..
…………………………………………………………………………………..………..
…………………………………………………………………………………..………..
……………………………………………………………………………………....…[3]
(e) Give the structural formula of the organic product of reaction 6.

[1]
[Total: 13]
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Compound Y is a useful intermediate in the synthesis of pharmaceuticals. Y can be
synthesised from chloromethylbenzene according to the following scheme.

(a) Suggest laboratory reagents and conditions for steps I and II.
Step I:
Reagent: ………………………………………………………
Condition: ………………………………………………………
Step II:
Reagent: ………………………………………………………
Condition: ………………………………………………………
[2]
(b) Draw the structures of X and Y in the space provided.
[2]
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(c) Describe the mechanism of step I.

[3]
(d) Suggest an explanation for the following.
When treated with warm aqueous sodium hydroxide followed by an excess of dilute
nitric acid and aqueous silver nitrate, bromoethane gives a cream precipitate but
CH2CHBr gives no precipitate.
………………………………………………………………………………………………....
………………………………………………………………………………………………....
………………………………………………………………………………………………....
……………………………..…………………………………………………………..…...[2]
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(e) Reaction of bromoethane with ethanolic ammonia produces a by-product with the
formula C8H20NBr which gives an immediate precipitate with aqueous silver nitrate.
Suggest a structure for this compound and explain why this by-product is formed.
………………………………………………………………………………………………....
………………………………………………………………………………………………....
………………………………………………………………………………………………....
………………………………………………………………………………………………....
……………………………..…………………………………………………………..…...[2]
[Total: 11]
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Answer ALL questions on the spaces provided.
Planning (P)
1

The solubility of cerium(IV) sulfate, at a particular temperature, is defined as the mass of
cerium(IV) sulfate that will dissolve in and just saturate 100 g of solvent at that
temperature. It can also be represented by the following equation:

Solubility =

mass of cerium(IV) sulfate (g)
100 g of solvent

A saturated solution is one in which no more solid can dissolve at a particular
temperature.
When cerium(IV) sulfate dissolves in water, the saturated solution is in contact with the
undissolved solid to establish the following equilibrium.
Ce(SO4)2(s) + aq

Ce4+(aq) + 2SO42–(aq)

Cerium(IV) sulfate is unusual. Its solubility decreases as the temperature of the solution
increases.
Cerium(IV) sulfate crystals also dissolve in dilute sulfuric acid, H2SO4, a corrosive aqueous
solution.
You are to plan an experiment to investigate how the solubility of cerium(IV) sulfate
crystals in dilute sulfuric acid depends on the concentration of the acid.
(a) By considering the ions present in a solution of cerium(IV) sulfate in sulfuric acid,
predict and explain how the solubility of the cerium(IV) sulfate will be affected by the
concentration of the acid.
Prediction: The solubility of cerium sulphate decreases
Explanation: Due to the common ion effect
OR
By Le Chatelier’s Principle, as the concentration of sulphuric acid increases, the
equilibrium position shift left, suppressing solubility of cerium(IV) sulfate.
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(b) You are to design a two-part laboratory experiment to investigate your prediction in
(a).
Part 1 – solubility of cerium(IV) sulfate in water
In addition to the standard apparatus present in a laboratory you are provided with
the following materials.
100 cm3 distilled water
solid cerium(IV) sulfate, Ce(SO4)2
Give a step-by-step description of how you would
•
•
•
•
•

prepare a saturated solution using all of the 100 cm3 of distilled water,
control the temperature of the experiment,
separate the saturated solution from undissolved solid,
obtain the mass of cerium(IV) sulfate and mass of water in the saturated solution,
calculate the solubility of cerium(IV) sulfate from the experimental results.

Procedure for Preparation of Saturated solution
1. Using a 100 cm3 measuring cylinder, place 100 cm3 of distilled water into a
pre-weighed 250 cm3 dry conical flask/beaker. Weigh again with the distilled
water inside to obtain the mass of the distilled water.
2. Maintain the temperature of the water by using a water bath.
3. (Using a spatula, add a large spatula of) Add (solid) Ce(SO4)2 into the flask
and stir with a glass rod). Continue to add more solid and swirl, until some
Ce(SO4)2 remains undissolved to ensure a saturated solution is obtained.
4. Filter the (saturated) solution using a dry filter funnel and dry filter paper into
a pre-weighed dry conical flask/beaker to ensure the saturated solution is
not diluted.
5. Weigh the saturated solution (filtrate), and subtract away the mass of 60cm3
of distilled water to obtain the mass of Ce(SO4)2 dissolved in the saturated
solution.
6. Using the following equation, the solubility of Ce(SO4)2 can be obtained.

Solubility =

mass of solid (g)
100 g of solvent

Part 2 – solubility of cerium(IV) sulfate in sulfuric acid
In addition to other standard apparatus present in a laboratory, you are provided with
the following materials.
100 cm3 volumetric flask
5 mol dm–3 sulfuric acid
distilled water
solid cerium(IV) sulfate
Give a step-by-step description of how you would prepare a range of solutions of
sulfuric acid of different concentrations. These solutions could then be used to
investigate the solubility of cerium(IV) sulfate in different concentrations of sulfuric
PRELIM 2 © INNOVA
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acid. See part (c).
Your plan should include details of the following.
(i) the number and concentrations of the solutions to be prepared
(ii) the volumes of acid and water used to prepare the solutions
(iii) the apparatus and method you would use in their preparation
You should include a table to tabulate your details for (i) and (ii).
In (i), you should prepare 5 solutions with different concentrations, and the range
should cover at least a fourfold increase in concentration and at least one should be
greater than 2.5 mol dm−3. 5 mol dm−3 could be one of these.
1) Using a burette / pipette (measuring cylinder not accepted), measure 20
cm3 (can be other volumes in the table) of the 5 mol dm-3 sample of H2SO4
into a 100cm3 volumetric flask .
2) Top up to the mark with distilled water.
3) Insert the stopper and shake to obtain a homogenous solution
4) This will give a stock solution of 1 mol dm-3 H2SO4.
5) Repeat steps 1 to 3 using the volumes of H2SO4 and distilled water specified
in the table below:
Expt

1
2
3
4
5

Vol of
5mol dm-3
H2SO4 / cm3
20
40
60
80
100

Vol of H2O/cm3

New conc of H2SO4
/mol dm-3

80
60
40
20
0

1
2
3
4
5

(c) Draw another table with appropriate headings to show the data you would record
when investigating the solubility of cerium(IV) sulfate in the solutions of sulfuric acid
planned in (b), Part 2.
Expt

1
2
3
4
5

Vol of
5mol dm-3
H2SO4 /
cm3

20
40
60
80
100

Vol of
H2O/cm3

80
60
40
20
0

New conc
of H2SO4
/mol dm-3

M, Mass
of original
solution
[H2SO4
and H2O
mixed] / g

Mass of
saturated
solution
[solution
+ max
amt of
Ce(SO4)2
dissolved
]/g

a, Mass
of
Ce(SO4)2
dissolved
/g

a
,
M
Solubility
of
Ce(SO4)2
/g

1
2
3
4
5

(d) State a risk that must be taken into consideration when planning the experiment.
Corrosive nature of sulphuric acid identified as the hazard or any risk associated
with this hazard. Alternatively, accept reference to the toxicity of cerium
compounds or any risk associated with the use of this reagent.
[Total: 12]
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(a) Iron is commonly produced in a blast furnace from the ore haematite, which contains
iron(III) oxide. Either carbon or carbon monoxide can bring about the reduction of
iron(III) oxide.

3
C(s)
2

Reaction 1:

Fe2O3(s) +

2Fe(s) +

Reaction 2:

Fe2O3(s) + 3CO(g)

2Fe(s) + 3CO2(g)

∆H / kJ mol–1
+234
–24.8

Reaction 1
Reaction 2

3
CO2(g)
2

∆S / J mol–1 K–1
+279
+15.2

(i) The carbon monoxide is formed by the following reaction.
C(s) + CO2(g)

2CO(g)

By means of a suitable energy cycle or any other method, calculate the ∆Hr for
this reaction using the ∆H data provided for Reactions 1 and 2.

C(s) + CO2(g)
+

2
Fe2O3(s)
3

2
(+ 234 )
3

∆Hr =

Æ 2CO(g)
+

4
Fe(s) + 2CO2(g)
3

2
Fe2O3(s)
3
2
(− 24.8 )
3

2
2
( +234 ) − ( −24.8)
3
3

= +173 kJ mol–1
(ii) Calculate the ∆G of reaction 1 and 2 and state which reaction is more
spontaneous at 1800 K.

Reaction 1:
∆G = ∆H – T∆S
= +234 – (1800) (+279 x 10-3)
= – 268 kJ mol-1
Reaction 2:
∆G = ∆H – T∆S
= (–24.8) – (1800) (+15.2 x 10-3)
= – 52.2 kJ mol-1
Reaction 1 is more energetically feasible at 1800 K.
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(iii) In reality, reaction 2 occurs more readily than reaction 1 at 1800 K. Suggest a
reason for this.
1) Reaction 2 is kinetically more favourable as iron(III) oxide reacts more
readily with gaseous CO than with solid carbon where reaction can only
take place at the interface of the two solids.
2) There is not enough energy to overcome the high activation energy of
reaction 1 due to breaking of strong C–C covalent bonds in solid carbon for
reaction to take place.
[7]
(b)

Iron and its compounds are also commonly used in organic reactions. One such
reaction is the Friedel-Crafts acylation reaction. In this reaction, benzene reacts with
acyl chlorides, RCOCl, in the presence of iron(III) chloride as a catalyst.
The first step of the mechanism produces the electrophile R
attack the benzene ring.

C

O that can then

(i) Draw the product formed when benzene reacts with ethanoyl chloride in the
presence of FeCl3.

(ii) Describe the mechanism of the above reaction, including the formation of the
electrophile.

Name of mechanism: Electrophilic Substitution
Step 1: Generation of electrophile
CH3COCl + FeCl3 Æ FeCl4- + CH3CO+
Step 2: Electrophilic attack on benzene ring

Step 3: Loss of proton

PRELIM 2 © INNOVA

9647/02/2013

[Turn over

For
Examiner’s
Use

7
For
Examiner’s
Use

Step 4: Regeneration of catalyst
[9]
[4]
(c)

(i) The dissolution of potassium nitrate in water is represented by the following
equilibrium.
K+(aq) + NO3–(aq)
KNO3(s) + aq
With the aid of the above equilibrium, explain the following phenomenon.
When potassium nitrate dissolves in water, the temperature drops. If a
saturated solution of potassium nitrate at 100 oC is cooled to room
temperature, crystals are formed.
When potassium nitrate is dissolved, it is an endothermic reaction (OR forward
reaction is endothermic) as the temperature drops. This implies that the
backward reaction is an exothermic reaction.

On cooling a saturated solution from 1000C to room temperature, heat is
removed from the system (OR temperature is decreased). By LCP, the system
wants to increase the temperature by giving out heat. Thus, the exothermic
reaction is favoured. The position of equilibrium shifts to the left and hence,
crystals are formed.
(ii) Write the Kc expression for the dissolution of potassium nitrate, including its
units.
Kc = [K+][ NO3-] mol2 dm-6
[4]
[Total: 15]
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(a) Ammonia may be prepared in a school laboratory by using the apparatus below.

The reaction involves the displacement of ammonia from one of its compounds.
(i) Construct a balanced equation for the reaction between the two reagents.
2NH4Cl + Ca(OH)2 Æ 2 NH3 + CaCl2 + 2H2O
Or
NH4+ + OH− Æ NH3 + H2O
(ii) Common drying agents include calcium oxide, concentrated sulfuric acid and
phosphorus(V) oxide.
Which of these could be used in the drying tower in this experiment? Explain
your answer.
CaO.
Because it is a base & will not react with NH3.
OR
Both P2O5 and conc sulfuric acid are acidic & will react with NH3.
[3]
(b)

When water is added to white anhydrous CuSO4, the solid dissolves to give a blue
solution. On addition of concentrated NH4Cl (aq), the solution changes to a yellowgreen due to formation of copper containing species D. Concentrating the solution
produces green crystals E of an ammonium salt with empirical formula CuN2H8Cl4.
(i)

Write the electronic configuration of the copper atom.
1s22s22p63s23p63d94s1

(ii)

Suggest the formulae of the cation present in E.
Cation present in E
NH4+
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Suggest the formulae of anion D.
Anion D
CuCl42-

(iv)

Suggest a balanced equation for the formation of anion D from aqueous
CuSO4.

Cu(H2O)62+ + 4Cl- Æ CuCl42- + 6 H2O

When excess of NH3(aq) is added to species D, the yellow green solution turns to a
deep blue solution.
(v)

Use this information and the information above to suggest the strength of NH3,
H2O and Cl– ligands in decreasing order.

NH3 > Cl- > H2O

[5]
(c)

(i) Describe what you would see when aqueous silver nitrate is added to separate
tubes containing aqueous sodium chloride, aqueous sodium bromide and
aqueous sodium iodide.
white precipitate AgCl
cream precipitate AgBr
yellow precipitate AgI
(ii) With reference to (c)(i), describe how the relative solubilities in NH3(aq) can be
used to distinguish between solutions of the halide ions Cl–, Br–, I–.
9 AgCl, dissolves (readily) in aqueous NH3 to give a colourless solution.
9 AgBr & AgI are insoluble in aqueous NH3

The decrease in solubility of the three silver halides in ammonia is due to the
difference in their Ksp values.
9 AgX (s)

Ag+ (aq) + X- (aq)

Ag+ (aq) + 2NH3 (aq)

------------- (1)

[Ag(NH3)2]+(aq)

9 When dilute NH3 is added, Ag+ will react to form a soluble complex,
[Ag(NH3)2]+. This lowers the [Ag+ (aq)] and causes the equilibrium (1) to
shift to the right. AgX becomes more soluble.
9 As the Ksp value of AgBr and AgI are lower, the ionic product of AgX is
higher than its Ksp value. Thus, AgBr and AgI are insoluble in dilute
NH3. (High concentration of NH3 is required to shift the equilibrium to the
right.)
9 For AgCl, the Ksp value of AgCl is higher, thus the ionic product of AgCl
is lower than its Ksp value. AgCl is soluble in dilute NH3.

[4]
[Total: 12]
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(a)

The solubility product, Ksp, of barium sulfate has a numerical value of
1.08 x 10–10 mol2 dm–6.
(i)

Write an expression for the Ksp of barium sulfate.
Ksp = [Ba2+] [SO42-]

(ii)

Use the value of Ksp given to calculate the concentration of barium sulfate in a
saturated solution.
Ksp = [Ba2+] [SO42-] = 1.08 x 10–10

(1.08 x 10 –10 ) = 1.04 x 10-5 mol dm–3

[BaSO4] =

[2]
(b)

Data concerning the elements of Group II of the Periodic Table, at 298K, are given in
the table. Further data can be found in the Data Booklet.

∆Hhydration of M2+/ kJ mol–1
solubility of sulfate/
mol per 100 g of water
(i)

Mg

Ca

Sr

Ba

–1980

–1650

–1480

–1365

1.8 x 10–1

4.7 x 10–3

7.1 x 10–5

9.4 x 10–7

When a salt such as a Group II sulfate dissolves in water, the lattice energy
must be overcome. Suggest and explain how the magnitude of the lattice
energy of Group II sulfates change from MgSO4 to BaSO4. No calculation is
required.
According to Coulomb’s Law,

q+ q−
Lattice energy

α

r+ + r−

where q+ and q-: charge on cation and anion respectively
r+ + r- : sum of radius of cation and anion
Down the group,
•

charges on cation and anion remains the same,

•

radius of cation (r+) increases,

•

However, since the radius of sulfate anion, (r-) is much larger than the
radius of metal cation (r+),

(r+ +r-) remain almost constant, LE is effectively constant
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Suggest why ∆Hhydration of M2+ becomes less negative from Mg2+ to Ba2+.

q+
r+

Down the group,
•

Charge of cation remains the same

•

size of cation increases

•

charge density decreases hence form weaker ion-dipole interaction with water

Hence ∆Hhyd is less exothermic.
[4]
(c) Dinitrogen pentoxide, N2O5, exist as covalent molecules in the gas phase, but as
ionic [NO2+ NO3−] in the solid or in solution.
Draw dot-and-cross diagrams showing the electrons (outer shells only) in NO2+ and
NO3−, and predict their shapes.

9 shape: linear

9 shape: trigonal planar

[Total: 9]
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5 Compound W has the molecular formula C8H11NO. It is an aromatic compound which
contains two functional groups.
Data about the reactions of W are given in the table.
reaction

reagent

result

1

Na

colourless gas evolved; white solid formed
which is soluble in H2O

2

PCl5(s)

steamy white fumes

3

alkaline I2(aq)

pale yellow ppt

4

HCl(aq) at room
temperature

colourless solution formed

5

Br2(aq) in excess

white solid formed which has Mr = 294.8

6

acidified KMnO4 and
heat

purple KMnO4 decolourises

In this question, when identifying functional groups, your answers should be unambiguous.
(a)

(i) Based on reaction 1, give the names of two different functional groups that
could be present in W.
Phenol and alcohol

(ii) Which of the functional groups you have named in (a)(i) is confirmed by
reaction 2? Explain your answer.
Alcohol
Phenol does not undergo substitution with PCl5(s) as the C–O bond is
strengthened by the delocalisation of the lone pair of electrons on O into
the benzene ring OR p orbital of O overlap with π orbitals of benzene.
[4]
(b)

(i) What type of reaction takes place in reaction 3?
(Mild) oxidation

(ii) State, as fully as you can, the functional group that reaction 3 shows to be
present in W.
Alcohol with CH3CH(OH) group
[2]
(c)

(i) What type of reaction takes place in reaction 4?
Acid base/neutralisation
(ii) Deduce the molecular formula of the white solid formed in reaction 5.
C8H9NOBr2
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(iii) Give the functional group that reactions 4 and 5 show to be present in W.
Aromatic amine / phenylamine
[3]
(d) You now have enough information to determine the structural formula of W.
(i) Draw the fully displayed structure of W.

(ii) Explain clearly why you have placed each of the two functional groups in their
particular positions.
The –NH2 group is a strong activating group and is 2,4-directing. From reaction
5, only 2 Br atoms are introduced into the benzene ring during electrophilic
substitution. Hence, the alcohol group must be at the 2nd or 4th position with
respect to the –NH2 group.

[3]
(e) Give the structural formula of the organic product of reaction 6.

[1]
[Total: 13]
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Compound Y is a useful intermediate in the synthesis of pharmaceuticals. Y can be
synthesised from chloromethylbenzene according to the following scheme.

(a) Suggest laboratory reagents and conditions for steps I and II.
Step I:
Reagent: Ethanolic KCN
Condition: Heat
Step II:
Reagent: LiAlH4 in dry ether
Condition: Room Temperature
Or NaBH4 in alkaline methanol
[2]
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(b) Draw the structures of X and Y in the space provided.
X:

Y:
CH2CH2NH

CH2
C
O

[2]

(c) Describe the mechanism of step I.
Nucleophilic Substitution (SN1) , also accept SN2

s+

Step 1: H

C

s-

Cl

slow
H

H

Step 2: H

C+
H

C+ +

Cl -

H
carbocation
intermediate

+ : CN-

fast

H

C

CN

H

[3]
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(d) Suggest an explanation for the following.
When treated with warm aqueous sodium hydroxide followed by an excess of dilute
nitric acid and aqueous silver nitrate, bromoethane gives a cream precipitate but
CH2CHBr gives no precipitate.

does not undergo nucleophilic substitution with NaOH (aq) as the C – Cl
bond is strengthened by the overlapping of the p-orbital of Cl with the π orbitals of
carbon-carbon double bond / lone pair of electrons on Cl delocalise into benzene ring.
Thus the C – Cl bond is too strong to be broken. Since there are no free Cl- ions, no
precipitate was formed upon the addition of AgNO3 (aq).
[2]
(e) Reaction of bromoethane with ethanolic ammonia produces a by-product with the
formula C8H20NBr which gives an immediate precipitate with aqueous silver nitrate.
Suggest a structure for this compound and explain why this by-product is formed.
(CH3CH2)4N+ Bror (CH3CH2)4N Br
The amine formed is more nucleophilic than ammonia as the electron-donating
alkyl groups makes the lone pair of electrons on N atom more readily available
for nucleophilic attack on the electron deficient carbon atom. Therefore, multiple
substitution occurred.
[2]
[Total: 11]
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Answer 4 out of 5 questions.
1

(a)

A possible source of energy for the road vehicles of the future is hydrogen. One of
the problems still to be solved is the storage of the hydrogen in the vehicle. A
conventional tank holding liquid hydrogen would have to be pressurised and
refrigerated. In a crash, this type of tank could break resulting in the rapid release of
hydrogen and an explosion.
One alternative is to use a fuel tank packed with carbon nanotubes. The hydrogen in
the tank would be adsorbed onto the surface of the nanotubes and the pressure in
the fuel tank is due to free gaseous hydrogen.
(i)

What forces could be responsible for holding the hydrogen on the surface of
the nanotubes? Explain your answer.

(ii)

An equilibrium exists between the hydrogen gas adsorbed on the surface of
the carbon nanotubes and free gaseous hydrogen.
H2 adsorbed

H2 gaseous

When a nanotube-packed fuel tank is full of hydrogen there is a steady
pressure of hydrogen in the tank.
While hydrogen gas is being removed from the fuel tank to power the car, the
pressure in the fuel tank drops very little for some time.
Suggest an explanation for this phenomenon.
[4]
(b)

(i)

In the industry, hydrogen is used in the Haber process to synthesise ammonia
as shown below.
N2 + 3H2
2NH3
The Kp of the Haber process is 1.34 x 10–4 atm–2 at 472 °C. A mixture contains
1 mol of nitrogen and 3 mol of hydrogen initially. When it is allowed to reach
equilibrium at this temperature, the equilibrium mixture is found to contain
1.5 mol of NH3. Calculate the total pressure of the system at equilibrium.

(ii)

From an experiment, it is found that in organic solvent, ammonia react with an
equimolar amount of BF3 to form a product with a melting point of 260 °C.
Explain why these two molecules react in the given manner.
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(iii)

The following graphs show how the same amount of nitrogen gas and
ammonia gas behave over a range of pressure, at the same temperature.

Explain the shape of the graph for ammonia gas.
[5]
(b)

Organometallic compounds, usually a metal attached to an R group, can be used to
convert carbonyl compounds to alcohols. An example is shown below.
H2O
R−CH=O + R’−Li
(i)

R−CH(OH)−R’ + LiOH

2-methyl-butan-2-ol is a specialty pentanol used primarily as a pharmaceutical
or pigment solvent.
Using your knowledge of the above reaction, suggest the reagents and
conditions you would use in a two-step synthesis of 2-methyl-butan-2-ol from
butan-2-ol, identifying the intermediate.

(ii)

(c)

Suggest the reagents and conditions for a reaction that could be used to
distinguish between 2-bromobutane and 2-methyl-butan-2-ol. You should state
how each of them react in the test.
[5]

Silicon and beryllium are two elements used as starting reagents in many chemical
reactions.
(i)

(ii)

In each of the following reactions, describe the way in which the oxide of the
named element is reacting and discuss whether its behaviour is what you
would expect from the position of the element in the Periodic Table.
•

Silicon: MgO + SiO2

•

Beryllium: 2 NaOH + BeO

MgSiO3
Na2BeO2 + H2O

Explain why BeO shows the property in (c)(i).
[4]
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(d)

Aluminium sulfate and calcium oxide are sometimes added to water supplies to
co-precipitate suspended solids and bacteria. A small amount of aluminium remains
in solution and its presence in drinking water may contribute to the mental illness
known as Alzheimer’s disease.
(i)

An insoluble aluminium compound might be formed when water, aluminium
sulfate and calcium oxide are mixed. Write a balanced equation, with state
symbols, to show its production.

(ii)

Suggest why it is important not to add too much calcium oxide.
[2]
[Total: 20]
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Chemical energy can be directly converted to electrical energy by devices such as
batteries and fuel cells.
The nickel-cadmium (Ni-Cd) battery is a type of rechargeable battery used in many
portable devices like hand phones and cameras.
The cathode is made of a nickel compound, NiO(OH) and the anode is made of cadmium.
The electrolyte is aqueous potassium hydroxide. When the battery discharges, Ni(OH)2(s)
and Cd(OH)2(s) are formed.
(a)

(i)

Construct the half-equations at each electrode of this Ni-Cd electrochemical
cell during the discharging process.

(ii)

Given that
E o /V
Cd(OH)2 / Cd

–0.89

NiO(OH) / Ni(OH)2

+0.49

Calculate the electromotive force of the cell.
(iii)

(b)

Ni-Cd batteries can be recharged by applying current across the two
electrodes. How long would it take to recharge a Ni-Cd battery at a current of
2.0 A, if 5.6 g of cadmium (Ar = 112) has been converted to Cd(OH)2 during the
discharging process?
[5]

In aqueous solution, transition metal ions such as Ni2+ and Fe3+ exist as aqua
complexes, M(H2O)nm+.
Using relevant data from the Data Booklet, explain the following observations, writing
equations where necessary.
When iodide ions were added to aqueous iron(III) chloride, a brown solution was
obtained. However, no such observation was seen when the experiment was
repeated in the presence of cyanide ions.
[4]

(c)

Nickel and its complexes are also used as a catalyst in the polymerisation of
alkenes.

(i)

Explain whether the enthalpy change for the polymerisation will be positive or
negative.

(ii)

Explain the entropy change of this reaction.

(iii)

Hence, suggest whether the polymerisation process becomes spontaneous at
high or low temperature.
[4]
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(d)

In the organic reaction scheme below, compound A can be formed from
benzaldehyde in a series of steps.

(i)

Draw the structure of B.

(ii)

Suggest the type of reaction for steps II and III.

(iii)

Suggest reagents and conditions for steps I and II.

(iv)

Suggest whether propanal or benzaldehyde reacts with HCN at a faster or
slower rate.
[7]
[Total: 20]
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(a)

When 15.0 cm3 of an alkene C underwent complete combustion in 100 cm3 of
excess oxygen, the remaining gases occupied 77.5 cm3. On shaking these gases
with aqueous sodium hydroxide, a reduction in gaseous volume of 45 cm3 was
noted. Determine the molecular formula of compound C and hence deduce its
identity. All volumes were measured at r.t.p.
[3]

(b)

Formation of 1,2-halo alcohols, also known as halohydrins, occurs via the addition
reaction between an alkene and a halogen in the presence of water.

In a series of experiments, the reaction between alkene C and aqueous bromine
was carried out with different concentrations of the two reagents, and the following
relative initial rates were obtained.
Experiment
1
2
3

[alkene C]
/ mol dm-3
0.020
0.030
0.040

[Br2]
/ mol dm-3
0.020
0.020
0.030

initial rate
/ mol dm-3 s-1
1.00 x 10-3
1.50 x 10-3
3.00 x 10-3

(i)

Use these data to deduce the order of reaction with respect to each of the two
reagents, showing how you arrive at your answers.

(ii)

Hence write a rate equation for the reaction.

(iii) Calculate the rate constant for the reaction, giving its units.

(c)

(iv)

Why is it not possible to determine the order with respect to water in this
experiment?

(v)

Comment on how the rate of reaction may change if chlorine is used instead of
bromine in the reaction with alkene C.
[7]

The mechanism of the addition reaction between but-1-ene and aqueous Br2
involves three steps.
• There is an initial attack by the π electron pair of the alkene on Br2 to yield a
carbocation intermediate.
• This is followed by the nucleophilic attack of the lone pair of electrons on oxygen
in water on the carbocation intermediate.
• The third step involves the loss of H+ ion which then yields the neutral
bromohydrin.
Use the information given above to describe a mechanism that is consistent with
your rate equation, and indicate which step in the mechanism is the rate determining
step.
[3]
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(d)

Apart from hot acidified KMnO4, other powerful oxidising agents such as ozone (O3)
can also cause C=C bond cleavage in alkenes.
In the ozonolysis of alkene, the C=C bond is cleaved and oxygen becomes doubly
bonded to each of the original alkene carbons.

Predict the organic products of the following reactions when compound D is reacted
with

Compound D
(i)

hot acidified KMnO4

(ii)

O3, followed by Zn and H3O+

(iii) IBr in CCl4
[3]
(e)

(i)

Describe what you see when phosphorus is burned in excess oxygen.

(ii)

Describe what you would observe when separate samples of oxides of sodium
and phosphorus react with water containing universal indicator. Write
equations for the reactions you described.
[4]
[Total: 20]
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(a)

In a laboratory setting, amino acid analysis of the peptide angiotensin II shows the
presence of eight different amino acids in equimolar amounts: Arg, Asp, His, Ile, Phe,
Pro, Tyr, and Val.
Partial hydrolysis of angiotensin II yield the following fragments:
Asp-Arg-Val-Tyr

Ile-His-Pro
Pro-Phe
Val-Tyr-Ile-His
Deduce the primary structure of angiotensin II.
[2]
(b)

(i)

Explain what is meant by the term zwitterion.

(ii)

The amino acid, valine, which is found in angiotensin II, has the following
structure.

By using suitable equations, show how the zwitterionic form of valine can act as
a buffer.
[3]
(c)

The amino acid, histidine has the following structure.

(i)

At pH 6, only Na will be protonated while Nb remains unchanged. Suggest a
reason for this.

(ii)

Explain, in terms of R-group interaction in the histidine amino acid residue, how
a low pH of 2 might affect the tertiary structure of angiotensin II.
[3]
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(d)

The Ugi reaction is a multi-component reaction in organic chemistry involving an
aldehyde and an isocyanide to form a bis-amide. Compound E is one such product to
be formed from this reaction.
F
H
N
F
O
O
OH

Compound E
(i)

Describe the conditions needed to hydrolyse amides in the laboratory.

(ii)

Predict the products of the hydrolysis of Compound E.

(iii)

One of the hydrolysed products of Compound E in (d)(ii) can subsequently react
with acidified potassium manganate(VII) to give a gaseous compound F.
Identify compound F.
[3]

(d) An aqueous solution of diamine, NH2CH2CH2CH2NH2 has pKa1 of 10.6 and pKa2 of 8.9.
When the aqueous solution is titrated with HCl(aq), two successive acid-base
reactions occur.
You are given that the initial pH of the aqueous solution of diamine is 11.8.
Sketch the pH changes you would expect to obtain when 30 cm3 of
0.10 mol dm-3 HCl (aq) is added to 10 cm3 of 0.10 mol dm-3 solution of the diamine.
Include the various key points on the curve. You are not required to calculate the pH at
the equivalence points.
[4]
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(e)

The graph below shows the second ionisation energy of eight elements with
consecutive proton number.
2nd Ionisation Energy/ kJ mol–1
N
M
K
L

G

J

P

H
O

Atomic number
(i)

Which of the above element, G to O, is aluminium? Explain your answer.

(ii)

Hence, or otherwise, explain the drop in value from G to H.
[5]
[Total: 20]
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Procaine, C13H20N2O2, a local anaesthetic, can be synthesised through the following
reaction pathway.

Procaine
(a)

State the reagents and conditions for reactions I, II, III and IV.
[5]

(b)

Draw the structures of compounds Q and R.
[2]

(c)

Suggest and explain how the acidity of compound Q might compare with that of
benzoic acid.
[2]

(d)

In a laboratory preparation of procaine, when 15.4 g of methylbenzene was used,
75 % of the procaine (Mr = 236) was obtained after purification.
Calculate the mass of procaine collected.
[2]
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(e)

A colourless crystalline solid that was used in textile processing and as an oil and fat
preservative, is recently found in starch-based Taiwanese products. This chemical is
linked to kidney failure.
This crystalline solid exist as isomers, S and T with the molecular formula C4H4O4. The
properties of the two isomers are given below.
•

Aqueous solutions of S and T turn blue litmus red.

•

Both S and T decolourise a solution of bromine in tetrachloromethane.

•

When heated, both S and T undergo dehydration to lose a molecule of
water. However, the dehydration of T requires a lower temperature than S.

(i)

Suggest, with reasons, the structural formulae of S and T.

(ii)

State the type of isomerism present in S and T.

(iii)

With reference to your answer in (ii), explain why the dehydration of T requires
a lower temperature than S.

(iv)

Write an equation to show the dehydration of T.
[6]

(f)

The monocarboxylate ion of a dicarboxylic acid, HO2C–(CH2)n–CO2–, is an amphiprotic
species.
(i)

Suggest what is meant by an amphiprotic species.

(ii)

Using malonic acid, HO2CCH2CO2H as an example, write two equations to
show how its monocarboxylate ion can act as an amphiprotic species.
[3]
[Total: 20]
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Answer 4 out of 5 questions.
1

(a)

A possible source of energy for the road vehicles of the future is hydrogen. One of
the problems still to be solved is the storage of the hydrogen in the vehicle. A
conventional tank holding liquid hydrogen would have to be pressurised and
refrigerated. In a crash, this type of tank could break resulting in the rapid release of
hydrogen and an explosion.
One alternative is to use a fuel tank packed with carbon nanotubes. The hydrogen in
the tank would be adsorbed onto the surface of the nanotubes and the pressure in
the fuel tank is due to free gaseous hydrogen.
(i)

What forces could be responsible for holding the hydrogen on the surface of
the nanotubes? Explain your answer.
Van der waals’ forces
Carbon nanotubes are non-polar in nature

(ii)

An equilibrium exists between the hydrogen gas adsorbed on the surface of
the carbon nanotubes and free gaseous hydrogen.
H2 adsorbed

H2 gaseous

When a nanotube-packed fuel tank is full of hydrogen there is a steady
pressure of hydrogen in the tank.
While hydrogen gas is being removed from the fuel tank to power the car, the
pressure in the fuel tank drops very little for some time.
Suggest an explanation for this phenomenon.
When H2 is removed the pressure drops and more H2 is released from that
adsorbed.
Equilibrium shifts to the right as pressure drops
[4]
(b)

(i)

In the industry, hydrogen is used in the Haber process to synthesise ammonia
as shown below.
2NH3
N2 + 3H2
The Kp of the Haber process is 1.34 x 10–4 atm–2 at 472 °C. A mixture contains
1 mol of nitrogen and 3 mol of hydrogen initially. When it is allowed to reach
equilibrium at this temperature, the equilibrium mixture is found to contain
1.5 mol of NH3. Calculate the total pressure of the system at equilibrium.
N2

Initial no. of
moles
Change in no. of
moles
Eqm. no. of
moles

+

3H2

2NH3

1

3

0

-(1.50 ÷ 2)
= -0.75
0.25

-0.75 x 3
= -2.25
0.75

+1.50
1.50

Total no. of moles of gases at eqm = 0.25 + 0.75 + 1.50 = 2.5
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( PNH 3 )
3
( PH 2 ) × ( PN 2 )
2

Kp =

2
3
⎞⎞
⎛ 1.50
⎞ ⎛ ⎛ 0.75
⎞ ⎛ 0.25
× PT ⎟ ÷ ⎜ ⎜
× PT ⎟ ⎜
× PT ⎟ ⎟
1.34 x 10 = ⎜
⎝ 2.50
⎠ ⎜⎝ ⎝ 2.50
⎠ ⎝ 2.50
⎠ ⎟⎠
-4

PT = 998 atm
(ii)

From an experiment, it is found that in organic solvent, ammonia react with an
equimolar amount of BF3 to form a product with a melting point of 260 °C.
Explain why these two molecules react in the given manner.
B atom is electron deficient. N atom in ammonia has a lone pair of electrons.
Thus, dative bonds (from nitrogen to boron) can be formed.

(iii)

The following graphs show how the same amount of nitrogen gas and
ammonia gas behave over a range of pressure, at the same temperature.

Explain the shape of the graph for ammonia gas.
•

Ammonia gas is a non-ideal gas/behaves non-ideally/deviates from ideality

•

The inter-molecular forces of attraction between NH3 molecules is not negligible
OR
There exists hydrogen bond between NH3 molecules

•

[5]
(b)

Organometallic compounds, usually a metal attached to an R group, can be used to
convert carbonyl compounds to alcohols. An example is shown below.
H2O
R−CH=O + R’−Li
(i)

R−CH(OH)−R’ + LiOH

2-methyl-butan-2-ol is a specialty pentanol used primarily as a pharmaceutical
or pigment solvent.
Using your knowledge of the above reaction, suggest the reagents and
conditions you would use in a two-step synthesis of 2-methyl-butan-2-ol from
butan-2-ol, identifying the intermediate.
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OH

CH3 -Li , H2O

KMnO4, dilute H2SO4
heat with reflux
OH

(ii)

O

Suggest the reagents and conditions for a reaction that could be used to
distinguish between 2-bromobutane and 2-methyl-butan-2-ol. You should state
how each of them react in the test.
Reagent and conditions :
KMnO4 (or K2Cr2O7) with dilute sulfuric acid, heat/warm (cannot use heat with
reflux)
Observation with 2-bromobutane:
KMnO4 remains purple or K2Cr2O7 remains orange
Observation with 2-methyl-butan-2-ol:
Purple KMnO4 decolourises or K2Cr2O7 turns green
OR

Reagent and conditions :
Warm with aq NaOH; followed by excess dilute HNO3, lastly add AgNO3 (aq)
Observation with 2-bromobutane:
Cream precipitate observed
Observation with 2-methyl-butan-2-ol:
No cream precipitate observed
OR
Reagent and conditions:
Na metal, room temp
Observation with 2-bromobutane:
No effervescence / No bubbles of gas
Observation with 2-methyl-butan-2-ol:
Effervescence / bubbles of gas. Gas evolved extinguish lighted splint with pop
sound.
[5]
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(c)

Silicon and beryllium are two elements used as starting reagents in many chemical
reactions.
(i)

In each of the following reactions, describe the way in which the oxide of the
named element is reacting and discuss whether its behaviour is what you
would expect from the position of the element in the Periodic Table.
•

MgSiO3

Silicon: MgO + SiO2

• Beryllium: 2 NaOH + BeO
SiO2:

Na2BeO2 + H2O

Gp IV (non-metallic) oxide, expected to form acidic oxide and to react with
base. Hence, given reaction is expected.
BeO:
Gp II (metallic) oxide, expected to form basic oxide and to react with acid. But
given reaction is with an alkali. Hence, given reaction is not expected.
(ii)

Explain why BeO shows the property in (c)(i).
Due to high charge density of Be2+ ion, the Be2+ polarises the electron cloud of
the O2-. Hence, BeO shows a high degree of covalency/ionic with covalent
character, and is amphoteric like Al2O3.

(d)

Hence, BeO also shows acidic properties and would react with alkali NaOH to
give a salt, Na2BeO2 and water.
[4]
Aluminium sulfate and calcium oxide are sometimes added to water supplies to
co-precipitate suspended solids and bacteria. A small amount of aluminium remains
in solution and its presence in drinking water may contribute to the mental illness
known as Alzheimer’s disease.
(i)

An insoluble aluminium compound might be formed when water, aluminium
sulfate and calcium oxide are mixed. Write a balanced equation, with state
symbols, to show its production.
2Al3+ (aq) + 3CaO(s) + 3H2O(l) Æ 2Al(OH)3(s) + 3Ca2+(aq)
OR
2Al2(SO4)3 (aq) + 3CaO(s) + 3H2O(l) Æ 2Al(OH)3(s) + 3CaSO4(aq)

(ii)

Suggest why it is important not to add too much calcium oxide.
Excessive calcium oxide makes the drinking water sufficiently alkaline, thereby
re-dissolving the aluminium hydroxide to form the soluble aluminate (ion)
[2]
[Total: 20]
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2

Chemical energy can be directly converted to electrical energy by devices such as
batteries and fuel cells.
The nickel-cadmium (Ni-Cd) battery is a type of rechargeable battery used in many
portable devices like hand phones and cameras.
The cathode is made of a nickel compound, NiO(OH) and the anode is made of cadmium.
The electrolyte is aqueous potassium hydroxide. When the battery discharges, Ni(OH)2(s)
and Cd(OH)2(s) are formed.
(a)

(i)

Construct the half-equations at each electrode of this Ni-Cd electrochemical
cell during the discharging process.
Cathode: NiO(OH) (s) + H2O (l) + e Æ Ni(OH)2 (s) + OH- (aq)
Anode: Cd (s)+ 2OH- (aq)Æ Cd(OH)2 (s) + 2e

(ii)

Given that
E o /V
Cd(OH)2 / Cd

–0.89

NiO(OH) / Ni(OH)2

+0.49

Calculate the electromotive force of the cell.
E∅cell = E∅(reduction) – E∅(oxidation)
= +0.49 – (–0.89) = + 1.38 V
(iii)

Ni-Cd batteries can be recharged by applying current across the two
electrodes. How long would it take to recharge a Ni-Cd battery at a current of
2.0 A, if 5.6 g of cadmium (Ar = 112) has been converted to Cd(OH)2 during the
discharging process?
Cd (s)+ 2OH- (aq)Æ Cd(OH)2 (s) + 2e

5.6
Amt of Cd = 112 = 0.05 moles
Amt of electrons = 2 x 0.05 = 0.1 mol
Q =It = ne F
Q = 0.1 x 96500 = 9650C

9650
Time = 2
= 4825 sec OR 80.4 min
[5]
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(b)

In aqueous solution, transition metal ions such as Ni2+ and Fe3+ exist as aqua
complexes, M(H2O)nm+.
Using relevant data from the Data Booklet, explain the following observations, writing
equations where necessary.

When iodide ions were added to aqueous iron(III) chloride, a brown solution was
obtained. However, no such observation was seen when the experiment was
repeated in the presence of cyanide ions.
[O]: 2I-(aq) → I2(aq) + 2e
[R]: Fe3+(aq) + e → Fe2+(aq)
2Fe3+(aq) + 2I-(aq) Æ I2(aq) + 2Fe2+ (aq)
Brown solution is I2(aq)
Eocell = +0.77 – (+0.54)
= +0.23 V (> 0) rxn is feasible

In the presence of CN- ligands,
[O]: 2I-(aq) Æ I2(aq) + 2e
[R]: [Fe(CN)6]3-(aq) + e → [Fe(CN)6]4-(aq)
[Fe(CN)6]3-(aq) + I-(aq) → no rxn
E ocell = +0.36 – (+0.54)
= - 0.18 V (< 0) rxn is not feasible
[4]
(c)

Nickel and its complexes are also used as a catalyst in the polymerisation of
alkenes.

(i)

Explain whether the enthalpy change for the polymerisation will be positive or
negative.
(For the reaction to take place, for every C–C π bond broken, 1 C–C σ bond is formed.)
As C–C σ bond is stronger than C–C π bond, the energy released from the formation of C–C σ
bond is more than the energy absorbed for the breaking of C–C π bond. Hence, the ∆H

θ

is

negative and heat will be released.
(ii)

Explain the entropy change of this reaction.

The ∆S is negative as there is a decrease in the number of molecules/monomers/particles.
Hence the system is more orderly.
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(iii)

Hence, suggest whether the polymerisation process becomes spontaneous at
high or low temperature.

Since ∆G θ= ∆H θ − T∆S θ, and ∆S θ and ∆H θ are negative, –T∆S θ is positive term.
The reaction will be spontaneous when the magnitude of ∆H
(-)T∆S θ which is at low temperature
(d)

θ

is greater than magnitude of

[4]
In the organic reaction scheme below, compound A can be formed from
benzaldehyde in a series of steps.

(i)

Draw the structure of B.

(ii)

Suggest the type of reaction for steps II and III.
Reaction II: Esterification/Nucleophilic sub/condensation
Reaction III: Disproportionation

(iii)

Suggest reagents and conditions for steps I and II.
I: dilute HCl or dilute H2SO4 ; heat
II: CH3CH(OH)COOH ; trace conc H2SO4, heat
OR
CH3CH(OH)COCl; room temperature

(iv)

Suggest whether propanal or benzaldehyde reacts with HCN at a faster or
slower rate.
In propanal, the methyl group is a smaller group than the bulky benzene ring in
benzaldehyde. There is less steric hindrance for CN– to attack the carbonyl
carbon in propanal. Thus, propanal reacts with HCN at a faster rate.
[7]
[Total: 20]
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3

(a)

When 15.0 cm3 of an alkene C underwent complete combustion in 100 cm3 of
excess oxygen, the remaining gases occupied 77.5 cm3. On shaking these gases
with aqueous sodium hydroxide, a reduction in gaseous volume of 45 cm3 was
noted. Determine the molecular formula of compound C and hence deduce its
identity. All volumes were measured at r.t.p.
Final volume = Volume of CO2 + Excess O2 = 77.5 cm3
Volume of CO2 = 45 cm3
Volume of excess O2 = 77.5 – 45 cm3 = 32.5 cm3
Volume of O2 used up = 100 – 32.5 = 67.5 cm3

CxHy

+

(x +

y
)O2
4

xCO2

+

y
H2O
2

Initial Volume
/ cm3

15

100

–

–

Vol reacted or
formed / cm3

15

67.5

45

–

Volume Ratio

1

4

3

Thus, x = 3
x+

y
= 4.5 Î y = 6
4

Molecular formula is C3H6,propene
[3]
(b)

Formation of 1,2-halo alcohols, also known as halohydrins, occurs via the addition
reaction between an alkene and a halogen in the presence of water.

In a series of experiments, the reaction between alkene C and aqueous bromine
was carried out with different concentrations of the two reagents, and the following
relative initial rates were obtained.
Experiment
1
2
3
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/ mol dm-3
0.020
0.030
0.040

9647/02/2013

[Br2]
/ mol dm-3
0.020
0.020
0.030

initial rate
/ mol dm-3 s-1
1.00 x 10-3
1.50 x 10-3
3.00 x 10-3

[Turn over

10
(i)

Use these data to deduce the order of reaction with respect to each of the two
reagents, showing how you arrive at your answers.
Let the rate equation be: Rate = k[CH3CH=CH2]x[Br2]y
Comparing experiments 1 & 2,
Rate 1 k [CH 3 CH = CH 2 ] x [Br2 ] y
=
Rate 2
k[CH 3 CH = CH 2 ] x [Br2 ] y

1.00 × 10-3 k [0.020]x [0.020]y
=
1.50 × 10-3 k [0.030]x [0.020]y
x=1
Comparing experiments 1 & 3,
Rate 1 k [CH 3 CH = CH 2 ] x [Br2 ] y
=
Rate 3
k[CH 3 CH = CH 2 ] x [Br2 ] y

1.00 × 10-3 k [0.020]x [0.020]y
=
3.00 × 10-3 k [0.040]x [0.030]y
y=1

(ii)

Hence write a rate equation for the reaction.
Rate = k[CH3CH=CH2][Br2]

(iii) Calculate the rate constant for the reaction, giving its units.
Using experiment 1,
k=

Rate
[CH3 CH = CH2 ] [Br2 ]

k=

1.00 × 10-3
= 2.50 mol-1dm3s-1
[0.020] [0.020]

(iv)

Why is it not possible to determine the order with respect to water in this
experiment?
Water is present in large excess; hence its concentration does not change
significantly

(v)

Comment on how the rate of reaction may change if chlorine is used instead of
bromine in the reaction with alkene C.
Rate will decrease because Cl-Cl bond is stronger than Br-Br.
[7]
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(c)

The mechanism of the addition reaction between but-1-ene and aqueous Br2
involves three steps.
• There is an initial attack by the π electron pair of the alkene on Br2 to yield a
carbocation intermediate.
• This is followed by the nucleophilic attack of the lone pair of electrons on oxygen
in water on the carbocation intermediate.
• The third step involves the loss of H+ ion which then yields the neutral
bromohydrin.
Use the information given above to describe a mechanism that is consistent with
your rate equation, and indicate which step in the mechanism is the rate determining
step.

[3]
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(d)

Apart from hot acidified KMnO4, other powerful oxidising agents such as ozone (O3)
can also cause C=C bond cleavage in alkenes.
In the ozonolysis of alkene, the C=C bond is cleaved and oxygen becomes doubly
bonded to each of the original alkene carbons.

Predict the organic products of the following reactions when compound D is reacted
with

Compound D
(i)

hot acidified KMnO4

(ii)

O3, followed by Zn and H3O+

(iii) IBr in CCl4

[3]

(e)

(i)

Describe what you see when phosphorus is burned in excess oxygen.

Phosphorus burns vigorously with bright yellow flame to give a white solid.
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(ii)

Describe what you would observe when separate samples of oxides of sodium
and phosphorus react with water containing universal indicator. Write
equations for the reactions you described.
Na2O (s) + H2O (l) Æ 2NaOH (aq)
Solid dissolves and universal indicator solution turns from green to purple.
P4O10 (s) + 6H2O (l) Æ 4H3PO4 (aq) [1m]
Solid dissolves and universal indicator solution turns from green to red.
[4]
[Total: 20]
4

(a)

In a laboratory setting, amino acid analysis of the peptide angiotensin II shows the
presence of eight different amino acids in equimolar amounts: Arg, Asp, His, Ile, Phe,
Pro, Tyr, and Val.
Partial hydrolysis of angiotensin II yield the following fragments:
Asp-Arg-Val-Tyr

Ile-His-Pro
Pro-Phe
Val-Tyr-Ile-His
Deduce the primary structure of angiotensin II.
Asp-Arg-Val-Tyr
Val-Tyr-Ile-His
Ile-His-Pro
Pro-Phe
Asp-Arg-Val-Tyr-Ile-His-Pro-Phe
[2]
(b)

(i)

Explain what is meant by the term zwitterion.

A zwitterion is a dipolar ion with both positive and negative charges in different parts of the
molecule.

(ii)

The amino acid, valine, which is found in angiotensin II, has the following
structure.

By using suitable equations, show how the zwitterionic form of valine can act as
a buffer.
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When a small amount of acid, H+ ions, is added

When a small amount of base,

[3]
(c)

The amino acid, histidine has the following structure.

(i)

At pH 6, only Na will be protonated while Nb remains unchanged. Suggest a
reason for this.
The lone pair of electrons on (the p- orbital of) Nb can overlap with the π orbitals of adjacent C=C
double bond / lone pair of electrons on Nb is delocalised into the adjacent C=C double bond.
Hence, the lone pair is less readily available to be protonated.
(ii)

Explain, in terms of R-group interaction in the histidine amino acid residue, how
a low pH of 2 might affect the tertiary structure of angiotensin II.
At low pH, -N/-NH becomes –NH+/-NH2+/protonated
This disrupts the hydrogen bonds or ionic interactions in the tertiary structure,
and hence leads to denaturation
[3]
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(d)

The Ugi reaction is a multi-component reaction in organic chemistry involving an
aldehyde and an isocyanide to form a bis-amide. Compound E is one such product to
be formed from this reaction.
F
H
N
F
O
O
OH

Compound E
(i)

Describe the conditions needed to hydrolyse amides in the laboratory.
Acidic hydrolysis: HCl(aq) or H2SO4(aq), heat with reflux
OR
Alkaline hydrolysis: NaOH(aq), heat with reflux

(ii)

Predict the products of the hydrolysis of Compound E.
Acidic hydrolysis:

and
Alkaline hydrolysis:

and

PRELIM 2 © INNOVA

9647/02/2013

[Turn over

16
(iii)

One of the hydrrolysed prod
ducts of Co
ompound E in (d)(ii) ca
an subseque
ently react
with acidified po
F.
otassium manganate(V
VII) to give a gaseous compound
c
Identify compou
und F.
Carb
bon dioxide
[3]

us solution of
o diamine, NH2CH2CH
H2CH2NH2 has
h pKa1 of 10.6 and pK
Ka2 of 8.9.
(d) An aqueou
e aqueous solution is titrated with HCl(a
aq), two successive acid-base
When the
reactions occur.
o
You are given that the
e initial pH of
o the aqueous solution
n of diamine
e is 11.8.
Sketch th
he pH ch
hanges yo
ou would expect to
o obtain when 30 cm3 of
-3
3
0.10 mol dm
d
HCl (a
aq) is added
d to 10 cm of 0.10 mol
m dm-3 sollution of the
e diamine.
Include the
e various ke
ey points on
n the curve. You are no
ot required to
t calculate
e the pH at
the equiva
alence pointts.
[4]

(e)

The graph below shows
s
the second io
onisation energy
e
of eight
e
elem
ments with
consecutivve proton nu
umber.
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2nd Ionisation Energy/ kJ mol–1
N
M
K
L

G

J

P

H
O

Atomic number
(i)

Which of the above element, G to O, is aluminium? Explain your answer.

Element G
The sharp drop in value from N to O indicates that N is from Group I where the second ionisation
energy involves the removal of an electron from the inner shell. Moving backwards, Element G
will be in Group III and is Aluminium.
(ii) Hence, or otherwise, explain the drop in value from G to H.
G+ / Al+: 3s2
H+ / Si+: 3s23p1
In Silicon ion, the outermost electron is in a 3p orbital. The average distance from the nucleus of a 3p orbital
is larger than that of a 3s orbital.
The outermost 3p electron in aluminium experiences less electrostatic attraction than the outermost 3s
electron in aluminium. Less energy required to remove the electron
So the ionisation energy of aluminium is lower.

[5]
[Total: 20]
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5

Procaine, C13H20N2O2, a local anaesthetic, can be synthesised through the following
reaction pathway.

Procaine
(a)

State the reagents and conditions for reactions I, II, III and IV.
Reaction I: concentrated HNO3, concentrated H2SO4, 30 °C / room temp
Reaction III: PCl5(s), room temperature OR SOCl2(l), heat
Reaction IV: CH2(OH)CH2N(C2H5)2, room temperature
Reaction V: Sn, concentrated HCl, heat
Followed by NaOH(Aq)
[5]

(b)

Draw the structures of compounds Q and R.

[2]
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(c)

Suggest and explain how the acidity of compound Q might compare with that of
benzoic acid.
9 Compound Q (or 4-nitrobenzoic acid) is more acidic than benzoic acid.
9 Compound Q has an electron-withdrawing –NO2 group

9 that disperses the negative charge on (O atom of)
(OR 4-nitrobenzoate ion) to a greater extent.
9 4-nitrobenzoate ion is more stable (than benzoate ion)
[2]
(d)

In a laboratory preparation of procaine, when 15.4 g of methylbenzene was used,
75 % of the procaine (Mr = 236) was obtained after purification.
Calculate the mass of procaine collected.
[2]
No. of moles of methylbenzene used = 15.4 / 92.0 = 0.167 = no. of moles of procaine
Assuming 75% yield, no. of moles of procaine = 0.167/100 x 75 = 0.125
Mass of procaine collected = 0.125 x 236 = 29.6 g

(e)

A colourless crystalline solid that was used in textile processing and as an oil and fat
preservative, is recently found in starch-based Taiwanese products. This chemical is
linked to kidney failure.
This crystalline solid exist as isomers, S and T with the molecular formula C4H4O4. The
properties of the two isomers are given below.

(i)

•

Aqueous solutions of S and T turn blue litmus red.

•

Both S and T decolourise a solution of bromine in tetrachloromethane.

•

When heated, both S and T undergo dehydration to lose a molecule of
water. However, the dehydration of T requires a lower temperature than S.
Suggest, with reasons, the structural formulae of S and T.

9 Aqueous solutions of S and T turn blue litmus red => carboxylic acid present
9 Both S and T decolourise bromine => alkene present
9 Both S and T decolourise bromine => electrophilic addition

Since S and T undergo dehydration at different temperatures, they exist as a pair of geometrical
isomers.
S (is trans isomer:)

PRELIM 2 © INNOVA

9647/02/2013

[Turn over

20

T (is cis-isomer:)

(ii)

State the type of isomerism present in S and T.
Geometric isomerism

(iii)

With reference to your answer in (ii), explain why the dehydration of T requires
a lower temperature than S.
Dehydration of T (or cis-isomer) occurs at lower temperature because the two
carboxyl groups are cis to each other / nearer to each other.

(iv)

Write an equation to show the dehydration of T.

[6]
(f)

The monocarboxylate ion of a dicarboxylic acid, HO2C–(CH2)n–CO2–, is an amphiprotic
species.
(i)

Suggest what is meant by an amphiprotic species.
Amphiprotic means amphoteric / can react with acid and base / have both
acidic and basic properties / behave as acid and base

(ii)

Using malonic acid, HO2CCH2CO2H as an example, write two equations to
show how its monocarboxylate ion can act as an amphiprotic species.

HO2CCH2CO2– +

H+ Æ HO2CCH2CO2H

HO2CCH2CO2– +

OH- Æ -O2CCH2CO2- +

H2O
[3]
[Total: 20]
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2
Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider
to be correct.
1.

A sample of cyclohexene is completely burnt in dry oxygen and the gaseous products are
collected as shown.

The increase in mass of the collecting vessels A and B of the apparatus are mA and mB
respectively.
m
What is the ratio of A ?
mB

2.

A

0.34

B

0.41

C

2.43

D

2.94

Some isotopes are unstable and undergo nuclear reactions. In one type of reaction, an
unstable nucleus accepts an electron from an inner orbital of its electron cloud.
The net effect is the conversion of a proton and an electron into a neutron.
Which of the following describes this type of reaction?

3.

C  12C

B

111

Br  75Br

D

76

A

11

C

76

I  111Te

Kr  75Br

Given the information:
∆Hc(graphite) = –394 kJ mol–1
∆Hf(H2O)
= –286 kJ mol–1
∆Hf(CH3OH) = –239 kJ mol–1
Which one of the following is the correct enthalpy change of combustion of methanol,
CH3OH, in kJ mol–1?
A

–441

B

–727

C

–919

D

–1205
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4.

An experiment was conducted to determine the efficiency of the heating of a can of water
using a spirit burner.

thermometer
can containing
300 g of water

burner containing
ethanol
The following data were recorded:
Mass of ethanol burnt
Change in temperature of water
You are also given that:
Relative molecular mass of ethanol
Enthalpy change of combustion of ethanol

= mg
= ∆T oC
= 46.0
= –1371 kJ mol−1
= c J g−1 K−1

Specific heat capacity of water

Which expression below gives the efficiency of this heating process?

5.

A

m  1371 1000
 100%
300  c  T  46.0

B

m  c  T  46.0
 100%
300  1371 1000

C

300  c  T  46.0
 100%
m  1371

D

300  c  T  46.0
 100%
m  1371 1000

The radius and charge of six ions are given in the table below:
ion
radius / nm

J+

L+

M2+

X–

Y–

Z2–

0.14

0.18

0.15

0.14

0.18

0.15

Given that the ionic solids, JX, LY and MZ are of the same lattice type, what is the order of
their lattice energies (placing the most exothermic first)?

6.

A

MZ > JX > LY

B

MZ > LY > JX

C

JX > MZ > LY

D

LY > MZ > JX

Consider the reaction:
2SO2(g) + O2(g) → 2SO3(g)

∆H = ‒198 kJ mol‒1; ∆S = ‒188 J K‒1 mol‒1

What conclusion can be drawn about this reaction?
A

The products are more disordered than the reactants.

B

The reaction is spontaneous under standard conditions.

C

As the reaction proceeds, the temperature will decrease.

D

As temperature increases, the reaction becomes more spontaneous.
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7.

At 350 °C, 50 % of X decomposes according to the equation:
X(g)  Y(g) + Z(g)

If the equilibrium pressure is

1
p , what is the equilibrium constant, Kp, for the reaction at
3

350 °C?

8.

A

1
p
9

B

1
p
6

C

1
p
3

D

p

Dinitrogen tetraoxide dissociates into nitrogen dioxide as follows:
N2O4(g)  2NO2(g)

∆H = +57 kJ mol‒1

If the temperature of an equilibrium mixture of the gases is increased at constant pressure,
how would the volume of the mixture be affected?

9.

A

The volume will increase, but only because of a shift of equilibrium towards the right.

B

The volume will increase, both because of a shift in equilibrium towards the right and
also because of thermal expansion.

C

The volume will stay the same, because any thermal expansion could be exactly
counteracted by a shift of equilibrium towards the left.

D

The volume will decrease, because a shift of equilibrium towards the left would more
than counteract any thermal expansion.

A 0.100 mol dm3 solution of lead(II) nitrate is added, with stirring, into an equal volume of a
solution containing a mixture of Cl, Br, and I ions, each with the same concentration of
0.0100 mol dm3.
Given the following data:
Compound

Numerical value of Ksp (at 25 °C)

Lead(II) chloride

1.7 x 10‒5

Lead(II) bromide

6.6 x 10‒6

Lead(II) iodide

9.8 x 10‒9

Which one of the following statements is correct?
A

No precipitate will form.

B

Only PbI2 precipitate will form.

C

A mixture of PbI2 and PbBr2 precipitates will form.

D

All three precipitates, PbI2, PbBr2, and PbCl2, will form.
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10.

11.

12.

X and Y, with half‒lives of 5 min and 15 min respectively, are two isotopes of a radioactive
element. An experiment begins with 4 times as many atoms of X as of Y.
Given that radioactive decay is a first‒order reaction, how long will it take for the number of
atoms of X left to become equal to the number of atoms of Y left?
A

5 min

B

10 min

C

15 min

D

20 min

Which of the following statements about the rate constant, k, of the chemical reaction given is
true?

A

The rate constant is only dependent on temperature.

B

The forward and backward rate constants can have different units.

C

When a catalyst is added, the forward rate constant increases and the backward rate
constant decreases.

D

When dynamic equilibrium is established, the rate constant for the forward and
backward reaction is the same.

The use of the Data Booklet is relevant to this question.
A cell is set up by connecting a Pb2+/Pb half‒cell and an acidified MnO4−/Mn2+ half-cell.
V
voltmeter
platinum

lead
salt
bridge

[Mn2+(aq)]
= [H+(aq)]
−
= [MnO4 (aq)]
= 1.0 mol dm‒3

[Pb2+(aq)]
= 1.0 mol dm‒3

Which of the following is a correct description of the effect on the e.m.f of the cell when the
corresponding change is made?

13.

Change

Effect on e.m.f

A

Addition of NH3(aq) into oxidation half-cell

Increases

B

Addition of H2SO4(aq) into reduction half-cell

Decreases

C

Addition of NaOH(aq) into reduction half-cell

Increases

D

Replace lead with an alloy of lead and zinc

Remains the same

For the elements sodium to sulfur, which property would continuously increase numerically?
A

atomic radius

B

first ionisation energy

C

melting point

D

maximum oxidation number of the element in its oxide
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14.

15.

16.

17.

To remove acidic impurity, the gaseous emissions of a coal‒fired power station are passed
through an aqueous suspension of a mineral followed by oxidation.
Which of the following satisfies the above description?
Acidic impurity

Mineral

Oxidised product

A

NO2

MgCO3

Mg(NO3)2

B

P4O10

Ca(OH)2

Ca3(PO4)2

C

SiO2

CaO

CaSiO3

D

SO2

CaCO3

CaSO4

Which of the following properties of the Group II elements (Mg to Ba) and their compounds
increases with increasing proton number?
A

magnitude of the enthalpy change of hydration of the metal ion

B

pH of the aqueous chloride

C

solubility of the sulfate in water

D

decomposition temperature of the carbonate

Which of the following explains why the solubility of silver halides in aqueous ammonia
decreases from AgCl to AgI?
A

As a stronger ligand, NH3 can displace Cl‒ ions and Br‒ ions, but not I‒ ions.

B

Ag+ from AgCl and AgBr form complexes with NH3(aq), but not that of AgI.

C

The value of the solubility product of the silver halides decreases from AgCl to AgI.

D

The covalent bonding between Ag and the halogen atom increases in strength from
AgCl to AgI.

In black and white photographic film, light converts silver chloride into metallic silver. After the
film has been developed, the unreacted silver chloride is removed by reaction with sodium
thiosulfate to produce a ‘fixed’ negative.
AgCl + 2Na2S2O3  4Na+ + Cl– + [Ag(S2O3)2]3–
What is the function of the thiosulfate ion?

18.

A

to oxidise the silver metal

B

to oxidise the silver ions

C

to reduce the silver ions

D

to dissolve the silver ions

Which of the following features of transition metals or their compounds make them suitable
as heterogeneous catalysts for chemical reactions?
A

They have variable oxidation states.

B

They have available 3d and 4s orbitals.

C

They form stable complexes.

D

They can undergo ligand exchange reactions.
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19.

20.

Nickel(III) chloride forms a hexa‒coordinated compound with ammonia. One mole of the
compound reacts with 2 moles of silver nitrate to form a precipitate.
Which of the following correctly shows the formula of this compound?
A

Ni(NH3)3Cl3

B

Ni(NH3)4Cl3

C

Ni(NH3)5Cl3

D

Ni(NH3)6Cl3

Carvone is the principal constituent of the oil from caraway seeds that gives the seeds their
unique odour.

Carvone
Which of the following products can be formed when Carvone is reacted with aqueous
bromine in the presence of sodium chloride?

21.

A

B

C

D

Deuterobenzene is reacted with a mixture of nitric acid and sulfuric acid such that only
mononitration occurs. [Deuterium, D, is a heavy isotope of hydrogen.]
If the C‒D bond is broken as easily as a C‒H bond, what is the proportion of
3‒nitrodeuterobenzene in the nitrated products?

A

16 %

B

20 %

C

33 %

D

45 %
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22.

23.

Compound X does not give a precipitate immediately when shaken with aqueous silver
nitrate at room temperature. However, a white precipitate readily forms when aqueous silver
nitrate is added after X is boiled under reflux with aqueous sodium hydroxide, cooled and
acidified with dilute nitric acid.
Which one of the following compounds could be X?
A

CH3CH2CH2CH2Cl

B

CH3CH2CH2CH2Br

C

CH3COCl

D

C6H5Cl

Under identical conditions, reaction 1 proceeds faster than reaction 2 even though the
mechanisms for both reactions are the same.
reaction 1

CH3CH2Br + NaCN  CH3CH2CN + NaBr

reaction 2

CH3CH2Br + NaI

 CH3CH2I + NaBr

Which of the following explains this result?

24.

25.

26.

A

The cyanide ion is a stronger nucleophile than the iodide ion.

B

The cyanide ion is a weaker nucleophile than the iodide ion.

C

The C–I bond is a stronger bond than the C–Br bond.

D

The C–N bond is a stronger bond than the C–I bond.

Which of the following alcohol, with molecular formula of C5H11OH, would give the largest
number of isomers upon heating with concentrated H2SO4?
A

CH3CH2CH(CH3)CH2OH

B

CH3CH2CH2CH(OH)CH3

C

CH3CH2CH(OH)CH2CH3

D

(CH3)2CHCH2CH2OH

Which of the following reacts with phenol to give a colourless homogeneous solution?
A

Br2(aq)

B

Na2CO3(aq)

C

NaOH(aq)

D

NaOH(aq) followed by C6H5COCl

Which compound cannot be prepared from ethanoyl chloride in one step?
A

CH3CO2Na

B

CH3CO2H

C

CH3CONHC6H5

D

CH3COCH2CH3

© Jurong Junior College

9647/01/PRELIM/2013

9
27.

Compounds N and P are first reacted with hot aqueous NaOH followed by aqueous HCl at
room temperature.

Which set of reagents and conditions can be used to distinguish the final products of
N and P?

28.

A

Neutral FeCl3

B

I2, aqueous NaOH, heat

C

PCl5

D

Na

In the Wurtz reaction, two halogenoalkanes react with sodium metal to form a new
carbon–carbon bond, resulting in the formation of a new alkane:
R−X + R’−X + 2Na

R−R’ + 2NaX

Which of the following does not show the correct product when the stated reactants are
reacted together in a Wurtz reaction?

A

B

C

D

CH3Br + C2H5I + 2Na
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29.

GABA has the structural formula, H2NCH2CH2CH2CO2H. It is a neuro‒transmitter released by
red algae to encourage shellfish larvae to settle on the ocean bed.
How does GABA differ from amino acids obtained by the hydrolysis of protein in the human
body?

30.

A

It does not form a zwitterion.

B

It is not soluble in water.

C

It cannot form an amide linkage.

D

It is not an α-amino acid.

Aspartic acid was first discovered in 1827 by Plisson. It is found in animal sources such as
luncheon meats and sausages as well as vegetable sources such as sprouting seeds, oat
flakes, avocado and asparagus.
O
O
OH
OH

NH2

Aspartic acid
There are three pKa values associated with aspartic acid: 2.10, 3.86, 9.82.
Using the pKa values, what is the major species present in solutions of aspartic acid at pH 3?
O

A

O

O
OH

O

B

OH

O

NH3

O

NH3

O

C

O

D

O
OH

NH3

Section B

For each questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick
against the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3
are
correct

1 and 2
are
correct

2 and 3
are
correct

1 only
is
correct

No other combination of statements is used as a correct response.
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31.

A titration is carried out between 0.05 mol dm‒3 potassium manganate(VII) in alkaline
solution and 0.05 mol dm‒3 potassium methanoate. The following reaction occurs.
2KMnO4 + 3KOH + HCO2K → 2K2MnO4 + K2CO3 + 2H2O
Which of the following statements are correct about the reaction?

32.

33.

34.

35.

1

The potassium methanoate acts as a reducing agent.

2

The volume of aqueous potassium methanoate solution required is half that of the
aqueous potassium manganate(VII).

3

The oxidation number of the carbon is increased by 2.

The electronic configuration of elements X, Y, and Z are as follows:
X: [Ar] 3d104s24p1
Y: [Ar] 3d104s24p4
Z: [Ar] 3d104s1
Which of the following statements are correct?
1

Compared to Y+ and Z2+, X3+ shows the greatest deflection towards the negatively
charged plate with constant electric field.

2

The ions, X2+, Y2+ and Z2+, each contain at least one unpaired electron.

3

Compounds X2Y3, ZY and XZ3 are likely to be formed.

For which of the following pairs does the first ion have a smaller bond angle than the
second ion?
1

SO42‒, SO32‒

2

NO2‒, NO3‒

3

IF4‒, BF4‒

Which of the following suggestions concerning the element astatine (atomic number 85) are
consistent with its position in Group VII?
1

Astatine is a solid at room temperature.

2

Silver astatide is insoluble in aqueous ammonia.

3

Hydrogen astatide is less stable to heat than hydrogen iodide.

Cobalt has the electronic structure 1s2 2s2 2p6 3s2 3p6 3d7 4s2.
Which of the following cobalt compounds are unlikely to exist?
1

K2Co2O9

2

Co3O4

3

K2CoF6
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36.

Compound X is a synthetic precursor of meloscine, an alkaloid isolated from the New
Caledonian plant Melodinus Scandens Forst.

compound X
Which of the following statements about its reactions are correct?

37.

38.

39.

40.

1

1 mol of X reacts with 2 mol of HBr(g) when heated.

2

1 mol of X reacts with 4 mol of Br2(aq) at room temperature.

3

1 mol of X reacts with 2 mol of CH3COCl at room temperature.

Which of the following properties of benzene may be directly attributed to the stability
associated with the delocalised electrons?
1

Its susceptibility to be attacked by nucleophilic reagents.

2

It tends to undergo substitution rather than addition reactions.

3

The carbon‒carbon bond lengths are between those of C‒C bonds and C=C bonds.

Which of the following reactions give products that rotate the plane of polarised light?
1

2‒bromobutane refluxed with aqueous KOH

2

Butanone reacted with HCN, trace amount of NaOH

3

But‒1‒ene reacted with bromine dissolved in organic solvent

Which of the following statements are likely to be true for the reaction below?
(CH3)3SiCl + CH3CH2O‒ → (CH3)3SiOCH2CH3 + Cl‒
1

It involves nucleophilic attack by CH3CH2O‒.

2

Cl‒ is displaced by CH3CH2O‒.

3

The oxygen‒carbon bond is not broken.

Which of the following could result in the loss of the tertiary structure of a protein?
1

Addition of weak acid

2

Addition of alcohol

3

Addition of AgNO3 solution
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1

For
Examiner’s
Use

Planning (P)
Solubility of a substance is the maximum mass of the substance dissolved in a given
volume of a particular solvent to give a saturated solution at a specified temperature.
The units of solubility is grams per hundred grams of water (i.e. g /100 g water).
When solid potassium nitrate is dissolved in water, the temperature of solution
decreases.
KNO3(s)  K+(aq) + NO3–(aq)
To investigate how the solubility of potassium nitrate varies with temperature, a student
demonstrated the experiment, at 30 °C, as follows.
The solid was added into 50 cm3 of water in a small beaker until a saturated solution at
30 °C is obtained. The mixture was filtered and the filtrate was collected in a crucible.
The filtrate in the crucible was heated to evaporate off the water and the mass of
potassium nitrate dissolved in 50 cm3 of water was determined.

(a)

Predict, in the form of a sketch graph, how the solubility of potassium nitrate
changes if the solution temperature is increased. Explain your answer.

Explanation:
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….

[2]

(b) State and explain one limitation for heating the solid to dryness.
…………………………………………………………………………………...………….
……………………………………………………………………………………...……….
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(c)

Consider the brief description of the experiment given on Page 2.
The prediction in (a) can be determined by performing a number of experiments.

For
Examiner’s
Use

Write a plan for such a series of experiments. In your plan, you should use the
same volume of water to dissolve the solid as described on Page 2.
Your plan should also ensure that the temperature of each solution is between
30 °C and 70 °C.
You may assume that you are provided with the following:
 a bottle of pure anhydrous solid potassium nitrate,
 thermometer covering the temperature range of 0 °C to 100 °C,
 thermostat to maintain the temperature of water–bath,
 crucible,
 deionised water and
 apparatus normally found in a school or college laboratory.
Your plan should include the following:
 the choice of number of experiments to conduct to ensure a wide range of
results suitable for analysis;
 the choice of temperature for each experiment;
 all essential experimental details including the apparatus used and
measurements recorded.
Experimental procedure:
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
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(c)

For
Examiner’s
Use

……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
……………………………………………………………………………………...……….
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For
Examiner’s
Use

(d) The following data was collected for the experiment conducted at 30 °C.
mass of crucible

/g

x

mass of crucible with solid residue /g

y

Outline how you would calculate the solubility of potassium nitrate, at 30 °C, given
that the density of water is 1 g cm–3.

[1]
(e)

State one safety precaution which must be taken in this experiment.
…………………………………………………………………………………...………….
……………………………………………………………………………………...……….

[1]

[Total: 12]
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2

The equation for the reaction of iodine with propanone in the presence of H+ is shown
below.
H+
CH COCH I + HI
CH COCH + I
3

3

2

3

For
Examiner’s
Use

2

The following experiment is carried out as part of an investigation into the mechanism
of the iodination of propanone which is catalysed by H+.
Experimental procedure:
1.

50 cm3 of iodine solution was added to 25 cm3 of sulfuric acid in a conical flask.

2.

25 cm3 of propanone solution was added to the mixture and a timer started.

3.

A 10 cm3 of sample was drawn out from the conical flask after one minute and
added immediately to 20 cm3 of sodium hydrogen carbonate solution in a conical
flask.

4.

The resulting mixture from step 3 was then titrated with a standard solution of
sodium thiosulfate, Na2S2O3.

5.

Steps 3 to 4 were repeated for subsequent 10 cm3 samples withdrawn at three
minute intervals.

(a)

(i)

Explain why each sample was added to sodium hydrogen carbonate
solution in step 3.
………………………………………………………………………………….......
……………………………………………………………………………………...
……………………………………………………………………………………...

(ii)

Write an ionic equation for the reaction occurring in step 4 of the
experimental procedure.
………………………………………………………………………………….......

(iii)

To determine the order of reaction with respect to iodine, propanone is
used in large excess. Explain why it is not necessary to use sulfuric acid in
large excess.
………………………………………………………………………………….......
……………………………………………………………………………………...
……………………………………………………………………………………...
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(b)

For
Examiner’s
Use

The following results were obtained in the experiment.

1

Volume of sodium thiosulfate
solution used / cm3
19.0

4

16.0

7

13.0

10

10.0

13

7.0

16

4.0

19

1.0

Time/ min

(i)

Plot a graph of the volume of sodium thiosulfate solution used against time.

(ii)

Use your graph to deduce the order of reaction with respect to [iodine].
Order with respect to [iodine] = ……………..

(iii)

In another experiment, when the concentration of propanone was
doubled, the gradient of the graph also doubled. Deduce the order with
respect to [propanone] in the rate equation.
Order with respect to [propanone] = ……………..

(iv)

Given that the overall order of reaction between iodine and propanone is
two, deduce the rate equation for this reaction.
………………………………………………………………………………….......
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(c)

CH3COCH3 + I2

For
Examiner’s
Use

CH3COCH2I + HI

The reaction between iodine and propanone has the following mechanism and
energy profile diagram.
Mechanism:

Energy profile diagram:
Energy/ kJ mol1

CH3COCH2I
+ HI + H+

(CH3)2CO
+ I2 + H +

x

Reaction coordinate
(i)

Using appropriate data from the Data Booklet, calculate a value for x in
the energy profile diagram.

(ii)

The value of x calculated in (c)(i) shows a deviation from its theoretical
value. Suggest a reason for the discrepancy between these two values.
………………………………………………………………………………….......
……………………………………………………………………………………...

(iii)

Using your answer in (b)(iv) and the proposed mechanism in (c), label the
activation energy clearly on the energy profile diagram above.
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(d)

For
Examiner’s
Use

Iodopropanone, CH3COCH2I, can also be produced from a 6-membered cyclic
compound X with the molecular formula C9H11I.
When compound X is heated with acidified potassium manganate(VII),
iodopropanone, oxaloacetic acid and a gas which forms white precipitate in
limewater is produced.

C9H11I
X

KMnO4/H+
Heat
iodopropanone

oxaloacetic acid

(i)

In the above reaction, 1 mole of compound X produces 50 dm3 of gas at
27 C and 1 atm. Calculate the number of moles of gas produced.
Give your answer to the nearest whole number. [1 atm = 101 kPa]

(ii)

Deduce the structural formula of compound X.

[3]
[Total: 14]
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When compound A is heated under reflux with aqueous acid, 4-hydroxyphenylamine
together with cyclic compound B and non-cyclic compound C are formed.

(a)

Draw the structural formulae of compounds B and C in the boxes provided
below.

Non-cyclic compound C

Cyclic compound B
(b)

[2]

When cyclic compound B is heated with hydrogen and nickel, compound D is
formed. Suggest the structural formula of compound D.
Structural formula of D:

[1]
(c)

When non-cyclic compound C reacts with LiAlH4 in dry ether, compound E is
formed. Suggest the structural formula of compound E.
Structural formula of E:

[1]
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(d)

For
Examiner’s
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When 1:2 ratio of compound D and E are heated with a trace amount of
concentrated sulfuric acid, compound F is formed.
Draw the displayed formula of compound F.

[1]
(e)

4-hydroxyphenylamine can react with ethanoic acid at room temperature to
produce compound G (C8H11O3N). Suggest a structure for compound G, and state
the type of reaction undergone.
Structure of G:

Type of reaction: ……………………………………
(f)

[2]

4-hydroxyphenylamine and 2-hydroxyphenylamine have the same molecular
formula but different melting points.

(melting point = 190C)

(melting point = 174C)

Explain the difference in melting points between these two compounds.
………………………………………………………………………………….................
………………………………………………………………………………….................
………………………………………………………………………………….................
………………………………………………………………………………….................
………………………………………………………………………………….................

[2]

[Total: 9]
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An alkene K, C6H12, exhibits geometric isomerism. K is reacted with chlorine in
the presence of ultraviolet light to form only three structural isomers of C6H11Cl
in the ratio 1 : 2 : 3.
(i)

Give the structural formula of K.

(ii)

Give the structures of the three monochlorinated alkenes isomers that are
formed in this reaction.
Isomers

[3]
(b)

Alkanes can react with chlorine under suitable condition to form different
monochlorinated products. The equations below show the reaction of pentane
and neopentane with chlorine under such condition.

Explain why neopentane will give a better yield of monochlorinated product as
compared to pentane.
…………………………………………………………………………………................
…………………………………………………………………………………................
…………………………………………………………………………………................

[1]

[Total: 4]
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Elements X, Y and Z are three elements found in the range of proton numbers from
9 to 17. Information of these three elements and their compounds is given below.
(a)

Elements X and Y exist as diatomic molecules which form silver-containing
compounds with the formula AgX and AgY.
X reacts with Y to form XY3. Draw the shape of XY3 using X and Y to represent
the two elements in your diagram.

[1]
(b)

ZY3 is a molecule with a trigonal pyramidal shape.
Identify elements X, Y and Z.
Element X: ……………

(c)

(i)

Element Y: ……………

Element Z: ……………

[3]

The plots of pV/RT against pressure, p, for ZY3 and H2NNH2 at 500 K are
shown below.
H2NNH2

pV/RT

ZY3

1

p
Explain the difference in the two graphs based on the kinetic theory of
gases.
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......
(ii)

Sketch on the same axes in (c)(i), a graph that represents H2NNH2 at
800 K.

[3]

[Total: 7]
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Diacids can ionise successively in water according to the following equations.



The pKa values of suberic acid and terephthalic acid are shown in the table below.
Compound

pKa1

pKa2

4.5

5.5

3.5

4.8

suberic acid

terephthalic acid
(a)

(i)

Explain why the pKa2 value for both acids are higher than their pKa1 value.
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......

(ii)

Suggest why the pKa1 value of terephthalic acid is lower than the pKa1
value of suberic acid.
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......
………………………………………………………………………………….......
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(b)

For
Examiner’s
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A bottle of acid, containing either terephthalic acid or suberic acid, has its label
torn off. A student titrated 25 cm3 of the acid with 0.200 mol dm−3 of NaOH(aq)
and the following titration curve was observed.
pH

9.1

8.7

2.7

15
(i)

30

Volume of NaOH(aq)
used/ cm3

State the volume of NaOH(aq) required to form a HOOCRCOO/
OOCRCOO buffer with maximum buffering capacity.



Volume of NaOH(aq) = ……………… cm3
(ii)

Using the graph above, calculate the concentration of the acid in the bottle.

(iii)

Using information from the graph and your answer in (b)(ii), calculate the
Ka1 value of the unknown acid.

(iv)

Hence, identify the unknown acid.
Identity of unknown acid = …………………………………
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(c)

Terephthalic acid,

For
Examiner’s
Use

, can be formed in a one step reaction

from one of the following compounds.

(i)

OCOCH3

CH=CH2COOH

CH2CH=CH2

COOCH3

CHO

OH

L

M

N

State which of the compounds L, M or N can be used to synthesise
terephthalic acid. Suggest the reagent and conditions required in this one
step reaction.
Compound: ………………
Reagent and conditions: ……………………………………………………….

(ii)

Answer this part of the question by using only the letters L, M or N. In each
case, state which compounds will give the result described. You may use
the letters more than once.
(A)

Which compounds do not react with 2,4-dinitrophenylhydrazine?
…………………………………

(B)

Which compounds do not react with Fehling’s solution?
…………………………………

(C)

Which compounds react with cold aqueous potassium hydroxide?
…………………………………

(iii)

Compound N can undergo an addition reaction with HBr. Describe the
mechanism of the reaction between compound N and HBr to form the
major product.
(You may use R to represent

.)

[7]
[Total: 14]
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This question is about some reactions of copper compounds

step I

(a)

step II

Complete the electronic configuration in s, p, d, f notation for Cu atom, where
[Ar]: 1s2 2s2 2p6 3s2 3p6
Cu: [Ar] …………………………………………………….

(b)

(i)

[1]

Identify ion P.
Ion P: ……………………………………

(ii)

Copper forms an octahedral complex with fluorine with the formula CuF64−.
Suggest why ion P is formed instead of CuCl64−.
Explanation:
……………………………………………………………………………...............
……………………………………………………………………………...............
……………………………………………………………………………............... [2]

(c)

Describe the observations in step I and II and write balanced equations for the
two reactions.
Observations in step I: …………………………………………………………………
Equation: …………………………………………………………………………………

Observations in step II: …………………………………………………...……………
Equation: …………………………………………………………………………………
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9647/02/PRELIM/2013

[3]

[Turn over

18
7

(d)
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Ethylenediamine, H2NCH2CH2NH2, (abbreviated as en) is a bidentate ligand.
When a dilute aqueous solution containing ethylenediamine is added to ion R, a
purple solution of ion S is formed. The following shows the stability constant,
Kstab, for the formation of three possible copper complexes with the en ligand
from [Cu(H2O)6]2+.




(i)

From the Kstab values shown above, what is the likely formula of ion S?
Ion S: ………………………………………….

(ii)

Draw a diagram to illustrate the structure of ion S.
You should show the following clearly in your diagram.
 how the ligands are bonded to the copper ion.
 the shape around copper in the ion.

(iii)

Explain why H2NNH2 cannot act as a bidentate ligand.
…………………………………………………………………………................
…………………………………………………………………………................

(e)

[4]

Water, ammonia and ethylenediamine are common ligands used in transition
metal chemistry. From the reactions given in the scheme on Page 18, arrange
these three ligands in order of increasing ligand strength. Explain your answer.
…………………………………………………………………………………................
…………………………………………………………………………………................
…………………………………………………………………………………................
…………………………………………………………………………………................

[2]

[Total: 12]
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1. (a)

solubility / (g/100g)

temperature / °C (or K)
KNO3(s)  K+(aq) + NO3–(aq)
H > 0 ---(*)
When the temperature is increased, the equilibrium position of (*) shifts right to favour
endothermic reaction so as to absorb some heat.
Hence, the solubility of KNO3 increases with increasing temperature.
(b)

The method does not apply to solid that decomposes on heating as it will result in greater
mass loss.

(c)

1.
2.
3.
4.
5.

(d)

Using a 50 cm3 burette/measuring cylinder, add 50 cm3 of water into a small beaker.
Place the small beaker containing water into water–bath with thermostat set at 30 °C.
Using a spatula, add KNO3(s) into the water. Stir to dissolve all solid.
Repeat step 3 until some solid remains undissolved.
Stir the mixture until temperature of solution reaches 30 °C.
Let the mixture stand in the water–bath at 30 °C for some time.
6. Using an electronic weighing balance, measure and record the mass of an empty, dry
crucible.
7. Using a dry filter funnel and filter paper, filter the mixture and collect the filtrate in the
crucible.
8. Using a Bunsen Burner, heat the filtrate to dryness.
9. Using an electronic weighing balance, measure and record the mass of crucible with solid
residue.
10.Repeat step 1 to 9 at 40°C, 50°C, 60°C and 70°C.

mass of KNO3 dissolved in 50 cm3 of water   y  x  g
solubility of KNO3 dissolved in 100 g of water 

(e)

2. (a)

 y  x   100  2
50



 y  x  g /100g

Use oven/heat resistant gloves or tongs to handle the hot beaker/crucible.
OR Cool hot crucible before handling.
(i)

It is to quench the reaction by removing H2SO4/H+ in the reaction mixture via acid–
carbonate reaction.

(ii)

I2(aq) + 2S2O32–(aq)  2I–(aq) + S4O62–(aq)

(iii)

Since H2SO4 is a catalyst, it will be regenerated such that [H2SO4] will remain constant
throughout the reaction.
Hence, it is not necessary to use H2SO4 in large excess in order to make [H2SO4] constant.

© Jurong Junior College

Page 1 of 5

2013 Prelim Paper 2 Answers

2. (b)

(i)

volume of Na2S2O3 /cm3

time /min

(c)

(ii)

Order with respect to [iodine] = 0

(iii)

Order with respect to [propanone] = 1

(iv)

Rate = k [H+] [propanone]

(i)

Hr   E  bonds broken    E  bonds formed
  410    151    240    299  

 22.0 kJ mol1
(ii)

(iii)

The bond energy values quoted from the Data Booklet are only average value derived
form the full range of molecules that contains the particular bonds.
OR
The reactants are in aqueous states while the bond energies from the Data Booklet are
for gaseous species.
Energy/ kJ mol1

Ea
[1m]

(CH3)2CO
+ I2 + H +

CH3COCH2I
+ HI + H+

Reaction
coordinate

(d)

(i)







101 103 50  10 3
pV
n

 2.03  2 mol
RT
 8.31 300 
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2. (d)

H3C

(ii)

3. (a)

CH2I

O
HO
HO
O
cyclic compound B

(b)

non–cyclic compound C

O
HO
HO
O

(c)

CH3OH

(d)

O
HH
H
H H
H
C
C
H C O
C
C H
H C O
C
C H
C
C
H H
H
H
HH
O

(f)

4. (a)

Both have simple molecular/covalent structures.
Smaller amount of energy is required to overcome the less extensive hydrogen bonds
between 2–hydroxyphenylamine molecules than that between 4–hydroxyphenylamine since
2–hydroxyphenylamine is able to form intramolecular hydrogen bonds due to close proximity
of the –OH and –NH2 groups.
Hence, 2–hydroxyphenylamine has a lower melting point than 4–hydroxyphenylamine.
(i)

(ii)

(b)

In neopentane, there is only 1 type of replaceable/substitutable H atoms. Hence, only 1 type of
monochlorinated product will be formed, giving a better yield of neopentylchloride.
In pentane, there is 3 types of replaceable/substitutable H atoms and hence, a mixture of 3
types of monochlorinated product will be formed, giving a low yield of 1–chloropentane.

© Jurong Junior College
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5. (a)

(b)

Element X: chlorine/Cl
Element Y: fluorine/F
Element Z: phosphorus/P

(c)

(i)

The hydrogen bonds between N2H4 molecules is stronger than the permanent dipole–
permanent dipole interaction between ZY3 molecules.
Hence, N2H4 deviates more from ideality than ZY3.

(ii)

pV
RT

N2H4 at 500 K

N2H4 at 800 K
ZY3 at 500 K

ideal gas

1

p
6. (a)

(b)

(i)

It is more difficult to remove H+ from negatively charged anion than from molecule.
Hence, it is less likely to form –OOC–R–COO– than HOOC–R–COO– and pKa,2 is higher.

(ii)

p–p orbital overlap results in the delocalisation of lone pair of electrons on O atom over the
two O and into benzene ring of (COOH)C6H4COO–. This disperses the negative charge
and stabilises (COOH)C6H4COO– more.
Hence, (COOH)C6H4COOH is a stronger acid and has a lower pKa,1.

(i)

To obtain the maximum buffering capcity (i.e. pH = pKa) of the acidic buffer of HOOC–R–COO–
/–OOC–R–COO–, the volume of NaOH required is 22.5 cm3.

(ii)

Since HOOC–R–COOH  2NaOH,

amount of HOOC  R  COOH used 

1 
30 
  0.200 
 0.00300 mol
2 
1000 
25

HOOC  R  COOH used  0.00300  1000  0.120 mol dm3
(iii) System: weak acid
At initial pH of 2.7, H   c  K a,1
1
2





2

H 
102.7



 3.32  10 5 mol dm3
Ka 
c
0.120
(iv)





pK a,1   log10 3.32  105  4.48
Identity of unknown acid = suberic acid

(c)

(i)

Compound
:M
Reagent and conditions : acidified KMnO4(aq), heat under reflux
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6. (c)

(ii)

(A) L and N
(B) L, M and N
(C) M and N

(iii) Type of mechanism: electrophilic addition

7. (a)
(b)

Cu: [Ar] 3d10 4s1
(i)

[CuCl4]2–

(ii)

Since Cl– has a larger size/radius than F–, there will be steric hindrance around Cu2+.
Hence, Cu2+ cannot accommodate more than four Cl– ions.

(c)

Observation in step I : pale blue ppt formed.
Equation : Cu2+(aq) + 2OH–(aq)  Cu(OH)2(s)
Observation in step II : Pale blue ppt dissolves to give a dark blue solution.
Equation : Cu(OH)2(s) + 4NH3(aq) + 2H2O(l)  [Cu(NH3)4(H2O)2]2+(aq) + 2OH–(aq)

(d)

(i)

Since Kstab, 2 is the largest among the three,
ion S is [Cu(H2O)2(en)2]2+

(ii)

HH
H2C
H2C

H2O

N

N
Cu

N
HH

N
H2O

2+

HH
CH2
CH2

HH

(d)

(iii) If N2H4 is used, an unstable 3–membered ring complex will be formd due to ring
strain, resulting in the bond angle in the complex to be too small.

(e)

Stronger ligand displaces weaker ligand to give a more stable complex by forming
stronger dative bond. Since H2NCH2CH2NH2 displaces NH3 and NH3 displaces H2O, the
ligand strength of H2O < NH3 < H2NCH2CH2NH2.
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2
Answer any four questions.

1

Nitric acid, HNO3, is a common laboratory reagent and an important industrial chemical for
the manufacture of fertilisers and explosives.
(a)

Nitric acid can be used to prepare lead(II) nitrate, Pb(NO3)2, which does not occur
naturally. When lead is dissolved in aqueous nitric acid, a brown gas is evolved during
the reaction.
(i) Use the Data Booklet to
aqueous nitric acid with lead.

construct

an equation

for

the

reaction

of

A 40 cm3 sample of Pb(NO3)2(aq) was prepared and then mixed with
60 cm3 of 0.100 mol dm3 Al2(SO4)3(aq), which is in excess. Upon mixing, a precipitate
is formed which is removed. The final solution X that remained is found to be weakly
acidic.
(ii) With the aid of an equation, explain why solution X is acidic.
(iii) Given that the acid dissociation constant,
1.4  105 mol dm3, calculate [H+] in solution X.

Ka,

of

solution

X

is
[5]

(b)

During the industrial manufacture of nitric acid, NO2 is hydrolysed by passing the gas
through water.
3NO2(g) + H2O(l)  2HNO3(aq) + NO(g)

Hr

The following enthalpy changes are given:
H /kJ mol1

(c)

N2(g) + O2(g)  2NO(g)

+183

2NO(g) + O2(g)  2NO2(g)

116

2N2(g) + 5O2(g) + 2H2O(l)  4HNO3(aq)

256

(i)

Using relevant data from the table above, calculate the enthalpy change of
formation of NO2(g).

(ii)

Using your answer in (b)(i) and any relevant data in the table, calculate
Hr, the enthalpy change of reaction for the hydrolysis reaction of NO2.
[3]

When concentrated nitric acid is reacted with concentrated sulfuric acid, the
nitronium ion, NO2+, is produced, according to the following equation.
HNO3 + H2SO4  NO2+ + HSO4 + H2O
(i) Draw a dot-and-cross diagram of the HNO3 molecule.
(ii) Hence, suggest why HNO3 acts as a Bronsted base in this reaction.
[2]
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(d)

Benzophenone can undergo the following two-step process.
O
conc HNO3,
conc H2SO4
step 1

A
step 2

B
C13H11NO

benzophenone

Draw the structural formulae of A and B and write a balanced equation for step 1.
Suggest the reagents and conditions for step 2.
[4]
(e)

Unlike nitric acid which is a strong acid, HCN is a weak acid.
(i) With the aid of an equation, explain what is meant by the term weak acid using
HCN as an example.
In organic reactions, HCN can react with aldehydes and ketones as shown in the
mechanism below using ethanal as an example.
O

O
Step 1:

+

CN
CN
OH

O
Step 2:

+

+

HCN

CN

CN

CN

(ii) The reaction is carried out at a carefully controlled pH.
Suggest why this reaction occurs more slowly at both high and low concentrations
of H+ ions.
When primary amines are used instead of HCN, aldehydes and ketones react differently
to form imines which can be converted to other amines, as illustrated by ethanal below.

(iii) State the type of reaction for reactions I and II.
(iv) Using the similar series of reactions as above, suggest the structural formulae of a
possible pair of starting compounds that can be used to produce compound C.

[6]
[Total: 20]
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Iron(III) chloride, FeCl3, is an industrial scale commodity chemical compound.
(a)

Anhydrous FeCl3 can be prepared by passing chlorine gas over hot iron metal, kept
heated at temperatures below 320 °C. However, if the metal is heated beyond 320 °C,
the Fe2Cl6 vapour that is formed will slowly decompose to give FeCl2 and Cl2.
Fe2O3 can also be prepared by passing oxygen gas over hot iron metal.
Unlike the preparation of FeCl3, the metal can be heated at temperatures
as high as 1000 °C.
(i) Explain why Fe2O3, unlike FeCl3, can be prepared by heating iron metal with
oxygen gas at very high temperatures.
(ii) FeCl3 and Fe2O3 have the following melting points.
compound

melting point /°C

FeCl3

305

Fe2O3

1565

Explain, in terms of structure and bonding, why the melting points of FeCl3 and
Fe2O3 are significantly different.
[4]
(b)

One important industrial application of FeCl3 is the etching of copper, via a
two–step redox reaction as shown below, in the production of printed circuit board.
 FeCl2(aq) + white solid D

Step 1

FeCl3(aq) + Cu(s)

Step 2

FeCl3(aq) + white solid D  FeCl2(aq) + blue solution E

(i) Suggest the formula of compound D and of the complex ion present in E.
(ii) Explain fully why D is not coloured but E is coloured.
[6]
(c)

In the laboratory, FeCl3 is commonly employed as a Lewis acid (an electron–acceptor)
as illustrated in the following example:
FeCl3 + Cl2  FeCl4 + Cl+
It is used for catalysing Friedel–Crafts reaction of aromatic compounds as shown by
benzene below.

(R represents an alkyl group.)
(i) State the type of reaction undergone by benzene during Friedel-Crafts reactions.
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(c)

Using the two Friedel-Crafts reactions described on page 4 as parts of a synthesis
route, a student suggested the following route to form 1–tetralone, from benzene.

(ii) Give appropriate reagents and conditions necessary for steps 3 and 4.
(iii) Predict the structure of G.
(iv) The student suggested that F has the following structure:

By quoting appropriate data in the Data Booklet, explain why the student’s
suggestion is not correct.
(v) Suggest a chemical test to be performed on F to prove that the student’s
suggestion is not correct.
(vi) Both H and J can also undergo Friedel–Crafts reactions in the presence of FeCl3.
Suggest two reasons why H would require
Friedel–Crafts reaction to occur, as compared to J.

a

harsher

condition

for

[10]
[Total: 20]
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A breathalyser is a portable device used by the traffic police to estimate the blood alcohol
content of intoxicated suspects via breath samples.
(a)

One type of breathalyser uses the fuel cell technology and calculates the blood alcohol
content based on the voltage measured.
The fuel cell contains platinum electrodes immersed in an acid electrolyte.
At one electrode, ethanol from a breath sample is converted to ethanoic acid whereas
at the other electrode, oxygen is converted to water.
(i) State the oxidation state of the carbon atom that is attached to the oxygen atom in
one molecule of ethanol.
(ii) Write an overall equation for the reaction that occurs in the breathalyser.
(iii) Explain how the voltage of this breathalyser will change when the ethanol
concentration increases.
[3]

(b)

An earlier version of a breathalyser consists of a chamber of
potassium dichromate(VI), K2Cr2O7, which converts ethanol to ethanoic acid.

acidified

Ethanol in the breath sample will cause a colour change in the chamber in the presence
of a silver nitrate catalyst. The instrument then calculates the blood alcohol content
based on the degree of the colour change.
(i) With the aid of a suitable diagram, explain why the breathalyser can provide a
test result within a very short period of time at normal ambient temperatures.
Potassium dichromate(VI) can be prepared in the laboratory
aqueous chromium(III) chloride, CrCl3, via a series of reaction shown below.

using

(ii) Identify K and L.
(iii) Before adding CH3COOH to L in step 3, the excess H2O2 needs to be removed.
Using relevant data in the Data Booklet, show why this is necessary.
(iv) To remove the excess H2O2, solution L is heated.
Suggest how you would confirm that all H2O2 has been removed and the heating
can thus be stopped.
[7]
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(c)

In the liver of a human body, ethanol from the intake of alcoholic drink is first
metabolised to ethanal, which is then converted to carbon dioxide and water.
Alcohol dehydrogenase is the enzyme responsible for the first step.
(i) In a molecule of alcohol dehydrogenase, -pleated sheets are found in localised
regions. Sketch a diagram to show the structure of a -pleated sheet.
(ii) When temperature rises beyond a particular value, the rate of an
enzyme-catalysed reaction falls drastically. Explain the chemical basis of this
phenomenon.
[4]

(d)

A protein molecule can transit between its folded and unfolded states in water as shown
below.
folded state  unfolded state
The unfolding process of a certain globular protein in water has a H of +200 kJ mol1
and a Sof +0.600 kJ mol1 K1.
(i) Explain the significance of the sign of S.
(ii) Calculate the temperature at which the protein molecule starts to unfold.
(iii) The equilibrium constant, Kc, can be related to G by the equation
G = RT ln Kc.
Calculate Kc for protein unfolding at 340 K and hence, calculate the proportion of
the protein that will be properly folded at this temperature.
[5]

(e)

A mutation occurs in the protein molecule such that an alanine residue normally buried
at the core of the protein was replaced by an isoleucine residue.
H

O

N

C

C

H

CH3

H

O

N

C

C

H

CH

CH3

CH2
CH3
alanine residue in a
normal protein molecule

isoleucine residue in a
mutant protein molecule

This mutational change did not affect the overall structure of the protein, but the
measured H for the unfolding of the mutant protein differs from that of the unfolding of
the normal protein by 40 kJ mol1.
Was the magnitude of H for the unfolding of the mutant protein most likely
higher or lower? Justify your answer.
[1]
[Total: 20]
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(a)

Metal hydroxide is a common component of antacids, which is administrated to
neutralise gastric juice in the stomach to relieve acid indigestion.
To determine the solubility product, Ksp, of a metal hydroxide, M(OH)2, in water at 25 °C,
the following procedure was carried out.
 Anhydrous M(OH)2 was crushed into fine powder and then added to a beaker
containing 100 cm3 of water, until no more solid could dissolve further.
 After filtration, 25.0 cm3 of 0.000250 mol dm–3 HCl was titrated against the filtrate
collected. 27.90 cm3 of the filtrate was required for complete neutralisation.
(i) Explain, in terms of molecular collisions, why the solid should be crushed into fine
powder before dissolving it in water
(ii) Using the information above, determine the Ksp of M(OH)2 in water at 25 °C,
stating its units.
(iii) Given that M is either Zn or Mg, suggest an appropriate inorganic reagent to
determine the identity of M(OH)2 and give the corresponding observations.
(iv) The following table contains information of some pH indicators.
Indicator

pKa

colour in acidic form

colour in alkaline form

Methyl Orange

4.7

red

yellow

Bromothymol Blue

7.1

yellow

blue

Alizarine Yellow R

11.0

yellow

red

Using the information provided, suggest the most suitable indicator for the
titration between Mg(OH)2 and HCl.
State the colour change at end–point.
[9]
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(b)

Complexiometric titration is often used to determine the concentration of Mg2+ and Ca2+
in water using complexing agents such as ethylenediaminetetraacetic acid (widely
abbreviated as EDTA).
The unionised form of EDTA has the following structure of H4Y.

O
HO

O
N

HO

OH
N
O

OH

O
unionised form of EDTA (H4Y)
(i) EDTA is amphiprotic as it can both donate and accept protons.
Copy the structure of EDTA (H4Y) and circle, with clear labelling, an atom or a
group of atoms on EDTA that is capable of
I accepting a proton;
II donating a proton.
Similar to EDTA, compound P (shown below) is amphiprotic.

(ii) State and explain how the acidity of EDTA (H4Y) and compound P might differ.
(iii) It was found that the first base dissociation constant of compound P is lower than
that of EDTA (H4Y). Suggest why this might be so.
[4]
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(c)

The table below shows the different forms of EDTA and their corresponding
pKa values:
Form of EDTA
pKa

H6Y2+

H5Y+

H4Y

H3Y–

H2Y2–

HY3–

Y4–

0.0

1.5

2.0

2.6

6.2

10.2

–

(i) Given that the most stable form of EDTA is able to form a stable
complex ion with Mg2+ in a 1:1 ratio with an overall charge of 2–, identify the
most stable form of EDTA.
(ii) In order to obtain a solution containing the most stable form of EDTA as identified
in (c)(i), the solution of EDTA used in complexiometric titration is typically
buffered.
State whether an acidic buffer or basic buffer should be used to maintain the
solution of EDTA at the desired pH level and suggest a pH value for the buffer.
[2]
(d)

Synthesis of the unionised form of EDTA (H4Y) can be carried out in the laboratory,
using ethene as the starting material.

(i) Draw the structures of Q and R.
(ii) Suggest appropriate reagents and conditions for steps 1 to 3.
[5]
[Total: 20]
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Fluorine, chlorine, bromine and iodine are members of the halogen family.
(a)

Chlorine is made commercially by the electrolysis of brine (concentrated sodium
chloride) using inert electrodes. In the cell, the anode and cathode compartments are
separated by a diaphragm.
(i) Write ion-electron equations for the reactions occurring at the anode and cathode.
(ii) Using the relevant half-equation in (a)(i), calculate the current needed to produce
100 tonnes of Cl2 per day.
[1 tonne = 1 × 106 g]
(iii) Suggest what products might be formed at room temperature if the diaphragm
was removed, writing a balanced equation for the reaction that occurs.
On the other hand, fluorine cannot be obtained by electrolysing aqueous
sodium fluoride using inert electrodes.
(iv) With reference to relevant data from the Data Booklet, predict the gas formed at
the anode when dilute sodium fluoride is used. Explain your reasoning.
(v) Explain clearly why fluorine is not formed even if concentrated sodium fluoride is
used.
[7]

(b)

HBr and HI form acidic white fumes in moist air under room temperature and pressure
conditions. Addition of concentrated sulfuric acid to these two hydrogen halides
separately can be used as a distinguishing test.
State what you would observe for each compound when concentrated
sulfuric acid is added. Write balanced equations with state symbols for any reactions
that occur.
[3]

(c)

In the production of CH3Cl using methane and chlorine under certain conditions,
it has been noticed that a small quantity of chloroform, CHCl3, has been produced.
Using CH3Cl as the starting material, describe the mechanism of this reaction that
would result in the production of chloroform.
[2]

(d)

Compound S, C6H10Cl2, exists in two stereoisomeric forms.
When vigorously oxidised with hot potassium manganate(VII) in excess alkali,
followed by acidification, T, C4H6O3, is the only organic compound produced.
T gives yellow crystals with alkaline aqueous iodine solution and carbon dioxide with
aqueous sodium carbonate respectively.
When reacted with hot ethanolic potassium cyanide, S gives U, C8H10N2, which is then
reduced by hydrogen gas to give V, C8H20N2. With dilute hydrochloric acid, V gives a
white crystalline solid when the mixture is evaporated. U, when heated under reflux with
a dilute acid, gives W, C8H12O4.
Identify the compounds S, T, U, V and W. State the type of each reaction described
above.
[8]
[Total: 20]
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2013 JC2 H2 Chemistry Preliminary Examination Paper 3 Suggested Answers

1

(a)

(i) Pb(s) + 4HNO3(aq)  Pb(NO3)2(aq) + 2NO2(g) + 2H2O(l)
(ii) Al3+ left in solution X exists as Al(H2O)63+.
Due to high charge density of Al3+, it hydrolyses in water to give a weakly acidic
solution. Al3+ polarises the electron cloud of H2O molecule attached to it which will
weaken and break its OH bond, releasing H+.
Al(H2O)63+  Al(H2O)5(OH)2+ + H+
(iii) Since Al2(SO4)3  2Al(H2O)63+,
[Al(H2O)63+] in solution X = 2 
[H+] =

60
 0.100 = 0. 120 mol dm3
60 + 40

.
 1.4  105
c acid ? K a = 0120
= 1.30  103 mol dm3

(b)

(i)

Hf(NO2(g)) = 0.5 [(+183) + (116)] = +33.5 kJ mol1

(ii)

Hr
3NO2(g) + H2O(l)  2HNO3(aq) + NO(g)

1
(256)
2

3(+33.5)

1
(+183)
2

3
N2(g) + 3O2(g) + H2O(l)
2

Hr
(c)

= 3(+33.5) +

(i)

1
1
(256) + (183) = 137 kJ mol1
2
2

O
H
O

N

O

(ii) HNO3 can accept H+ due to the availability of the lone pair of electrons on
O atom of –OH group. After accepting H+ from H2SO4, the unstable H2NO3+
intermediate formed quickly breaks down to NO2+ and H2O.
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(d)

OR

O

O

NO2
+ HNO3

+ H2O

Sn, conc HCl, heat under reflux, followed by NaOH(aq)
(e)

(i)

A weak acid dissociates partially in water.
HCN  H+ + CN

(ii) At high [H+],
equilibrium position of HCN  H+ + CN shifts left, resulting in low [CN]which
slows down step 1.

At low [H+],
equilibrium position of HCN  H+ + CN shifts right, resulting in low [HCN] which
slows down step 2.
(iii)

I: condensation
II: reduction

(iv)
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(a)

(i) Since O2– has a smaller radius, it is less polarisable than Cl–. Hence, Fe2O3 is
more thermally stable/ decomposes at a higher temperature.
(ii) Fe2O3 has giant ionic structure while FeCl3 has simple covalent structure.

Much larger amount of energy is required to overcome the strong ionic bonds
between Fe3+ and O2– as compared to that required to overcome the weak
van der Waals’ forces between FeCl3 molecules.
(b)

(i) D: CuCl
E: Cu(H2O)62+
(ii) Cu(I) in D has a d10 configuration/ completely filled d–orbitals and hence, electron
transition between d–orbitals is not possible. Thus, CuCl is white in colour.

Cu(II) in E has a d9 configuration/ partially filled d–orbital and hence, electrons
transition between d–orbitals is possible.
In Cu(II) complex ion, the presence of ligands causes the five 3d orbitals to split
into 2 sets of different energies.
The difference in energies between the 2 sets of 3d orbitals is relatively small
such that radiation from the visible region region of the electromagnetic spectrum
when an electron moves from a d–orbital of lower energy to another partially–filled
d–orbital of higher energy.
Hence, the Cu(II) compounds are coloured and the colour observed is the
complement of the colours absorbed.
(c)

(i) Electrophilic substitution
(ii) Step 3: acidified K2Cr2O7(aq), heat under reflux

Step 4: PCl5(s) OR PCl3, heat OR SOCl2, heat
OR PBr3, heat OR SOBr2, heat
(iii)

E(C–Cl) = + 340 kJ mol–1
(iv) E(C–I) = + 240 kJ mol–1
Since E(C-I) is smaller than E(C–Cl) and thus C–I bond is weaker than the C–Cl
bond, it is easier to break C–I bond. Hence, F should contain the Cl atom, rather
than I atom.
OR
(Atomic) radius of I = 0.133 nm; (Atomic) radius of Cl = 0.099 nm
Due to larger I atom, C–I bond is longer and weaker than the
C–Cl bond, it is easier to break C–I bond. Hence, F should contain the Cl atom,
rather than I atom.
(v)

Test

: (1) Add NaOH(aq) to a sample of F and heat.
(2) Acidify the mixture with HNO3(aq) to remove excess NaOH.
(3) To the resulting mixture, add AgNO3(aq).

Observation: If the student’s suggestion is not correct, white ppt of AgCl will be
formed instead of yellow ppt of AgI.
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(c)

(vi)

The electron–withdrawing C=O in H is directly bonded to benzene ring, making
the benzene ring less electron–rich and thus less susceptible towards electrophilic
attack.

Since C+ from J is directly attached to an electronegative O atom, it is highly
electron deficient and thus a stronger electrophile than C+ from H.
Hence, H would require a harsher condition such as higher temperature or longer
period of heating for Friedal–Crafts reaction to occur, as compared to J.

3

(a)

(i) 1
(ii) CH3CH2OH(aq) + O2(g)  CH3COOH(aq) + H2O(l)

[CH3CH2OH]
increases,
the
equilibrium
position
of
(iii) When

+
CH3COOH + 4e + 4H  CH3CH2OH + H2O shifts left so as to react away
some CH3CH2OH, causing E(CH3COOH/CH3CH2OH) to become more negative.
Hence, the voltage of the breathalyser will become more positive.
(b)

No. of particles
No. of particles with energy  Ea
No. of particles with energy  Ea’

Energy/ kJ mol1

0

Ea’ Ea

Silver nitrate catalyst provides an alternative reaction path of lower activation
energy (Ea’) than that of the uncatalysed reaction. Thus, more particles have the
minimum energy required to react. Therefore, the frequency of effective collisions
between particles with energy  Ea’ increases and hence, the reaction rate
increases (i.e. test result is obtained within a short period of time).
3
(ii) K: K3Cr(OH)6 OR Cr(OH)6

L: K2CrO4
(iii)

OR CrO42

Cr2O72 + 14H+ + 6e  Cr3+ + 7H2O
O2 + 2H+ + 2e  H2O2

E= +1.33 V
E= +0.68 V

Ecell = (+1.33) – (+0.68) = +0.65 V >0  energetically feasible

Cr2O72 will be reduced by H2O2 to form back Cr3+ if H2O2 is not removed.
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(b)
(c)

(iv) When heated, H2O2 readily decomposes to O2 and H2O. Heating can be stopped
when there is no more oxygen gas evolved to relight a glowing splint.
(i)

(ii) Extreme heat will disrupt the van der Waals’ forces in the tertiary and quaternary
structures and the hydrogen bonds in the secondary, tertiary and quaternary
structures of the protein. This alters the shape of the active site of the enzyme.
The enzyme is denatured and loses its catalytic activity. Hence, the rate falls.
(d)

(i) S is positive as protein unfolding proceeds with an increase in disorder when
the protein unfolds from its regular structure into random coils.
(ii) G = H  TS
0 = (+200) – T(+0.600)
T = 333 K

3

(d)

(iii) Using G = H  TS,
G = (+200) – 340(+0.600) = 4.00 kJ mol1

Using G = RT ln Kc,
4.00  103 =  8.31  340  ln Kc
Kc = 4.12
Kc =

[unfolded state]eqm
[folded state]eqm

=

4.12 x
x

Proportion of folded protein =
=

[folded state]eqm
[folded state]eqm + [unfolded state]eqm
x
x + 4.12 x

= 0.195
(e)

Since –CH(CH3)CH2CH3 side chain of isoleucine residue is larger and thus has a
greater number of electrons/ larger electron cloud as compared to –CH3 side chain of
alanine residue, its side chain forms stronger van der Waals’ forces with the side chain
of another amino acid residue.
Hence, magnitude of H for the unfolding of the mutant protein is most likely higher.
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(a)

(i) Crushing of solid into fine powder would increase the total surface area and
increase the frequency of effective collisions between reactant particles. Hence,
this increases the rate of dissolving solid.

M(OH)2 + 2HCl  MCl2 + 2H2O

(ii)

Since M  OH2  2HCl,
1 25.0

 0.000250
2 1000
 3.13  10 6 mol

amt of M  OH2 in 27.90 cm3 





solubility of M  OH2 , x  3.13  106 

27.90
1000

= 1.20 x 104 mol dm3


M(OH)2(s)

M2+(aq)
x

eqm conc
/mol dm3

+

2OH–(aq)
2x

where x is the solubility of M(OH)2, in mol dm–3, in water at 25 °C

K sp of M  OH2  M2  OH 

2

  x  2 x   4 x 3
2



 4 1.12  104



3

= 5.62 x 1012 mol3 dm9

(iii)

Reagent

: NaOH(aq) or NH3(aq)

Observation

: For both, white ppt is formed.
If M is Zn, white ppt is soluble in excess to give a colourless
solution but if M is Mg, white ppt is insoluble in excess.

(iv) Since the salt formed is MgCl2 and it has a pH of 6.5, the best indicator to be used
is bromothymol blue.
The colour change is yellow to green.

(b)

(i)
II OR donating proton

I OR accepting proton

(ii) The p–p orbital overlap results in the delocalisation of lone pair of electron over
the two O atoms in the anion of EDTA, hence dispersing the negative charge and
stabilises its anion more than that of P. Hence, EDTA is a stronger acid than P.
(iii) Due to steric hindrance caused by the bulky benzene ring in P, the lone pair of
electron on N atom is less available for protonation. Hence, P is a weaker base
and has a lower 1st Kb value than EDTA.
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(c)

(i) Y4
(ii) Basic buffer containing NH3 and NH4Cl buffered at <any value above pH 10.2>.

(d)

(i)

OH
HO
R:

N

N
OH

OH
(ii) Step 1: Br2(aq)
Step 2: limited NH2CH2CH2NH2, ethanol, heat in sealed tube
Step 3: acidified KMnO4(aq)/K2Cr2O7(aq), heat under reflux

5

(a)

(i)

(ii)

Anode :

2Cl(aq)  Cl2(g) + 2e

Cathode:

2H2O(l) + 2e  H2(g) + 2OH(aq)

Amount of Cl2 =

100  106
= 1.41  106 mol
2  35.5

Since Cl2  2e,
ne = 2  1.41  106 = 2.82  106 mol
Q = 2.82  106  96500 = 2.72  1011 C
I=

2.72  1011
= 3.15  106 A
24  60  60

(iii) When the diaphragm was removed, Cl2 and NaOH will undergo disproportionation
reaction to form ClO/NaClO.
Cl2(g) + 2OH(aq)  Cl(aq) + ClO(aq) + H2O(l)

OR
Cl2(g) + 2NaOH(aq)  NaCl(aq) + NaClO(aq) + H2O(l)

(iv)

F2 + 2e  2F–
O2 + 4H+ + 4e  2H2O

+2.87 V ---(1)
+1.23 V

At the anode,
H2O is oxidised in preference over F– as E(O2/H2O) is less positive than E(F2/F).
Thus O2 is formed.
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(a)

(v) In concentrated NaF(aq),
higher [F] causes equilibrium position of (1) to shift to the left, causing E(F2/F)
becomes less positive.
However, since E(F2/F) is much more
E(F2/F) is still more positive than E(O2/H2O).

positive

than

E(O2/H2O)),

Hence, H2O is still oxidised in preference instead of F– and O2 not F2 will be
obtained.

(b)

Hydrogen
Halides
HBr

Observations
Red-brown fumes of bromine observed.
2HBr(g) + H2SO4(l)  2 H2O(l) + SO2(g) + Br2(g)
Violet fumes OR black solid of iodine observed.
2HI(g) + H2SO4(l)  2H2O(l) + SO2(g) + I2(g)

HI

8HI(g) + H2SO4(l)  4I2(g) + H2S(g) + 4H2O(l)

(c)

Initiation step
UV

Cl2  2Cl
Propagation steps
+

Cl 

CH2Cl + HCl

CH2Cl +

Cl2 

CH2Cl2 + Cl

CH2Cl2

+

Cl 

CHCl2 + HCl

CHCl2 +

Cl2 

CHCl3

CH3Cl

+ Cl

Termination steps (any two)
2Cl  Cl2
CH2Cl + Cl  CH2Cl2
CHCl2 + Cl  CHCl3
2CH2Cl

 CH2ClCH2Cl

2CHCl2  CHCl2CHCl2
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(d)

S undergoes vigorous oxidation
 S is an alkene and there is a loss of 2C as
From the MF of S, there is only one C=C bond and from MF of T, 2C is lost
 (COOH)2 is formed after oxidative cleavage, which further oxidised to 2CO32
(as CO2 reacts with alkaline medium) and 2H2O.

T gives a positive triiodomethane test with alkaline I2
 T is a ketone having the COCH3 group
T undergoes acid-carbonate reaction with Na2CO3
 T is a carboxylic acid
S undergoes nucleophilic substitution with KCN to form U
 S is an alkyl halide, forming U, a nitrile.
U, both alkene and nitrile, is reduced to V, a saturated amine.
V undergoes acid-base reaction with HCl
U, a nitrile, undergoes acid hydrolysis with acid to form W, a carboxylic acid.
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2
Section A
For each question there are four possible answers, A, B, C and D. Choose the one you
consider to be correct.

1

Which mass of gas would occupy a volume of 3 dm3 at room temperature and
pressure?

2

A

3.2 g O2 gas

C

8.0 g SO2 gas

B

5.6 g N2 gas

D

11.0 g CO2 gas

When an excess of KI solution was added to 10.0 cm3 of a 0.200 mol dm–3 solution of
JO43–, the iodine liberated was titrated against a standard solution of 0.100 mol dm–3 of
sodium thiosulfate, Na2S2O3, using starch as the indicator.
2S2O32– + I2  S4O62– + 2I–

If the volume of sodium thiosulfate required to discharge the blue–black colouration is
40.00 cm3, what is the final oxidation state of J?

3

A

+1

C

+3

B

+2

D

+4

The nickel–cadmium rechargeable battery is based on the following overall reaction:
Cd + 2NiOOH + 4H2O → Cd(OH)2 + 2Ni(OH)2.H2O

What is the oxidation number of nickel at the start and at the end of the reaction?
Beginning

End

A

+2

+2

B

+2

+3

C

+3

+2

D

+3

+4

3

4

Use of the Data Booklet is relevant to this question.

What could be the proton number of an element that has three unpaired electrons in
each of its atoms?

5

A

5

C

15

B

13

D

21

C2H4 and C2H2 are unsaturated hydrocarbons. Which of the following statements is
correct regarding these two molecules?
A

Both C2H4 and C2H2 have the same shape.

B

C2H4 has more  bonds but fewer  bonds than C2H2.

C

The carbons in C2H4 and C2H2 are sp and sp2 hybridised respectively.

D

The carbon–carbon–hydrogen bond angle is larger in C2H4 than in C2H2.
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6

Which graph correctly describes the behaviour of fixed masses of the ideal gases I and
J, where I has a higher Mr than J?

A

PV

Constant P

B

Constant T

P

J
J

I

I

PV

T/ K

C

P

Constant T

D

PV

Constant P

I
I

J

J

PV

T/K

5

7

Consider the equilibrium 3J2(g) + 2KJ(g)

2KJ4(g).

3

When 4 mol of KJ4 was put into a 2 dm container and heated, the equilibrium mixture
contained 0.8 mol of KJ.
What is the numerical value of the equilibrium constant, Kc?

8

A

74.1

B

9.23

C

1.16

D

0.108

Graphite and diamond are two allotropes of carbon. Although graphite is
thermodynamically more stable than diamond at 25 C and 1 atm, a piece of diamond
will not transform into graphite, even over a period of one million years.

Which of the following correctly explains this observation?

9

A

G for the reaction diamond  graphite is greater than zero.

B

H for the reaction diamond  graphite is greater than zero.

C

The reverse reaction graphite  diamond proceeds quickly.

D

The reaction diamond  graphite has a large activation energy.

Which combination of substances, when dissolved in 10 dm3 of water, would give a
buffer solution?

A

1 mol HCl and 1 mol of CH3COOH

B

1 mol CH3COOH and 1 mol of CH3COONa

C

1 mol HCl and 1 mol of CH3COONa

D

1 mol of CH3COOH and 1 mol of NaCl

[Turn over
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The reaction between X and Y is an overall second–order reaction.
X+YZ
where Rate = k[X][Y]

The rate of this reaction is plotted against the product [X][Y] of the concentrations of X
and Y. Which graph would be obtained?

A

B
Rate

Rate

[X][Y]

C

[X][Y]

D
Rate

Rate

[X][Y]

[X][Y]

7

11

The Boltzmann distribution shows the number of molecules having a particular kinetic
energy at constant temperature.
Number of
molecules
having a
particular
kinetic
energy

Ea
If the temperature is decreased by 20 °C, what happens to the size of the areas labelled
X, Y and Z?

12

X

Y

Z

A

Increase

Decrease

Increase

B

Increase

Decrease

Decrease

C

Decrease

Increase

Increase

D

Decrease

Increase

Decrease

The reactivity of the Group II metals with oxygen increases down the group. Which
statement best explains this trend?

A

Electronegativity of the elements decreases down the group.

B

Ionic radii of the metal cations increase down the group.

C

Lattice energy of the metal oxides decreases down the group.

D

Reducing power of the elements increases down the group.

[Turn over
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The diagram below shows the visible spectra of two chromium (III) complexes,
CrL63+ and CrJ63+. The various colours corresponding to the approximate
wavelengths in the visible light region are shown below the axis.
Absorbance

wavelength / nm

High
energy

Low
energy

What is the colour of each complex and which ligand causes a larger d-orbital
splitting?

14

colour of CrL63+

colour of CrJ63+

A

blue

yellow orange

ligand which causes a larger
d-orbital splitting
L

B

blue

yellow orange

J

C

red

violet

L

D

red

violet

J

Below is a scheme of reaction for a salt T.

What is T?

A

chromium(III) chloride

B

chromium(III) sulfate

C

copper(II) chloride

D

copper(II) sulfate

9

15

Direct-methanol fuel cells make use of methanol as the fuel to generate energy.
They are limited in the power they can produce, but can still store high energy
content in a small space. The electrolyte in this fuel cell is a dilute aqueous acid.

Which of the following statements is incorrect?

A

Methanol is oxidized in this reaction.

B

The proton exchange membrane functions as a salt bridge.

C

The pH at the anode increases temporarily as energy is generated.

D

Electrons flow from the methanol/carbon dioxide half-cell to that of the
oxygen/ water half-cell.

[Turn over
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Use of the Data Booklet is relevant to this question.

The half-cells for four metals: Mg, X, Y and Z were in turn connected in pairs and the
potential difference was recorded.
Temperature = 25oC
V
electron flow

salt bridge

Metal 1

Metal 2

1 mol dm-3 of metal 1 ions

1 mol dm-3 of metal 2 ions

The results obtained are as shown in the table below.
Positive electrode

Negative electrode

e.m.f /V

X

Mg

+2.10

Y

Mg

+2.72

Mg

Z

+0.33

Rank the four metals in the order of decreasing reducing power.

17

A

Y > X > Mg > Z

B

X > Y > Mg > Z

C

Z > Mg > X > Y

D

Z > Mg > Y > X

How many isomers (structural and stereoisomers) are there in C4H9Br?

A

2

C

4

B

3

D

5

11
18

Which of the following represents the correct structural formula of the organic product
of reaction between CH3CH(OH)CH3 and C2H5CO2H?

19

A

C2H5CO2CH2CH2CH3

C

(CH3)2CHCO2C2H5

B

C2H5CO2CH(CH3)2

D

C2H5OCOCH2CH2CH3

Ethanoyl chloride is mixed with phenylamine. When the reaction is complete, the
mixture is poured into cold water and a white substance is precipitated. Which of the
following is most likely to be the precipitate?

20

A

C6H5NH3+Cl-

C

C6H5NHCOCH3

B

C6H5CONHCH3

D

C6H5COOCH2NH2

A substance, H, has the following properties:
•

It reacts with aqueous sodium hydroxide to form an ionic compound.

•

It reacts with phosphorus pentachloride giving off HCl fumes.

•

It reacts with hydrogen in the presence of nickel catalyst.

•

It reacts with ethanol.

Which of the following is H?

21

A

CH2=CHCO2H

C

CH3CHO

B

C6H5OH

D

CH2=CHCH2OH

Which one of the following reactions is incorrect?

A

2CH3CH2CO2H + CaO → Ca(CH3CH2CO2)2 + H2O

B

CH3COCO2H + 4[H] → CH3COCH2OH + H2O

C

CH3COCH3 + HCN → CH3C(OH)(CN)CH3

D

C6H5CO2C6H5

NaOH(aq)
heat

C6H5CO2-Na+ + C6H5O-Na+

[Turn over
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Which one of the following methods would you choose for the synthesis of the
compound shown below starting from benzene?

23

24

Step 1

Step 2

Step 3

A

Nitration

Reduction

Bromination

B

Bromination

Reduction

Nitration

C

Bromination

Nitration

Reduction

D

Nitration

Bromination

Reduction

In which of the following sequences does the value of pKa decrease continuously?
A

CH3CO2H > CCl3CO2H > C2H5OH > C6H5OH

B

CCl3CO2H > CH3CO2H > C6H5OH > C2H5OH

C

C2H5OH > C6H5OH > CH3CO2H > CCl3CO2H

D

C6H5OH >C2H5OH > CH3CO2H > CCl3CO2H

In the hydrogenation of CH2=CHCH2CN using platinum as a catalyst, the volume of
hydrogen (measured at s.t.p.) that reacts with 1 mol of the compound could be:

A

22.4 dm3

C

44.8 dm3

B

24.0 dm3

D

67.2 dm3

13
25

The base strengths of ammonia and ethylamine are different because of the electronreleasing properties of the ethyl group. Which one of the following pairs correctly shows
the effect of the ethyl group?

26

effect on strength of C2H5NH2
relative to NH3 as a base

effect on strength of C2H5NH3+
relative to NH4+ as an acid

A

increase

increase

B

increase

decrease

C

decrease

decrease

D

decrease

increase

X, Y and Z are three organic compounds. X gives a yellow precipitate with alkaline
iodine. It undergoes oxidation with acidified potassium manganate(VII) to give Y and Z.
Y gives a yellow precipitate with 2,4-dinitrophenylhydrazine but gives negative results
with Tollen's reagent. Z reacts with sodium carbonate to give strong effervescence of
carbon dioxide.

Which one of the following organic compounds could be X, Y and Z?

27

X

Y

Z

A

CH3CH(OH)CH=CHCH3

CH3COCHO

CH3CO2H

B

CH3CH(OH)C(CH3)=CHCH3

CH3CH2COCHO

CH3CO2H

C

CH3CH(OH)C(CH3)=CHCH3

CH3COCOCH3

CH3CO2H

D

CH3COC(CH3)=C(CH3)2

CH3COCOCH3

CH3COCH3

A certain organic compound reacts vigorously with water to give an acidic solution
which instantly yields a precipitate of silver bromide when treated with aqueous silver
nitrate. The compound could be:

A

BrCH2CH2CO2H

C

CH3CH(OH)CH2Br

B

CH3CH2COBr

D

C6H4Br(COOH)

[Turn over

14
28

In the presence of a dilute alkali, some aldehydes and ketones undergo the "aldo
reaction" where they dimerise to form a hydroxycarbonyl compound (an aldo). For
example, ethanal dimerises in this way to form 3-hydroxybutanal.

Which of the following carbonyl compounds will undergo the aldo reaction to produce
the aldol shown below?

29

A

CH3COCH3

B

(CH3)2CHCHO

C

CH3CH2CHO

D

CH3CH2COCH3

The amino acids glutamine and glutamic acid can react with each other to form amide
linkages.

What is the maximum number of different compounds, each containing one amide
linkage that can be formed from one molecule of glutamine and one molecule of
glutamic acid?

A

2

C

4

B

3

D

5

15
30

The following three amino acids exist as the following structures at neutral pH.

A mixture containing the three amino acids was placed in a solution of pH 3 and
subjected to electrophoresis as follows.

Which one of the following filter papers shows a possible result of the separation of the
amino acid mixture at pH 3?

A

B

C

D

[Turn over
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to
3 may be correct. Decide whether each of the statements is or is not correct (you may find it
helpful to put a tick against the statements that you consider to be correct).

The responses A to D should be selected on the basis of

A

B

C

D

1,2 and 3

1 and 2

2 and 3

1 only

are correct

only are correct

only are correct

is correct

No other combination of statements is to be used as a correct response.

31

Which of the following particles would, on losing an electron, have a half-filled set of p
orbitals?

32

1

N–

2

C–

3

O+

Consider the following enthalpy changes in kJ mol-1:
Mg(s)  Mg(g)

H = P

Mg(s)  Mg2+(g) + 2e

H = Q

Mg(g)  Mg+(g) + e

H = R

Mg+(g)  Mg2+(g) + e

H = S

Mg(g)  Mg2+(g) + 2e

H = T

Which of the following statement(s) is/are incorrect?

1

R is equal to the first ionisation energy of Mg.

2

(Q  S  R) is greater than P.

3

T is not equal to the sum of R and S.

17

33

34

Which of the following reaction(s) is/are the sign of ∆S incorrect?
∆S = positive

1

N2(g) + 3H2(g)

2

HCl(aq) + NaHCO3(aq)  NaCl(aq) + CO2(g) + H2O(l)

∆S = positive

3

H2O(l)  H2O(s)

∆S = negative

2NH3(g)

Tropeolin indicator has a pH range of 7.6 to 9.0. Its colour is yellow at pH < 7.6 and
rose-red at pH > 9.0. Which of the following statement(s) about Tropeolin indicator
is/are correct?

1

The indicator is yellow when 50 cm3 of 0.20 mol dm-3 of aqueous NH3 is mixed
with 50 cm3 of 0.85 mol dm-3 aqueous NH4Cl (pKa of NH4+ is 9.25).

2

It is suitable for titration of ethanoic acid against sodium hydroxide.

3

The indicator is rose-red in a solution of 0.01 mol dm-3 of methylamine.
(Kb = 4.37 x 10-4 mol dm-3)

35

Use of the Data Booklet is relevant to this question.

X, Y and Z are Period 4 elements but are not necessarily arranged in order of
increasing atomic number. Some of their properties are tabulated below.
Element

Density
/ g cm

/ C

Ion in which the
element exists in
its highest
oxidation state

–

–7

XO4–

-3

X
Y
Z

1.5
7.2

Melting point
o

850
1890

[Y(edta)]
ZO4

2–

2–

Formula and colour of
a chloride formed by
the element
XCl (red)
YCl2 (white)
ZCl3 (purple)

Which of the following statement(s) is/are correct?
1

X has a smaller atomic radius than Y.

2

Y is not a transition element.

3

Z has six unpaired electrons in its ground state electronic configuration.

[Turn over
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36

Use of the Data Booklet is relevant to this question.

The number of moles of chlorine that react with 1 mole of A is twice the number of
moles of chlorine that react with 1 mole of B. Which of the following pair(s) could be A
and B respectively?

A
1
2
3

37

38

B

Si(s)
cold Na(OH)(aq)

Mg(s)
hot NaOH(aq)

FeBr2(aq)

KI(aq)

Which of the following properties will give a decreasing trend down Group VII?
1

Thermal stability of hydrogen halides

2

Reducing power of halides

3

Boiling point of halogens

A solution of edta and two divalent aqueous metal ions react as shown below:
Mg2+ + (edta)4-  [Mg(edta)]2Cd2+ + (edta)4-  [Cd(edta)]2where (edta)4- is: (CH2CO2-)2NCH2CH2N(CH2CO2-)2
Which of the following statement(s) is/are true?
1

Both are ligand exchange reactions.

2

Both [Mg(edta)]2- and [Cd(edta)]2- are octahedral complexes.

3

The product formed from each reaction is coloured.

19
39

Which of the following are propagation steps in the reaction between methane and
chlorine under UV light?

40

1

•CH3 + Cl2 → CH3Cl + Cl•

2

CH2Cl2 + Cl• → •CHCl2 + HCl

3

CH4 + Cl• → CH3Cl + H•

Terfenadine alleviates seasickness and asthma in the same way as the older drugs, but
it does not cause drowsiness as a side effect.

What deduction(s) about Terfenadine can be made from this structure?

1

One mole of Terfenadine will give out one mole of hydrogen on reaction with two
moles of sodium.

2

It can be oxidized to form a product which does not react with hot Tollen's
reagent.

3

It decolorises KMnO4(aq) under acidic conditions.

END OF PAPER
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Examiner’s
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Planning (P)
You are to design an experiment to determine the enthalpy change of reaction between
solid Mg(OH)2 and hydrochloric acid.
You are provided with the following list of apparatus and reagents.
[You may assume that all other common laboratory apparatus not listed below are also
available.]
Reagents:
 FA1: 2.50 mol dm-3 of HCl
 FA2: Mg(OH)2 solid
Apparatus:
 A thermometer with 0.2 °C interval
 A 100 cm3 styrofoam cup with a lid
 50 ml measuring cylinder
(a)

Write a balanced equation (including state symbols) for the reaction between solid
Mg(OH)2 and hydrochloric acid.

[1]

……………………………………………………………………………………………….

(b)

Given that the enthalpy change of reaction between solid Mg(OH)2 and
hydrochloric acid is approximately – 30.0 kJ mol1, prove with calculations whether
50.0 cm3 of 2.5 mol dm–3 HCl and 1.50 g of Mg(OH)2 are suitable quantities to use
at the start of the experiment. Justify your answer.
[Assuming the specific heat capacity of the solution is 4.2 J g-1 K-1]

[4]

3

(c)

Hence give a detailed procedure to determine the enthalpy change of reaction
between solid Mg(OH)2 and HCl.

[4]

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
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(d)

Both Group I and Group II hydroxides are white solids. A student accidentally
mixes up two unlabelled bottles of white solids, known to contain either KOH or
Ba(OH)2. Briefly describe an experiment in which the student can perform in order
to determine the identity of the white solids.

You are provided with two unknown colourless solutions both at the same
concentration of 1.00 mol dm-3, either containing KOH (aq) or Ba(OH)2 (aq) and
FA1: 2.50 mol dm-3 of HCl.

[3]

……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….

[Total: 12]
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2

The graph shows the logarithm, lg, of the ionization energies for the outermost
electrons of element X in Period 4.

5
4
3
lg I.E.

2
1
0
0

(a)

5
10
15
Number of electrons removed

From the graph above, deduce the group in the Periodic Table to which X is likely to
belong to and explain your reasoning.
Hence, suggest an identity for element X.

[2]

………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….

Identity of X: …………………………………………………………………………………..
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(b)

(i)

Sketch a graph for elements of the third period (sodium to chlorine) to show
how each property changes across the period.
I.

Atomic and Ionic Radius (on the same graph)

II.

Melting Point

Explain your sketches.

………………………………………………………………………………………….
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
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…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
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(ii)

State and explain the trend of atomic radius of transition metals across the
period from titanium to copper.

[8]

…………………………………………………………………………………………
………………………………………………………………………………………….
…………………………………………………………………………………………
[Total: 10]

3

Explain the following observations as fully as you can.
Write equations where appropriate.

(a)

(i)

When NH3(aq) is added to a solution containing Cu2+(aq), a light blue
precipitate which is soluble in an excess of NH3(aq) to form a dark blue
solution is formed.
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..

(ii)

When concentrated hydrochloric acid is added to another solution containing
Cu2+(aq), there is a colour change from blue to pale yellowish-green.
No such colour change occurs when concentrated sulfuric acid is added to
Cu2+(aq).

[4]

…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..
…………………………………………………………………………………………..

For
Examiner’s
Use

9
(b)

3-bromo-3-methylhexane, CH3CH2C(Br)(CH3)CH2CH2CH3, reacts with ethanolic
sodium cyanide to form a mixture that does not rotate light.

[2]

…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..

(c)

The entropy of the following systems increases.
[Both systems are kept under constant volumes.]
I.

1 mol of Br2 (g) is added to 1 mol of N2 (g) at 298 K.

II.

1 mol of I2 (g) is heated from 298 K to 373 K.

[2]

…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..

[Turn over

For
Examiner’s
Use

10

(d)

(i)

The kinetics of the chlorination of PCl3 was investigated in three experiments at
constant temperature. The initial rate of the experiment was measured at
different concentrations of PCl3 and Cl2. The results are shown in the following
table.
Experiment
1
2
3

[PCl3] /
mol dm-3
0.005
0.006
0.008

[Cl2]
mol dm-3
0.005
0.006
0.006

Relative Rate/
mol dm-3 s-1
1.00
1.44
1.92

Show that the units for the rate constant, k, of the above experiment is
mol-1 dm3 s-1.

(ii)

Phosphorus trichloride, PCl3, and NCl3 react in different ways with water
although they each give two products. In the reaction, PCl3 gives HCl as the
only chlorine containing product, while NCl3 gives HOCl as the only chlorinecontaining product. Suggest why PCl3 and NCl3 behave differently.

[5]

……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
[Total: 13]
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4

A biochemist needs to prepare a CH3COOH / CH3COONa+ buffer solution to
stimulate the growth of a particular fungus.
In order to investigate the composition of a CH3COOH/CH3COONa+ buffer solution
of pH 4.16, the biochemist titrated 25.0 cm3 of this buffer solution with 1.0 mol dm3
aqueous sodium hydroxide. The graph below shows the titration curve obtained.

pH

pHequivalence

X

X
Volume of
NaOH(aq) / cm3

3x

8x

Upon the addition of 3x cm3 of aqueous sodium hydroxide, the buffer solution
becomes most effective. The equivalence point of titration is attained when 8x cm3
of aqueous sodium hydroxide is added.
(a)

Show that the ratio of [CH3COOH] : [CH3COONa+] is 4 : 1 in the original buffer
solution.

[3]

[Turn over

For
Examiner’s
Use

12

(b)

Determine the Ka of CH3COOH.

(c)

State and explain if the Ka value of CH2ClCOOH is higher or lower than the Ka value
of CH3COOH.

[2]

[2]

…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..

(d)

(i)

Using your answer in (b), determine the pH of the solution formed when 50.0
cm3 of 0.100 mol dm−3 CH3COOH(aq) is mixed with 30.0 cm3 of 0.100 mol dm−3
CH3COONa+(aq).

For
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13

(ii)

2 cm3 of 0.100 mol dm-3 of hydrochloric acid was accidentally added to the
solution in (d)(i). It was found that the pH of the resulting solution did not differ
much from the pH obtained in (d)(i).
Explain why this is so. Write equations to support your answer.

[5]

……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
[Total: 12]
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5

Paracetamol is classified as a mild painkiller. It is commonly used for the relief
of headaches and other minor aches and pains and is a major ingredient in
numerous cold and flu remedies.

(a)

Paracetamol can be made from phenol as a starting material.
Describe a synthesis route for the production of paracetamol from phenol in no more
than 3 steps.

You are to include all intermediates and reagents and conditions used in each step
of your synthesis.

[5]
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(b)

Paracetamol can be converted into another painkiller, Phenacetin, as shown below.

Paracetamol

Phenacetin

With reference to the mechanism of the reaction, suggest why NaOH(aq) is added in
the conversion.

[2]

…………………………………………………………………………………………………
…………………………………………………………………………………………………

(c)

Suggest a method by which the following compounds could be distinguished from
each other by a chemical test. State the observations you would expect for each
compound.
(i) Paracetamol and Phenacetin

………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….

(ii)

CH3

Cl
CH3
and

Cl

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
[Turn over
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(iii)

O
H2 N

O

O

O

H
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O
N

O

and

[6]

…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………

[Total: 13]

6

Nitrous oxide is naturally present in the atmosphere as part of the Earth's nitrogen
cycle. Human activities such as agriculture, fossil fuel combustion, wastewater
management, and industrial processes contribute to the amount of N2O in the
atmosphere.

(a)

Draw a fully labelled experimental setup for a voltaic cell made up of an NO3/N2O
halfcell and a Cu2+/Cu halfcell under standard conditions. Indicate clearly the
anode and cathode and show the flow of electrons.

[4]

17

(b)

For
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Use

The use of the Data Booklet is relevant to this question.
The standard electrode potential of the NO3/N2O halfcell is given below:
2NO3– + 10H+ + 8e–

N2O + 5H2O

Eɵ = +1.11 V

Calculate the Eɵcell and write an equation for the reaction that occurs.

(c)

[2]

Benzene is nitrated by warming it in a mixture of concentrated nitric acid and
concentrated sulfuric acid. With the help of equations, describe the mechanism of the
nitration of benzene.

[4]

[Turn over
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(d)

The bromination of benzene occurs via a similar mechanism to that in (c).
Iron(III) bromide is required to catalyse the reaction.
Suggest why this is so.

For
Examiner’s
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[2]

…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..

[Total: 12]
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Planning (P)
You are to design an experiment to determine the enthalpy change of reaction between
solid Mg(OH)2 and hydrochloric acid.
You are provided with the following list of apparatus and reagents.
[You may assume that all other common laboratory apparatus not listed below are also
available.]
Reagents:
 FA1: 2.50 mol dm-3 of HCl
 FA2: Mg(OH)2 solid
Apparatus:
 A thermometer with 0.2 °C interval
 A 100 cm3 styrofoam cup with a lid
 50 ml measuring cylinder
(a)

Write a balanced equation (including state symbols) for the reaction between solid
Mg(OH)2 and hydrochloric acid.

[1]

Mg(OH)2(s) + 2HCl(aq) → MgCl2(aq) + 2H2O(l)
1m for balanced equation with state symbols
(b)

Given that the enthalpy change of reaction between solid Mg(OH)2 and
hydrochloric acid is approximately – 30.0 kJ mol1, prove with calculations whether
50.0 cm3 of 2.5 mol dm–3 HCl and 1.50 g of Mg(OH)2 are suitable quantities to use
at the start of the experiment. Justify your answer.
[Assuming the specific heat capacity of the solution is 4.2 J g-1 K-1]
Amount of HCl = 50/1000 x 2.5 = 0.125 mol
Amount of Mg(OH)2 = 1.50 ÷ (24.3 + 17.0 x 2) = 0.02573 mol (L.R.)
Heat released by reaction = heat absorbed by solution
30000 x 0.02573 = 50 x 4.2 x ∆T
∆T = 3.68 °C
Amount of solid Mg(OH)2 is not suitable as ∆T is not within 5-10 °C.
A very small ∆T will give rise to a large experimental error.
1m for calculating amount of both reagents
1m for determining L.R.
1m for determining ∆T
1m for justification

[4]

3
(c)

Hence give a detailed procedure to determine the enthalpy change of reaction
between solid Mg(OH)2 and HCl.

[4]

Note:
Use double the mass of Mg(OH)2 solid (i.e. 3.00 g) so that ∆T is doubled to
7.36 °C and dilute HCl is still present in excess.
1.
2.
3.
4.
5.
6.
7.
8.

Weigh accurately about 3.00 g of Mg(OH)2 using a weighing bottle.
Using a 50 ml measuring cylinder, measure 50 cm3 of HCl into a styrofoam
cup supported in a beaker.
Measure the initial temperature of HCl solution.
Add solid Mg(OH)2 into the styrofoam cup and replace the lid immediately.
Stir with the thermometer and measure the highest temperature reached.
Weigh the mass of weighing bottle and residual solid and calculate the actual
mass of Mg(OH)2 used.
Wash the styrofoam cup and dry it thoroughly before the next experiment.
Repeat experiment for consistent results.

1m for M1
(accept any mass of Mg(OH)2: 2.05 g < m < 3.60 g in order for it to still be the
L.R.)
1m for M2 – M4
1m for M5 – M6
1m for M7 – M8
(d)

Both Group I and Group II hydroxides are white solids. A student accidentally
mixes up two unlabelled bottles of white solids, known to contain either KOH or
Ba(OH)2. Briefly describe an experiment in which the student can perform in order
to determine the identity of the white solids.

You are provided with two unknown colourless solutions both at the same
concentration of 1.00 mol dm-3, either containing KOH (aq) or Ba(OH)2 (aq) and
FA1: 2.50 mol dm-3 of HCl.

[3]

1. Using a measuring cylinder, measure 25 cm3 of each unknown
solution into separate Styrofoam cups and measure its initial
temperature.
2. Add 50 cm3 of FA1 into each cup. Stir the mixture with a thermometer
and record the highest temperature reached.
3. Determine the temperature change for both solutions. The two
temperature changes should be mathematically related by: ∆T1=2∆T2.
4. The mixture which give rises to the higher temperature change
(twice) contains Ba(OH)2, due to two moles of water produced during
the neutralisation reaction.
[Turn over
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Note: Volume of FA1 chosen must allow FA1 used to be in excess.
1m for M1&M2
1m for M3
1m for M4

[Total: 12]

5

2

The graph shows the logarithm, lg, of the ionization energies for the outermost
electrons of element X in Period 4.

5
4
3
lg I.E.

2
1
0
0

(a)

5
10
15
Number of electrons removed

From the graph above, deduce the group in the Periodic Table to which X is likely to
belong to and explain your reasoning.
Hence, suggest an identity for element X.

[2]

Group I.
Largest increase in energy to remove the second outermost electron.
The second electron was removed from a lower principal quantum shell

;

X is potassium. ;

(b)

(i)

Sketch a graph for elements of the third period (sodium to chlorine) to show
how each property changes across the period.
I.

Atomic and Ionic Radius (on the same graph)

II.

Melting Point

Explain your sketches.

[Turn over
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1m for each correctly labelled sketch (total 2m)
Across the period, nuclear charge ↑ as proton number ↑change in the
screening effect is negligible (Same no. of inner shells of e-s across the
period), the outer e-s are more strongly attracted by the nucleus
 atomic radii ↓
cations have one shell less than neutral atoms, the outer e-s are more
strongly attracted by the nucleus, thus smaller in radius than the parent
atom.
anions have more e-s than protons and so, the effective attractive force
on the outer e-s is less than that in neutral atoms, the outer e-s are less
strongly attracted by the nucleus, thus bigger in radius as compared to
the parent atom.
1m for explanation of atomic radius
1m for explanation of both cationic and anionic radius
Na to Al
giant metallic structure
strong electrostatic forces of attraction between metal cations and
delocalised electrons, large amount of energy required to overcome
those forces  high m.p.
delocalised electrons ↑, size of cations ↓, (charge on cation ↑)
strength of metallic bond ↑m.p. ↑
Si
giant covalent structure

large amount of energy required to break strong covalent bonds
between Si atoms. high m.p.
P to Cl

7
Simple molecular structure
weak temporary dipole – induced dipole forces of attraction between
molecules

relatively smaller amount of energy required to overcome those
forces
 low m.p.
size of electron cloud of molecules varies, S8>P4>Cl2
size of electron cloud of molecules ↑, strength of temporary dipole –
induced dipole forces of attraction ↑.  m.p.: S8>P4>Cl2
1m for explanation of Na-Al
1m for explanation of Si
1m for explanation of P - Cl
(ii)

State and explain the trend of atomic radius of transition metals across the
period from titanium to copper.

[8]

 Electrons are being added to inner 3d subshell.
 Screening effect of 3d electrons effectively cancels almost all
increase in nuclear charge across period
 Thus, metallic radius remains almost constant.
[Total: 10]

3

Explain the following observations as fully as you can.
Write equations where appropriate.

(a)

(i)

When NH3(aq) is added to a solution containing Cu2+(aq), a light blue
precipitate which is soluble in an excess of NH3(aq) to form a dark blue
solution is formed.
[Cu(H2O)6]2+(aq) + 2OH(aq)  Cu(OH)2(s) + 6H2O(l)
Light blue ppt
2+

OR [Cu(H2O)6] (aq) + 2OH (aq)  [Cu(OH)2(H2O)4](s) + 2H2O(l) ;
Cu(OH)2(s) + 4NH3  [Cu(NH3)4]2+(aq) + 2OH(aq)
Dark blue solution
OR [Cu(OH)2(H2O)4] + 4NH3  [Cu(NH3)4(H2O)2]2+(aq) + 2OH + 2H2O ;

(ii)

When concentrated hydrochloric acid is added to another solution containing
Cu2+(aq), there is a colour change from blue to pale yellowish-green.
No such colour change occurs when concentrated sulfuric acid is added to
Cu2+(aq).

[4]
[Turn over
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[Cu(H2O)6]2+(aq) + 4Cl(aq)  [CuCl4]2-(aq) + 6H2O(aq)
Ligand exchange occurs. Yellow-green solution is due to the formation of
[CuCl4]2-(aq). ;
When H2SO4 is added to Cu2+(aq), no complexes are formed thus no
colour change is observed. ;

(b)

3-bromo-3-methylhexane, CH3CH2C(Br)(CH3)CH2CH2CH3, reacts with ethanolic
sodium cyanide to form a mixture that does not rotate light.

[2]

The reaction proceeds via SN1 mechanism.
The carbocation intermediate formed (sp2 hybridised) has a trigonal
planar shape, hence CN- nucleophile has equal probability of attacking from
either side of the carbocation intermediate, forming a racemic mixture. ;
The racemic mixture contains equal proportions of each enantiomer, thus is
optically inactive. ;

(c)

The entropy of the following systems increases.
[Both systems are kept under constant volumes.]
I.

1 mol of Br2 (g) is added to 1 mol of N2 (g) at 298 K.

II.

1 mol of I2 (g) is heated from 298 K to 373 K.

[2]

I.

Entropy increases as the system becomes more disorderly due to the
process of mixing which results in more ways of arranging the particles.
II.
Entropy increases as the system becomes more disorderly as the
particles gain more kinetic energy due to the increase in temperature
which results the particles moving further apart from each other, losing
its structure.
1m each
(d)

(i)

The kinetics of the chlorination of PCl3 was investigated in three experiments at
constant temperature. The initial rate of the experiment was measured at
different concentrations of PCl3 and Cl2. The results are shown in the following
table.
Experiment
1
2
3

[PCl3] /
mol dm-3
0.005
0.006
0.008

[Cl2]
mol dm-3
0.005
0.006
0.006

Relative Rate/
mol dm-3 s-1
1.00
1.44
1.92

9

Show that the units for the rate constant, k, of the above experiment is
mol-1 dm3 s-1.
Order wrt Cl2 = 1 ;
Order wrt PCl3 = 1 ;
Rate = k[PCl3] [Cl2]
Thus, units for k for an overall second order reaction is mol-1 dm3 s-1. ;
Appropriate working must be shown to be awarded the marks

(ii)

Phosphorus trichloride, PCl3, and NCl3 react in different ways with water
although they each give two products. In the reaction, PCl3 gives HCl as the
only chlorine containing product, while NCl3 gives HOCl as the only chlorinecontaining product. Suggest why PCl3 and NCl3 behave differently.

[5]

P is in period 3 and has empty d-orbitals to accept a lone pair of
electrons from water to form dative bonding. Thus PCl3 is readily
hydrolysed to give HCl. ;
N does not form dative bonding with water. However, due to the greater
electronegativity of N as compared to P, the - on the N will be attracted
to the + end of the water molecule. Thus forming NH3 + 3HOCl as
products. ;
[Total: 13]
4

A biochemist needs to prepare a CH3COOH / CH3COONa+ buffer solution to
stimulate the growth of a particular fungus.
In order to investigate the composition of a CH3COOH/CH3COONa+ buffer solution
of pH 4.16, the biochemist titrated 25.0 cm3 of this buffer solution with 1.0 mol dm3
aqueous sodium hydroxide. The graph below shows the titration curve obtained.

pH

pHequivalence

X

X
Volume of
NaOH(aq) / cm3

3x

8x
[Turn over
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Upon the addition of 3x cm3 of aqueous sodium hydroxide, the buffer solution
becomes most effective. The equivalence point of titration is attained when 8x cm3
of aqueous sodium hydroxide is added.
(a)

Show that the ratio of [CH3COOH] : [CH3COONa+] is 4 : 1 in the original buffer
solution.

[3]

At maximum buffer capacity,
Mol ratio of CH3COOH : CH3COONa+ = 1 : 1
From 3x to 8x of NaOH used, 5x of CH3COOH is converted to CH3COONa+
Hence at maximum buffer capacity,
CH3COOH : CH3COONa+ = 5x : 5x ;
Working backwards, at the beginning of titration,
mol ratio of CH3COOH : CH3COONa+
= 5x + 3x : 5x  3x ;
= 8x : 2x = 4:1 ;
[CH3COOH] : [CH3COONa+] = 4:1
For
Examiner’s
Use

(b)

Determine the Ka of CH3COOH.
[ NaA]
pH = pKa + lg
[ HA]
4.16 = pKa + lg (

1
)
4

;
pKa = 4.76
Hence, Ka = 1.73  105 mol dm3
(c)

[2]

;

State and explain if the Ka value of CH2ClCOOH is higher or lower than the Ka value
of CH3COOH.

[2]

The Ka value of CH2ClCOOH is higher. ;
The presence of the electron withdrawing Cl atom disperses the negative
charge on the oxygen atom of the carboxylate anion, increasing the stability of
the carboxylate anion. Thus, the acid has a higher tendency of donating H+,
resulting in CH2ClCOOH being a stronger acid. ;
(d)

(i)

Using your answer in (b), determine the pH of the solution formed when 50.0
cm3 of 0.100 mol dm−3 CH3COOH(aq) is mixed with 30.0 cm3 of 0.100 mol dm−3
CH3COONa+(aq).
[CH3COOH] in buffer = 0.0625 moldm-3 ;
[CH3COONa+] in buffer = 0.0375 moldm-3 ;
pH = -lg(1.73  105) + lg{0.0375/0.0625} = 4.54 ;
allow e.c.f from (b)

11

(ii)

2 cm3 of 0.100 mol dm-3 of hydrochloric acid was accidentally added to the
solution in (d)(i). It was found that the pH of the resulting solution did not differ
much from the pH obtained in (d)(i).
Explain why this is so. Write equations to support your answer.

[5]

A buffer solution is obtained in (d)(i). A buffer solution is a solution that
resists pH changes when a small amount of acids or bases is added to it,
as shown in the following equation: ;
CH3COO- (aq) + H+(aq) → CH3COOH (aq) ;
[Total: 12]

[Turn over
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5

Paracetamol is classified as a mild painkiller. It is commonly used for the relief
of headaches and other minor aches and pains and is a major ingredient in
numerous cold and flu remedies.

(a)

Paracetamol can be made from phenol as a starting material.
Describe a synthesis route for the production of paracetamol from phenol in no more
than 3 steps.

You are to include all intermediates and reagents and conditions used in each step
of your synthesis.

[5]

Step I: Dilute nitric acid, room temperature
Step II: Sn and conc. HCl, heat under reflux, followed by NaOH (aq)
Step III: limited CH3COCl, in the cold.

1m for each intermediate (total 2m)
1m for each set of reagents and conditions (3m)
(b)

Paracetamol can be converted into another painkiller, Phenacetin, as shown below.

Paracetamol

Phenacetin

With reference to the mechanism of the reaction, suggest why NaOH(aq) is added in
the conversion.



[2]

NaOH will neutralize the phenol group in Paracetamol to form the phenoxide ion,
which is a stronger nucleophile. ;
The phenoxide ion attacks the electron-deficient C in CH3CH2Br, substituting the

13
halogen atom to form Phenacetin. ;

(c)

Suggest a method by which the following compounds could be distinguished from
each other by a chemical test. State the observations you would expect for each
compound.
(i) Paracetamol and Phenacetin
Test: add neutral FeCl3 to each compound
Observations: Violet colouration observed for paracetamol only.
(ii)

Test: Add aq NaOH and boil followed by excess dilute HNO3 and AgNO3.

H3C

Cl

Cl

No white ppt observed

(iii)

O

O

H2N

O

O

H

CH3
White ppt observed

O
N

O

[6]
Add NaOH (aq) to each compound and heat under reflux. Test any gas
evolved with damp red litmus paper.
and

Observation:
O

O

H 2N

O

Effervescence seen ; colourless gas evolved turns damp red litmus paper
turns blue
O
H

O
N

O

[Turn over
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damp red litmus paper remains unchanged.
For each part,
1m for correct chemical test, including all reagents and observations
1m for observations for both compounds
[Total: 13]

6

Nitrous oxide is naturally present in the atmosphere as part of the Earth's nitrogen
cycle. Human activities such as agriculture, fossil fuel combustion, wastewater
management, and industrial processes contribute to the amount of N2O in the
atmosphere.

(a)

Draw a fully labelled experimental setup for a voltaic cell made up of an NO3/N2O
halfcell and a Cu2+/Cu halfcell under standard conditions. Indicate clearly the
anode and cathode and show the flow of electrons.

anode

V

[4]

e

cathode
N2O (g) at 1 atm

Salt
bridge
25 oC
2+

3

Cu

[Cu (aq)]= 1.0 mol dm

Pt

[NO3 (aq)] =
[H+(aq)]= 1.0
mol dm3

1m for correctly indicating anode cathode
1m for salt bridge, voltmeter, labeling all standard conditions and flow of electrons
1m each for each complete, labelled half-cell (total 2m)
(b)

The use of the Data Booklet is relevant to this question.
The standard electrode potential of the NO3/N2O halfcell is given below:
2NO3– + 10H+ + 8e–

N2O + 5H2O

Eɵ = +1.11 V

Calculate the Eɵcell and write an equation for the reaction that occurs.
Eɵcell = +1.11  0.34 V = +0.77 V
;
+
–
2NO3 (aq)+ 10H (aq) + 4Cu(s)  N2O(g) + 5H2O(l) + 4Cu2+(aq) ;
Accept answers without state symbols
(c)

[2]

Benzene is nitrated by warming it in a mixture of concentrated nitric acid and

15
concentrated sulfuric acid. With the help of equations, describe the mechanism of the
nitration of benzene.

[4]

Nitration of benzene proceeds via the electrophilic substitution mechanism.
The electrophile, NO2+ is generated in the reaction between conc. H2SO4 and conc.
HNO3 as follows: 2H2SO4 + HNO3
2HSO4 + H3O+ + NO2+

1m for generation of electrophile step
1m for all correctly-drawn curly arrows
1m for intermediate and indicating slow step
1m for regeneration of H2SO4
(d)

The bromination of benzene occurs via a similar mechanism to that in (c). Iron(III)
bromide is required to catalyse the reaction.
Suggest why this is so.
[2]
Due to delocalisation, electrons in benzene are not polarising enough to generate
Br+ from Br2. ;
FeBr3 is therefore needed to generate Br+ as follows:
FeBr3 + Br2  Br+ + FeBr4 ;
[Total: 12]

END OF PAPER
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Answer any four questions.
1.

(a)

State and explain in terms of electronic structure, two characteristic
chemical properties of transition metals or their compounds.
[4]

(b)

Transition element complexes such as those of iron are common
reagents in colourful demonstrations of redox reactions. In one particular
demonstration, the following observations were made.

When aqueous iron(III) sulfate was added to aqueous sodium iodide, the
reaction mixture turned brown. The brown colour is discharged upon
addition of aqueous sodium hexacyanoferrate(II), Na4Fe(CN)6.
On the other hand, when aqueous sodium hexacyanoferrate(III),
Na3Fe(CN)6, was added to a fresh sample of the aqueous sodium iodide,
the colour of the reaction mixture remained unchanged.

(i)

Explain the above observations using relevant data from the Data
Booklet.

(ii)

Comment on the relative stability of the different oxidation states
of iron in the presence of different ligands.
[5]

(c)

Haemoglobin (Hb) is composed of 4 polypeptide chains: two alpha chains
and two beta chains of polypeptides. Each chain contains one haem
group, each of which contains one iron ion. The iron is the site of oxygen
binding; each iron can bind one O2 molecule thus each haemoglobin
molecule is capable of binding a total of four O2 molecules.
The iron–oxygen interaction is very weak; the two can easily be
separated without damaging the haem unit or the oxygen molecule. The
binding of an oxygen molecule to the iron in a haem unit is therefore
completely reversible.

(i)

Explain how O2 molecule binds to the Fe of the haem group.

3
1.

(c)

(ii)

Each Hb molecule has a complex quaternary structure. Briefly
describe what this means.

(iii)

A haemoglobin molecule in which the iron has separated from the
oxygen molecule is called deoxyhaemoglobin. Blood containing
red-blood cells filled with O2 is brighter red. Suggest an
explanation for the observation of this colour.

(iv)

Haemoglobin is susceptible to denaturation. Explain the term
denaturation as applied to proteins and state two types of R group
interactions that can be disrupted when heat is applied to proteins.
[7]

(d)

Iron(II) ethanedioate, FeC2O4, reacts with manganate(VII), MnO4–,
forming Fe3+ and carbon dioxide. In an experiment, 0.144g of FeC2O4
reacted with 20.0 cm3 of 0.150 mol dm-3 of MnO4–.
(i)

Write an ion-electron equation for the oxidation of FeC2O4 to Fe3+
and carbon dioxide.

(ii)

Determine the oxidation number of manganese in the product
formed after the reduction of manganate(VII).
[4]
[Total: 20]
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2.

(a
a)

Malic acid
a
is an orrganic dicarrboxylic acid
d found in wines,
w
sour apples and
d
some other
o
fruits. Malic aci d has two stereoisom
meric formss as shown
n
below:

D-Malic acid

L-M
Malic acid

(i)

aracteristic d
b
D- and L-Mali c acid.
State a cha
difference between

(ii)

a of a dia
agram, expllain why malic
m
acid iss soluble in
n
With the aid
water.

(iii)

Malic acid can be deh
hydrated to
o give comp
pound K. C ompound L
is an isome
er of compo
ound K.
O
OH

H
HO

H
C

C

O

C

OH

C

O

HO

O

C
C

CH2

C
O

co
ompound K

compou nd L

State the ty
ype of isom erism exhib
bited.

(iv)

d
Compound

L

in

((a)(iii)

decolourises

acidified

potassium
m

manganite((VII). Draw the structure of the org
ganic produuct.

(v)

The structu
ure of 3-oxo
opropanoic acid
a
is show
wn below.

H

O

O

C

CH
H2 C

OH

3-oxoprop
panoic acid
Suggest ho
ow you can
n make mallic acid from
m 3-oxopro panoic acid
d
in two step
ps, showing
g the reage
ents and co
onditions neecessary as
s
well as the structure o
of the interm
mediate.
[8]
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2.

(b)

A student carried out an experiment to investigate the rate of reaction
between sodium and malic acid. A freshly cut piece of sodium weighing
0.0690 g was added to a large excess of malic acid.
The volume of gas evolved was measured at room temperature and
pressure over a 30-min time interval. The following results were obtained.

Time /min
3

Volume of gas /cm

(i)

0

5

10

15

20

25

30

0.0

8.5

15.0

20.5

25.0

27.5

31.0

Write a balanced equation for the reaction between sodium and
malic acid.

(ii)

Calculate the maximum volume of gas evolved at room
temperature and pressure if the reaction goes to completion.

(iii)

What do you understand by the term order of reaction?

(iv)

Using the graphical method, show that the overall kinetics of the
reaction is first order.

(v)

In this experiment, the kinetics appears to be zero order with
respect to malic acid initially. Suggest a reason for this.
[7]

[Turn over
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2.

(c)

4-aminobutanoic acid, also known as GABA, can also be synthesised
from 3-oxopropanoic acid in a few steps.
O
H2NCH2CH2CH2 C

OH

GABA
The two pKa values associated with 4-aminobutanoic acid are 4.23 and
10.43.
A sample of GABA requires 20 cm3 of 1.0 mol dm–3 NaOH for complete
neutralisation. The following diagram is a titration curve, showing how the
pH of GABA changes with volume of NaOH added.
pH

Z

Y

X

10
(i)

20 Volume of NaOH added /cm3

Draw the structures of the predominant species of GABA at X, Y
and Z.

(ii)

State the pH and the volume of NaOH added when Y and Z are
equimolar.
[5]
[Total: 20]

7
3.

(a)

Calcium is a mineral that is found naturally in foods. Calcium is necessary
for many normal functions of the body, especially bone formation and
maintenance.
Calcium sulphate, CaSO4, is a salt of calcium. It is used as a coagulant in
products like tofu.

(i)

Draw the dot-and-cross diagram to show the bonding in sulfate
ion. State the shape and the bond angle.

(ii)

Using the following data, construct an energy level diagram to
calculate the enthalpy change of solution of CaSO4.
Include state symbols in your diagram.

(iii)

(b)

enthalpy change of hydration of calcium ion

– 1562 kJ mol-1

enthalpy change of hydration of sulfate ion

– 1166 kJ mol-1

lattice energy of calcium sulfate

– 2710 kJ mol-1

Hence predict whether CaSO4 becomes more or less soluble
when temperature increases. Explain your answer.
[9]

Calcium sulfate is a component of the grout used in between the tiles in
swimming pools. Calcium chloride is added into swimming pools to
prevent calcium sulfate in the grout from dissolving.
The solubility product of CaSO4 at 25°C is 2.4 × 10-5 mol2 dm-6.
(i)

Write an expression for the solubility product, Ksp, of CaSO4.

(ii)

If 5.555 kg of calcium chloride was added to a wading pool
containing 3000 dm3 of water, calculate the maximum
concentration of sulfate ions in the water.

(iii)

Explain qualitatively how the added calcium chloride helps to
prevent calcium sulfate in the grout from dissolving.
[6]

[Turn over

8
3.

(c)

Calcium iodate(V) is another calcium salt with the formula Ca(IO3)2.
At high temperatures, Calcium iodate(V) undergoes decomposition to
form a white solid, violet vapour and a colourless gas which relights a
glowing splint.
(i)

Construct a balanced equation, with state symbols, for the
decomposition process.

(ii)

Describe and explain how the thermal stabilities of the Group II
iodate(V) vary down the group.

(iii)

Predict the relative thermal stability of calcium chlorate(V)
compared to calcium iodate(V). Explain your answer.
[5]
[Total: 20]

4.

(a)

A rechargeable battery contains inert platinum electrodes immersed in
solutions containing a mixture of vanadium compounds in different
oxidation states.

One half cell contains a mixture of VO2+(aq) and

VO2+(aq) and the other half cell contains V2+(aq) and V3+(aq).

(i)

By reference to the Data Booklet, choose two half-equations to
construct the full equation for the reaction that occurs during
discharge. Calculate the E°cell.

(ii)

Sketch a fully labelled diagram of the above cell, showing the
direction of the electron flow.

(iii)

Write the equation for the charging process.

(iv)

Predict, with reason, the effect of adding water to the half cell
containing V2+(aq) and V3+(aq) on the E°cell.
[8]

9
4.

(b)

Vanadium forms many complexes. The oxidation number of vanadium in
a complex was determined as follows:

A 0.0423 mol sample of the complex cation with an inert anion was
dissolved in water and the solution was made up to 250 cm3. A 25.0 cm3
portion of this solution reacted exactly with 21.15 cm3 of 0.0800 mol dm-3
aqueous acidified potassium manganate(VII) solution. If the oxidation
number of vanadium in the product was +5, calculate the original
oxidation number of vanadium in the complex.
[4]

(c)

α-Hydroxy acids (AHAs) such as lactic acid, CH3CH(OH)COOH, are

naturally occurring carboxylic acids which are well-known for their use in
the cosmetic industry.

When orange potassium dichromate(VI) is added to lactic acid,
compound G is formed and the solution turns green. Compound H is
formed when G is reacted with hydrogen cyanide in the presence of a
trace amount of sodium cyanide at 10 – 20 °C.

(i)

Excess 2,4-dinitrophenylhydrazine was added to compound G.
Write a balanced equation for this reaction.

(ii)

State the type of reaction undergone when G reacts to form H.

(iii)

Draw the displayed formula of compound H formed and explain
why H has no optical activity.

(iv)

Compound J is formed when H is treated with lithium aluminium
hydride. Deduce the structural formula of compound J. Hence,
suggest a test that distinguishes J and lactic acid.
[8]
[Total: 20]

[Turn over
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(a)

X and Y were mixed in a closed vessel and the whole system was

allowed to reach equilibrium, as shown in the following equation:
X (g) + Y (g)

H < 0

2Z (g)

The concentrations of all gases were measured at one-minute intervals
and the operating conditions were altered at the 4th and the 7th minute.
The effects are shown in the graph below.
0.10

[Y]

0.09

concentration / mol dm-3

5.

[X]

0.08

[X]

0.07
0.06

[Z]
[Y]

0.05

[Y]

[Z]

0.04

[X]

0.03

[Z]

0.02
0.01
0

(i)

0

1

2

3

4

5
6
time / min

7

8

9

10

Write an expression for the equilibrium constant, KC, and hence
calculate its value at the 3rd minute.

(ii)

Suggest the change that could have occurred at the:
I

4th minute

II

7th minute
[4]

(b)

A current of 300 A was passed through molten potassium bromide for 40
min at 450K and 1.21 x 105 Pa. A gaseous product was obtained at one
of the electrodes.

(i)

Write the equations of the reactions occurring at the anode and
the cathode.

(ii)

Determine the volume of the gas produced.

11

5.

(b)

(iii)

The gas produced was reacted with propene. Outline the
mechanism of the reaction.

(iv)

The gas produced also reacts with phenylmethanol under different
conditions to yield different products. Phenylmethanol has the
following structure.
H
H

C

OH

phenylmethanol
Draw the structure of the product when the reaction takes place
under the following conditions:
I in the presence of sunlight
II in the presence of iron
[8]

(c)

Compound C, C5H9OCl, does not react with thionyl chloride but forms an
orange precipitate with 2,4-dinitrophenylhydrazine. When refluxed with
hot aqueous potassium hydroxide, C forms D, C5H10O2.
D does not form any yellow precipitate with alkaline iodine solution. When

treated with acidified potassium dichromate(VI), D gives compound E.
In the presence of hot concentrated sulfuric acid, E forms a sweetsmelling liquid, F, C10H16O4.
Suggest the structural formulae of compounds C to F, explaining the
chemistry involved.
[8]
[Total: 20]

END OF PAPER
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1.

(a)

State and exp
plain in terrms of ele
ectronic stru
ucture, two
o characterristic
che
emical prope
erties of tra nsition meta
als or their compoundss.






Transition metal ionss possess variable oxidation
o
sstates; variable
oved to form
m ions of sim
milar
number of 4s and 3d e
electrons can be remo
stability.
Transition metal ionss form com
mplexes; the
e ions havve energetic
cally
accessible vacant orb
bitals to acc
commodate the lone ppair of electrons
ds to form dative bon
nd which re
esults in thhe formation of
from ligand
complexes.
Transition metals havve catalytic properties; transition m
metals and their
compounds
s are good heterogeneous cataly
yst becausee of the vacant
and availa
ability of d orbitals for temporrary bond formation OR
are goodd homogen
Transition metals an
nd their compounds
c
nous
heir ability to
o exist in variable oxidaation states.
catalyst because of th

Anyy two
1m for each characterristic with 1m for each
e
compplete matc
ching
planation
exp
[4]

(b)

Transition ele
ement com
mplexes suc
ch as thos
se of ironn are common
reagents in co
olourful dem
monstrations
s of redox reactions.
r
Inn one partic
cular
dem
monstration, the followiing observa
ations were made.
When aqueous
s iron(III) ssulfate was added to aq
queous soddium iodide, the
ure turned brown. The
e brown co
olour is disscharged upon
u
reaction mixtu
dition of aqu
ueous sodiu
um hexacya
anoferrate(III), Na4Fe(C
CN)6.
add
On the other hand, w
when aque
eous sodiu
um hexacyyanoferrate(III),
w added tto a fresh sample of th
he aqueous sodium iod
dide,
Na3Fe(CN)6, was
the colour of th
he reaction mixture rem
mained unch
hanged.
(i)

Explain
n the above
e observatio
ons using re
elevant dataa from the Data
D
Booklett.
Eθ = +0.77 V
Fe3+ + eFe2++
[Fe(CN
N)6]3- + e½ I2 + e-

I-

[Fe(CN)6]4-

Eθ = +0.36 V
Eθ = +0.54 V

When Fe
F 3+ is adde
ed to I-, the
e oxidation of I- to brow
wn I2 by Fe
e3+ is
feasible
e.
θ
 E cell = +0.23 V (Eθcell > 0; reaction
r
is fe
easible)

1

When [Fe(CN)6]4- is added to I2, brown I2 is reduced to I-.
 Eθcell = +0.18 V (Eθcell > 0; reaction is feasible)
The oxidation of I- to brown I2 by [Fe(CN)6]3- is not feasible.
 Eθcell = -0.18 V (Eθcell < 0; reaction is not feasible)
1m for quoting all 3 correct Eθ from Data Booklet
1m for each calculation of Eθcell to explain observation
(ii)

Comment on the relative stability of the different oxidation states
of iron in the presence of different ligands.
Since the Eθ (Fe3+/Fe2+) is more positive compared to the Eθ
([Fe(CN)6]3-/[Fe(CN)6]2-), in the presence of the CN- ligand, Fe3+ is
stabilised with respect to Fe2+.
1m for complete answer
[5]

(c)

Haemoglobin (Hb) is composed of 4 polypeptide chains: two alpha chains
and two beta chains of polypeptides. Each chain contains one haem
group, each of which contains one iron ion. The iron is the site of oxygen
binding; each iron can bind one O2 molecule thus each haemoglobin
molecule is capable of binding a total of four O2 molecules.
The iron–oxygen interaction is very weak; the two can easily be
separated without damaging the haem unit or the oxygen molecule. The
binding of an oxygen molecule to the iron in a haem unit is therefore
completely reversible.
(i)

(ii)

Explain how O2 molecule binds to the Fe of the haem group.
Oxygen contains lone pairs which can coordinate to the centre Fe
ion through coordinate (or dative) bonding.
1m for explanation
Each Hb molecule has a complex quaternary structure. Briefly
describe what this means.
 The quaternary structure refers to the three dimensional
structure of proteins consisting of more than one polypeptide
chain coming together to form the complete protein.
 The structure is stabilized by R group interactions such as
hydrogen bonding, disulphide bridges, van der Waals’ forces
and ionic linkages.
1m for each point

2

(iii)

(iv)

A haemoglobin molecule in which the iron has separated from the
oxygen molecule is called deoxyhaemoglobin. Blood containing
red-blood cells filled with O2 is brighter red. Suggest an
explanation for the observation of this colour.
When O2 binds to Fe ion centre, the light-absorbing property of the
heme group is changed due to the change in structure.
Oxyhaemoglobin absorbs light in the blue-green range, and reflect
red light.
1m for correct answer
Haemoglobin is susceptible to denaturation. Explain the term
denaturation as applied to proteins and state two types of R group
interactions that can be disrupted when heat is applied to proteins.
Denaturation is a process where the original conformations of
secondary, tertiary and quaternary structures are destroyed
through the breaking of non-covalent interactions and disulfide
linkages. ;
Van der Waals’ or hydrophobic interactions ;
hydrogen bonds ;
[7]

(d)

Iron(II) ethanedioate, FeC2O4, reacts with manganate(VII), MnO4–,
forming Fe3+ and carbon dioxide. In an experiment, 0.144g of FeC2O4
reacted with 20.0 cm3 of 0.150 mol dm-3 of MnO4–.
(i)

Write an ion-electron equation for the oxidation of FeC2O4 to Fe3+
and carbon dioxide.
FeC2O4  Fe3+ + 2CO2 + 3e ;

(ii)

Determine the oxidation number of manganese in the product
formed after the reduction of manganate(VII).
amount of FeC2O4 = 0.144/(55.8 + 24.0 + 64.0) = 0.001001 mol
amount of e = 3 × 0.001001 = 0.003003 mol ;
amount of MnO4- = 0.020 × 0.150 = 0.00300 mol
1 mol of MnO4- takes in 1 mol of e ;
oxidation no. of Mn in product = +7 – 1 = +6 ;
[4]
[Total: 20]

2.

(a)

Malic acid is an organic dicarboxylic acid found in wines, sour apples and
some other fruits. Malic acid has two stereoisomeric forms as shown

3

belo
ow:

L-Malic aciid

D-Malic
D
acid
d

(i)

(ii)

State a characterisstic difference between
n D- and L-M
Malic acid.
The enantiomers rrotate plane
e-polarized light
l
in oppoosite direction?
D.
Do not accept ‘The
ey are mirro
or image of each other..’
With th
he aid of a diagram, explain
e
why
y malic aciid is solublle in
water.
1m forr diagram sshowing att least one
e hydrogenn bond formed
betwee
en malic aciid and wate
er, with parrtial chargess and lone pair
shown.
1m for stating
s
hydrrogen bond
d

(iii)

Malic acid can be d
dehydrated
d to give com
mpound K. Compound L
is an isomer of com
mpound K.
O
OH

H
HO

H
C

C
O

C
C

O

OH
H

HO

O

C
C

CH2

C
O

comp
pound K

compou nd L

State th
he type of issomerism exhibited.
Structural isomerissm ;
(iv)

Compo
ound L in
n (a)(iii) decolouris
ses acidifiied potass
sium
mangan
nite(VII). D raw the stru
ucture of the
e organic prroduct.
CO(CO
OOH)2 ;

(v)

The structure of 3--oxopropanoic acid is shown
s
below
w.
H

O

O

C

CH2 C

OH
O

3-oxop
propanoic acid
Sugges
st how you can make malic acid from 3-oxoopropanoic acid
in two steps, show
wing the re
eagents and
d conditionss necessary as
well as the structu re of the inttermediate.

4

H

O

O

C

CH2 C

OH

H

10 - 20oC

C
C

CH2 C

O

OH

O

OH

HCN, trace NaCN or NaOH

dil H2SO4

OH

heat

N

H

C

CH2 C

C

O

OH

OH

1m for each set of reagents and conditions
1m for intermediate
[8]

(b)

A student carried out an experiment to investigate the rate of reaction
between sodium and malic acid. A freshly cut piece of sodium weighing
0.0690 g was added to a large excess of malic acid.
The volume of gas evolved was measured at room temperature and
pressure over a 30-min time interval. The following results were obtained.

Time /min
Volume of gas /cm3

(i)

(ii)

(iii)

(iv)

0

5

10

15

20

25

30

0.0

8.5

15.0

20.5

25.0

27.5

31.0

Write a balanced equation for the reaction between sodium and
malic acid.
(COOH)CH(OH)CH2COOH + 3Na 
(COO-Na+)CH(O-Na+)CH2COO-Na+ + 3/2 H2 ;
Calculate the maximum volume of gas evolved at room
temperature and pressure if the reaction goes to completion.
amount of Na = 0.0690/23 = 0.00300mol
amount of H2 = 0.00300/2 = 0.00150 mol
vol of H2 = 0.00150(24) = 0.036 dm3 = 36.0 cm3 ;
What do you understand by the term order of reaction?
The order of reaction is defined as the power to which the
concentration of the reactant is raised to in the experimentally
determined rate equation. ;
Using the graphical method, show that the overall kinetics of the
reaction is first order.

5

Volume of H 2 evolved / cm3

t ½ ≈ 10.5 min

t ½ ≈ 10 min

Time / min

1m Graph correctly plotted with labeled axes
1m to show 2 half lives on graph
1m to conclude that since half lives are constant, first order
In this experiment, the kinetics appears to be zero order with
respect to malic acid initially. Suggest a reason for this.
malic acid is in large excess, hence the change in its
concentration is negligible. Therefore its concentration does not
seem to affect the rate. ;

(v)

[7]

(c)

4-aminobutanoic acid, also known as GABA, can also be synthesised
from 3-oxopropanoic acid in a few steps.
O
H2NCH2CH2CH2 C

OH

GABA

The two pKa values associated with 4-aminobutanoic acid are 4.23 and
10.43.
A sample of GABA requires 20 cm3 of 1.0 mol dm–3 NaOH for complete
neutralisation. The following diagram is a titration curve, showing how the
pH of GABA changes with volume of NaOH added.

pH

6
Z

(i)

(ii)

Draw the structures of the predominant species of GABA at X, Y
and Z.
X: H3N+CH2CH2CH2COOH
Y: H3N+CH2CH2CH2COO–
Z: H2N CH2CH2CH2COO–
1m each structure
State the pH and the volume of NaOH added when Y and Z are
equimolar.
pH = 10.43 ;
vol = 15 cm3 ;
[5]
[Total: 20]

3.

(a)

Calcium is a mineral that is found naturally in foods. Calcium is necessary
for many normal functions of the body, especially bone formation and
maintenance.
Calcium sulphate, CaSO4, is a salt of calcium. It is used as a coagulant in
products like tofu.
(i)

Draw the dot-and-cross diagram to show the bonding in sulfate
ion. State the shape and the bond angle.

7

(ii)

1m for dot-cross
1m for both bond angle and shape
Using the following data, construct an energy level diagram to
calculate the enthalpy change of solution of CaSO4.
Include state symbols in your diagram.
enthalpy change of hydration of calcium ion

– 1562 kJ mol-1

enthalpy change of hydration of sulfate ion

– 1166 kJ mol-1

lattice energy of calcium sulfate

– 2710 kJ mol-1

-1

Energy / kJ mol

Ca2+(g) + SO42‐(g)
-2710
-1562 + (-1166)
CaSO4(s)
∆Hsoln

(iii)

2+

2-

Ca (aq) + SO4 (aq)

∆Hsoln = -(-2710) + (-1562) + (-1166) = -18.0 kJ mol-1
1m for each step of the energy level diagram (total 3m)
1m for answer + units
Hence predict whether CaSO4 becomes more or less soluble
when temperature increases. Explain your answer.
CaSO4(s)  Ca2+(aq) + SO42-(aq)
When temperature increases,
 the position of equilibrium will shift to the left to reduce the
temperature
 by favouring the endothermic reaction.
 CaSO4 becomes less soluble
1m for each point.
[9]

(b)

Calcium sulfate is a component of the grout used in between the tiles in
swimming pools. Calcium chloride is added into swimming pools to
prevent calcium sulfate in the grout from dissolving.
The solubility product of CaSO4 at 25°C is 2.4 × 10-5 mol2 dm-6.

(i)

Write an expression for the solubility product, Ksp, of CaSO4.

8

Ksp = [Ca2+][SO42-]

;

(ii)

If 5.555 kg of calcium chloride was added to a wading pool
containing 3000 dm3 of water, calculate the maximum
concentration of sulfate ions in the water.
amount of CaCl2 = 5555 / (40.1+71) = 50.0 mol ;
[Ca2+] = 50.0 / 3000 = 0.01667 mol dm-3 ;
[SO42-] = Ksp / [Ca2+] = 0.00144 mol dm-3 (3 sf) ;

(iii)

Explain qualitatively how the added calcium chloride helps to
prevent calcium sulfate in the grout from dissolving.
CaSO4(s)  Ca2+(aq) + SO42-(aq)
CaCl2(s)  Ca2+(aq) + 2Cl-(aq)
 CaCl2 dissolves in water to give Ca2+ ions, increasing
[Ca2+].
 Equilibrium will shift to the left to reduce the concentration
of Ca2+ hence making CaSO4 less soluble.
1m for each point
No credit for stating ‘Common Ion Effect’ only
[6]

(c)

Calcium iodate(V) is another calcium salt with the formula Ca(IO3)2.
At high temperatures, solid calcium iodate(V) undergoes decomposition
to form a white solid, violet vapour and a colourless gas which relights a
glowing splint.
(i)

Construct a balanced equation, with state symbols, for the
decomposition process.
Ca(IO3)2 (s)  CaO(s) + I2(g) + 5/2 O2(g) ;

(ii)

Describe and explain how the thermal stabilities of the Group II
iodate(V) vary down the group.
Going down the group
 charge density decreases
polarizing power of metal ion decreases
 electron cloud of iodate(V) is less distorted
thermal stability increases
1m each point
Predict the relative thermal stability of calcium chlorate(V)
compared to calcium iodate(V). Explain your answer.
Calcium chlorate(V) is more stable. ;
Chlorate(V) ion is smaller in size hence less easily distorted. ;
[5]

(iii)

[Total: 20]
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4.

(a)

A rechargeabl
r
e battery ccontains ine
ert platinum
m electrodees immerse
ed in
solu
utions conttaining a m
mixture of vanadium compoundds in diffe
erent
oxid
dation state
es.

One half cell contains a mixture off VO2+(aq) and

2
VO2+
(aq) and the
t other ha
alf cell conta
ains V2+(aq)) and V3+(aqq).

(i)

By refe
erence to th
he Data Bo
ooklet, choose two haalf-equation
ns to
constru
uct the full equation for the rea
action that occurs du
uring
discharrge. Calcula
ate the E°ceell.
VO2+ + 2H+ + e
V3+ + e

VO2+ + H2O
V2+

VO2+(aq
q) + 2H+(aq
q) + V2+(aq))

(ii)

(iii)

(iv)

E = +1.00V
V

E = -0.26V
VO2+(aq) + V3+(aq) +H2O

E°cell = 1.00 + 0.26
6 = +1.26 V
1m for overall bala
anced equation
1m for correct E°ceell
Sketch a fully lab
belled diagrram of the above celll, showing the
on of the ele
ectron flow.
directio

1m for cathode
1m for anode
1m for voltmeter
v
a nd salt bridge and flow
w of e
Write th
he equation
n for the cha
arging proce
ess.
VO2+(aq
q) + V3+(aq)) + H2O
VO2+(aq)
(
+ 2H+(aaq) + V2+(aq
q) ;
Predict, with reasson, the efffect of adding water tto the half cell
containing V2+(aq) and V3+(aq
q) on the E°cell.
No effe
ect. ;
3
Concen
ntrations of V2+ and V3+
decrease
e to the sam
me extent or
o by
the sam
me proportio
on hence no
o shift in equilibrium. ;
[8]

(b)

Van
nadium form
ms many co
omplexes. The
T oxidation number oof vanadium
m in
a co
omplex was
s determine
ed as follows
s:

10

A 0.0423
0
mol sample o
of the comp
plex cation with an innert anion was
disssolved in wa
ater and the
e solution was
w made up
u to 250 cm
m3. A 25.0 cm3
porttion of this solution rea
acted exacttly with 21.1
15 cm3 of 00.0800 mol dm-3
aqu
ueous acidiified potasssium mang
ganate(VII) solution. Iff the oxida
ation
num
mber of va
anadium in
n the product was +5,
+ calculatte the orig
ginal
oxid
dation numb
ber of vanad
N
to addd this:
dium in the complex. Need
Amount of MnO
O4- used = 0
0.0800 x 21
1.15 = 0.00
01692 mol
1000
Amount of com
mplex in 25. 0 cm3 = 0.0
0423 x 25
= 0.0042330 mol
250
nce 0.00423
30 mol com
mplex reacts
s with 0.0016
692 of MnO
O4Hen
MnO
O4- : e: com
mplex = 0.00
01692 : 0.00
08460 : 0.00
04230
1 mol
m of compllex gives ou
ut 2 mol of electron
e
Vn+ = V5+ + 2e
2 , Hence
e original ox
xidation statte is +3
1m for amountt of MnO41m for amountt of complexx
o electron
1m for ratio of complex to
on state
1m for oxidatio
[4]

(c)

α-H
Hydroxy aciids (AHAs)) such as lactic acid, CH3CH(O
OH)COOH, are
natu
urally occurrring carboxxylic acids which
w
are well-known
w
se in
for their us
the cosmetic in
ndustry.

p
d
dichromate(VI) is adde
ed to lactic aacid, compo
ound
When orange potassium
nd the soluttion turns grreen. Comp
pound H is fformed whe
en G
G iss formed an
is reacted
r
with
h hydrogen
n cyanide in
n the prese
ence of a trrace amoun
nt of
sod
dium cyanide at 10 – 20
0 °C.
(i)

Excess
s 2,4-dinitro
ophenylhydrrazine was added to compound
d G.
Write a balanced e
equation forr this reactio
on.

1m for equation
(ii)

State th
he type of re
eaction und
dergone whe
en G reactss to form H.
nucleop
philic additio
on ;
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(iii)

Draw th
he displaye
ed formula of compou
und H form
med and exp
plain
why H has
h no opticcal activity.

;
H is a racemic m
mixture thatt contains equal propportion of each
e
enantio
omer / G is a trigonal planar
p
struc
cture which will have equal
attack from
f
the top
p and bottom
m. ;
(iv)

Compo
ound J is fo
ormed when
n H is treatted with lithhium alumin
nium
hydride
e. Deduce the structural formula
a of compoound J. Hence,
sugges
st a test thatt distinguish
hes J and la
actic acid.

;

nt/Condition
n: sodium ca
arbonate
Reagen
Observ
vation: Efferrversence th
hat forms a white ppt inn limewaterr for
J and no
n effervesccence with white
w
ppt in limewater ffor lactic ac
cid.

OR
nt/Condition
n: alkaline aqueous
a
iod
dine, heat
Reagen
Observ
vation: Lacti c acid forms yellow pp
pt whilst J dooes not form
m
yellow ppt.
p
Any one test
nd condition
ns
1m for reagents an
n of positive
e test
1m for observation
n of negative test
1m for observation
[8]
[Total:: 20]
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(a)

X and Y were mixed in a closed vessel and the whole system was
allowed to reach equilibrium, as shown in the following equation:
X (g) + Y (g)

H < 0

2Z (g)

The concentrations of all gases were measured at one-minute intervals
and the operating conditions were altered at the 4th and the 7th minute.
The effects are shown in the graph below.
0.10

[Y]

0.09

concentration / mol dm-3

5.

[X]

0.08

[X]

0.07
0.06

[Z]
[Y]

0.05

[Y]

[Z]

0.04

[X]

0.03

[Z]

0.02
0.01
0

(i)

0

1

2

3

4

5
6
time / min

7

8

9

10

Write an expression for the equilibrium constant, KC, and hence
calculate its value at the 3rd minute.

(ii)

Kc 

[Z ]2
;
[ X ][Y ]

KC =

0.042
 0.400 ;
(0.08)(0.05)

Suggest the change that could have occurred at the:
I

4th minute
0.05 mol of Y was added ;

II

7th minute
The pressure of the system was halved / The volume of the
vessel was doubled. ;
[4]

13

(b)

A current of 300 A was passed through molten potassium bromide for 40
min at 450K and 1.21 x 105 Pa. A gaseous product was obtained at one
of the electrodes.
(i)

Write the equations of the reactions occurring at the anode and
the cathode.
anode: 2Br–  Br2 + 2e
cathode: K+ + e  K
1m for both equations

(ii)

Determine the volume of the gas produced.
Q = 300 x 40 x 60 = 720000 C ;
amount of electron = 720000 = 7.461 mol
96500
Amount of Br2 = 7.461/2 = 3.731 mol
pV=nRT ,

;

1.21 x 105 x V = 3.731 x 8.314 x 450
0.115 m3

V = 3.731 x 8.314 x 450 =

;

5

1.21 x 10
(iii)

The gas produced was reacted with propene. Outline the
mechanism of the reaction.

H

CH3
C

d+ dBr Br

H
slow

CH2

CH3
+

C

CH3
+

:Br -

HC

Br

Br CH2

Br CH2

1m for arrows + partial charges
1m for rds + intermediate + product (Markovnikov’s rule)
(iv)

The gas produced also reacts with phenylmethanol under different
conditions to yield different products. Phenylmethanol has the
following structure.
H
H

C

OH

phenylmethanol
Draw the structure of the product when the reaction takes place

14

under the following conditions:
I in the presence of sunlight
Br
H

C

OH

;
II in the presence of iron
H

H
H

C

H

C

OH

OH

Br

or

;

Br

[8]

(c)

Compound C, C5H9OCl, does not react with thionyl chloride but forms an
orange precipitate with 2,4-dinitrophenylhydrazine. When refluxed with
hot aqueous potassium hydroxide, C forms D, C5H10O2.
D does not form any yellow precipitate with alkaline iodine solution.
When treated with acidified potassium dichromate(VI), D gives compound
E.
In the presence of hot concentrated sulfuric acid, E forms a sweetsmelling liquid, F, C10H16O4.
Suggest the structural formulae of compounds C to F, explaining the
chemistry involved.
[8]
Observations

Deductions





C does not react with

It does not contain an alcohol

thionyl chloride, but forms

functional group but contains

an orange precipitate with

a carbonyl functional group.

2,4-DNPH.


C reacts with KOH (aq) to



C undergoes nucleophilic

15

form D.


substitution to form alcohol D.


D does not undergo
positive iodoform test.

It does not have the
CH3CH(OH)- or CH3COstructure.





D reacts with potassium
dichromate to give E.

D is oxidized to form
compound E which is likely to
be a carboxylic acid.



E reacts with concentrated



sulfuric acid to give F.

E undergoes esterification /F
contains the ester linkage.



This suggests that 1 molecule
of E contains –OH alcohol
group and –COOH group.

Deductions : 6 marks (max 4m)
Structures: (1 mark per correct structure)
C

H3C

C

E

O

Cl
CH2

C

H

OH
H3C

CH3
D

OH
H3C

C

CH2

C

OH

CH3
F

O
CH2

C

O

C

H

CH3
O

CH3

C

CH2

C

CH3

O

O
H3C

C

CH2

C

O

CH3

[Total: 20]

16

1

NATIONAL JUNIOR COLLEGE
SH2 PRELIMINARY EXAM
Higher 2
CANDIDATE
NAME

SUBJECT
CLASS

REGISTRATION
NUMBER

9647/01

CHEMISTRY
Paper 1 Multiple Choice
Additional Materials:

Multiple Choice Answer Sheet
Data Booklet

Thu 19 Sept 2013
1 hour

READ THESE INSTRUCTIONS FIRST
Write in soft pencil.
Do not use staples, paper clips, highlighters, glue or correction fluid.
Write your name, subject class and registration number on the Answer Sheet in the spaces
provided unless this has been done for you.
There are 40 questions on this paper. Answer all questions. For each question there are four
possible answers A, B, C and D.
Choose the one you consider correct and record your choice in soft pencil on the separate
Answer Sheet.
Read the instructions on the Answer Sheet very carefully.
Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet.

This paper consists of 19 printed pages and 0 blank page.

NJC/H2 Chem/01/2013

[Turn over

2

Section A
For each question there are four possible answers A, B, C, and D. Choose the one you
consider to be correct.
1

2

Which one of the following represents the configuration of the three electrons of
highest energy for the ground state of an element in group III?
A

1s2 2s1

B

1s1 2s1 2p1

C

2s1 2p2

D

4s2 4p1

The first ionisation energies of twenty successive elements in the Periodic Table are
represented in the graph.
The letters given are not the normal symbols for these elements.

first ionisation
energy
/kJ mol1

Which statement about the elements and their compounds in this graph is not true?
A

Oxide and hydroxide of element M are amphoteric.

B

Oxide of element F has a giant covalent lattice structure.

C

Elements B, J and R are in Group 0 of the Periodic Table.

D

The second ionisation energy of K is larger than the second ionisation energy of L.

NJC/H2 Chem/01/2013
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3

In an experiment, a beam of protons was passed through an electric field of constant
strength. Analysis of the deflection occurring at the electric field region revealed an
angle of deflection of 12° towards the negative plate.

protons
12o

Under identical conditions, a beam of particles, Q, each having 24 times the mass of a
proton, was deflected by an angle of 1o towards the positive plate.
What is the overall charge on a particle of Q?

4

A

+2

B

+3

C

–3

D

–2

Use of the Data Booklet is relevant to this question.
A typical solid fertiliser for use with household plants and shrubs contains the elements
N, P, and K in the ratio of 15 g : 30 g : 15 g per 100 g of fertiliser. The recommended
usage of fertiliser is 14 g of fertiliser per 5 dm3 of water.
What is the concentration of nitrogen atoms in this solution?
A

0.03 mol dm–3

B

0.05 mol dm–3

C

0.42 mol dm–3

D

0.75 mol dm–3
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5

0.200 mol of a hydrocarbon undergo complete combustion to give 35.2 g of carbon
dioxide and 14.4 g of water as the only products.
What is the molecular formula of the hydrocarbon?

6

A

C2H4

B

C2H6

C

C4H4

D

C4H8

The ions P3–, S2– and Cl– have radii 0.212nm, 0.184nm and 0.181nm respectively.
Which one of the following correctly explains the decreases in radius going from P3– to
Cl–?

7

8

A

An increase in both the total number of electrons and the nuclear charge

B

An increase in the total number of electrons with the nuclear charge remaining
constant

C

A constant total number of electrons and an increase in the nuclear charge

D

A decrease in the total number of electrons with the nuclear charge remaining
constant

Which of the following species does not have a bond angle of 120o around the central
atom(s)?
A

AlCl3

B

CH3+

C

PH3

D

N2O4

In which process are hydrogen bonds broken?
A

2H2O(l) → 2H2(g) + O2(g)

B

CH3CH2OH(l) → CH3CH2OH(g)

C

NH3(aq) + H2O(l) → NH4+(aq) + OH (aq)

D

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l)

‒

NJC/H2 Chem/01/2013

[Turn over

5

9

The equation below represents the combination of gaseous atoms of non-metal X and
of hydrogen to form gaseous X2H6 molecules.
2 X(g) + 6 H(g) → X2H6(g)

∆H = –2775 kJ mol–1

The bond energy of an X–H bond is 395 kJ mol–1.
What is the bond dissociation energy of an X–X bond?

10

A

–405.0 kJ mol–1

B

–202.5 kJ mol–1

C

+202.5 kJ mol–1

D

+405.0 kJ mol–1

Which of the following statements about lattice structures is correct?
A

The lattice energy of an ionic crystal tends to be large if the sizes of the two types
of ions involved are small.

B

The particles occupying lattice sites may be atoms or ions but not molecules.

C

The forces holding the lattice together are so strong that the particles occupying
lattice sites are held stationary.

D

The lattice energy of an ionic crystal is always larger than that of a metal.
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11

The diagram shows the Born-Haber cycle for the formation of magnesium fluoride.
Mg(s)

+

F2(g)

MgF2(s)

∆H2

∆H1

Mg2+(g)

+

2F(g)

Hatm : Enthalpy change of atomization
E.A : Electron Affinity

I.E : Ionisation energy
B.E : Bond energy

Which of the following represents the correct energy changes, ∆H1 and ∆H2?

12

∆H1

∆H2

A

Hatm of Mg + 1st and 2nd E.A of Mg

2Hatm of F2 + 2(1st I.E of F)

B

Hatm of Mg + 1st and 2nd I.E of Mg

2(B.E of F2) + 2(1st E.A of F)

C

Hatm of Mg + 1st and 2nd I.E of Mg

2Hatm of F2 + 2(1st I.E of F)

D

Hatm of Mg + 1st and 2nd I.E of Mg

B.E of F2 + 2(1st E.A of F)

25 % of a solution of ethanoic acid was converted to ethanoate ions by reaction with
sodium hydroxide solution at 25 oC.
What is the Ka of ethanoic acid at 25 oC given that the pH of the solution was found to
be 4.28?
A

1.57 × 10‒4

B

1.31 × 10‒5

C

1.75 × 10‒5

D

5.24 × 10‒5
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13

The solubility of iron(II) carbonate in water at 25 oC is 5.59 × 10‒6 mol dm‒3.
What is the numerical value of the solubility product for iron(II) carbonate when
dissolved in a 0.01 mol dm‒3 solution of iron(II) chloride at 25 oC?

14

A

5.59 × 10‒8

B

5.59 × 10‒10

C

3.12 × 10‒9

D

3.12 × 10‒11

The following data is obtained during the first order thermal decomposition of
2A(g)  B(g) + C(s)
at constant volume and temperature.
Time

Total pressure in Pascal

At the end of 10 minutes of reaction

600

After completion of reaction

400

What is the rate constant for this reaction in min1?
A

cannot be determined due to insufficient data

B

0.0346

C

0.0693

D

0.138
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15

The curve Y and the value Ea represent the distribution of energies of the molecules
and the activation energy for an uncatalysed gaseous reaction.

What is a possible outcome if the reaction is catalysed?

16

A

The distribution of energies will be given by curve Y and the activation energy by
value V.

B

The distribution of energies will be given by curve Y and the activation energy by
value W.

C

The distribution of energies will be given by curve X and the activation energy by
value W.

D

The distribution of energies will be given by curve Z and the activation energy by
value V.

During the electrolysis of molten aluminium oxide to produce aluminium, using graphite
(carbon) electrodes, two consecutive reactions occur at the anode, each producing a
different gas.
How does the oxidation number of oxygen change in these reactions?
A

decreases by 2, then increases by 2

B

increases by 2, then decreases by 2

C

increases by 2, then decreases by 4

D

no change, then decreases by 2
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17

E1, E2 and E3 are the emf values of the three galvanic cells I, II and III respectively.
Cell I
Cell II
Cell III

Zn Zn2+ (1 mol dm3)
// Cu2+ (0.1 mol dm3) Cu
2+
3
Zn Zn (1 mol dm )
// Cu2+ (1 mol dm3) Cu
2+
3
Zn Zn (0.1 mol dm ) // Cu2+ (1 mol dm3) Cu

All the statements are true except

18

A

The emf of the three cells are of the order : E3 > E2 > E1

B

The polarity of the copper electrode is positive only in cell II and III.

C

The colour of the solution fades in one of the compartments of each cell.

D

Electrons flow from the zinc electrode to the copper electrode in all the three
cells.

The information relates to element Z.





Z is in Period 3 of the Periodic Table.
Z has a lower electrical conductivity than Mg.
A Z atom has a half-filled subshell in its ground state.
Z forms an acidic oxide on exposure to air.

What is Z?

19

A

Na

B

Si

C

P

D

Cl

Sulfur is converted to SF6 by fluorine, to SCl2 by chlorine and to S2Br2 by bromine.
Which trend does this information best provide evidence for?
A

the trend in bond energy: Cl2 > Br2 > F2

B

the trend in electronegativity: F > Cl > Br

C

the trend in first ionisation energy: F > Cl > Br

D

the trend in oxidising ability: F2 > Cl2 > Br2
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20 An enzyme is completely denatured at 50 °C. A fixed concentration of this enzyme is
added to a fixed concentration of its substrate. The time taken for completion of the
reaction is measured at different temperatures.
Which graph shows the results?

21

One of the reactions taking place in a catalytic converter in a car exhaust system is
between nitrogen oxide and octane (unburned petrol). The products of this reaction are
non-toxic.
Which is the correct equation for the reaction?
A

C8H16 + 16 NO → 8 CO + 8 N2 + 8 H2O

B

C8H16 + 24 NO → 8 CO2 + 12 N2 + 8 H2O

C

C8H18 + 17 NO → 8 CO + 8 ½ N2 + 9 H2O

D

C8H18 + 25 NO → 8 CO2 + 12 ½ N2 + 9 H2O
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22 The products obtained by cracking an alkane, M, are methane, ethene and propene.
The mole fraction of ethene in the products is 0.5.
What is the identity of M?
A

C6H14

B

C8H18

C

C9H20

D

C11H24

23 What is the total number of isomers (including stereoisomers) for an organic compound,
C4H9F?
A

3

B

4

C

5

D

6

24 What causes carbonyl groups, C=O, to react by a nucleophilic mechanism while alkene
groups, C=C, react by an electrophilic mechanism?
A

oxygen is more reactive than carbon

B

the different lengths of the double bonds

C

the relative strengths of the double bonds

D

the electronegativity difference between the carbon and oxygen atoms in the
carbonyl group
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25 Consider the following four compounds.
1

2-nitrophenol

2

benzoic acid

3

2-chlorobenzoic acid

4

cyclohexanol

What is the relative order of decreasing acidity of these compounds?
Most acidic

26

Least acidic

A

3

2

4

1

B

3

2

1

4

C

2

3

4

1

D

2

3

1

4

A product P isolated from a naturally–occurring source is established as having a
molecular formula of C8H9NO3. It possesses a chiral centre and it forms a zwitterion.
Which one of the following structures could be P?
NH2

A

HO

CH
COOH

OH

B

C

O2N

HO

CH
CH3
CH2NH2
COOH

D

H2N

CH2OH
COOH
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27 Santonin is a drug that was once widely used to expel parasitic worms from the body.

santonin
When santonin is first treated with warm dilute H2SO4, followed by cold acidified KMnO4,
X is obtained.
How many atoms of hydrogen in each molecule of X can be displaced with sodium
metal?
A

28

2

B

4

C

5

D

6

When an isomer F of molecular formula C4H9Br undergoes hydrolysis in aqueous alkali
to form an alcohol C4H9OH, the rate of reaction is found to be unaffected by changes in
the concentration of OH– ions present.
Which is the most likely molecular structure of F?
A

CH3CH2CH2CH2Br

B

CH3CH2CHBrCH3

C

(CH3)2CHCH2Br

D

(CH3)3CBr
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29 The first stage in the synthesis of antipyrine, a drug used in reducing fever, is the
reaction between compound P and phenylhydrazine.
CH3COCH2CO2CH2CH3

P

+

NHNH2

Q

phenylhydrazine

What is the structure of Q?

NHN

A

CH3CCH2CO2CH2CH3

NHCH2CO2CH2CH3

B

C

D

CH3COCH2CO

NHNH2

CH3COCH2CONH

NJC/H2 Chem/01/2013
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30

The reaction conditions for four different transformations are given below.
Which transformation will occur under the given conditions?

OH

heat

A

t

CH3

Br2(aq), FeBr3

B

C

OCOCH3

CH3COOH(l), conc H2SO4

30oC

OH

Br

(l)

Na(s)

CH3
Br

O

Br

Br

D

CH3CH2Br
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to
3 may be correct. Decide whether each of the statements is or is not correct (you may find it
helpful to put a tick against the statements that you consider to be correct.)
The responses A to D should be selected on the basis of
A

B

C

D

1,2, and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

1 only is correct

No other combination of statements is used as a correct response.
31

32

Which of the enthalpy changes of the following reactions can only be obtained by
application of Hess’ Law?
1

The hydration of anhydrous copper sulfate to form crystals of CuSO4.5H2O.

2

The formation of methane from its elements.

3

The combustion of glucose, C6H12O6.

Strontium metal can be obtained by the electrolysis of molten strontium bromide,
SrBr2, using the apparatus shown in the diagram.
steel electrode

graphite electrode

Which statements concerning the electrolysis are true?
1

193 coulombs of electricity are needed to deposit 1 × 103 mol of strontium atoms
at the anode.

2

The region around the graphite electrode turns yellow – orange.

3

Without the atmosphere of argon, strontium oxide would be formed.
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33

When light is shone for a fixed period into a solution of CH2ICH2I and I2 in
tetrachloromethane at 100oC, the following reaction occurs:
CH2ICH2I  CH2=CH2 + I2

C2H4I2

I2

Relative light
intensity

1

2

1

4

Relative initial
rate of formation
of I2
2

2

2

1

1

1

3

1

1

4

1

4

1

2

4

1

experiment

Relative initial concentration

What conclusions about the reaction can be drawn from the data in the table?

34

1

The rate of formation of iodine is proportional to initial concentration of C2H4I2.

2

The rate of formation of iodine is proportional to (light intensity).

3

Iodine is not involved in the rate determining step.

In black and white photographic film, light converts silver chloride into metallic silver.
After the film has been developed, the unexposed silver chloride is removed by
reaction with sodium thiosulfate to produce a ‘fixed’ negative.
The process can be represented by the following two reactions:
2AgCl  2Ag + Cl2
AgCl + 2Na2S2O3  4Na+ + Cl – + [Ag(S2O3)2]3–
Which statements about the reactions are correct?

35

1

Both reactions involve a change of oxidation number.

2

The role of sodium thiosulfate is to make the silver ions soluble.

3

Both reactions have positive S values.

Consider the species in the following equation.
[Ti(H2O)4Cl2]+(aq) + 2H2O(l)

[Ti(H2O)6]3+(aq) + 2Cl–(aq)

Which statements are correct?
1

Water acts as a Lewis base.

2

The complex ions are both octahedral.

3

The [Ti(H2O)6]3+ ion can act as a Brønsted–Lowry acid.
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The responses A to D should be selected on the basis of
A

B

C

D

1,2, and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

1 only is correct

No other combination of statements is used as a correct response.

36

Solids W, X, Y and Z are compounds of two different Group II metals. Some of their
applications are described below.
 Compound W is used as a refractory lining material in kilns.
 Compound X is used as a building material. It can also be heated in a kiln to form
compound Y.
 When Y is hydrated, it forms compound Z which is used agriculturally to treat soils.
Which statements about these compounds are correct?
1

More acid is neutralised by 1 g of W than by 1 g of X.

2

The metallic element in W reacts with water more quickly than the metallic
element in Y.

3

Adding Z to a soil decreases the pH of the soil.

37 Cyanohydrins are useful intermediates in organic syntheses. They can be made by
reacting carbonyl compounds with hydrogen cyanide.
Which statements are correct about the reaction of propanal and hydrogen cyanide?
1

Propanal reacts with HCN at a faster rate than propanone.

2

Propanal reacts with HCN to give a racemic mixture.

3

The product obtained from the reaction can be distinguished from propanal by
warming with NaOH(aq).

38 Which pairs of reagents will react together in a redox reaction?
1

CH4 + Cl2

2

CH3CH2CHO + Fehling’s reagent

3

CH3CH2COCH3 + Tollens’ reagent
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39

The compound shown is a hormone produced during pregnancy to suppress ovulation.
CH3
CH3

C

O

CH3

HO

Which statements are correct?
1

When reacted with alkaline aqueous iodine, a yellow precipitate is observed.

2

When reacted with LiAlH4, the product formed has 3 carbon atoms converted
from sp2 hybridised to sp3 hybridised.

3

When reacted with an excess of hot acidified K2Cr2O7, the product formed does
not decolourise aqueous bromine.

Which reactions produce an organic product containing 18O atom?

40
1

18

O

CH3CH2C

H2 O

OCH2CH3
2

in acid medium
warm

O
CH3CH2C
18

CH3CH2NH2
O

3

H
O

CH3CH2 C
18

CH3CH2OH
O

conc H2SO4

H

heat

– End of Paper–
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2
1

Planning (P)
Calcium iodate(V), Ca(IO3)2, is slightly soluble in water, approximately 4.6 g dm‒3 at
25°C. The molar enthalpy of a solution is defined as the enthalpy change when one mole
of the solid dissolves in water. [ Mr of Ca(IO3)2 : 390.1]
(a) (i)

Predict and explain how the solubility of calcium iodate(V) in water changes
as the temperature is increased.
Ca(IO3)2 (s)

Ca2+ (aq) + 2IO3‒ (aq)

ΔHsol > 0

………………………………………………………….…………………………………….
………………………………………………………………..………………………………
………………………………………………………………….…………………………….
………………………………………………………………………..………………………
(ii)

Display your prediction in the form of a sketch graph between 0°C and 100°C.
Label the axes with units and give numerical values to ensure that the line clearly
shows the solubility at 25°C.

[3]
(b) You are to conduct an experiment to determine as accurately as possible the
concentration of a saturated solution of calcium iodate(V).
You may assume you are provided with the following:





FA1:
FA2:
FA3:
FA4:

NJC/H2 Chem/02/2013

250 cm3 suspension of calcium iodate(V)
1.00 mol dm‒3 of potassium iodide, KI
1.00 mol dm‒3 sodium thiosulfate, Na2S2O3
1.00 mol dm‒3 hydrochloric acid, HCl
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(i)

Deionised water
Indicators commonly found in the laboratory
the apparatus normally found in a school or college laboratory

Given that acidified iodate(V) reacts with iodide to form iodine,

IO3‒ (aq) + 5I‒ (aq) + 6H+(aq)  3I2(aq) + 3H2O(l)
With the aid of an equation, suggest how the amount of iodine produced in this
reaction can be determined using only the solutions given.
………………………………………………………………………………………….…..
………………………………………………………………………………………...……
(ii)

Write a plan to determine the concentration of a saturated solution of calcium
iodate(V). Your plan should include the following.




preliminary calculations to determine if the given concentration of the
solution you have selected in (b)(i) is suitable for use
appropriate quantities and concentrations of other solutions
a full description of the procedures you would adopt

…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
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…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..…………..
…………………………………………………………………………………………..……….[7]
(c)

Show how the experimental data obtained in part (b) would be used to determine the
solubility product of calcium iodate(V). You may assume the numerical value of
experimental data in (b)(ii) to be x.

[2]
[Total:12]
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2

In 1911, the French chemist F.A.V. Grignard reacted small pieces of magnesium with a
warm solution of halogenoalkane, such as iodomethane or a haloarene, such as
bromobenzene, in a dry, non-polar solvent and obtained a solution containing a Grignard
reagent commonly written as RMgX. Grignard reagents with different alkyl or aryl groups
have been prepared and are widely used in organic synthesis.
A typical example of the use of a Grignard reagent is the two-step reaction of RMgX with
aldehydes to form alcohols.
RMgBr + R’CHO

Reaction A

RCHR'

Reaction B

RCHR'
OH

OMgBr

+ Mg(OH)Br

(a) Suggest the type of reaction which occurs in
Reaction A

………………………………………………………………………………

Reaction B

………………………………………………………………………………
[2]

(b) A student wanted to prepare alcohol W using a similar two-step process as shown in (a).
He used pentan-2-one and a Grignard reagent.
Table 1.1 shows the volatilities and hazards of the reagents and the alcohol W.
Substance

Volatility

Hazard

iodoethane

moderate

flammable; toxic; respiratory irritant

ethoxyethane (C2H5)2O

high

flammable; harmful

magnesium turnings

non-volatile

flammable

pentan-2-one

low

flammable; harmful

alcohol W

very low

flammable; irritant
Table 1.1

(i)

Identify one potential safety hazard of using these materials and state how you
would minimise this risk. You may assume that the experimenters are wearing
gloves, eye protection and lab coats.
…….……………………………………………………………………………...…………
……………………..………………………………………………………………...………
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(ii)

The day before the experiment, anhydrous calcium chloride is added to the
iodoethane, sodium wire is added to the ethoxyethane and the glassware is left in
an oven.
Suggest the single purpose of these three precautions.
…………….…….………………………………………………………………...…………
…………………….………………………………………………………………...………
[2]

Step I
1.50 g of magnesium turnings is added to a round-bottomed flask with an equimolar
quantity of iodoethane and 20 cm3 of ethoxyethane.

Table 1.2 gives some physical properties of the reagents and the organic product.
Substance

Formula

Molar
mass
/ g mol−1

Density
/ g cm−3

Solubility in
water

Boiling
point
/ °C

iodoethane

C2H5I

156

1.93

slightly soluble

72

ethoxyethane

(C2H5)2O

74

0.713

slightly soluble

35

magnesium turnings

Mg

24.3

1.74

insoluble

1110

pentan-2-one

C5H10O

86

0.814

slightly soluble

102

0.823

slightly soluble

143

alcohol W
Table 1.2
(iii)

Calculate the volume of iodoethane required to react with magnesium.

[2]
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Step II
A crystal of iodine is added to the mixture from Step I to activate the magnesium, and
this mixture is refluxed.
Step III
The mixture from Step II is allowed to cool and 6.0 cm3 of pentan-2-one is added
dropwise. The mixture is then gently heated under reflux.
(iv)

Show with calculations that the Grignard reagent is in excess. Assume that the
reaction between magnesium and iodoethane in Step II had 100% yield.

Step IV
The mixture from Step III is cooled using an ice bath, and then 25 cm3 of dilute
hydrochloric acid is slowly added.
(v)

Draw the structure of alcohol W produced in Step IV.

(vi)

Suggest the organic by-product that is produced in Step IV.

[3]
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Step V
The mixture from Step IV is transferred into a separating funnel. The lower aqueous
layer is separated and shaken successively with two 10 cm3 portions of ethoxyethane,
retaining the ethoxyethane extracts and combining them with the original ethoxyethane
layer.
(vii)

Explain why the ethoxyethane forms an immiscible layer above the aqueous
layer.
…………………………………………………………………………………...…………
…………………………………………………………………………………...…………
…………………………………………………………………………………...…………
…………………………………………………………………………………...…………
[2]

Step VI
The combined ethoxyethane layer is treated successively with 20 cm3 of
1. water,
2. saturated sodium hydrogencarbonate solution,
3. 1 mol dm−3 aqueous sodium thiosulfate,
4. saturated sodium chloride solution.
Step VII
The ethoxyethane layer is allowed to stand over anhydrous magnesium sulfate. After
some time, the mixture is filtered. Pure alcohol W is collected using distillation.

(viii)

In Step VI, the water and the three aqueous solutions used to wash the
ethoxyethane layer are each intended to remove a particular impurity.
Suggest the impurity removed in each step.
Chemicals added

Impurity removed

1. water
2. saturated NaHCO3
3. sodium thiosulfate
4. saturated sodium chloride
[2]

NJC/H2 Chem/02/2013

[Turn over

For
Examiner’s
Use

For
Examiner’s
Use

9
(c)

Alcohols obtained from such synthesis can be converted to other organic
compounds.
Suggest a synthetic route for the formation of the amine given below starting from
butan-2-ol.

CH3CHCH2NH2
CH2CH3

[3]
[Total: 16]
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3 (a)

1,2−dichlorocyclopentane, C5H8Cl2, can be produced from cyclopentane, C5H10, using
chlorine gas in the presence of UV light.

Cl
Cl
(i)

Describe the mechanism for this reaction.
[4]
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1,2−dichlorocyclopentane can be converted to cyclopentadiene.
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Examiner’s
Use

Cl
Cl
(ii)

Identify the type of reaction and give the reagents and conditions required for this
conversion.
Type of reaction: ……………………………………………………………………….
Reagents and conditions: ………………………………………………………………

(iii)

Unlike the normal alkenes, cyclopentadiene is unusually acidic with a pKa value
of 16. It can react with sodium metal to produce hydrogen gas.
C5H6 +

Na

 C5H5Na + ½ H2

Draw the structure of the anion of cyclopentadiene formed in the above reaction
and hence explain the acidic nature of cyclopentadiene.

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
[4]
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(b) Cyclopentane, C5H10, is highly flammable and is commonly used as motor fuel.
(i)

A student conducted an experiment to determine the enthalpy change of
combustion of cyclopentane. She concluded that 10 grams of liquid cyclopentane
is required to boil 1 kg of water from its initial temperature of 27 °C.
Given that the process is only 65% efficient in terms of energy transferred,
calculate the enthalpy change of combustion of liquid cyclopentane.
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(ii)

Cyclopentadiene, C5H6, can undergo catalytic hydrogenation to form back
cyclopentane, C5H10.

(l) + 2 H2 (g)

(l)

With the use of the following data and your answer to (b)(i), construct an energy
cycle and use it to calculate the enthalpy change for the hydrogenation of liquid
cyclopentadiene.
∆H/ kJ mol−1
Enthalpy change of combustion of gaseous cyclopentadiene

−2800

Enthalpy change of vapourisation of cyclopentadiene

+29

Enthalpy change of combustion of hydrogen gas

−286

[6]
[Total: 14]
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4

Heroin and codeine are derivatives of morphine. Heroin and morphine are often used to
ease chronic pain caused by cancer or severe trauma injury, while codeine is used to
treat mild to moderate pain and to relieve cough. [ Assume ‒OR is inert. ]

H3C

O
O
O
O

HO

H3C

N

CH3

O
heroin

O
N CH3
HO

H3 C

morphine

O

O
N

CH3

HO
codeine
(i)

On the structure below, label (with a *) all the chiral carbon centres present in morphine.

HO

O
N CH3
HO
morphine
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(ii)

Give the structure of the organic species formed when CH3Cl is added to codeine and
heated, by completing the partial structure below.

H3 C

O

O
N

CH3

HO
codeine
(iii) Give the structure(s) of the organic species formed when heroin is heated with aqueous
NaOH for some time.

(iv)

Other than aqueous bromine, suggest how you would distinguish morphine and codeine
from each other by means of a chemical test.
State the reagents and conditions you would use, and the observations you would make
with each compound undergoing the test.

[6]

[Total: 6]
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5

The use of the Data Booklet is relevant to this question.
(a)

To a solution of FeCl3, excess potassium ethanedioate, K2C2O4, is added and an
emerald green solution is formed. After purification and recrystallization, a compound E
with the following composition by mass is obtained.
C: 16.5%
(i)

Fe: 12.8%

K: 26.8%

O: 43.9%

Determine the formula of the complex ion present in compound E.

Formula of complex ion: ……………………………………
(ii)

Write an equation to represent the formation of the complex ion from FeCl3 (aq).
………………………………………………………………………………………………

(iii)

Identify the shape of the complex ion present in compound E and draw the
structure of the complex ion.
Structure:

Shape of complex ion: ………………………….
[5]
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(b)

When dilute H2SO4 is slowly added to the emerald green solution of compound E, a
yellow solution is first observed. After a while, the solution turns pale green with
liberation of CO2 gas.
You may use your answer from (a)(ii) and the following data to account for the
observation.
2 CO2 + 2 H+ + 2 e

H2C2O4

Eθ = −0.49 V

………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
[3]
[Total: 8]
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6(a)

Chlorine is manufactured by the electrolysis of brine (concentrated NaCl solution). The
anode and cathode compartments are separated by a diaphragm, a porous membrane.

Solution Y

(i)

Write the half equations for the reactions occurring at the anode and cathode to
give gases P and Q respectively.
Anode.........................................................................................................................
Cathode......................................................................................................................

(ii) Write the equation for the reaction that would occur when gas P is mixed with
solution Y.
......................................................................................................................................

(iii) Suggest a reason why the depth level of brine in the anode compartment has to be
higher than that in the cathode compartment.
…..................................................................................................................................
....................................................................................................................................
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(iv) Calculate the volume of chlorine (in dm3) produced at s.t.p. when a current of 240 A
is passed through the cell for 50 minutes.

Volume = ..................................dm3
[6]

(b)

When dilute NaCl solution is electrolysed using Pt electrodes, oxygen gas is liberated
initially. However, chlorine gas is evolved instead when the electrolysis is allowed to
continue for a longer time. With reference to the Data Booklet, explain this observation.
.............................................................................................................................................
.............................................................................................................................................
............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
[3]
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(c)

Boron, nitrogen and silicon are elements adjacent to carbon in the periodic table. The
halides of these elements have different reactions with water.
CCl4 does not react with water, whereas SiCl4 reacts readily with water.
NF3 does not react with water, whereas BF3 reacts readily with water.



(i)

Write the equation showing the reaction of SiCl4 with an excess of water. Suggest
the pH of the resultant solution formed.

chloride

equation

pH

SiCl4

(ii) Suggest a reason for the difference in reactivity of BF3 and NF3 with water.
.....................................................................................................................................
.....................................................................................................................................
…..................................................................................................................................
[4]
(d)

When concentrated sulfuric acid is added separately to solid sodium chloride and solid
sodium bromide, white and orange-brown fumes are observed for sodium bromide while
only white fumes are seen for sodium chloride.
Explain the difference in observations for the reactions of concentrated sulfuric acid with
the sodium halides. Illustrate your explanations with appropriate equations.
………..................................................................................................................................
….........................................................................................................................................
.............................................................................................................................................
………..................................................................................................................................
….........................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
[3]
[Total:16]
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NJC SH2 Prelim 2013 H2 Chemistry Paper 2
SH2 H2 Prelim H2 2013 Answers
Paper 2
1(a) (i)

Ca2+ (aq) + 2IO3‒ (aq)

Ca(IO3)2 (s)

ΔHsol > 0

As temperature is increased, solubility of calcium iodate(V) increases.
When temperature is increased, equilibrium shifts right to favour the forward
endothermic reaction to partially absorb the extra heat.
Hence more Ca(IO3)2 dissolved in water.
(ii)

1(b) (i)

2S2O32-

+

I2

2I



‒

+

[1]

S4O62-

Titrate the iodine produced with thiosulfate solution.
(ii)

Preliminary calculation
Volume of Ca(IO3)2 used for reaction = 25.0 cm3 (pipette capacity)
No. of moles of IO3‒ in the 25.0 cm3 solution =

25
4 .6
x2x
1000
390.1

= 5.896 x 10-4 mol
IO3‒
1

:
:

I2
3

:
:

S2O326

1
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No. of moles of S2O32- required for titration
Vol. of S2O32- required for titration

=
=
=

6 x 5.896 x 10-4
3.538 x 10-3 mol
3.538 cm3

Volume is too small and will results in high experimental error. Therefore,
concentration of FA3 is too high and dilution is required.
Volume of H+ required for titration
=
3.538 cm3
+
(no. of moles of H required is same as S2O32- and their concentrations are the
same)
Volume of I- required for titration will be less than volume of H+ required. Since the
I- and H+ can be in excess, 5 cm3 each of FA2 and FA4 are used.
Dilution
Desired amount of S2O32- from the burette = 25 cm3
Dilution factor =

25
3.538

Volume of FA 3 to be diluted in a 250 cm3 volumetric flask

25
3.538

=

250 ÷

=

35.38 cm3

1. Using a burette, transfer 35.40cm3 of FA3 into a clean 250 cm3 volumetric
flask.
2. Top up to the mark with deionized water, stopper, invert and shake to ensure
homogeneous solution.
3. Label this solution FA5.
Procedure
1. Filter the suspension, FA1, into a clean and dry conical flask using a dry filter
paper and funnel.
2. Pipette 25.0 cm3 of the filtrate into a 250 cm3 conical flask.
3. Using 2 separate 10 cm3 measuring cylinders, add 5 cm3 each of FA2 and FA4
into the same conical flask and swirl to ensure mixing.
4. Titrate the contents of the conical flask against FA5 from a burette till a colour
change from brown to pale yellow is observed.
5. Add 3 drops of starch indicator and continue titration till the blue-black colour is
discharged.
6. Record the volume of FA5 required for titration.
7. Repeat steps 2 to 6 till consistent titration results of within 0.10 cm3 are
obtained.

2
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experimental data, x = volume of S2O32- required for titration (dm3)

1(c)

n(S2O32-) required for titration = (x) × concentration of S2O32= a

2(a)

a
=
6(25  10 3 )

[IO3-]

=

[Ca2+]

= ½ b mol dm-3

Ksp

=
=
=

b mol dm-3

[Ca2+] [IO3-]2
(½ b) (b2)
½ b3

Rxn A : Nucleophilic addition
Rxn B: Hydrolysis

(b)(i) No naked flame around / heating should be done with electric isomantle as
chemicals are flammable.
Perform experiment in fume cupboard as chemicals are toxic.
(ii)

To exclude any trace of water/moisture or to ensure chemicals are dry.

(iii) CH3CH2I + Mg  CH3CH2MgI

I =

2(b)(iv) nGrignard reagent produced in step II = 0.06173 mol
npentan-2-one =

=

= 0.0568 mol < nGrignard reagent

Since pentan-2-one reacts with Grignard reagent in the mole ratio of 1:1, hence
Grignard reagent is in excess.
OH

(v)
CH3

C

CH2CH2CH3

CH2CH3

3
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(vi) CH3CH3 (ethane)
(vii) Ethoxyethane forms an immiscilble layer above the aqueous layer because of :
 unfavourable interaction between ethoxyethane and water or forces of
attraction between water molecules are stronger than the forces of attraction
between ethoxyethane and water
 ethoxyethane is less dense than water (0.713 g cm3 as against 1 g cm3)
2(b)(viii)
Chemicals added

Impurity removed

1 water

Mg salts like MgI2

2 saturated sodium
hydrogencarbonate

HCl

3 sodium thiosulfate

iodine

4 saturated sodium chloride

H2O

2 (c)

3 (a)(i) Free Radical Substitution
Initiation:

(*must use half arrows to show homolytic bond cleavage)

4
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Propagation:

(*must show formation of C5H8Cl2)

Termination:

(*any two possible termination steps)
3(a)(ii)

Type of reaction: Elimination
Reagents and conditions: Ethanolic KOH, heat

3(a)(iii)

The negative charge on the carbon atom is delocalised across the 5 carbon atoms in
the ring due to continuous overlap of porbitals, thus the anion is stabilised by
resonance. As the conjugate base is relatively stable, the dissociation cyclopentadiene
to give H+ is possible.

5
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3(b)(i)Heat evolved, Q = mcT
= (1)(4.18)(100  27)
= 305.14 kJ (heat gained by water)
Since the process is only 65% efficient,
Total amount of heat released from combustion = 305.14 
Amount of C5H10 =
Hc = 

10
= 0.1429 mol
70

100
= 469.4 kJ
65

469.4
=  3286
0.1429
=  3290 kJ mol1 (3 s.f)

3(b)(ii)

By Hess’s Law,
Hrxn = 29 + (2800) + 2(286) + 3286
= 57.0 kJ mol1 (3 s.f.)
4(i)

HO

O
*
HO

*
*

*

*

morphine

N CH3

6

5 chiral carbon atoms
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(ii)

H 3C

+

O

O
N CH3

Cl

CH3

HO
Reaction:
H3C

O

H3C

O

H

N CH3

H C Cl



H

HO

4(iii)

+

+

O

O



N CH3
CH3

HO

NaO
O
O
N

CH3

H 3C

C

HO

(iv) Neutral FeCl3(aq) or freshly prepared FeCl3(aq)/ FeCl3 solution
Morphine: Violet complex observed
Codeine: No violet complex observed or remained yellow

7

ONa

Cl
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5a(i)

K
26.8
39.1
0.6854
3

% by mass
Ar
Divided by Ar
Mole ratio

C
16.5
12
1.375
6

Fe
12.8
55.8
0.2293
1

O
43.9
16
2.743
12

Formula: K3[Fe(C2O4)3] or [Fe(C2O4)3]3–
5a(ii) [Fe(H2O)6]3+ + 3 C2O42–

[Fe(C2O4)3]3– + 6 H2O

5a(iii)

3

O
O C
O C
O

C

O
O

O
Fe

C
O

O C C
O

O
O

Shape of complex ion: Octahedral
5(b)

[Fe(H2O)6]3+ + 3 C2O42–

[Fe(C2O4)3]3– + 6 H2O ---- (1) (from 5(a)(ii))

Colour change from emerald green to yellow:
H2C2O4 formed when H2SO4 is added. The decrease in [C2O42–] causes the position of
equilibrium in equilibrium (1) to shift to the left. Hence, the presence of [Fe(H2O)6]3+ gives
rise to a yellow solution.
Colour change from yellow to pale green with the liberation of CO2 gas:
Fe3+ + e
Fe2+
Eored = +0.77 V
+
H2C2O4
2CO2 + 2H + 2e Eoox = +0.49 V
2Fe3+ + H2C2O4  2Fe2+ + 2CO2 + 2H+ Eocell=+1.26V (Feasible)
The Fe3+(aq) formed oxidises H2C2O4 to form CO2 while itself is reduced to Fe2+(aq),
giving rise to a pale green solution.

8
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6 (a)(i)
Anode: 2Cl–  Cl2 + 2e
Cathode: 2H2O + 2e  2OH– + H2
6(a)(ii) Cl2 + 2 NaOH → NaClO + NaCl + H2O ( cold or rm temp)
3Cl2 + 6 NaOH → NaClO3 + 5NaCl + 3H2O (high temp)
Ionic equations accepted

OR

(iii) To ensure there is no back flow of solution from cathode department to anode so that
hydroxide ions formed at cathode do not flow to anode and be oxidised instead of
chloride ions.
or no mixing of Cl2 and hydroxides ions can occur.
(iv) Q= It = (240)(50×60) = 720 000 C

720000
= 7.461 mol
96500
7.461
= 3.7305 mol
Amt of Cl2 =
2
Amt of electrons =

Volume of Cl2 = 3.7305 × 22.4 = 83.6 dm3
6(b)

2Cl‒
2H2O

Cl2 + 2e‒
Eoxθ = ‒1.36V
+
‒
O2 + 4H + 2e Eoxθ = ‒1.23V

Initially, oxygen is liberated as Eoxθ(H2O) is more positive than Eoxθ (Cl‒). Hence H2O is
preferentially discharged.
As time proceeds, water is used up, concentration of Cl‒ increases, Eoxθ(Cl‒) becomes
more positive than Eox(H2O). Hence Cl‒ is discharged and Cl2 gas is evolved.
6(c) (i) SiCl4 + 4H2O → SiO2.2H2O + 4HCl
pH = 2

or

SiCl4 + 4H2O → Si(OH)4 + 4HCl

6(c) (ii) N in NF3, unlike B in BF3, has no empty p-orbitals to accept a lone pair of electrons from
water, hence unable to undergo hydrolysis.
OR
B in BF3 has only 6 electrons, hence can accept a lone pair of electrons from water, and
undergo hydrolysis. N in NF3 has a full octet/8 electrons, hence cannot accept a lone
pair of electrons from water to undergo hydrolysis.
6(d) conc. H2SO4 acts as an acid to donate a proton to NaCl and NaBr to give HCl and HBr ,
white fumes.
NaCl (s) + H2SO4(l) → NaHSO4 (aq) + HCl (g)
NaBr (s) + H2SO4(l) → NaHSO4 (aq) + HBr (g)
2HBr (g) + H2SO4 (aq) → Br2 (g) + SO2 (g) + 2H2O (l)
Conc. H2SO4 is only strong enough an oxidising agent to oxidise HBr to orange-brown
fumes of Br2, but not HCl to Cl2.
Or
HBr is a stronger reducing agent than HCl. Hence HBr can reduce conc. H2SO4 to SO2,
but HCl cannot.
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Answer any four questions.
1(a)

Dinitrogen difluoride is a chemical compound with the formula N2F2. It is a gas at
room temperature. N2F2 was first identified as the thermal decomposition product of
fluorine azide, N3F, in 1952.
(i)

Draw a dot-and-cross diagram for N2F2. Predict the shape around the central
atom using the Valence Shell Electron Pair Repulsion theory.

(ii)

N2F2 is able to exist as a pair of isomers at low temperature.
State the type of isomerism exhibited by N2F2. Hence, draw the structure of
the more stable isomer.
[4]

(b)

Nitrogen reacts with fluorine to give the compound N2F2 in the following equation:
N2 (g) + F2 (g)

N2F2 (g)

A 1 : 2 mixture of N2 and F2 is allowed to reach dynamic equilibrium at 500 K at an
equilibrium pressure of 1.12 × 105 Pa in a 500 cm3 flask. The mass of the
equilibrium mixture is found to be 0.578 g.
(i)

Explain what is meant by the term dynamic equilibrium and write the
expression for the equilibrium constant, Kp , for this reaction, stating its units.

(ii)

Calculate the average Mr of the gaseous mixture. Hence, calculate the mole
fraction of N2F2 in the equilibrium mixture.

(iii)

Using your answer to (b)(ii), calculate the partial pressure of N2F2.

(iv)

Predict the sign of ΔS for the reaction, showing your reasoning.

(v)

The value of ΔG for the above reaction is negative.
Use this information, together with your answer to (b)(iv), to predict the sign
of ΔH for the reaction. Explain your reasoning.
[10]
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(c)

When phosphorus(III) oxide is heated in air, another oxide A which contains 49% of
phosphorus by mass is obtained. On hydrolysis, 1 mole of A forms a mixture
containing 1 mole each of H3PO3 and H3PO4.
Deduce the identity of A.

(d)

[2]

Industrially, 1,2dichloroethane, CH2ClCH2Cl is used to make chloroethene,
CH2=CHCl, the monomer which the polymer PVC is produced from.
When heated with aqueous silver nitrate solution, a white precipitate is observed for
1,2dichloroethane within 10 minutes but not for chloroethene even after prolonged
period.
(i)

Why does the reactivity
1,2dichloroethane?

(ii)

When aqueous silver nitrate is added to benzoyl chloride, a white precipitate
is formed immediately even without heating.

of

chloroethene

differ

from

that

Account for this observation.

of

[4]
[Total: 20]
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2

This question concerns potassium manganate(VII).

(a)

Potassium manganate(VII) can be used as a disinfectant. Over time, the
concentration of potassium manganate(VII) in aqueous solution decreases
due to a redox reaction taking place in the sealed bottles. Oxygen is also formed in
this reaction.
Suggest the reducing agent responsible for the decrease in concentration of
potassium manganate(VII) solutions on storage in sealed bottles.
Support your answer by quoting relevant data from the Data Booklet.
[2]

(b)

Compounds containing manganese oxo-anions often disproportionate in aqueous
solution. However, it is found that in neutral or alkaline solution, potassium
manganate(VII) reacts with sodium sulfite, Na2SO3, in a 1:1 mole ratio to give a
bright blue solution.
Suggest a formula for the species responsible for the blue colouration and write an
ionic equation for the reaction.
[2]

(c)

Solutions of potassium manganate(VII) can be standardised against a measured
volume of a standard solution of sodium ethanedioate, Na2C2O4, under acidic
conditions. The contents of the titration flask have to be warmed to 60 °C before
commencing the titration.
Explain, as fully as you can, why warming is necessary before commencing the
titration.
[2]
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(d)

A student wanted to investigate the rate of reaction between MnO4− and C2O42− ions
in an acid medium. The rate of reaction was followed by mixing the following two
solutions, and measuring the concentration of remaining MnO4 ions at fixed time
intervals.
Solution A:

100 cm3 of 0.20 mol dm3 ethanedioic acid, 5 cm3 of 2 mol dm3
sulfuric acid, 15 cm3 of 0.20 mol dm3 copper(II) sulfate and 80 cm3
of water

Solution B:

50 cm3 of 0.020 mol dm3 potassium manganate(VII)

The following results were obtained.

(e)

Time/s

[MnO4] / mol dm3

0
10
20
30
50
75

0.0040
0.0026
0.0016
0.00096
0.00040
0.00016

(i)

By means of a graphical method, determine the relevant rate equation under
the conditions whereby the reaction was conducted.

(ii)

If the rate of consumption of MnO4(aq) at a particular time is
1.2 × 104 mol dm3 s1, what will be the rate of consumption of ethanedioate
ions at that time?

(iii)

What is the role of copper(II) sulfate in the reaction?

(iv)

The experiment is repeated at room conditions in the absence of aqueous
copper(II) sulfate. Sketch a graph of the volume of carbon dioxide produced
in this reaction against time, and explain the shape of your graph.
[8]

Reagents like potassium manganate(VII) and sodium borohydride, NaBH4, are of
great help in elucidating the structure of organic compounds.
Compound C of molecular formula, C6H10O2, produces a yellow precipitate when
treated with an alkaline solution of iodine. C does not react with an ammoniacal
solution of silver nitrate. Treatment of C with excess hot acidified concentrated
potassium manganate(VII) gives compound D, C4H6O3, as the only organic product.
Compound C produces compound E, C6H12O2, when reacted with NaBH4.
Suggest possible structural formulae of C, D and E, explaining your reasoning.

[6]
[Total: 20]
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3

Acetolactic acid, C5H8O4, is a precursor in the biosynthesis of the branched chain
amino acids, valine and leucine.

(a)

Acetolactic acid can be synthesised from 2-chlorobut-2-ene by the following
reactions.
Cl
step 1

Cl

Cl
Cl

step 2

Q

NaOH(aq)
heat

C4H8O2

step 3
HCN

R
C5H9NO2

P

KMnO4

step 4 H2SO4(aq)
heat

O

O
OH

OH
acetolactic acid

(b)

(i)

Name the reagent and conditions used in step 1 and describe the
mechanism for this reaction. In your answer, you should include curly arrows
showing the movement of electrons and any relevant charges and dipoles.

(ii)

Compound P contains a chiral carbon. Explain why compound P obtained
from step 1 does not rotate the plane of polarised light.

(iii)

Suggest the structures of Q and R.

(iv)

Draw the organic product(s) formed when acetolactic acid is warmed with
iodine in the presence of aqueous potassium hydroxide.
[10]

When acetolactic acid is heated with a limited amount of concentrated sulfuric acid
under controlled condition, compound S with a molar mass of 228 g mol−1 is
formed. No observable change is seen when S is treated with anhydrous SOCl2.
Suggest the structure for S and hence, state the role of concentrated sulfuric acid in
the reaction with acetolactic acid.
[2]
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(c)

Acetolactic acid reacts with PCl5 to produce hydrogen chloride, a hydrogen halide.
Hydrogen halides are also formed between hydrogen and halogens.
(i)

Define the term standard enthalpy change of formation of HI (g).

(ii)

The standard enthalpy change of formation, Hfθ, of three hydrogen halides
are shown in the table below.
Compound

Hfθ / kJmol1

HCl (g)

92

HBr (g)

36

HI (g)

+26

Comment on these values in the light of the reactivity of chlorine, bromine
and iodine with hydrogen.
(iii)

(d)

How would you expect the volatility of the hydrogen halides to vary from HCl
to HI? Explain.
[5]

Solid NaBr is added slowly to a 1 dm3 solution containing 1 × 10−9 mol dm−3 AgNO3
and 1 × 10−2 mol dm−3 Pb(NO3)2. The numerical values of the solubility product of
AgBr at 25 C is 5.4 × 10−13 and that of PbBr2 is 6.6 × 10−6.
Calculate the percentage of Ag+ that has precipitated at the point when PbBr2 just
begins to precipitate.
[3]
[Total: 20]
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4(a)

(b)

A student investigated the thermal decomposition of Group II compounds. He
heated a mixture of 2.50 g of magnesium nitrate and magnesium carbonate, as
shown in the setup below, till no further change was observed. The volume of gas
collected was 78.0 cm3 at room temperature.

(i)

Explain the role of sodium hydroxide in the above setup and identify the
gas(es) collected in the gas syringe.

(ii)

Calculate the percentage by mass of magnesium nitrate present in the
mixture.
[4]

The bond length of various nitrogen-oxygen bonds are as follows.
Bond
N=O
NO
Bond Length (pm)

136

115

NO in NO3
128

Account for the observed NO bond length in nitrate ion.

(c)

[2]

The student carried out another experiment by heating equal amounts of
carbonates of magnesium, calcium and barium for two minutes using a Bunsen
burner and measured the volume of gas collected. The following table shows the
results.
Group II
MgCO3
CaCO3
BaCO3
carbonate
Volume of gas
80
25
5
collected / cm3
(i)

Using relevant data from the Data Booklet, explain the results obtained by
the student.

(ii)

Hence, estimate the volume of gas collected if the student were to heat an
equal amount of strontium carbonate for two minutes.
[4]
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(d)

The Group II carbonates have little solubility in water and thus limited uses as
compared to the Group I carbonates.
The table below shows the solubility of some Group II carbonates.
Group II
carbonate
Solubility (mol per
100 g of water)

MgCO3

CaCO3

BaCO3

1.26 x 10−4

1.30 x 10−5

1.22 x 10−5

Suggest an explanation for the trend observed in the solubility of the Group II
carbonates.
[2]
(e)

Sodium carbonate, a Group I carbonate, can be used to maintain the pH of
swimming pool water to the ideal range of 7.0−7.6. If the concentration of sodium
carbonate is too high, it will cause skin irritation to swimmers.
The management committee of a public swimming pool hired a chemist to advise
them on the need to adjust the pH of pool water. The chemist titrated a 10.0 cm3
sample of pool water (assume it contains only Na2CO3) against a 0.05 mol dm−3 of
HCl.
[The Kb1 and Kb2 values of Na2CO3 at 25°C are 2.13 × 10−4 and 2.25 × 10−8
respectively.]
(i)

The pH at the first equivalence point is found to be greater than 7. Explain
this observation with the aid of a relevant equation.

(ii)

Given that 20.00 cm3 of the HCl solution was required to turn the
phenolphthalein indicator from pink to colourless, calculate the concentration
of Na2CO3 in the pool water sample.

(iii)

Calculate the initial pH of the pool water sample.

(iv)

Sketch the pHvolume added curve you would expect to obtain when
50.00 cm3 of the HCl solution is added to 10.0 cm3 of the pool water sample.
Label the various key points on the curve.
[8]
[Total: 20]
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5(a)

Many biological reactions are catalyzed by enzymes. Triose phosphate isomerase,
TPI, is the enzyme that catalyses the reversible interconversion of the triose
phosphate isomers shown below.

TPI

dihydroxyacetone phosphate

Dglyceraldehyde 3-phosphate

TPI is a dimer of 2 identical subunits. Each subunit that makes up TPI contains
8 αhelices on the outside and 8 parallel βstrands on the inside of the
3dimensional structure. The following is a fragment obtained on hydrolysis of the
TPI enzyme.
−Ala − Cys − Ile − Gly − Glu –
Amino acid
Alanine (Ala)
Cysteine (Cys)
Glutamic acid (Glu)
Glycine (Gly)
Isoleucine (Ile)

Formula of side chain
(R in RCH(NH2)COOH)
CH3
CH2SH
CH2CH2COOH
H
CH(CH3)CH2CH3

(i)

Describe what is meant by the primary structure of a protein.

(ii)

Sketch a suitable diagram to show how the polypeptide chain is held in its
secondary structure. You need only describe one of the two secondary
structures in the 3dimensional unit.

(iii)

Proteins can be classified as being globular or fibrous. Deduce the class that
TPI belongs to.

(iv)

The above fragment can be further hydrolysed to form dipeptides. State the
number of possible dipeptides that can be obtained and draw the structural
formula of one of the dipeptides.
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(v)

(b)

TPI is an enzyme of kinetic perfection. This means that the rate of enzyme
catalysed reaction is limited by the time taken for the reactant to diffuse to
the enzyme. To overcome this, the enzyme employs the ‘Circe Effect’ where
it attracts the substrate using electrostatic forces.
State the possible interactions that TPI could effect on dihydroxyacetone
phosphate.
[9]

Suggest a synthetic pathway, of not more than 4 steps, to produce compound V
from benzene.

NH2

COOH

Compound V
(c)

[4]

(i)

Between phenylamine and 4methylphenylamine, which compound do you
expect to have a lower pKb value? Explain.

(ii)

Suggest the reagents and conditions required to convert phenylamine to the
following compound W.

NHCOCH2CH3

Compound W
(iii)

Suggest a suitable chemical test to distinguish the following isomer X from
compound W. State the reagents and conditions and describe your
observations for each compound.

CON(CH3)2

Isomer X
(iv)

Compound Y is another structural isomer of compound W.
Compound Y
 gives an orange precipitate Z with 2,4−dinitrophenylhydrazine
 does not gives brick red precipitate with alkaline Cu2+ complex
Suggest a possible structure of compound Y and hence draw the structure
of the orange precipitate Z.
[7]
[Total: 20]
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1a) (i)

or
Shape about N: Bent
(ii)

Type of isomerism: cis-trans or geometric isomerism

More stable isomer
1b) (i)

Dynamic equilibrium refers to an equilibrium reaction when the rate of forward is
equal to the rate of backward reaction.
Kp =

(ii)

PN2F2
(PN2 )(PF2 )

Units: Pa-1 or atm-1

pV = nRT
pV =

M=

m
RT
M
mRT
0.578x8.31x500

=42.9 gmol-1
5
6
pV
1.12x10 x500x10
N2

F2

N2F2

Initial n/mol

2

1

0

Change of n/mol

-x

-x

x

Equilibrium n/mol

2-x

1-x

x

Total number of moles = (2-x) + (1-x) + x = 3-x
1

NJC SH2 Prelim 2013 H2 Chemistry Paper 3
Solution

(Note: sum of mole fraction x Mr for each gases = average Mr)

2x
1 x
x
(28) 
(38) 
(66)  42.9
3x
3x
3x
x = 0.576mol
Mole fraction of N2F2 =

(ii)

x
0.576
moles of N2F2

 0.237
=
total moles of gases 3  x 3  0.576

Partial pressure of N2F2 = mole fraction of N2F2 x total pressure
= 0.237 x 1.12 x 105
= 26500 Pa

(iii)

∆S is negative. There is a decrease in number of moles of gas in the reaction
and the system becomes more ordered.

(iii)

∆G=∆H–T∆S. Since ∆S is negative and T is always positive, therefore, –T∆S is
positive. In order for ∆G to be negative, ∆H must be negative and have a
magnitude greater than T∆S.

1 c)

A=

P2O4
P
49%

O
51%

mass%
Ar

49
 1.57
31.1

51
 3.18
16.0

Simplest
ratio

1

2

Empirical formula of A = PO2 [1]
P2O4 + 3H2O → H3PO3 + H3PO4
A

2
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1 d) (i)

H

H
C

Cl

C
H

In chloroethene, as Cl is adjacent to the C=C bond, p-orbital of Cl can overlap with
the π electron cloud of C=C bond. Hence lone pair of electrons on Cl is
delocalised into the π electron cloud of C=C bond, strengthening C–Cl bond
(partial double bond character).
Thus C–Cl bond in chloroethene cannot be cleaved, no free Cl– ions formed, hence
AgCl ppt is not produced.
1 d) (ii) Greater reactivity of the acyl chloride C–Cl bond in C6H5COCl/ the acyl chloride is
more reactive because


the acyl carbon atom is bonded to 2 electronegative atoms, Cl and O which
makes the carbon atom more electron-deficient/more partial positive. OR



the electron withdrawing C=O bond makes the carbon atom bonded to Cl
more electron-deficient/more partial positive.

Hence the δ+ C is more susceptible to nucleophilic attack by water molecules. C–Cl
bond breaks readily to give Cl– ions which gives AgCl, white ppt with AgNO3(aq).

2 a) Reducing agent: H2O
Relevant data required:
Reduction:
MnO4 + 4H+ + 3e  MnO2 + 2H2O
Eored = +1.67V
Oxidation:
2H2O  O2 + 4H+ + 4e
Eooxid = 1.23V

+


Overall
4MnO4 + 4H + 4OH  4MnO2 +2H2O + 3O2 + 4OH Eocell = +0.44V
i.e. 4MnO4 + 2H2O  4MnO2 + 3O2 + 4OH is a spontaneous rxn.
2 b) As SO32 reacts with MnO4 in a 1:1 ratio and SO32 can be oxidised to SO42, thus
SO32  MnO4  2e and a likely formula for the manganese species is such that
Mn is in the +5 oxidation state.
Relevant eqn:
OR

SO32

SO32 + MnO4  SO42 + MnO3
+ MnO4 + 2OH  SO42 + MnO43 + H2O

2 c) Reaction between 2 negatively charged ions, C2O42 and MnO4, involves high
activation energy  reaction rate is slow at room temp.
Warming/heating is required to hasten the reaction rate as at a higher temp, more
molecules will have acquired energy greater than or equal to the activation energy.

3
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2 d) (i) Plot a graph of [MnO4] against time.
Determine 2 half-life from the graph and show that they have the same value or
approximately the same (t1/2  15s).
Rate = k[MnO4]
2 d) (ii) Rate of consumption of C2O42 = 5/2 x Rate of consumption of MnO4
= 3.0 x 104 mol dm3 s1
2 d) (iii) Homogeneous catalyst
Vol of
CO2

2 d) (iv)

time





At the beginning of the reaction, the production of CO2 is slow and low
because fruitful collision of negatively charged MnO4- and C2O42- ions is
difficult.
Once a certain amount of Mn2+ has been formed, the production of CO2
increases rapidly because Mn2+ acts as the catalyst for the reaction
(autocatalyst).
Vol of CO2 remains constant after some time even though there is an
adequate supply of catalyst as the reaction has reached completion.

2 e)
Observations

Deductions

C gives yellow ppt with alkaline aq I2.



C contains either methyl carbonyl group
OH
C

O
C

C has no reaction with Tollen’s reagent.
hot H  / KMnO

C (C6H10O2) 4  D (C4H6O3)
only product

CH3 or

H

CH3

structure.



C is not an aldehyde.



C is oxidized (vigorous oxidation/
oxidative cleavage of C=C bond).



D contains a carboxylic acid group
4
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( increase in no. of O atoms)


C loses 2 carbon atoms as CO2 gas.



i.e. oxidative cleavage of C=C bond
resulted in ethanedioic acid which is
further oxidized to CO2 /
C=C bond is between C2 and C3.

C (C6H10O2) NaBH
4  E (C6H12O2)



C is reduced.



C contains an alcohol group and a methyl
O
C

carbonyl group

CH3

which is

OH
C

reduced to

H

H

H

H

H

O

C

C

C

C

C

OH

CH3

H

C

HO

O

H

O

C

C

C

H

D

CH3

H

CH3

H

in E.

H

H

H

H

OH

C

C

C

C

C

H

H

OH

CH3

E

3 a) (i) Cl2(g), or Cl2 in CCl4, room temperature, dark
Electrophilic addition

5
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+

Cl

Cl



Cl

slow

Cl
Cl

Cl
Cl

+

+

Cl



Cl

+



Cl

Cl

Cl

Note:





The type of mechanism reaction must be stated.
The mechanism arrows must be shown in the equation to illustrate the
movement of electrons.
Lone pair on the chloride ion must be clearly shown.
Slow step and the partial charges on chlorine must be indicated in the
mechanism

3 a) (ii) The geometry about the positive charge carbon atom of the carbocation from the
slow step is trigonal planar.

Cl
Cl

+

Cl



Hence, :Cl- has equal chances of attacking from both above and below the plane,
to produce equal amount of the 2 enantiomers, resulting an racemic mixture
whereby the optical activity of the two enantiomers cancel out each other
completely. Thus, it is not optically active.

6
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Q

3 a) (iii)

R

OH

OH
C N

O
3 a) (iv)

CHI3

OH
CH3 O
C C C
+ KO
O-K+
OH
O

3 b) Concentrated sulfuric acid acts as catalyst (Hint: limited amount of conc H2SO4).

O
O

O

O
O

O

3 c) (i) The standard enthalpy change of formation of HI(g) is the heat absorbed when 1
mole of HI(g) is formed from H2(g) and I2(s) (or constituent elements in their
standard state) under standard conditions of 1atm at 298K.
or ½ H2(g) + ½ I2(s)  HI(g)

H>0

3 c) (ii) As Hf of H-X becomes less exothermic from HCl(g) to HBr(g) to HI(g), the reaction
does not occur as readily since the formation of HX is less energetically favourable.
Thus, reactivity of chlorine, bromine and iodine with hydrogen decreases.
Or
From chlorine to bromine to iodine, the halogen exists as gas to liquid to solid. Thus,
more energy is required to overcome the Van der Waals force from chlorine to
bromine to iodine to form HX, resulting Hf of H-X to become more endothermic.
Therefore, the reaction does not occur as readily and thus, reactivity of chlorine,
bromine and iodine with hydrogen decreases.
Or
As H-X bond strength decreases from H-Cl to H-Br to H-I, the stability of HX
decrease with less heat evolved. Hence, Hf of H-X becomes more endothermic.and
the reaction occurs less readily. Thus, reactivity of chlorine, bromine and iodine with
hydrogen decreases.

7
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3 c) (iii) Volatility of hydrogen halide, HX, decreases from HCl, to HBr to HI. As the
electron cloud size of halogen atom increases from Cl to Br to I, there is
greater ease of distortion/polarization of the electron cloud of HX. Thus,
more energy is needed to overcome the stronger td-id interaction from HCl to
HBr and HI to form vapour.

3d)

Ksp value of PbBr2 = 6.6 x 10-6
Ksp value of AgBr = 5.4 x 10-13
At the point which PbBr2 just begins to precipitate:
Ionic Product of PbBr2 = Ksp of PbBr2
 [Pb2+][Br-]2 = 6.6 x 10-6
[1 x 10-2][Br-]2 = 6.6 x 10-6
[Br-] = (6.6 x 10-6/1 x 10-2 )1/2
= 0.02569 mol dm-3
Given [Br-] = 0.02569 mol dm-3 at the point which PbBr2 begins to precipitate:
[Ag+][Br-] = 5.4 x 10-13
[Ag+][0.02569] = 5.4 x 10-13
[Ag+] = (5.4 x 10-13/0.02569)
= 2.102 x 10-11 mol dm-3
[Ag+] in the resultant saturated solution = 2.102 x 10-11 mol dm-3

[Ag+] precipitated = 1 x 10-9 – 2.102 x 10-11
= 9.790 x 10-10 mol dm-3

% of Ag+ precipitated = [(9.790 x 10-10)/( 1 x 10-9)] x 100
= 97.9%

8
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4 a) (i)

MgCO3 (s)  MgO (s) + CO2 (g)
Mg(NO3)2 (s)  MgO (s) + 2 NO2 (g) + ½ O2 (g)
NaOH(aq) reacts with the acidic CO2 and NO2 gas produced from the thermal
decomposition of MgCO3 and Mg(NO3)2.
The gas collected in the gas syringe is O2.

(ii)

Mg(NO3)2 (s)  MgO (s) + 2 NO2 (g) + ½ O2 (g)
Amount of O2 gas collected =

78
= 0.00325 mol
24000

Amount of Mg(NO3)2 = 2  0.00325 = 0.0065 mol
Mass of Mg(NO3)2 = 0.0065  (24.3+142+166) = 0.9640 g
% by mass of Mg(NO3)2 in mixture =
b)

0.9640
 100% = 38.6 %
2.50

In NO3, the presence of continuous overlap of porbitals across the 3 oxygen
atoms and the nitrogen atom allows the  electrons to be delocalised.
As a result, all the three NO bonds in NO3 are intermediate bond between an
NO bond and N=O bond. (NO bond length in NO3 is between that of NO
bond and N=O bond)

c) (i)

The ionic radius of Mg2+, Ca2+ and Ba2+ are 0.065 nm, 0.099 nm and 0.135
nm respectively. Down Group II, the ionic charge remains the same while the
ionic radius increases, hence charge density decreases down the group.
Mg2+ has the greatest polarising power , thus it can distort the electron cloud
of CO32 to a larger extent. The CO covalent bond in MgCO3 is weakened
more significantly and less amount of energy is required to decompose
MgCO3.
As a result, MgCO3 decomposes more readily than CaCO3 and BaCO3 as it
produces the largest amount of CO2 in the same time period.
9
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(ii)

Since the thermal stability of Group II carbonates increases down the group, SrCO 3
is more stable than CaCO3 but less stable than BaCO3.
Volume of CO2 produced in the same time interval is between 525 cm3

d)

The solubility of Group II carbonates decreases down the group. Due to the relatively
larger size of the anion CO32, the change in lattice energy of Group II carbonate is
not significant. However, as charge density decreases down the group, the enthalpy
change of hydration of Group II ions becomes less exothermic down the group.
Since Hsoln = Hhyd  L.E.
Hsoln for Group II carbonates becomes less exothermic down the group,
explaining the decreasing trend of their solubility.
H2CO3 + OH

e) (i) HCO3 + H2O

HCO3 acts as a base and releases OH upon dissociation in water.
(ii)

Working range of phenolphthalein is pH 810. When phenolphthalein changes colour,
it indicates the first reaction between CO32 and H+ is completed.
CO32 + H+  HCO3
Amount of HCl used =

20.00
 0.05 = 0.001 mol
1000

Amount of CO32 reacted = 0.001 mol
Concentration of Na2CO3 in 10.0 cm3 sample = 0.001 

(iii)

CO32 + H2O
Kb =

10.0
= 0.1 mol dm3
1000

HCO3 + OH

[HCO 3  ][OH  ]
[CO 3 2 ]

2.13  104 =

[OH  ]2
0.1

[OH] = 0.004615 mol dm3
pOH = 2.336
pH = 14  pOH = 11.67
10
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(iv)
Maximum buffer
capacity

Equivalent
point

5 a) (i) Primary protein structure refers to the unique sequence of amino acids joined by

peptide bonds in a polypeptide chain.

11
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(iii)

Globular
There are 8  helices on the outside which are the hydrophilic side chains
that will be in contact with water.There are 8 parallel -strands on the inside
which are the hydrophobic chains that will cluster inside the folds to be away
from water.

(iv)
H
H

4
H O

H

N C C N C C
CH3

H

OH

H O

H

O

N C C N C C

H

CH2SH

H

CH2SH H

OH
O

CH(CH3)CH2CH3

Ala-Cys
H
H

H O

H

N C C N C C
H H

Cys-lle
OH

H

O

H

H O

N C C N C C
H

H

OH
O

CH2CH2COOH

CH(CH3)CH2CH3
lle-Gly

(v)

H

Gly-Glu

Ionic interaction and hydrogen bonding

5 b)

CH3

COOH

CH3Cl

KMnO4

AlCl3

Dil H2SO4
Heat

heat
C.HNO3 C.H2SO4

COOH
C.HCl
NH2

Sn
followed
by NaOH

COOH

NO2

12
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5 c) (i) 4-methylphenylamine will have a lower pKb value. The –CH3 group in 4methylphenylamine is electron donating. It exerts an electron-donating inductive
effect, thus increasing the electron density around the nitrogen. Greater
availability of the lone pair of electrons to form a dative bond with a proton. Hence,
4-nitrophenylamine is a weaker base than phenylamine
Or
In the methylphenylammonium ion, the electron releasing alkyl group offsets the
positive charge on the N, causing it to have a lower tendency to lose a H + in
order to react with the OH to form H2O.
5 c) (ii) Reagent: CH3CH2COCl
Condition: Room temperature

5 c) (iii) Test: NaOH(aq), Heat
Observations: alkaline vapour turning moist red litmus paper blue (X)
White precipitate formed (W)
c) (iv)

O

O

C

H
H H

C

C C NH2

O
C CH
3

CH2CH3

NH2

H H

CH2NH2

O2N

O2N
H C H

N N

C

H C H H

NO2

H

H2N
CH2CH3

NH2

C

N N

NO2

H

O2N
CH2NH2

C
H3C

N N

NO2

H
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Section A
For each question there are four possible answers, A, B, C and D. Choose the one
you consider to be correct.
1

The polyoxometallate W72Mn12Si7O26840- was recently identified in a crystal
garden.
Which row gives oxidation states of tungsten and manganese that are
consistent with this formula?

2

oxidation state
of tungsten

oxidation state of
manganese

A

+3

+2

B

+3

+3

C

+6

+2

D

+6

+3

During the 1950s, a Sydney woman killed three family members and a friend
by putting rat poison into the food and drinks she gave them. The crystalline
toxic white compound, thallium sulfate, Tl2SO4, is water soluble. A single dose
of more than 500 mg is fatal.
At what minimum concentration of thallium sulfate does a 200 cm3 cup of tea
provide a fatal amount of the poison?

3

A

0.990 x 10-3 mol dm-3

B

1.66 x 10-3 mol dm-3

C

4.96 x 10-3 mol dm-3

D

8.32 x 10-3 mol dm-3

Which compound is composed of a cation and anion(s) that do not contain
the same number of electrons as each other?
A

LiH

B

NaOH

C

NH4F

D

TiCl3

4

5

Which transition metal ion in the following species has only one unpaired
electron in its d orbitals?
A

[CoCl4]2-

B

[Fe(H2O)5(F)]2+

C

[Mn(CN)6]3-

D

[VO(H2O)5]2+

In which of the following pairs of compounds is the first member more volatile
than the second?
A

CH3CH2CH2CH3 and CH3CH(CH3)CH3

B

CH3CH2OH and CH3OCH3

C

CH3CH2COOH and CH3CH(NH2)COOH

D

H

6

C C

and

C C
H

H

H3C

CH3

H3C

H

CH3

A vessel containing ammonia gas is heated to a constant temperature such
that the equilibrium below is established.
2NH3(g)

N2(g) + 3H2(g)

The value of the pressure p is then found to be 35% greater than if only
NH3(g) were present.
What is the mole fraction, x, of nitrogen present in this equilibrium mixture?
A

0.130

B

0.175

C

0.389

D

0.611

2
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7

The base catalysed hydrolysis of a methyl ester has the following reaction
path.
O

O

O
step 1
R

C

R

OCH3

step 3

step 2
C

OCH3

R

C

+

RCO2- + CH3OH

OCH3

slow
OH

OH

OH

What will be the reaction pathway diagram for the first two steps of this
hydrolysis?

A

B

∆H

∆H

progress of reaction

progress of reaction

C

D

∆H

∆H

progress of reaction

progress of reaction

3
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8

A dilute solution of hydrogen peroxide decomposes slowly in aqueous solution
according to the following equation:
2H2O2(aq) → 2H2O(l) + O2(g)
A solution with an original concentration of 3.00 mol dm-3 was placed in a
bottle contaminated with transition metal ions, which act as catalyst for the
decomposition. The rate of decomposition was measured by withdrawing
10.0 cm3 portion at various times and titrating with acidified 0.05 mol dm-3
KMnO4(aq).
The following results were obtained.
Volume of KMnO4(aq) / cm3
30

25

20

15

10

5

0

Time / min
0

5

10

15

20

25

30

How long has the solution in the bottle been contaminated before the first
portion was withdrawn for titration? Assume that 5 mol of H2O2 reacts with 2
mol of KMnO4.
A

14 minutes

B

42 minutes

C

84 minutes

D

112 minutes

4
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9

The curve
e Y and th
he value E a represent the disttribution oof energies
s of the
moleculess and the activation e
energy for an
a uncataly
ysed gase ous reactio
on.

Which is a possible outcome
o
iff the reaction is catalysed?

A

The
e distributio
on of enerrgies will be given by
y curve X aand the ac
ctivation
ene
ergy by value V.

B

The
e distributio
on of enerrgies will be given by
y curve Y aand the ac
ctivation
ene
ergy by value V.

C

The
e distributio
on of enerrgies will be given by
y curve Y aand the ac
ctivation
ene
ergy by value W.

D

The
e distributio
on of enerrgies will be given by
y curve Z aand the ac
ctivation
ene
ergy by value W.

5
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11

Citric acid is a weak monobasic acid. Which of the following pair of solutions,
when mixed in equal volumes, will give the best buffer solution that resists pH
changes when a small amount of acid or base is added?
A

0.5 mol dm-3 of citric acid and 0.5 mol dm-3 of sodium hydroxide

B

0.5 mol dm-3 of citric acid and 0.125 mol dm-3 of barium hydroxide

C

1.0 mol dm-3 of sodium citrate and 0.25 mol dm-3 of sulfuric acid

D

1.0 mol dm-3 of sodium citrate and 0.5 mol dm-3 of citric acid

Sucrose, commonly called table sugar is highly soluble, as shown in the
graph, and it dissolves according to
C12H22O11(s)

C12H22O11(aq)

H = +4.75 kJ mol1

Sucrose Solubility

Solubility (g/ 100g H2O)

600
500
400
300
200
100
0
40

50

60

70
80
o
Temperature C

90

100

A cup of coffee was made with 200 ml of water at 80oC and as much sugar as
would dissolve. It was left to cool to 60oC.
During cooling from 80oC to 60oC
A

the fraction of [C12H22O11(aq)]/[C12H22O11(s)] remains unchanged.

B

the system responds to the change in temperature by absorbing more
heat.

C

the rate of forward reaction increases as the system can release heat
more easily.

D

the position of equilibrium moves left as the rate of the reverse reaction
is greater than that of the forward reaction.
6
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12

A
Artificial kidney
k
dia
alysis, succh as hem
modialysis is used to treat patients
p
suffering from kidn
ney failurre. During
g hemodialysis, a semi-perrmeable
membrane
e is used to allow w
waste matterials to pass
p
from the blood
d to the
dialysis flu
uid.
The figure below sho
ows a typiccal hemodiialysis set up.

ect signs o
of S for blood an
nd dialysiss fluid durring the
What are the corre
ss?
hemodialyysis proces
bllood

dialysis
d
flu
uid

A



+

B





C

+



D

+

+

7
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13

Use of the
e Data Boo
oklet is rele
evant to thiis question.
If iron is heated
h
sep
parately w
with chlorin
ne, bromine
e and iodiine, what are the
likely products?

14

A

chlorine
FeCl2

brom ine
FeB
Br2

iodine
FeI2

B

FeCl3

FeB
Br2

FeI2

C

FeCl3

FeB
Br3

FeI2

D

FeCl3

FeB
Br3

FeI3

A student set up the cell as sho
own
voltmeter

Cr3+(aq
q), Cr2O72-(aq
q), H+(aq)

2
(aq), MnO4-(aq), H+(aq)
Mn2+

wing values
s for the ccell potentia
al were de
etermined aas a change was
The follow
continuoussly made.
reading num
mber
1
2
3
4
5

cell potential /V
/
0.1900
0.1890
0.1878
0.1865
0.1850

Which con
ntinuous ch
hange in th
he MnO4- half-cell
h
cou
uld producce these re
esults?
A

add
ding a reag
gent to the solution th
hat comple
exes with M
Mn2+ (aq)

B

incrreasing the
e concentra
ation of Mn
n2+(aq)

C

cha
anging the electrode to Mn metal

D

add
ding more acid
a
to the
e solution
8
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15

Which of the following statement is correct for the sequence of compounds
below considered from left to right?
NaF

MgO

AlN

SiC

A

The bonding becomes decreasingly covalent.

B

The formula-units of these compounds are not isoelectronic.

C

Electronegativity difference between the elements in each compound
decreases.

D

When water is added to these compounds, the resultant solution
becomes increasingly acidic.

16

Use of Data Booklet is relevant to this question.
Finely divided solid particles found in reservoirs water have negative charges
on their surface which can be easily precipitated. It was found that compound
Y is very effective in precipitating finely divided solid particles
The salt solution of Y contains high-charge density cations which can
neutralise the negative charges on the solid particles and cause the solid to
coagulate.
Which of the following could be compound Y?

17

A

FeCl3

B

MgCl2

C

SiCl4

D

VCl3

M is a Group II metal which can undergo two reaction routes.

Which set contains three different compounds?
A

P

Q

Y

B

P

R

X

C

Q

W

Y

D

R

W

X
9
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18

Which of the following observations about bromine or its compounds is false?
A

The solubility of silver bromide in aqueous ammonia increases on the
addition of a small amount of potassium cyanide solution.

B

When aqueous sodium iodide is added to aqueous bromine followed
by the addition of CCl4, a faint brown aqueous layer and a purple
organic layer is formed.

C

When cold potassium hydroxide is added to bromine, the orange
solution is decolourised.

D

When potassium bromide is treated with concentrated sulfuric acid, the
only gas evolved is one that bleaches moist blue litmus paper.

19

In a famous experiment, the German chemist WÖhler heated an inorganic salt
and produced urea, CO(NH2)2, as the only product.
The original inorganic salt, on heating with aqueous NaOH, produced a gas
which turned damp red litmus paper blue.
What is the formula of the anion in the original inorganic salt?

20

A

CNO-

B

CN-

C

NO3-

D

NH2-

The cracking of a single alkane molecule CnH2n+2 produces two hydrocarbon
molecules only. Each hydrocarbon product contains the same number of
carbon atoms. Each hydrocarbon product has non-cyclic structural isomers of
which optical isomers are also present.
What is the minimum value of n?
A

8

B

10

C

12

D

14

10
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21

Geraniol has a rose-like scent and is commonly used in perfumes. It is used in
the following synthesis route.

How many sp, sp2 and sp3 hybridised carbon atoms are present in
compound H?

22

A

sp3
11

sp2
0

sp
3

B

11

1

2

C

10

1

2

D

10

0

1

Poly(lactic acid) (PLA) is a biodegradable polymer used for food packaging
and cosmetics bottles. A section of the PLA molecule is shown below.
( OCH(CH3)CO )n
A sample of PLA was subjected to a series of reactions and the following
products were obtained.
Step
1
2
3

Reagent
hot NaOH(aq) followed by acidification
hot Al2O3
PCl5

Organic Product
Compound X
Compound Y
Compound Z

Which of the following statements is true?
A

Both compounds X and Y can exhibit stereoisomerism.

B

Compound X reacts completely with 2 mol of KOH.

C

Compound Y reacts with phenol to form a sweet-smelling liquid.

D

Compound Z reacts with ammonia to form a neutral organic compound.

11
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23

Compound V can be converted to compound W in three stages.
O
CHO
O
COCH3
CH3

Compound V

Compound W

Which sequence of reagents and conditions can be used to carry out this
conversion?

A

Stage 1
hot acidified KMnO4

Stage 2
H2 with Pt catalyst

Stage 3
heat with dilute H2SO4

B

hot acidified K2Cr2O7

LiAlH4 in dry ether

heat with dilute H2SO4

C

hot Fehling’s reagent,

NaBH4 in ethanol

heat with a few drops of
conc. H2SO4

followed by acidification
hot Tollens’ reagent,

D

LiAlH4 in dry ether

followed by acidification

24

heat with a few drops of
conc. H2SO4

Which reagent reacts with propanal to give an organic product without a
 bonded carbon atom?
A

acidified dichromate (VI) ions

B

hydrogen cyanide

C

silver diammine ions

D

sodium boron hydride

12
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25

Cyfluthrin is a synthetic pyrethroid insecticide that has both contact and
stomach poison action. It is a non-systemic chemical used to control ants,
cockroaches, mosquitoes and many others.
Cl

Cl
O

CN
O
O
F

CH3

H3C

Cyfluthrin
What are the likely organic products from the reaction of cyfluthrin with an
excess of boiling aqueous NaOH?
Cl

Cl

COOH

O

A
H3C
Cl

F

CH3

Cl

CN

O
-

+

B

Cl

F

CH3

-

+

F

CH3
-

C

O
-

D

+

O Na

O

OH

+

O Na
H3C

O

HO

+

O Na

C

+

C

O

HO

-

O Na

O

Cl

H3C

O

HO

+

O Na
H3C

O

HO

+

OH

+

HO

O

OH

CH3

13
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26

The pKb values for some weak bases are given in the table below.
Base

formula

pKb

methylamine

CH3NH2

2.9

sodium carbonate

Na2CO3

3.7

phenylamine

9.3

An excess of sodium carbonate was added to an aqueous mixture consisting
of salts of phenylamine and methylamine present in equal amounts.
Which of the following statements about the resultant mixture is true?
A

The resultant mixture contains both methylamine and phenylamine.

B

The

resultant

mixture

contains

both

methylamine

salt

and

phenylamine salt.
C

The

resultant

mixture

contains

methylamine

as

well

as

mixture

contains

phenylamine

as

well

as

phenylamine salt.
D

The

resultant

methylamine salt.

14
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27

Peptidases are enzymes that begin protein catabolism by hydrolysis of the
peptide bonds that bind amino acids together in the polypeptide chain of a
protein.
Partial hydrolysis of a small peptide, U, by a peptidase, produces the following
amino acids.

What is the Mr of the peptide U?

28

A

506

B

1364

C

1382

D

1526

N, N-diethylaniline is commonly used as an intermediate in the manufacture of
dyes and pharmaceuticals. It is used in the following synthetic pathway to
form compound Y.
1st stage
N(CH2CH3)2

X

2nd stage O2N

N, N-diethylaniline

N(CH2CH3)2

Y

NH2

The reactivity of N, N-diethylaniline is similar to that of phenylamine. What are
the reagents required in this two stage synthesis?
1st stage

2nd stage

A

dil HNO3, rtp

LiAlH4 in dry ether, rtp

B

dil HNO3, heat

Sn, conc HCl, heat

C

conc HNO3, rtp

LiAlH4 in dry ether, rtp

D

conc HNO3 & conc H2SO4, 30oC

Sn, conc HCl, heat

15
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29

Claisen condensation is a carbon-carbon bond forming reaction that can occur
between two esters, giving a β-keto ester. A typical example of the Claisen
condensation is the reaction of two identical esters, CH3CH2CO2CH2CH3, to
form ethyl-2-methyl-3-oxopentanoate.

Two simplified steps in the Claisen condensation mechanism are given below.

Which of the following compounds could be possibly obtained from the
Claisen condensation of CH3CH2CO2CH3 with CH3O-Na+?

30

A

CH3CH2COCH2CH2COOCH3

B

CH3CH2COOCH2COCH2CH3

C

CH3CH2COCH(CH3)COOCH3

D

CH3CH2COOCH(CH3)COCH3

Chlorofluorocarbons (CFCs) have been widely used in aerosol sprays,
refrigerators and in making foamed plastics, but are now known to destroy
ozone in the upper atmosphere.
What will not destroy ozone, and therefore can be used safely as a
replacement for CFCs?
A

CHBr3

B

CCl3CBr3

C

CHClFCClF2

D

CH3CHFCH2CH2F

16
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Section B
For each of the questions in this section, one or more of the three numbered
statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to
put a tick against the statements which you consider to be correct).
The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
31

In an experiment, two moles of methylamine, CH3NH2 was added to one mole
of gaseous beryllium fluoride, BeF2 in a container of fixed volume at a
constant temperature.
Which of the following statements are correct?

32

1

The bond angle around each central atom in the product is 109o.

2

The sign for the standard enthalpy change of reaction is negative.

3

There is an increase in the final pressure of the system after the
methylamine had reacted completely with the beryllium fluoride.

Which statements concerning the lattice structure of graphite and diamond
are correct?
1

The C−C−C bond angle between nearest neighbours is smaller in
diamond than in graphite.

2

All covalent bonds in diamond are of the same strength but those in
graphite are not.

3

The shortest carbon-carbon bond occurs in diamond.

17
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.

33

Theoretical values have been obtained for the two compounds SrCl(s) and
SrCl3(s) as shown below.
Compound
Lattice energy/ kJ mol-1

SrCl (s)
- 632

SrCl3 (s)
- 4560

Sum of enthalpies of hydration
of separate ions / kJ mol-1

-1080

- 2320

Which statements are correct?
1

SrCl is more soluble than SrCl3.

2

The strength of interaction with water molecules is greater in SrCl
compared to SrCl3.

3

The electrostatic attraction between oppositely charged ions is stronger
in SrCl compared to SrCl3.

34

The compound cholesterol has the following structure.
CH

CH

3

CH
CH3
CH3
CH 2
CH 2
CH
CH 2
C
C
CH
C
CH
CH
CH 2
CH 2
CH
HO

CH

2

CH

2

CH3

2

CH
CH3

2

Which statements are correct?
1

Cholesterol reacts with a mixture of ethanoic acid and concentrated
sulfuric acid.

2

Cholesterol can be oxidised by hot acidified potassium dichromate.

3

Cholesterol reacts with bromine to form a compound which has two
chiral centres.
18
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
35

The effect of plane polarised light on butan-2,3-diol was studied.

It was identified that there are three different types of molecules, P, Q and R
and the following observations were made with respect to each molecule:
Molecule P rotated plane polarised light in the clockwise direction
Molecule Q rotated plane polarised light in the anti-clockwise direction
Molecule R had no effect on plane polarised light
Which of the following statement(s) can be deduced from the above
observations?
1

Molecule R does not have any chiral carbon.

2

Molecules P and Q are a pair of enantiomers.

3

Molecule R has a plane of symmetry within the molecule but not for
molecules P and Q.

19
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
36

Which pair of organic compounds cannot be distinguished by a chemical
test?
CH3

1

and

CH2CH3

2

C(CH3)3

and

O

O

C

3

C
and

O

O

37

Reversatrol is an insect repellent which is emitted by damaged plants. A
derivative of this repellent, compound P is shown below

Compound P
Which reactions will P undergo?
1

On reacting with HBr gas, one mole of HBr is used up per mole of P.

2

Addition of liquid bromine causes four bromine atoms to be
incorporated per molecule of P.

3

On reacting with cold KMnO4 in aqueous NaOH, four sodium ions are
incorporated per molecule of P.

20
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.

38

Reserpine is an antipsychotic and antihypertensive drug used for the control
of high blood pressure and relief of psychotic behaviours.
[The ether –OCH3 group is inert]

CH3O

N2

N1
H

OCH 3

CH 3OOC

OOC

OCH 3

OCH3
OCH 3

Which statements are correct?
1

The reserpine molecule has 6 chiral centres.

2

When treated with an excess of hot NaOH, reserpine will produce 3
organic compounds.

3

1

2

The N atom labeled N has a lower pKb than the N atom labeled N .
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
39

The following table compares the pKa1 values of various benzoic acids.
acid

formula

pKa1

OH

salicylic acid

2.97
COOH

o-toluic acid

3.91

4-hydroxybenzoic acid

4.58

Which of the following explanations best account for the differences in the
pKa1 values?
1

In o-toluic acid, the presence of the electron-donating group, -CH3,
destabilises the anion.

2

In salicylic acid, there is stabilisation of the monoanion via
intramolecular hydrogen bonding.

3

In 4-hydroxybenzoic acid, the lone pair of electrons on oxygen atom of
phenol interacts with the electron cloud of the benzene ring, hence
stabilising the anion.

22
©chemistry@meridian jc

[Turn over

The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.

40

Papain is a relatively heat resistant enzyme, with an optimal temperature
range of 60-70 °C. The three main amino acids involved in the catalytic
activity of papain at the active site are His48, Asp102 and Ser185.
The first stage in the mechanism of the action of papain is illustrated in the
figure below.
peptide chain

O

H
O

O



N

H

N

N

O

OH

O

C

NH

C

asp

C

R

N

his

ser

asp

his

H

R'
O

ser

With reference to the figure above, which of the following best explains why the
action of this enzyme would be inhibited if the pH was too low.

1

The carboxylate ion of aspartame will be protonated.

2

The alcohol group in serine can no longer act as an effective
nucleophile to bring about hydrolysis.

3

The active site of the enzyme remains unaltered.

End of Paper 1
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31
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33
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D
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35
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A
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A
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37

B

8

B
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D
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B

38

B

9

B
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A
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C
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C

20

D
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1

Planning (P)
You are to design an experiment to determine the enthalpy change of the
reaction of magnesium with sulfuric acid as follows:
Mg (s) + H2SO4 (aq)  MgSO4 (aq) + H2 (g)

H1

You are provided with the following information and a list of apparatus and
reagents. You may also use other apparatus normally found in a school
laboratory.
Reagents and apparatus:

1.0 mol dm3 H2SO4

Mg turnings

A thermometer with 0.2 C division

A 200 cm3 styrofoam cup
Assume that 4.18 J is required to raise the temperature of 1 cm3 of any
solution by 1 oC.
(a)

(i)

The enthalpy change of reaction between magnesium and sulfuric acid
is determined to be approximately 140 kJ mol1. A student attempted
to plan the experiment and suggested the use of 100 cm3 of sulfuric
acid with 0.1 g of Mg turnings but was told by his teacher that the
quantity of Mg used was inappropriate.
Explain with the aid of suitable calculations why the quantity of Mg
suggested was inappropriate.
[2]

1
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(ii)

Hence, write a detailed plan to verify the enthalpy change of reaction
between magnesium and sulfuric acid, H1.
Your plan should include the following:




Justification of the mass of Mg turnings to be used
Tabulation of raw data
Brief description of how the data can be used to determine the
enthalpy change of reaction
[6]

2
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(b)

The standard enthalpy change of formation of magnesium oxide, Hf cannot
be determined directly by experiment and is determined via an indirect
approach using Hess’ Law.
As such, in order to determine Hf, two other experiments were conducted
and the enthalpy change of each of the two reactions is found to be as
follows:
MgO (s) + H2SO4 (aq)  MgSO4 (aq) + H2O (l)
1
H2 (g) + O2 (g)  H2O (l)
2

H2 = +176 kJ mol1
H3 = 286 kJ mol1

(i)

Define the standard enthalpy change of formation of magnesium oxide.

(ii)

Construct an energy cycle to determine the standard enthalpy change
of formation of magnesium oxide, using the approximate value of H1
(140 kJ mol1) in (a), and the above values of H2 and H3.

[4]
[Total : 12]
3
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2

Grignard reagents are very useful in organic synthesis reactions. This
question concerns the preparation and use of Grignard reagents. A Grignard
reagent has the formula RMgX where X is a halogen, and R is an alkyl or aryl
group.
RX + Mg

RMgX
Grignard reagent

Grignard reagents readily react with carbonyl compounds to form their
corresponding alcohols as outlined in the general equations below.

step I

step II

(a)

State the type of reaction for steps I and II respectively.
[1]

(b)

Step I:

…………………………………………

Step II:

…………………………………………

Grignard reagents are formed readily by iodoalkanes. Using the above
general reaction scheme, the Grignard reagent, CH3CH2MgI is first generated
from iodoethane. This is subsequently reacted with pentan–2–one, converting
it into a tertiary alcohol.
Draw the displayed formula of the final organic product formed in step II.
[1]

4
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The experimental procedure below details the conversion of pentan–2–one to
the alcohol product, which involves the initial preparation of a Grignard reagent.
The Grignard reagent is highly reactive and has to be carefully prepared in an
anhydrous environment.

Procedure
1 1.50 g of magnesium turnings is added to a pear-shaped flask with an
equimolar quantity of iodoethane and 20 cm3 of diethylether.
2 A crystal of iodine is added to the mixture from step 1 to activate the
magnesium, and this mixture is refluxed.
3 The mixture is allowed to cool and 6.0 cm3 of pentan–2–one is added dropwise.
The mixture is then gently heated under reflux.
4 Next, the mixture is cooled using an ice bath, and then 25 cm3 of 4 mol dm−3
hydrochloric acid is slowly added.
5 The mixture from step 4 is added to a separating funnel. The aqueous layer is
separated and shaken successively with two 10 cm3 portions of diethylether,
retaining the diethylether extracts and combining them with the original
diethylether layer.
6 The combined diethylether layer is washed successively with 20 cm3 of
(i)
water,
(ii)
saturated sodium hydrogencarbonate solution,
(iii)
1 mol dm−3 aqueous sodium thiosulfate,
(iv)
saturated sodium chloride solution.
7 The diethylether layer is allowed to stand over anhydrous magnesium sulfate.

5
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formula

molar mass
/ g mol−1

density /
g cm−3

iodoethane

C2H5I

156

1.93

diethylether

C2H5OC2H5

74

0.713

magnesium
turnings

Mg

24.3

1.74

pentan-2-one

C5H10O

86

0.814

substance

product
alcohol

0.823

solubility in
water
slightly
soluble
slightly
soluble

boiling
point / °C

insoluble

1110

slightly
soluble
slightly
soluble

72
35

102
143

Table 2.1: Physical Properties of the reagents and the organic product
(c)

Suggest the role of the diethylether in step 1 of the procedure.
[1]

(d)

(i)

In step 2, the mixture is refluxed. Suggest why elevated temperatures
and long periods of time are required for reactions such as this.

(ii)

Show, with the use of calculation whether the Grignard reagent or
pentan–2–one is in excess. Assume that the reaction between
magnesium and iodoethane in step 2 had 100 % yield.

[2]
6
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(e)

In the diagram of the separating funnel below, draw the two layers that will be
observed after step 4. Indicate the relative position of the two layers.

[1]
(f)

In step 6, the water and the three aqueous solutions used to wash the
diethylether layer are intended to remove a particular impurity, either by
dissolving or by chemical reaction followed by dissolving.
Suggest the impurity removed in each step.
(i)

water

………………………………..

(ii)

saturated sodium hydrogencarbonate

………………………………..

(iii)

sodium thiosulfate

………………………………..

(iv)

saturated sodium chloride

………………………………..
[2]

(g)

After step 7, further separation and purification has to be carried out in order to
collect the alcohol product. Briefly describe how you would obtain a pure
sample of the alcohol product.
[1]

[Total : 9]
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3

Group VII elements are often referred to as the halogens. They form silver
halides and hydrogen halides which exhibit physical and chemical properties
that have been used widely in both qualitative and quantitative analysis of the
halides.

(a)

Silver halides differ in their colours as well as solubility product values as
shown in the table below.
compounds
AgCl
Ag2CrO4
(i)

colour
white
red

solubility product at 298 K
2.02 x 10–10
3.01 x 10–12

In an experiment, when 0.1435 g of AgCl (s) is shaken with 10.0 cm3 of
NH3 (aq), the solid just dissolves.
1

Calculate the [Cl–] and [Ag+] when the AgCl (s) just dissolves.

8
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2

The Kc for the following reaction is 1.50 x 107 mol2 dm6.
Ag+ (aq) + 2 NH3 (aq)

[Ag(NH3)2]+ (aq)

You may assume that [Ag(NH3)2]+ has the same concentration
as the chloride ions when AgCl just dissolves in NH3.


Calculate the [NH3] at equilibrium.



Hence, calculate the minimum concentration of 10.0 cm3
of NH3 which will dissolve 0.1435 g of AgCl (s).

9
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(ii)

When a precipitate is formed, ∆Gppt in J mol1 is given by the following
expression:
∆Gppt = 2.303 RT lg Ksp
1

2

Use the data above to calculate ∆Gppt , in kJ mol1, for Ag2CrO4.

Hence, determine whether Ag2CrO4 is soluble in water at 298 K.
Explain your answer.

[6]
(b)

The probe on a pH meter has two electrodes, one is a glass electrode that
responds to changes in [H+(aq)] and the other a reference electrode that has
a stable electrode potential.
The reference electrode is often a silver electrode dipped in a solution of
0.50 mol dm3 KCl in contact with AgCl (s). The electrode assembly of the pH
meter could be represented in Figure 1.

, KCl (aq)

Figure 1
10
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(i)

Calculate the [Ag+] in the electrode assembly using the value of
solubility product for AgCl in (a).

(ii)

The electrode potential, E, changes from the standard value, E, if the
concentration of the ions is non-standard. This change is given by the
Nernst equation.
E = E + 0.059 lg [Ag+]

Using appropriate information from the Data Booklet, calculate the
electrode potential of the silver electrode, E at 298 K.

(iii)

Suggest why a 0.50 mol dm3 solution of KCl is used rather than pure
water.

[3]
11
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(c)

The gaseous hydrogen halides HCl, HBr and HI, may be prepared by reacting
the corresponding sodium salt with concentrated phosphoric (V) acid, H3PO4.
When sodium halide NaX was used, a sample of gaseous HX was collected in
a gas jar. A hot glass rod was placed in the sample of HX and orange fumes
was observed immediately. When aqueous NaOH was added, the orange
colour disappeared.
(i)

Suggest the identity of NaX.

(ii)

Explain why concentrated phosphoric (V) acid rather than concentrated
sulfuric acid is used to prepare samples of HX from the corresponding
sodium salt.

(iii)

With the aid of an ionic equation, suggest the type of reaction between
NaOH (aq) and the orange fumes.
Type of reaction:

…………………………………………………..

Ionic equation: …………………………………………………..
(iv)

The hydrogen halides can be thermally decomposed under suitable
conditions. By quoting appropriate data from the Data Booklet, explain
the trend in the thermal stability of the hydrogen halides.

[6]
[Total : 15]
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4

Limonene, which has the characteristic smell of oranges, is an organic
compound that can be used in an array of applications ranging from food
manufacturing to cleaning industries.

(a)

Besides limonene, the following compound is another commonly used
cleaning agent in the chemical industry.

This cleaning agent is an example of a typical oil spill dispersant, used to
combat oil spills.
(i)

By reference to the type of intermolecular forces, explain why this
molecule is able to function as an oil spill dispersant.

(ii)

On the diagram below, illustrate and label the interaction between a
molecule of this cleaning agent and one water molecule.

[2]
13
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(b)

Limonene can be obtained via a series of organic reactions involving the
Diels–Alder reaction. The Diels–Alder reaction is a cycloaddition mechanism
involving a diene and a dienophile as shown below:

diene

dienophile

The dienophile acts as the electrophile in the Diels–Alder reaction.
Isoprene, a diene can be used to synthesise Limonene and compound A
using the cycloaddition mechanism.

Reaction I:

isoprene

limonene

Reaction II:

isoprene
(i)

compound A

With reference to the cycloaddition mechanism, explain qualitatively
why the rate of reaction II is faster than that for reaction I.

14
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(ii)

Compound D may also be synthesised from the Diels–Alder reaction.
Suggest the structural formula of reactants B and C from which
compound D may be synthesised.

+

B

C

D

[3]
(c)

When isoprene is reacted with chlorine gas, the following products may be
formed in various proportions.

compound E

compound F

15
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To determine the rate equation for the reaction between isoprene and chlorine
gas, a student conducted a series of experiments and obtained the following
data:
expt

1
2
(i)

concentration / mol dm-3
CH2=C(CH3)CH=CH2
Cl2
0.04
0.128
0.08
0.064

initial rate /
mol dm-3 s-1
1.77 x 10-3
1.76 x 10-3

The order of reaction with respect to chlorine is found to be 1.
Using data from the table above, determine the order of reaction with
respect to CH2=C(CH3)CH=CH2, showing your working clearly.

(ii)

Hence, construct the rate equation for the reaction.

(iii)

State which product, E or F will be formed in a greater proportion.

16
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(iv)

Using your answers to (c)(ii) and (c)(iii), describe a mechanism that is
consistent with the rate equation. Indicate which step is the
rate-determining step.

[5]
(d)

Suggest how compound E could be distinguished from compound F by a
two-step chemical test.

compound E

compound F

[2]

[Total : 12]
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5

Melatonin is a naturally occurring hormone found in animals, THC is a drug
obtained from the cannabis plant, and haloperiodol is an antipsychotic drug.
CH3
O
CH3

NH

OH

O
N
H

O

melatonin

THC

F

N
O

Cl
OH

haloperiodol
(a)

All three organic molecules share similar reactions with some reagents only.
(i)

State one reagent that will react with both melatonin and haloperiodol
and not with THC.

(ii)

State one reagent and the required condition that will react with both
melatonin and THC but not with haloperiodol.

(iii)

State one reagent, other than MnO4- ions, and the conditions required
that will react with all three compounds.

[3]
18
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(b)

Melatonin can be made through the reaction between two organic compounds
in the laboratory. Suggest the structural formulae of these two compounds.
[2]

(c)

Melatonin can undergo a series of reactions to obtain compound X.

OCH3

NH2

Br

Br
O
NHCH2COBr

Compound X
Explain the different reactivities of the three bromine atoms in compound X.
[3]

19
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(d)

Describe a chemical test that would allow you to distinguish between THC
and melatonin. The distinguishing may rely on a preliminary breaking-up of
the compounds, and subsequent testing of the reaction products.
You must identify melatonin positively. State only the observations for the
positive test.
[2]

[Total: 10]
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6

Chromium is a transition metal which exists as a grey, lustrous metal. It exists
in more than one oxidation state and forms compounds with many colours.
Aqueous chromium (III) nitrate undergoes the following reactions.

Cr(NO3)3 (aq)

NaOH

Cr(OH)3
grey green
ppt

excess
NaOH

[Cr(OH)6]3–
dark green solution

multiple steps
Zn
Cr2O3
step I
H
blue
solution

C + Cl2

CrCl3

molten KCl

K3Cr2Cl9

NH(CH2CH2NH2)2

G

(a)

Account for the observation when aqueous sodium hydroxide was added to a
solution of Cr(NO3)3, until in excess. Write balanced equations for the
reactions which occur.
[2]

21
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(b)

Suggest a balanced equation for step I involving the formation of
chromium (III) chloride from chromium (III) oxide, given that a poisonous gas
was given off in the process.
[1]

(c)

Molten potassium chloride reacts with chromium (III) chloride to form a
K3Cr2Cl9 where the two chromium ions are linked via three chloride bridges.

Suggest the coordination number of chromium in the complex.
[1]

(d)

Suggest the formula of the complex ion present in H.
[1]

22
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(e)

Chromium (III) chloride reacts with diethylenetriamine, NH(CH2CH2NH2)2, to
form G. It was experimentally deduced that three moles of AgNO3 is required
to react completely with one mole of G.

diethylenetriamine
(i)

What type of reaction occurs when CrCl3 is converted to G?

(ii)

Draw the structure of G.

[2]
(f)

Chromium (III) nitrate dissolves in water to form a purple solution.
Suggest an explanation for chromium (III) nitrate being coloured.
[3]

23
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(g)

In a ‘high spin’ state, the electrons occupy all the d-orbitals singly, before
pairing up in the lower energy d-orbitals. In a ‘low spin’ state, the lower energy
d-orbitals are filled first, by pairing, before the higher energy d-orbitals are
used.

A simple mathematical relationship between the number of unpaired electrons
and the magnetic moment is given below.

  n(n  2)
where is the magnetic moment and n is the number of unpaired electrons.
The value of magnetic moment,  is 4.90 for Cr2+ in [Cr(H2O)6]2+.
Calculate the value of n and hence predict the spin state of Cr2+ in
[Cr(H2O)6]2+. Hence or otherwise, show the electronic distribution of Cr2+ ion in
this spin state.
[2]

24
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(h)

The standard electrode potential of the [Cr(H2O)6]3+/ [Cr(H2O)6]2+ system is
given below.
[Cr(H2O)6]3+ (aq) + e–
[Cr(CN)6]3- (aq) + e–

[Cr(H2O)6]2+ (aq) ----- (1)
[Cr(CN)6]4- (aq)

----- (2)

Eo = -0.41 V
Eo =

?

The presence of cyanide ions will stabilise chromium (III) ion in [Cr(CN)6]3-,
hence lowering the oxidising ability of the chromium (III) ion.
(i)

Other than commenting on the stability of [Cr(CN)6]3-, explain the
observation above.

(ii)

Suggest a possible standard electrode potential value for equation (2).

[2]
[Total : 14]

End of Paper 2
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2013 MJC H2 Chemistry Paper 2 Suggested Answers
(a)

(i)

140 × 103 × (0.00412) = (100) (4.18) (T)

The temperature change of 1.38C is too small and (experimental) results
would be very inaccurate.
(ii)

Hence, write a detailed plan to verify the enthalpy change of reaction
between magnesium and sulfuric acid, H1.
Your plan should include the following:




Justification of the mass of Mg turnings to be used
Tabulation of raw data
Brief description of how the data can be used to determine the
enthalpy change of reaction
[6]
Justification of mass to be used
140 × 103 × (m/24.3) = (100) (4.18) (7)
m = 0.508 g (any suitable mass to achieve a T of 7 C to 10 C)
Procedure
1) Using a 100 cm3 measuring cylinder, measure out 100 cm3 of sulfuric acid
into the styrofoam cup supported in a 250 cm3 beaker.
2) Measure and record the initial temperature of the solution.
3) Weigh accurately 0.510 g of Mg turnings in a clean dry weighing bottle
using a mass balance.
4) Carefully transfer the Mg turnings into the cup, stir.
5) Measure and record the highest temperature reached.
6) Re-weigh the weighing bottle which may contain some residual Mg
turnings; record the actual mass of solid sample used.
Tabulation of Data
Mass of weighing bottle and Mg turnings / g
Mass of weighing bottle + residual solid after transfer / g
Mass of Mg turnings used / g
Initial temperature of solution / C
Highest temperature of solution / C
Change in temperature, T / C
Treatment of Data
IH1I × M / 24.3 = 100 × 4.18 × T / 1000
H1 = (0.418)(24.3)(T) /M kJ mol-1
©chemistry@meridian jc

1

M

(b)(i) Is the energy change when 1 mole of MgO (s) is formed from its elements, Mg
(s) and O2 (g) under standard conditions
(ii)
Mg (s) + ½ O2 (g)

Hf

MgO (s)

+ H2SO4 (aq)

+ H2SO4 (aq)

H1

H2

MgSO4 (aq) + H2 (g) + ½O2 (g)

MgSO4 (aq) + H2O (l)
H3

Hf = 602 kJ mol1
2(a)
Step I: Nucleophilic Addition ; Step II: Hydrolysis
(b)

(c)

Acts as a solvent

(d)(i) (Strong) covalent bonds in organic molecules or the strong C-I bond must be
broken.
(ii)

No of moles of pentan–2–one = 6 x 0.814 /86 = 0.05679
No of moles of Mg = 1.50 / 24.3 = 0.0617
Grignard reagent is in excess.

2
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Organic layer

Aqueous layer

(f)
(i)
(ii)
(iii)
(iv)
(g)

water
saturated sodium hydrogencarbonate
sodium thiosulfate
saturated sodium chloride

Mg(OH)I /MgCl/MgI
HCl
Iodine
Water

Transfer the diethylether layer into a distilling flask fitted with an air condenser
and carry out distillation by boiling over temperature range from 141 oC to 145
o
C.

3 (ai) 1

1.00  103
[Cl ] =
= 0.100 mol dm-3
10
1000
-

[Ag+] =

2

Kc =

K sp
[Cl  ]

=

2.02  1010
= 2.02 x 10-9 mol dm-3
0.100

0.10
= 1.50 x 107
-9
2
2.02? 0 譡NH3 ]

[NH3] at equlibrium = 1.82 mol dm3
No. of mol of NH3 for complexation = = 2.00 x 103
Total mol of NH3
= 0.0182 + 2.00 x 103
0.0202
= 2.02 mol dm3
[NH3]total =
10
1000
3
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(ii)
1
2
(bi)

∆Gppt

= = 2.303 x 8.31 x 298 x lg 3.01 x 10–12 = --65.7 kJ mol-1

Precipitation is feasible hence, Ag2CrO4 is insoluble in water

[Ag+] (0.5) = 2.02 x 103
[Ag+] = 4.04 x 1010 mol dm3

(ii)

E = 0.80 + 0.059 lg 4.04 x 1010 = +0.25 V

(iii)

KCl (aq) dissociates in water to form oppositely charged ions to maintain
electrical neutrality or KCl (aq) is acting like a salt bridge since it dissociates
in water to form oppositely charged ions.

(ci)

NaBr or sodium bromide

(ii)

2 HBr + H2SO4  Br2 + SO2 + 2H2O or conc H3PO4 is not an oxidising agent

(iii)

Disproportionation : 6 OH + 3 Br2  5 Br- + BrO3 + 3 H2O

(iv)

Bond energies are 431, 366 and 299 kJ mol1 respectively. Bond strength of
H–X decreases hence bond dissociation energy decreases. Hence, thermal
stability of the HX decreases down the group.

4 (ai) The dispersant can form hydrogen bonds with water molecules. The
hydrophobic groups form weak Van der Waals’ forces of attraction with the oil
droplets.
(ii)

+

Hydrogen Bonding





+

+

+

+
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+

(bi)

For reaction II: The electron withdrawing C=O group on the dienophile causes
it to be more electron-deficient, thus making the dienophile a stronger
electrophile. Hence, rxn is faster. For reaction I: The electron donating alkyl
group on the dienophile causes it to be less electron-deficient,thus making the
dineophile a weaker electrophile.

(ii

+

(ci)

Order of reaction wrt CH2=C(CH3)CH=CH2 (or isoprene) is 1.

(ii)

Rate = k[CH2=C(CH3)CH=CH2][Cl2]

(iii)

Product F

(iv)
Step 1:

slow

Cl

+

Cl +
Cl

compound F

-

Step 2:

fast

5
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Cl -

(d)

Step 1: Add dilute H2SO4, KMnO4, heat to each compound separately
Step 2: Add aq I2, (excess) NaOH, heat to the reaction products
Observations: Yellow precipitate will be formed for compound E but not F

5(ai) Dilute or aq HCl (or dilute H2SO4)
(ii)

Br2 in CCl4 (or aq. Br2) , r.t.p.

(iii)

H2 with Ni catalyst at high temperature and pressure

(b)

CH3Cl
(c)

For acyl bromide. the electron deficient carbonyl carbon in –COBr is bonded
to two electronegative atoms.Hence, –COBr group is most susceptible to
nucleophilic attack, thus it is most reactive. For aryl bromide, the p-orbital of
the bromine atom interacts with the  electron cloud of the benzene ring.This
strengthens the C-Br bond thus, rendering nucleophile substitution difficult
hence least reactive.

(d)

Add dilute HCl to each compound and heat .Distill the products and add
aqueous Na2CO3 to each mixture. Gas evolved forms a white ppt with
Ca(OH)2.

6(a)

[Cr(H2O)6]3+ + 3 OH–
Cr(H2O)6]

3+

–

+ 3 OH

[Cr(H2O)6]3+ + 6 OH–

Cr(OH)3 + 6 H2O

Cr(OH)3(H2O)3 + 3 H2O
[Cr(OH)6]3– + 6 H2O

or Cr(OH)3(H2O)3 + 3 OH–

[Cr(OH)6]3– + 3 H2O

(b)

Cr2O3 + 3 C + 3 Cl2  2 CrCl3 + 3 CO

(c)

6

(d)

[Cr(H2O)6]2+
6
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or

(ei)

Ligand exchange

(ii)

(f)

Cr3+ has partially filled 3d orbitals. The d orbitals are split into two groups via
d-d splitting. d-d transition occurs where d e’s are promoted to the higher d
orbital During the transition, the d electron absorbs wavelength from the
yellow region of light and emits the remaining wavelength which appears as
purple color.

(g)

4.90 = n(n + 2) ; n = -6 (rejected) or n=4

High Spin State for Cr2+
___ ___
___ ___ ___

(hi)

It is harder/more difficult to reduce the Cr3+ by adding an electron to an
anion/negatively charged complex.

(ii)

Accept :Eo = < -0.41V
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Answer any
a 4 out of 5 questtions in th
his paper.
Be
egin each question o
on a fresh sheet of writing
w
papeer.
1

to reduce the effects
Antihistam
mines are consumed
c
s of allergiic reactions in the
body. The
e drug fexo
ofenadine iis used to treat snee
ezing, runnny nose an
nd itchy
eyes expe
erienced by
y hay feverr sufferers,, without ca
ausing droowsiness.

COOH
N
HO
R

OH
H
R
Fe
exofenadiine
R is
s common organic hyydrocarbon
n group

(a)

A sample of 1 g of fexofenadi
f
ine was co
ompletely burnt
b
in exxcess oxyg
gen and
57.6 cm3 of
o NO2 gas
s was prod
duced. All volumes
v
were
w
measuured at 80 oC and
1 atm.
(i)

ulate the Mr of fexofe
enadine, to
o the neare
est whole nnumber, us
sing the
Calcu
abovve information.

(ii)

The actual
a
Mr of
o fexofena
adine is 50
01. Explain why theree is a discrrepancy
between the ca
alculated M r in (a)(i) and
a the acttual Mr.

(iii) Hencce, sugges
st the strucctural formu
ula of the common
c
oorganic gro
oup R in
fexoffenadine, R2C20H29O4 N.
[5]
(b)

Fexofenad
dine is sold as the hydrochlo
oride salt in tablet fform. Each
h tablet
contains 120
1
mg of the hydro
ochloride salt. The maximum
m
ddosage is 490
4 mg
per intake and twice daily for a
an average
e 65 kg adu
ult.

(i)

gest why fe
exofenadin
ne is sold as
a the hydrrochloride ssalt ratherr than in
Sugg
the fe
exofenadin
ne form.
1
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(ii)

Calculate the number of boxes of tablets (refer to the photograph on
page 2) a traveller needs to carry for a 5 day journey if he is going to
consume it up to the safety limit so as to maximise his runny nose
recovery.
[3]

In pharmaceutical companies, fexofenadine can be synthesised in the following way.
O
CN

CH3Br

CN

CH3Br

Cl

CN Cl

A

AlCl 3
II

I

III

NH
HO
R

CN
Cl

R

OH

COOH
N

(c)

HCl (aq), heat
B
R 2C 20H28N 2O 2

OH

HO
R

R

(i)

Draw the structural formula of compounds A and B.

(ii)

State the type of reaction for II.

Fexof enadine

(iii) Suggest the reagent and condition for III.
(iv) Draw the structure of the product formed when a sample of the
intermediate given below was heated with aqueous K2Cr2O7 in D2SO4.
(D, deuterium = 2H)

CN
Cl
OH
2
©chemistry@meridian jc
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(v)

Fexofenadine can be converted into a cyclic compound shown below.
Suggest the reagent and condition for this conversion.
[6]

O
O
R

HO
N

(d)

R

In a separate experiment, the precursor for the synthesis of fexofenadine,
Br
CN

was found to react with one mole of bromine to form

CN

(i)

Outline a mechanism to show how the above product could have been
formed.
I

(ii)

Suggest why it is not possible to synthesise the iodo derivative,

CN

from the same precursor when some I2 is present.
[4]
(e)

Compound B, with the molecular formula R2C20H28N2O2, contains two
different nitrogen-containing functional groups. Name and explain which
functional group has a higher Kb value.
[2]

[Total: 20]
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2

In a directt propan-2-ol fuel ce
ell (D2PFC), the elec
ctro-oxidatioon of prop
pan-2-ol
o
takes placce catalytic
cally at tem
mperatures around 80
0 C. The pprocess prroduces
propanone
e and hydrrogen ionss. H+ ions travel
t
through the poolymer ele
ectrolyte
membrane
e (PEM) to
o the electrrode to rea
act with oxy
ygen to prooduce wate
er while
the electro
ons travel through tthe externa
al electrica
al circuit tto the cath
hode to
produce electrical po
ower.

(a)

(i)

Dedu
uce the ion
n-electron h
half equatiion for the anode an d hence write
w
the
overa
all cell reac
ction during
g discharg
ging.

((ii)

A typ
pical D2PF
FC batteryy generate
es about 1.26
1
volts.. Using th
he Data
Bookklet, calcu
ulate the Eθ value in
nvolving the
t
propaan-2-ol/propanone
half-ccell.

(iii) Expla
ain qualita
atively the change in the ove
erall Eθcell value me
easured
when
n a small amount off base is added to the propaan-2-ol/propanone
half-ccell.
(iv) Sugg
gest one disadvantag
ge of using this fuel cell.
c
[6]
(b)

One method for the constructio
on of the fuel
f
cell inv
volves elecctroplating a layer
m onto the surface off the PEM. The electtrolyte useed for this process
p
of platinum
2+
consists of
o a solution of [Pt((NH3)4] and
a
the PEM
P
is thee cathode in the
electrolyte
e cell.
(i)

Sugg
gest the half-equati
h
on including state symbols for the cathode
c
reacttion. State an observvation.

(ii)

Calcu
ulate the mass
m
of pla
atinum dep
posited ontto a PEM with surfac
ce area
2
-3
-2
of 25
5 cm if a current
c
of 3
3.5 x 10 A cm was
s passed tthrough the
e circuit
for 75
5 minutes.
[4]
4
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(c)

Aromatic compounds P and Q are alternative fuels used in similar fuel cells
that utilise PEM.
(i)

The aromatic organic compounds P and Q are isomers of each other
with the molecular formula C9H8O2.
P produces effervescence with NaHCO3 but Q does not. P and Q
decolourise aqueous chlorine readily to form R (C9H9O3Cl) and S
(C9H7O3Cl3) respectively. Q reacts with Tollen’s reagent but not with
Fehling’s solution. P and Q reacts with hot acidified potassium
manganate (VII) to form T and U respectively.
COOH
COOH

COOH

HO
T

U

Suggest the structures of P, Q, R and S, explaining the reactions
involved.
(ii)

Aromatic compounds V and W are isomeric to compounds P and Q.

Compounds V and W can be distinguished via the addition of a single
reagent. Write a balanced equation to illustrate the positive test.

(iii) Under appropriate conditions, compound T is converted into two isomers
X and Y.
Br
COOH

COOH

Br
Y

X

Predict and explain which compound X or Y has a higher acid strength.
[10]
[Total: 20]
5
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Azides are energy-rich molecules with many applications. Sodium azide, for
example, is used as a preservative, mutagen, biocide, and assay reagent.
Organic azides and hydrogen azides are important starting materials capable
of producing a diversity of organic compounds.
In the Schmidt rearrangement reactions shown below, hydrogen azide, HN3,
can be converted to the following products using acid as a catalyst (cat).
R C N
nit rile

O
R

R

R

H

O

R

aldehyde

R

N R

R

R

R

R

R

imine

N
H
amide

O

olef in

HN3

R

(H+ as cat.)

R

k etone

OH
R

R

O

R
R

3 o alcohol

OH

carboxy lic
acid

R
N
R

H
R

imine

R

N

H

amine

(a)

(i)

Suggest the structure of hydrogen azide, HN3.

(ii)

Draw the structure of the product formed when hydrogen azide, HN3,
reacts with cyclopentanone.

(iii) Outline how you could bring about the following conversion in three
steps. In your answer, you are to clearly state the reagents and
conditions used and draw the intermediates formed. An appropriate
reaction from the Schmidt rearrangement is to be used as one of the
steps.
O
CH3CH2CHO

3 steps

CH3CH2N C CH3
H

[5]

6
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(b)

An acid is used as a homogeneous catalyst in the Schmidt reactions to lower
the activation energy of the reaction by providing an alternative pathway.
Other common homogeneous catalysts are transition element ions. Using the
Data Booklet, explain how Fe2+ ions increases the rate of the following
reaction.
S2O82- (aq) + 2I- (aq)  2SO42- (aq) + I2 (aq)
[3]

Azides, being very versatile, can play the role of either a nucleophile or an
electrophile in organic reactions.
RX

NaN3

(c)

Reaction I

RN 3

1.R'MgC l
2. H2 O

R'NH2

Reaction II

Identify the roles of azide in Reaction I and Reaction II.
[1]

(d)

(e)

When NaN3 reacts with CH3CH2CHBrCH3 according to Reaction I, the product
formed, CH3CH2CH(N3)CH3 does not rotate plane polarised light.
(i)

Name and outline the mechanism in Reaction I.

(ii)

Explain why the product formed in (d)(i) does not rotate plane polarised
light.
[4]

MgCl2 reacts with water in a similar way as the Grignard reagent in Reaction
II, R’MgCl.
Using balanced equations, explain how magnesium chloride reacts with water
and state the pH of the resultant solution.
[3]

7
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(f)

To determine the structure of an organic molecule, it is useful to know the
number of double bonds it has using the formula below.
Number of double bonds = C 

where

H X N
  1
2 2 2

C = number of C,
H = number of H,
X= number of halogen and
N = number of N

Note that a triple bond, eg. in a nitrile, -CN is equivalent to 2 double bonds

When compound A, C5H12O2, which contains a chiral carbon, is heated with
acidified potassium dichromate under distillation, compound B, C5H10O2, is
collected as the distillate. Compound B gives a brick red precipitate when
warmed with Fehling’s solution and white fumes when reacted with SOCl2.
Compound A reacts with hydrogen azide to give compound C, C5H11NO.
(i)

Determine the number of double bonds in compounds A, B and C.

(ii)

Using your answers in (f)(i) and the Schmidt’s rearrangement scheme,
suggest the structural formula of each of the compounds, A, B and C.
[4]
[Total: 20]
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4

A controversial issue in Singapore recently centred upon the demise of
American researcher, Dr Shane Todd who worked at the Singapore Institute
of Microelectronics on a research project presumably involving gallium nitride,
GaN.
Powdered gallium nitride can be made from the reaction of gallium with
ammonia.
2Ga + 2NH3  2GaN + 3H2

(a)

Gallium is a silvery-blue metal that can exist as a liquid at room conditions. Its
low melting point of 30oC is thought to be due to the existence of Ga2 dimers.
Explain, in terms of structure and bonding, why the melting of point of Ga2
dimers would be lower than the melting point of aluminium.
[2]

(b)

Like gallium nitride, silicon has little electrical conductivity when used in a pure
form as a semiconductor. Their electrical properties are altered through a
process called ‘doping’, which involves the mixing of a small amount of
impurities into their crystal structure.
In the case of silicon, phosphorus is often used in what is known as n-type
doping, whereas boron is used in p-type doping. Introduction of these
elements causes changes to the structure of silicon (illustrated in Diagram 1),
which increases the conductivity of the material.
electron

silicon

Diagram 1 : Structure in n-type (left) and p-type doping of silicon

Suggest how the introduction of the following increases electrical conductivity
of silicon.
(i)

phosphorus in n-type doping.

(ii)

boron in p-type doping.
[2]
9
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(c)

Gallium forms many halogen-containing compounds such as gallium (III)
chloride which is a reagent for organic synthesis.
(i)

Construct a labelled Born-Haber cycle for the formation of gallium (III)
chloride, from its elements. Use the cycle to determine the standard
enthalpy change of formation of gallium (III) chloride.
Incorporate data from the table below as well as relevant data from the
Data Booklet.
Enthalpy term
Lattice energy of GaCl3
Standard enthalpy change of atomisation of gallium
First electron affinity for chlorine

(ii)

∆ H / kJ mol-1
-5645
+277
-364

The numerical values of lattice energies for the gallium (III) halides are
listed in the table below. Two sets of data for the lattice energies are
available, as one is determined experimentally, while the other is
theoretically calculated.
Compound

GaCl3
GaBr3
GaI3

experimental
value / kJ mol-1
5645
5552
5476

theoretical value
/ kJ mol-1
5217
4966
4611

Table: Lattice Energies of Gallium (III) Halides

Account for the differences in agreement between the experimental and
theoretical values of the lattice energies of the gallium (III) halides from
GaCl3 to GaI3.
[6]
(iii) Gallium(III) chloride has a melting point of only 78°C. Conversely,
gallium (III) fluoride, GaF3, is a white solid that melts above 1000°C.
Under room conditions, the molar mass of gallium chloride is 352.4 g
mol–1.(Ar of Ga = 69.7, Ar of Cl = 35.5)
1

Draw the dot-and-cross diagrams of gallium (III) fluoride and
gallium (III) chloride.

2

Deduce with reasoning, the shape and bond angle around
gallium in gallium (III) chloride.
[4]

10
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(d)

When hea
ated at ve
ery high te
emperature
es, gallium
m (III) chlooride reac
cts with
elemental gallium to
o form th e respectiive gallium
m (I) chlorride. Cooling the
mixture favvours the reverse
r
dissproportion
nation reac
ction.
2Ga (s) + GaCl3 (g
g)

3GaCl (g)

When a 3: 2 mole ratio of Ga
aCl3 and GaCl
G
respe
ectively at 3 atmosph
heres is
passed ovver gallium
m at a cerrtain high temperatu
ure, the paartial pressure of
GaCl at eq
quilibrium is found to be 1.8 atm
m.
(i)

Calculate Kp, stating the
e units.

(ii)

Exp
plain with reasons, w
whether th
he formatio
on of galliium(I) chlo
oride is
favo
oured by high or low pressure.

(iii)

Ded
duce how the entrop
py of the forward
f
re
eaction willl change. Hence,
dete
ermine how
w the valu e of the fre
ee energy of this reaaction will change
with
h tempera
ature and what consequence
es would it have on the
con
nditions req
quired for t he formatio
on of galliu
um (I) chlooride.
[6]

[To
otal: 20]
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5

Transport proteins serve the function of moving other materials within an
organism. They are vital to the growth and life of all living things. Hemoglobin
is an iron-containing oxygen-transport protein found in the red blood cells of
all vertebrates.

(a)

State the type of bonding or interactions involved in the primary, secondary,
tertiary and quaternary structures of proteins like hemoglobin.
[2]

(b)

The following amino acids are some of the amino acids present in the primary
sequence of hemoglobin.

Valine

Formula of side chain
(R’ in R’CH(NH2)CO2H)
-CH(CH3)2

Isoelectric
Point
6.00

Glutamic acid

-CH2CH2COOH

3.15

Asparagine

-CH2CONH2

5.41

Amino Acids

An electrophoresis experiment is run on a solution containing the above three
amino acids at pH 5.00. The relative positions of the amino acids are shown in
the diagram below.

[1] forall correct answers
1- valine (val)
A

B

C

‘
Anode

Original position
of sample

Cathode

Suggest the identities of amino acid A, B and C.
[1]

12
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(c)

Haemoglobin is able to exhibit peroxidase-like activity to catalyse the
oxidation of colourless phenolphthalein into its bright pink conjugate base.
This reaction is often used to test for the presence of blood at a crime scene.
Phenolphthalein is a weak acid which dissociates in water according to the
following equation:
HO

HO

OH

O

+ H2O

+ H3O+

O

O-

O

O

Phenolphthalein
colourless

Conjugate base of phenolphthalein
pink

The Ka of phenolphthalein is 3.00 x 10-10 mol dm-3.
Distinct colour change for phenolphthalein occurs when half of the indicator is
phenolphthalein and the other half is its conjugate base.
(i)

Determine the pH at which phenolphthalein shows distinct colour change.

(ii)

The change of colour for phenolphthalein occurs over a limited range of
pH and falls between  1.00 of the pKa value.
In an experiment, a 25.0 cm3 sample of the hydroxylammonium chloride,
NH3OH+Cl-, solution was titrated against a solution of 0.100 mol dm-3
sodium hydroxide. 14.40 cm3 of sodium hydroxide was needed for
complete neutralisation as shown by the equation below:
NH3OH+Cl- + NaOH  NH2OH + NaCl + H2O
Given that Ka value of NH3OH+ is 9.09 x 10-7 mol dm-3, determine the pH
of resulting solution. Hence, explain if phenolphthalein is a suitable
indicator for this titration.
[4]

13
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(d)

The reaction kinetics of oxygen binding to hemoglobin in human red blood cell
suspensions is studied. This is done by measuring the rates of uptake of
oxygen by hemoglobin at different partial pressures of oxygen.
The graph of initial rate against partial pressure of oxygen was plotted below.
Graph of Initial Rate x 102 / N m-2 s-1 vs pO2 / N m-2
Initial rate x 102 / N m-2 s-1

3.5
3
2.5
2
1.5
1
0.5
0
0

0.05

0.1

0.15

pO2 / N

0.2

0.25

0.3

m-2

(i)

Using the graph above, state the order of reaction with respect to
oxygen.

(ii)

The concentration of hemoglobin was halved and a new series of
experiments was conducted at the same temperature. When a similar
graph was plotted, the gradient at each point was half that obtained from
the above graph.
Deduce the order of reaction with respect to hemoglobin? Explain your
answer.

(iii) Construct the rate equation for the reaction between hemoglobin and
oxygen.

Air oxygen dissolves in blood in the lungs and its concentration under
common conditions is kept at 1.6 x 10-6 mol dm-3 by breathing. The
concentration of haemoglobin in the blood of lung capillaries is also constant
and is equal to 8.0 x10-6 mol dm-3.
(iv) Calculate the rate of oxyhemoglobin formation if the rate constant is
k = 2.1 x 106 dm3 mol-1s-1 at 37 °C.
[4]

14
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(e)

Another type of protein that transports oxygen throughout the bodies of
invertebrates is hemocyanin, which contains two copper atoms that reversibly
bind a single oxygen molecule.
(i)

Hemocyanin exhibits catalytic activity to catalyse the hydroxylation of
monophenols to diphenols.
Using an appropriate sketch of the Maxwell-Boltzmann distribution,
explain how the presence of hemocyanin increases the rate of
hydroxylation of monophenols.

(ii)

(f)

Partial denaturation actually improves hemocyanin’s catalytic ability by
providing greater access to the active site.
1

What is meant by the term denaturation?

2

Suggest how a weak acid might interact with hemocyanin to bring
about denaturation.
[6]

Cereulide is another example of a transport protein. As a natural
dodecadepsipeptide ionophore, cereulide acts as potassium transporters,
where potassium, K+, plays a vital role in bacterial physiology.

Cereulide
(i)

Apart from the peptide group, name another functional group that is
present in the molecule?

When treated with a peptidase enzyme, the peptides bonds in the ring are
hydrolysed. Only three different products are formed.
(ii)

Out of the three products formed, two of the amino acid residues are
present more than once in the protein. Draw the structural formula of
the two amino acid residues.
[3]
[Total: 20]
End of Paper 3
15
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Mark Scheme

Suggested Answers
for 2013 MJC Prelim P3
CONFIDENTIAL

1(a)

(i)

Mr of fexofenadine =
(ii)

1.01 105  57.6  106
8.31 353

No of moles of NO2 gas produced =

1
1.983  10-3

= 504

There are significant intermolecular forces of attraction

(iii) The R group should be C6H5 since R =77
(b)

(i)

(ii)
(c)

The hydrochloride salt is more soluble in aqueous solution forming iondipole interaction with the water molecules
No of boxes he needs for 5 days =

4 25
= 2 (must be whole no)
30

(i)
CN

CN

N
HO
R

Cl
O

Compound A
(ii)

Electrophilic substitution

(iii)

NaBH4 in ethanol,r.t.p

OH
R

Compound B

(iv)
COOD
Cl
O

(v) Concentrated H2SO4, heat

©chemistry@meridian jc

1

(d) (i)
Initiation
UV light

Br 2

2 Br

Propagation
CN

Br

CN

HBr
Br

CN

CN

Br 2

Br

Termination
Br
Br

(ii)

CN

CN

The formation of the iodo derivative in the propagation step is highly
endothermic .

(e)

The amine group. The electron donating R group in the amine increase the
electron density on the lone pair of electrons on N, making it more available to
accept a proton.

2(a)

(i)

(b)

CH3CH(OH)CH3  CH3COCH3 + 2 H+ + 2e
CH3CH(OH)CH3 + O2  CH3COCH3 + 2H2O

(ii)

Eθ = - 0.03 V

(iii)

The OH- neutralises H+ , causing the concentration [H+] to decrease.
The equilibrium position will shift left to increase [H+]. Eθoxid will become
less positive. Hence, more positive overall Eθ cell .

(iv)

Availability of propan-2-ol as source. *Other answers possible

(i)

[Pt(NH3)4]2+ (aq) + 2e  Pt (s)+ 4NH3 (g). Grey solid formed or pungent
ammonia gas evolved ( or state test for ammonia)

(ii)

No of moles of platinum
Mass of platinum

=

ூ்
ி

= = 2.04 x10-3

= 2.04 x 10-3 x 195 = 0.398 g

©chemistry@meridian jc
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(c)

(i)

P undergoes acid-carbonate reaction / neutralization with NaHCO3
 P contains a carboxylic acid group.


P undergoes electrophilic addition with aq chlorine
 P contains an alkene



Q undergoes electrophilic addition and electrophilic substitution
with aq chlorine.
 Q contains both an alkene and a phenol



Q undergoes oxidation with Tollen’s reagent but not Fehling
solution
 P contains an aromatic aldehyde



P and Q undergoes strong oxidation with hot acidified KMnO4 to
give T and U respectively
 P has only one R group attached to the benzene ring and Q
contains three R groups attached to the benzene

.

©chemistry@meridian jc
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(ii) Equation

(iii) Compound X is the stronger acid. The distance of Br atom on X is nearer
to the COOH/COO- group .Electron-withdrawing effect on –COO- /
carboxylate ion hence stabilisation of conjugate base wrt acid for: X > Y.
3(a)

(i)

H N N N

H N N N

OR

(ii)
O
C

N

H

(iii)
O
CH3CH2CHO

CH3CH2N C CH 3
H

KMnO4 , dil H 2SO4
heat

CH3CH2COOH

(b)

HN 3, H+ cat

CH 3COC l

CH 3CH2NH2

2Fe2+ + S2O82-  2Fe3+ + 2SO42Ecell = 2.01 – 0.77= +1.24 V > 0
2Fe3+ + 2I - +  2Fe2+ + I2
Ecell = 0.77 – 0.54= +0.23 V > 0
Both steps are kinetically more favourable since oppositely charged ions are
involved and attract each other hence lowering the Ea.

©chemistry@meridian jc
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(c)

Reaction I:

(d)

(i)

nucleophile ; Reaction II: electrophile

SN1

H3CH 2C 

H C Br
H3C

CH2CH 3

slow
H C

CH3

H3CH2C

CH2CH 3

H C N3
H3C

H C
CH3

N3

-

(ii)
(e)

Equal probability of nucleophilic attack of the trigonar planar carbocation
from top and bottom of the plane forming a racemic mixture.
H 2O
Hydration of MgCl2 : MgCl2 (s) 
Mg2+ (aq) + 2Cl- (aq)
Partial hydrolysis of MgCl2
[Mg(H2O)6]2+(aq)
[Mg(H2O)5(OH)]+(aq) + H+(aq) pH= 6.5

(f)

(i)

A= 0 ; B = 1; C = 1

(ii)
CH3CH 2

OH
C CH2OH
CH3

CH3CH2

OH
C CHO
CH3

A

B

CH3CH 2
C

N

H3C

CH2OH
C

4(a)

Ga2 dimers are simple molecular ; Aluminium has a giant metallic lattice. Less
energy is required to overcome the weak Van der Waals’ forces than the
stronger electrostatic attractions between the cations and delocalised
electrons. Hence, Ga2 has lower melting point.

(b)

(i)

Increase of mobile electrons to conduct electricity.

(ii)

Electrons (from nearby/neighbouring atoms) are able to move/mobile to
occupy the ‘holes’.

©chemistry@meridian jc
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(c)

(i)
Ga3+(g) + 3Cl (g) + 3e
3rd IE

Ga2+(g) + 3Cl (g) + 2e

2nd IE

3(1st EA)
Ga3+(g) + 3Cl-(g)

Ga+(g) + 3Cl (g) + e

1st IE
Ga(g) + 3Cl (g)
∆Hlatt o

3  ∆Hat o (Cl)

(GaCl3)

Ga(g) + 3/2 Cl2(g)
∆Hat o (Ga)
0

∆Hf o ( GaCl3)

Ga(s) + 3/2 Cl2(g)
GaCl3(s)

∆Hf o (GaCl3) = -577 kJ mol-1
(ii)

Polarisability / extent or ease of polarisation : Cl– < Br – < I– . Hence,
covalent character : GaCl3 < GaBr3 < GaI3 leading to greater difference
between experimental and theoretical value.

(iii)

Dot and cross diagrams

Cl
-

3+

3

Ga

x

x

Ga

x

F

Cl

x

Cl

Cl
x
x

Ga

Cl

x

Cl

gallium(III) chloride

gallium(III) fluoride

To minimise repulsion, the 4 electron pairs are directed to the corners of a
tetrahedron. Shape around each Ga is tetrahedral with bond angle of 109.5o.
©chemistry@meridian jc
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(d)

5(a)

(1.8)3
= 3.65 atm2
1.6

(i)

Kp =

(ii)

The formation is favoured by low pressure. The equilibrium position
shifts right towards an increase in no of moles of gas

(iii)

S is positive since there is an increase in number of gas molecules. At
low temperatures, G is positive because of the positive H. At higher
temperatures, the negative –TS outweighs H, and so G becomes
negative. Conditions required are a high temperature. to ensure a high
rate and feasibility of reaction proceeding.

Primary Structure – covalent bonds ( in amide / peptide linkage)
Secondary Structure – hydrogen bonds
Tertiary Structure – R group interactions
Quaternary Structure – Van der Waal’s forces, ionic, hydrogen bonding

(b)

A: Glutamic acid; B: Asparagine ; C : Valine

(c)

(i)

pH = -lg (3 x 10-10) = 9.50

(ii)

[NH2OH] formed at eq. point =

[OH-]

1.44? 0-3
14.40+25.0
1000
-8

=  0.03654  1.10  10

-5

= 2.00 x 10 mol dm

-3

pOH = 4.70 hence pH = 9..30.
Phenolphthalein is suitable as the pH transition range of the indicator
(8.5 – 10.5) lies within the rapid pH change over the equivalence point
(pH 9.3).
(d)

(i)

Order of reaction with respect to PO2 is 1

(ii)

Order of reaction with respect to hemoglobin is 1. When concentration
of hemoglobin was halved, change in the gradient of the graph is
halved and rate of reaction was halved also.

(iii)

Rate = k [hemoglobin][O2]

(iv)

Rate = 2.68 x 10-5 mol dm-3 s-1

©chemistry@meridian jc
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(e)

(i)

Ea is lowered due
d
to an alternativ
ve reaction
n pathwayy. No of reactant
r
particle
es and hen
nce freque
ency of effe
ective collisions increeases. Sin
nce rate
of reacction α freq
quency of e
effective co
ollisions, ra
ate of reacttion increa
ases.
(ii) 1 Den
naturation refers to
o the bre
eaking of weak boonds holding the
seccondary, te
ertiary and quaternary
y structure
e but not thhe covalent bonds
with
hin the prim
mary structture.
2 Pro
otonates th
he anionic group, -C
COO- found in glutam
mic acid residue
r
OR
R the basic
c amino grroup, -NH2 found in lysine, annd disrupts ionic
bon
nd between the charrged R gro
oups of -COO- andd -NH3+ . Accept
A
hyd
drogen bon
nding effecct as well

(f)

(i)

Estter group

(ii)

©chemistrry@meridian jc
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Section A
For each question there are four possible answers, A, B, C and D. Choose the one
you consider to be correct.

1

A 15 cm3 mixture of carbon monoxide and methane was mixed with excess
oxygen and exploded. There was a contraction in volume of 15 cm3 at room
temperature and pressure. What is the percentage by volume of methane in the
mixture?
A

2

33

B

50

C

60

D

75

Nitrogen is essential in plants for the synthesis of proteins and nuclei acids. A
farmer intends to switch his nitrogen fertiliser from potassium nitrate to urea.
Currently, he uses 300 kg of potassium nitrate per month. Given the following
information about the two fertilisers, calculate his monthly savings (to the nearest
dollar) if he switches to urea as a fertiliser.

A

Fertiliser

Potassium nitrate

Urea

Chemical Formula

KNO3

CO(NH2)2

Mr

101.1

60.0

Cost / tonne
[1 tonne = 1000 kg]

$850

$340

$310

B

$225

C

$195

H2 Chemistry 9647/01 NYJC J2/2013 Prelim

D

$153

3
3

The following are flight paths of charged particles when accelerated in an electric
field.
+
R

S
–
T

Which of the following are correct positions for the particles?
R

4

O+

S

A

16

B

15

C

14

N⎯

15

D

14

N⎯

14

O⎯

T

14

C+

14

14

C+

28

O+

28

Si2+

28

Si4+

C+

N+

Si+

Consider the following reaction of aluminium chloride:
AlCl3 + Cl– ⇌ [AlCl4]–
Which of the following is correct regarding AlCl3 and [AlCl4]–?
A
B
C
D

Both AlCl3 and [AlCl4]– are tetrahedral in shape.
AlCl3 is tetrahedral in shape and [AlCl4]– is planar in shape.
The Cl–Al–Cl bond angle in AlCl3 is larger than that in [AlCl4]–.
There are more electron pairs around the Al atom in AlCl3 than that in
[AlCl4]–.

H2 Chemistry 9647/01 NYJC J2/2013 Prelim
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4
5

The graph of P / kPa against (1 / V) / m–3 was obtained for 0.400 g of an
unknown gas at 25 C.
P / kPa

60.8

0

(1 / V) / m–3

1290

What is the relative molecular mass of the gas?
A

6

19.3

B

21.0

C

28.0

D

47.1

In a calorimetric experiment conducted at standard conditions, 1.60 g of fuel
underwent complete combustion. The reaction was 45 % efficient in heating
200 g of water. The temperature of the water rose to 73 C.
Given that the specific heat capacity of water is 4.2 J g–1 K–1, what is the total
energy released per gram of fuel burnt?
A

7

18.1 kJ g-1

B

40.3 kJ g-1

C

56.0 kJ g-1

D

85.2 kJ g-1

Under standard conditions, solid iodine slowly sublimes into a violet gas.
Data for each form of iodine is given in the table.
Hf / kJ mol–1

S/ J K–1 mol–1

I2 (s)

0

116

I2 (g)

62.4

261

What is the value of G in kJ K–1 mol–1, for the formation of gaseous iodine from
solid iodine at 25 °C?
A

–15.4

B

+19.2

C

+27.8
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D

+106

5
8

The decomposition of hydrogen peroxide is known to be a first order reaction.
2H2O2  2H2O + O2
The rate constant is found to be 4.95 x 10–2 min–1. If the initial concentration of
H2O2 is 4.0 mol dm–3, what will be the concentration of H2O2 after 42 min?
A 0.5 mol dm–3
C 0.25 mol dm–3

9

B 1.0 mol dm–3
D 2.0 mol dm–3

Which curve is obtained if the rate of reaction is plotted against time for an
autocatalytic reaction (i.e. a reaction in which one of the products catalyses the
reaction)?

A

0

B

C

0

D

0

0

10 Consider the following equilibrium.
3Y2(g) + 2XY(s) ⇌ 2XY4(g)
When 3 mol of XY4 was heated in a 2 dm3 container, the equilibrium mixture
contained 0.8 mol of XY.
What is the numerical value of the equilibrium constant, Kc?
A

0.0286

B

0.179

C

5.60

H2 Chemistry 9647/01 NYJC J2/2013 Prelim

D

35.0
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11 Use of the Data Booklet is relevant to this question.
Ammonia can be synthesised directly using a mixture of hydrogen gas and
nitrogen gas in a reversible reaction as shown:
3H2(g) + N2(g) ⇌ 2NH3(g)
Which one of the following describes the change in yield of ammonia at
equilibrium as temperature increases?
A

B

Yield

Yield

Temperature

Temperature
C

D
Yield

Yield

Temperature

Temperature

12 Given that a 0.500 mol dm-3 of HNO2 solution has a Ka value of 7.1 x 10–4,
calculate the percentage of undissociated HNO2 molecules.
A

1.88 %

B

3.77 %

C

96.2 %

H2 Chemistry 9647/01 NYJC J2/2013 Prelim

D

98.1 %

7
13 Hyydroxyapatite, Ca5(PO
O4)3OH, iss the main
n constitue
ent of tootth enamel. In the
pre
esence of saliva,
s
which contain
ns a buffer system, th
he followingg equilibria
a exist:
(
+ OH– (aq)
Ca5(PO4)3OH(s) ⇌ 5Ca2+(aq)) + 3PO43–(aq)
HPO42–(aq
q) ⇌ H+(a
aq) + PO43––(aq)
Wh
hich of the
e following statementts does no
ot help to explain
e
whhy tooth en
namel is
disssolved mo
ore readily when salivva is acidic
c?
A
B
C
D

The phossphate ion PO43– acce
epts H+.
The hydro
oxide ions are neutra
alised by th
he acid.
3–
The conccentration of
o PO4 de
ecreases in this medium.
ate to form
The calcium ions ca
an precipita
m Ca(OH)2.

14 A concentra
ation cell is an ele
ectrochemiical cell where
w
eleectrical energy is
ue to a diffe
erence in tthe electrolyte concentration.
generated du
The diagram
m of a conc
centration cell is sho
own below
w. The cell potential, Ecell, is
easured to be 0.10 V.
me
voltmeter
v
V
salt bridg
ge
Cu(s)

Cu(ss)

Cu22+(aq)
1.0 m ol dm–3

Cu2+(aq)
1.0 x 10–3 mol dm–3
Half-cell A

Half-cell B

Wh
hich statem
ment aboutt the conce
entration ce
ell is incorrrect?
A
B
C
D

The reduction poten
ntial of halff-cell A is +0.44
+
V.
In the extternal circu
uit, electron
ns flow from half-cell A to half-ccell B.
A ten times dilution of the elecctrolyte in half-cell B decreasess the Ecell.
Ecell even
ntually bec
comes zero
o when the concenttration of C
Cu2+ in bo
oth cells
becomess equal.
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15 During electrolysis under suitable conditions, 0.785 g of chromium is deposited
on the cathode when a current of 5.0 A is passed into a chromium-containing
electrolyte for 9.7 min.
What could the electrolyte be?
A

CrCl2

B

CrCl3

C

K2CrO3

D

K2CrO4

16 Which of the following statements is correct?
A
B
C
D

The ionic radius of Na+ ion is greater than that of Cl– ion.
The electronegativity of phosphorus is greater than that of nitrogen.
The first ionisation energy of magnesium is less than that of aluminium.
The energy required to remove an electron from F– is less than that for Ne
atom.

17 Which graph represents the volume of gas collected when separate 1.0 g
samples of powdered magnesium carbonate and powdered barium carbonate
are heated at the same temperature?
A

B

Volume of gas / cm3

Volume of gas / cm3

BaCO3

MgCO3

MgCO3

BaCO3

Time / s

Time / s

C

D

Volume of gas / cm3

MgCO3

Volume of gas / cm3

BaCO3
BaCO3

Time / s

H2 Chemistry 9647/01 NYJC J2/2013 Prelim

MgCO3

Time / s

9
18 Which of the following statements about chloride, iodide and their hydrogen
halides is true?
A
B
C
D

Hydrogen chloride is a stronger acid than hydrogen iodide.
Chloride has a weaker oxidising strength than iodide.
Boiling point of hydrogen chloride is lower than hydrogen iodide.
Hydrogen chloride decomposes at a lower temperature than hydrogen iodide.

19 For which property are the data under the correct element?

A

property

copper

calcium

density / g cm–3

8.92

1.54

9.6

85

B electrical conductivity / relative units
C

melting point / °C

810

1083

D

metallic radius / nm

0.197

0.117

20 What is the total number of all possible isomers for secondary alcohols with the
molecular formula C5H12O?
A

3

B

4

C

5

D

6

21 Which of the following statements about the reaction of Cl2 and ethane to form
1,2-dichloroethane is true?
A
B
C
D

Cl2 acts as a catalyst.
Ultra violet light is required for heterolytic fission to take place.
CH3CH2CHClCH2Cl cannot be formed in the termination step.
Hybridisation about the reactive carbon centre changes from sp3 to sp2 in the
first propagation step.

H2 Chemistry 9647/01 NYJC J2/2013 Prelim
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22 In the upper atmosphere, chlorofluroalkanes (CFCs) are broken down to give
chlorine radicals but not fluorine radicals.
What is the best explanation for this?
A
B
C
D

Fluorine is more electronegative than chlorine.
The C─F bond is longer than the C─Cl bond.
The C─F bond is stronger than the C─Cl bond.
Fluorine radicals recombine immediately owing to their reactivity.

23 A study was conducted to measures the enthalpy change of mixing of PVC with
plasticisers. As the reaction between PVC and plasticiser is too slow, low
molecular weight analogues such as 2,4-dichloropentane are used instead of
PVC.
Cl
Cl
CH 3 CH

CH 2

CH

CH 3

2,4-dichloropentane

Which of the following statements about 1 mole of 2,4-dichloropentane is false?
A
B
C
D

It has 4 stereoisomers.
One of its stereoisomer does not rotate plane polarised light.
A total of 3 structural isomers are formed when it undergoes elimination.
A maximum of 287g of white precipitate may be obtained when it is warmed
with ethanolic silver nitrate.

24 When an organic compound X is shaken with aqueous silver nitrate at room
temperature, there is no immediate precipitate. However, when X is boiled under
reflux for some time with aqueous sodium hydroxide, cooled, acidified with dilute
nitric acid and aqueous silver nitrate added, a white precipitate readily forms.
What could X be?
A

C4H9Cl

B

CH3COCl

C

C6H5COCl

H2 Chemistry 9647/01 NYJC J2/2013 Prelim

D

C6H5Cl

11
25 Aldehydes can undergo addition reactions with a variety of compounds of the
form HX according to the following equation.

C

HX

O

OH

catalyst

C
H

H

X

An example of such a reaction is the formation of cyanohydrin, where X = CN.
Which of the following compounds cannot be obtained by such an addition
reaction to an aldehyde, followed by dehydration?
H

B

A

CH3CH

NNH

CH3
O

H

C
C

D

O

CH3

C
CH3
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CH3
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26 Compound Q was subjected to the following tests and the results are recorded
below.
Reagents and Conditions

Observations

Acidified KMnO4, warm

Purple solution decolourises, CO2 gas is evolved

2,4-DNPH, warm

Orange precipitate observed

Cu(NO3)2, NaOH(aq),
warm

No precipitate observed

Which of the following could be compound Q?
A

O

H

B

CHCH2

C

O

H

O

CH3

CH3

O

D

H

OH
CH3

27 In which of the following sequence is the value of pKa decreasing?
A
B
C
D

C6H5OH > CH3CHClCHClCH2OH > CH3CH2CH2CH2OH > (CH3)3COH
(CH3)3COH > CH3CH2CH2CH2OH > CH3CHClCHClCH2OH > C6H5OH
CH3CH2CH2CH2OH > (CH3)3COH >CH3CHClCHClCH2OH >C6H5OH
CH3CHClCHClCH2OH > (CH3)3COH > CH3CH2CH2CH2OH > C6H5OH
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28 The structure of morphine is shown below.

HO

O
NCH3

HO
The reaction between morphine and dry HBr (g) gives
A

B

Br

HO

HO

O

O

NHCH3Br

NCH3
Br

HO

Br
Br

Br

C

D

Br

HO
HO

O

O

NHCH3Br

NCH3

HO

Br

Br

Br

Br
H2 Chemistry 9647/01 NYJC J2/2013 Prelim
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29 Which of the following reactions will take place under the given reagents and
conditions?

NH2

A

Br

Br2 (aq)

NH2

rm temp
H3C

B

HBr

H3C

heat

NH2 +

CO2H

H2O

NH3

CO2H +

heat, reflux

+

CO NH

conc H2SO4

aq NaOH

CONH2

C

+

+
excess

I

I

N+

NH2

D

+ 2HI

heat, high pressure

30 What will be the net charge of the following part of the protein chain at pH 7.4?
–Lys–Glu–Lys–
H

H
H2N

Amino acid

C

H2N

CO2H

HO2C

H2N

A

–1

B

0

CO2H

(CH2)2

(CH2)4

pKa of R
group

C

lysine (lys)

Glutamic acid (glu)

10.53

4.25

C

+1
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D

+2

15
Section B
For each of the questions in this section one or more of the three numbered
statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to
put a tick against the statements which you consider to be correct).
The responses A to D should be selected on the basis of
A
1, 2 and 3
are
correct

B
1 and 2
only are
correct

C
2 and 3
only are
correct

D
1 only
is
correct

No other combination of statements is used as a correct response.

31 Which of the following molecules are bent?
1 SCl2
2 NO2+
3 XeF2

32 Which of the following statements are incorrect?
1 All substances with covalent bonding cannot conduct electricity.
2 Ionic compounds can be distinguished from metals by their electrical
conductivity in the liquid states.
3 Metals are conductors of electricity in all states.

H2 Chemistry 9647/01 NYJC J2/2013 Prelim
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The responses A to D should be selected on the basis of
A
1, 2 and 3
are
correct

B
1 and 2
only are
correct

C
2 and 3
only are
correct

D
1 only
is
correct

No other combination of statements is used as a correct response.

33 The energy profile for a reaction, P  R is shown below.

Which of the following statements are true?
1 The mechanism for the reaction is
P  Q slow
Q  R fast
2 The addition of a catalyst does not affect H.
3 Increasing the temperature decreases both the values of E1 and E2.
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The responses A to D should be selected on the basis of
A
1, 2 and 3
are
correct

B
1 and 2
only are
correct

C
2 and 3
only are
correct

D
1 only
is
correct

No other combination of statements is used as a correct response.

34 The table below shows the numerical value of the solubility product, in mol dm–3
for three metal sulfides.
In an acidic solution, [S2–] in a saturated solution = 10–18 mol dm–3.
Metal ion

Mn2+

Ni2+

Ag+

Ksp of sulfide

10–16

10–21

10–36

Which of the following statements are correct?
1 NiS and Ag2S would be precipitated from the acidic solution containing
0.010 mol dm–3 of the metal ion when the solution is saturated with hydrogen
sulfide.
2 Ag2S is the least soluble salt because its Ksp is the smallest amongst the
three sulfides.
3 When the concentration of sulfide is increased, the value of the solubility
product for the three metal sulfides will increase.

35 Which of the reagents can be used to differentiate the pair of compounds given?
Compound 1

Compound 2

Reagent

1

AlCl3

SiCl4

H2O

2

Al2O3

SiO2

dil HCl

3

NaCl

MgO

dil H2SO4

36 Which transition metal ions possess unpaired electrons?
1 TiO2
2 Ni(CO)4
3 [Fe(CN)6]4–
H2 Chemistry 9647/01 NYJC J2/2013 Prelim
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18
The responses A to D should be selected on the basis of
A
1, 2 and 3
are
correct

B
1 and 2
only are
correct

C
2 and 3
only are
correct

D
1 only
is
correct

No other combination of statements is used as a correct response.

37 Which of the following organic compounds will produce 1,2–benzene–
dicarboxylic acid when subjected to the reagents and conditions as specified?

1

, KMnO4/H+, heat

COCl

2

, AgNO3 (aq)
COCl
O
O

3
O

, NaOH (aq), heat

O

38 Which of the following reagents will result in different observations when reacted
with the following two compounds?
CH2CH2OH

OH
CH2CH3

1 Br2 (aq)
2 K2Cr2O7 / H+ (aq)
3 NaOH (aq)
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19
The responses A to D should be selected on the basis of
A
1, 2 and 3
are
correct

B
1 and 2
only are
correct

C
2 and 3
only are
correct

D
1 only
is
correct

No other combination of statements is used as a correct response.

39 Which products are formed when phenylpropanoate undergoes acidic hydrolysis
in the presence of water labelled with 18O isotope?
1 CH3CH2CO18OH
2 C6H518OH
3 C6H5CO18OH

40 A tripeptide, thr-ala-arg, was analysed using electrophoresis. The tripeptide was
hydrolysed and the resulting solution was then placed at the centre of the plate in
a buffer solution of pH 7.0. A potential difference was then applied across the
plate.
H
H2N

Amino acid

H3C

H

H

C

CO2H

C

OH

H2N

C

CO2H

H2N

CH3

CO2H

(CH2)3

H

HN
HN

Isoelectric
point

C

C

NH2

threonine (thr)

alanine (ala)

arginine (arg)

5.60

6.00

10.76

With reference to the above table, which of the following statements is correct?
1 Alanine would migrate towards the anode while arginine would migrate
towards the cathode.
2 Threonine would migrate a lesser distance from the centre of the plate as
compared to alanine.
3 The above amino acids will exist as H3N+CHRCO2– at their isoelectric point.
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Answer all questions in the spaces provided.
1

Planning (P)
Acids can be classified in terms of their basicity depending on the number of
protons that can be donated to a base. A student is investigating the basicity of a
solution of 0.80 mol dm-3 acid, A, using just the acid and sodium hydroxide of the
same concentration. He conducted two experiments by mixing different volumes
of A and sodium hydroxide, and taking the temperature rise for each experiment.

(a)

Based on the definition of the enthalpy change of neutralisation (∆Hn) and his
results, deduce the basicity of acid A.
Experiment

Volume of acid

Volume of NaOH

∆T /oC

1

40

20

3.6

2

20

40

7.2

………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
[2]
(b) (i) The temperature rise of the reaction can be determined graphically by
measuring how the temperature changes with time.
You are to plan an experiment to determine the ∆Hn between a solid sample of A
and sodium hydroxide.
You are provided with a solid sample of A (Mr = 174) and sodium hydroxide
solution of 0.80 mol dm-3.
In your plan, you should give:


details including calculations to determine the quantities of the reactants to
be used;



choice of apparatus (You may use apparatus normally found in the school
laboratory.);



the essential details for obtaining the graph of temperature against time in
order to determine the temperature rise;



table(s) of readings to taken.
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Calculations:

Procedure:
…………….…………………………………………………………….…………………
……………….………………………………………………………….…………………
………………….……………………………………………………….…………………
…………………….…………………………………………………….…………………
……………………….………………………………………………….…………………
………………………….……………………………………………….…………………
…………………………….…………………………………………….…………………
……………………………….………………………………………….…………………
………………………………….……………………………………….…………………
…………………………………….…………………………………….…………………
…………………………………….…………………………………….…………………
Table of Results
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(ii) Sketch the graph that you would expect, showing clearly how you can
determine the temperature rise.

[8]
(c)

Explain why temperature rise in the experiment should not be too low.

…………………………………………………………………………………………….…
……………………………………………………………………………………………….
[1]

(d)

An alternative method to determine the temperature rise is to measure the highest
temperature reached. Explain if this is a better method.

…………………………………………………………………………………………….…
……………………………………………………………………………………………….
[1]
[Total: 12]
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2

One of the most important features of the transition elements is that they exhibit
variable oxidation states. This question illustrates the various oxidation states
shown by iron in its compounds.
The reaction between iodide ions, I-, and peroxidisulfate ions, S2O82-, is slow.
The reaction can be catalysed by adding a small amount of Fe2+ ions.

(a)

The initial rate of the slow reaction between iodide ions and peroxidisulfate
ions can be studied by using thiosulfate ions. The equations for the reactions
are as follows.
2I- + S2O82-

I2

+ 2SO42-

I2 + 2S2O32-

2I- + S4O62-

(slow)

reaction I

(fast)

reaction II

In the presence of a constant amount of thiosulfate ions, the iodine being
slowly produced by reaction l will immediately react in reaction ll until all the
thiosulfate ions has been used up. At that point, free iodine will be present in
the solution, which will cause a sudden appearance of a deep blue colour if
starch is present.
A series of experiments was carried out using different volumes of the five
reagents. The following results were obtained.

(i)

Expt

Volume
of
S2O82/cm3

Volume
of
I/cm3

Volume
of
S2O32/cm3

1
2
3
4

20
20
5
10

20
15
25
15

10
10
10
10

Volume
of
distilled
water
/cm3
5
10
15
20

Volume
of
Starch
/cm3
5
5
5
5

Time for
the
appearance
of deep blue
colour/s
30
40
t3
80

If the orders of reaction with respect to peroxidisulfate ions and iodide ions
are both one respectively, deduce an expression relating the volume of these
two reactants and time taken for the appearance of deep blue colour.
Explain your reasoning.
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(ii)

Hence, predict the time, t3, required for the appearance of deep blue colour in
experiment 3.
……………….…………………………………………………………………………
…………………….……………………………………………………………………
………………………….………………………………………………………………
……………………………….…………………………………………………………
[3]

(b)

(i)

In the Haber process, the rate of formation of ammonia is increased by using
an iron catalyst. State the type of catalysis occurring here and describe using
the Maxwell-Boltzmann Distribution curve, how the iron catalyst increases the
rate of reaction.

…………………….……………………………………………………………………
………………………….………………………………………………………………
…………………….……………………………………………………………………
………………………….………………………………………………………………
(ii)

Ammonia shows significant deviations from the ideal behaviour that is
predicted by the kinetic theory of gases. State two assumptions of the kinetic
theory of gases.
……………….…………………………………………………………………………
…………………….……………………………………………………………………
………………………….………………………………………………………………
…………………….……………………………………………………………………
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(iii) A sample of ammonia can be liquefied at room temperature just by increasing
the pressure of the sample. Why does the application of pressure cause the
gas to liquefy?
…………………….……………………………………………………………………
………………………….………………………………………………………………
…………………….……………………………………………………………………
………………………….………………………………………………………………
[7]
(c)

Iron(III) chloride is a dark brown solid which dissolves in water to give an acidic
solution. This solution is often used, in the electronics industry, to etch (dissolve)
the copper used in printed circuit boards.
(i)

Explain, with the aid of a chemical equation, why aqueous iron(III) chloride is
acidic.
…………………….……………………………………………………………………
………………………….………………………………………………………………
…………………….……………………………………………………………………

(ii)

By selecting appropriate E values from the Data Booklet, explain why
aqueous iron(III) chloride etches (dissolves) copper. Construct a balanced
equation for this reaction.
…………………….……………………………………………………………………
…………………….……………………………………………………………………
………………………….………………………………………………………………
…………………….……………………………………………………………………
[4]
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(d)

Iron(III) iodide has been successfully made under non-aqueous conditions by
following method.
Iron pentacarbonyl, Fe(CO)5, reacted with iodine in hexane solution to form a
solution of compound B, whose molecular formula is FeC4O4I2.
A further calculated amount of iodine is added, and the solution exposed to
uv light. A black precipitate of iron(III) iodide results, and a colourless gas is
evolved.
(i)

State the co-ordination number of iron in the complex, Fe(CO)5 and hence
predict the shape of the complex, Fe(CO)5.
Co-ordination number: ………………………….………………...…………………
Shape: ………………………...………………………………………………………

(ii)

Describe the bonding between iodine and iron in compound B and write a
balanced equation for the reaction between compound B and iodine.
…………………….……………………………………………………………………
…………………….……………………………………………………………………
…………………….……………………………………………………………………
[4]

(e)

When a solution of NaClO is added to a strongly alkaline suspension of Fe2O3, a
purple solution results. When BaCl2(aq) is added to the solution, a red solid is
precipitated with the composition by mass: Ba, 53.4%; Fe, 21.7%; O,24.9%.
(i)

Calculate the empirical formula of the red solid, and hence determine the
oxidation number of iron in the red solid.

(ii)

Construct a balanced ionic equation for the reaction between Fe2O3,
ClO- and OH-.
…………………….……………………………………………………………………
[4]
[Total: 22]
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Aromatic sulfonic acid is an important precursor to industrial materials and has the
following structure:
CH

OH

CH

HC

C

CH

S

O

CH

O

Aromatic sulfonic acid
(a)

Sulfonation of benzene is the reaction mechanism between benzene and sulfuric
acid. The first step of the reaction mechanism is given by the following equation.
H2SO4

H2O + SO3

Sulfur trioxide is an important intermediate in the reaction mechanism.
(i)

Draw a dot-and-cross diagram of sulfur trioxide.

(ii)

With reference to the structure of the molecule, state and explain the function
of sulphur trioxide in the mechanism.
…………………….……………………………………………………………………
…………………….……………………………………………………………………
…………………….……………………………………………………………………
…………………….……………………………………………………………………
…………………….……………………………………………………………………
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(iii) The final step of the mechanism is different from other benzene reactions
because the hydrogen atom is not removed from the ring by a separate
negative ion. Instead it is removed by a lone pair of electrons on a negative
oxygen atom in the sigma complex.
The sigma complex formed has the following structure:
O

-

H

O
S
O

+
Sigma complex
With the above information, complete the mechanism for the reaction
between benzene and sulfuric acid.

(iv) Sulfonation of aniline produces sulfanic acid compounds with an unusually
high melting point. With reference to the structure of sulfanic acid, suggest
why this is so.
CH

H2N

OH

CH

C

C

CH

S

O

CH

O

Sulfanic acid

…………………….……………………………………………………………………
…………………….……………………………………………………………………
…………………….……………………………………………………………………
[7]
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(b)

The key reaction during the Contact process is as follows:
2SO2 (g) + O2 (g)

2SO3 (g);

∆H = - 98 kJ mol-1

Industrially, the gases are compressed to a pressure of 3 atm before it is passed
over a bed of vanadium(V) oxide at 430 ○C. Explain the conditions used.
…………………….……………………………………………………………………….…
……………….……………………………………………………………………………….
…….…………………….……………………………………………………………………
……………….…………………………………………………………………………….…
…….…………………….……………………………………………………………………
…….…………………….……………………………………………………………………
[3]
[Total: 10]
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Magnesium is the fourth most abundant element in the earth. Scientists are
working on developing rechargeable magnesium-ion batteries for use in electric
cars, as they offer a cheaper and more energy efficient alternative to lithium-ion
batteries.
A simplified representation of a magnesium-ion battery is shown below. When the
battery discharges, magnesium ions are formed, which move across the cation
exchange membrane to the Sn electrode, forming solid Mg2Sn.

(a)

(i)

Write half equations for the reactions occurring at the cathode and the anode
when the battery discharges.
Cathode: ……………….…………………………………………………………..…
Anode: ….…………………….………….……………………………………………

(ii)

The magnesium-ion battery provides a voltage of 3.01 V. With reference to
the Data Booklet, calculate E (Sn/Mg2Sn), assuming standard conditions.
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(iii) The car battery has to be recharged after use. After clocking a mileage of
500 km, 83.8 g of Mg2Sn was deposited on the electrode of the battery.
How many hours will it take for the car battery to be recharged, using a
current of 10.0 A? What is the polarity of each electrode during the charging
process?

Mg electrode: ………….…………………………………………………………..…
Sn electrode: ..……………….………….……………………………………………
(iv) Besides cost, explain another advantage the magnesium-ion battery has over
the lithium-ion battery.
….……….…………………….…………………………………………………….…
………………….…………………….………………………………………………..
[8]
(b)

Magnesium is also used in the synthesis of Grignard reagents, RMgX (R = alkyl or
aryl groups, X = Cl or Br), from organic halides. The organic halide is added to a
suspension of magnesium in dry ether, forming the Grignard reagent
RX + Mg  RMgX
Grignard reagents are examples of organometallic compounds as they contain a
carbon-metal bond. They are useful for organic synthesis as they can form new
carbon-carbon bonds with unsaturated compounds such as carbonyls.
The reaction of methanal and a general Grignard reagent is illustrated below:
H

H

1. dry ether
O
H

(i)

+

RMgX

R

OH

2. H+ (aq)
H

Draw the displayed formula of the product of the reaction between butanone
and C6H5MgCl.
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(ii)

How would you determine if the reaction in b(i) has gone to completion?

……………….…………………………………………………………………………
….……….…………………….…………………………………………………….…
………………….…………………….……………………………………….……….
(iii) The Grignard reagent can be considered as a good source of a carbanion,
“R–”. Using this information, explain whether the product mixture formed will
be optically active. Explain your answer with the aid of a diagram.

……………….…………………………………………………………………………
….……….…………………….…………………………………………………….…
………………….…………………….……………………………………….……….
[5]
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(c)

Refer to the reaction scheme involving a Grignard reagent below.

Step 1
HO

Br

Mg
C

Grignard reagent
dry ether

1. E
+
2. H (aq)

Effervescence

Na2CO3 (aq)
D
Step 2

OH

(i)

Suggest the identities of C, D and E.

(ii)

Suggest reagents and conditions for Step 1 and 2.
Step 1: ……………………………………………
Step 2: ……………….……………………………
[5]
[Total: 18]
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5

Some chemistry students were doing an organic chemistry practical.

(a)

Student X heated compound F with hydrochloric acid to form two organic products.
In order to isolate both products, the reaction mixture was placed in a separating
funnel and shaken with water.
O
H

C
N

CH3

C

CH

HC

CH

HC

CH

Compound F
(i)

Draw the products of the above reaction.

(ii) Explain why the separation will not be successful.
……………….…………………………………………………………………………
….……….…………………….………………………………………………….….…
………………….…………………….……………………………………….….…….
……………….…………………………………………………………………………
(iii) Describe the correct procedure to separate the hydrolysis products.

……………….…………………………………………………………………………
….……….…………………….……………………………………………………..…
………………….…………………….……………………………………….………..
……………….…………………………………………………………………………
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(b)

Under acidic conditions, Student Y treated ethylamine with excess iodomethane in
an attempt to form a quarternary amine salt. Explain why this synthesis will not be
successful.

……………….…………………………………………………………………………….…
…….…………………….…………………………………………………….…………......
.………….…………………….……………………………………….…………………….
[2]
(c)

Student Z predicted that compound G was formed from the reaction of propene
and aqueous bromine in the presence of concentrated sodium chloride.

H

H

H

C

C

OH

Br

CH3

Compound G

(i)

Explain why his prediction is wrong.
……………….…………………………………………………………………………
….……….…………………….…………………………………………………….....
.………….......………….…………………….………………………………………..
.………….......………….…………………….………………………………………..

(ii) Hence, suggest the structure of the major product formed.

[3]
[Total: 10]
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2
Answer any four questions.
1

The elements of Group VII of the Periodic Table are called halogens, which mean "salt
formers". They lack only one electron to form a complete shell, and are extremely
active chemically.
This question examines the chemistry of two reactions of halogens.
(a)

In the first reaction, a 1:2 mixture of H2 and I2 gases was mixed at a constant
temperature of 430 oC and a constant pressure of 2 atm. The following equilibrium
was set up.
H2 (g) + I2 (g)

∆H = −11 kJ mol1

2HI (g)

(i)

Given that degree of dissociation of H2 is 86 %, calculate the equilibrium
constant, Kp for the above reaction under these conditions.

(ii)

Suggest, with reasoning, a way to increase degree of dissociation of H2 for
the above reaction.

(iii)

Deduce how Kp for the following system would be compared to your answer
in (i).
2HBr (g)
H2 (g) + Br2 (g)
[7]

In another reaction, halogens can react with unreactive alkanes to form monosubstituted product. An example is the reaction of chlorine with 2-methylpentane shown
below.

2-methylpentane

(b) (i)
(ii)

Explain why alkanes are generally unreactive.
This reaction is seldom used for synthesis as there are many associated
problems. Firstly, several isomeric products are formed. The relative ratio
of the isomeric products may be more accurately determined if relative rates
of abstraction of H atoms are taken into account.
The relative rates of abstraction of H atoms are
Type of H atoms
Primary
Secondary
Tertiary

Relative rate of abstraction
1
4
6

By examining the difference in stability of the intermediates formed when
different types of H atom are abstracted, explain the trend in relative rate of
abstraction.

3
(iii)

Predict the ratio of the following two products A and B, taking into account
the relative rates of abstraction given in (ii). Explain your reasoning.

Cl

and
Cl
A

(c)

B

(iv) Describe suitable chemical test(s) to distinguish compounds A and B in (iii).
[7]
Another problem of the reaction is multi-substitution.
(i)

Suggest the conditions that will give rise to formation of multi-substituted
products.

(ii)

A di-substituted product C with molecular formula C6H12Cl2 was obtained in
the reaction of chlorine with 2-methylpentane.
C does not exhibit optical activity. On warming with alcoholic KOH, a major
product D is formed. When D is treated with hot acidified potassium
manganate(VII) solution, effervescence was observed and the only organic
product remaining gives a yellow precipitate with alkaline aqueous iodine.
Use this information to deduce the structure of C and D, explaining your
reasoning.
[6]
[Total: 20]
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Precipitation plays an important function in growth of bones and teeth in our bodies.
Teeth and bones are largely composed of calcium phosphate salt Ca3(PO4)2.
In order for this precipitation to occur, the concentrations of the ions in blood must
exceed the solubility product in the immediate region of deposition.
(a)

Write an ionic equation with state symbols to show the formation of teeth and
bones at the deposition region and hence an expression for the solubility product
of the Ca3(PO4)2 deposits.
[2]

(b) (i)

At a temperature of 37 oC, the solubility product for calcium phosphate
Ca3(PO4)2 has a numerical value of 4 × 10-27. In a sample of blood at a pH
of 7.4, the concentrations of calcium and phosphate ions are found to be
1.2 × 10-3 mol dm-3 and 1.6 × 10-8 mol dm-3 respectively. State and explain if
the above composition in blood will result in the growth or degeneration of
teeth and bones.

(ii)

Hence, state and explain if the pH environment of 7.4 in (i) is that for a
growing child, a fully grown man or an old person.
[3]

(c)

The pH at the area of growth may change due to metabolic processes in the body.
The hydrogen ions that are present combine phosphate ions as hydrogen
phosphate ions. This prevents growth of strong teeth and bones.
PO43- (aq) + H+ (aq)

HPO42- (aq)

-

Assuming that the [HPO42 ] is maintained at 1.7 × 10-4 mol dm-3 by cell functions,
(i)

calculate the pH that will result in neither growth nor degeneration at the
teeth and bones deposition region when the concentration of calcium ions in
blood is maintained at 1.2 × 10-3 mol dm-3.
[Ka of HPO42- = 4.4 × 10-13 mol dm-3]

(ii)

Suggest another acid–conjugate base equation that accounts for the
constant supply of HPO42- ions from cell functions.
[3]

5
(d) (i)

Construct an energy level diagram for the formation of Ca3(PO4)2 from its
elements using relevant data from the table below and other appropriate
values in the Data Booklet. Hence calculate the lattice energy of Ca3(PO4)2.
Enthalpy
Standard enthalpy change of formation of Ca3(PO4)2
Standard enthalpy change of atomisation of Ca
Standard enthalpy change of atomisation of P
P(g) + 4O(g) + 3e → PO43-(g)

(ii)

(e)

∆H / kJ mol-1
−4132
+178
+315
−2810

Using your answers to (i) and other enthalpy change value if any, explain
why Ca3(PO4)2 is insoluble.
[6]

Use of the Data Booklet is relevant to this question.
Group VII elements exist as ions and play a vital role in bodily functions. The
following observations are made about Group VII elements and their reactions.
Explain the observations made.
(i)

F2 cannot be prepared by electrolytic oxidation of aqueous F- solutions.

(ii)

HI can be prepared by treating NaI with phosphoric acid, H3PO4 but not with
concentrated sulfuric acid.

(iii)

Interhalogen compounds such as IF3, IF5 and IF7, BrF3, BrF5, ClF3, ICl3
exists. On the other hand, ClF5 is not easily formed and BrCl3 does not
exists.
[6]
[Total: 20]
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(a)

Period 3 elements react with oxygen to form the corresponding oxides of varying
acid-base nature. Using magnesium, aluminium and phosphorus as examples,
describe the acid-base nature of the oxides across Period 3 with suitable
[4]
equations.

(b) Aluminium is a reactive metal but its reactivity is limited due to a layer of inert
aluminium oxide being formed. Both aluminium and its oxide react readily with
aqueous sodium hydroxide to give similar products. Aluminium, however,
produces another product which is a combustible gas.
(i)

Write a balanced equation for the reaction when aluminium is heated in
aqueous sodium hydroxide.

(ii)

Explain why a homogenous solution is obtained in (i).
[3]

(c)

Using 2,6−dichloroheptane as the starting compound, suggest the reagents and
conditions for steps I, II and IV and the products J to M in the synthetic scheme
below.
[7]
Cl

Cl

IV

M

I
O

O

V

J

O

O

II
N
PCl5
L

K
III

7
(d) (i)

Propyne, C3H4, like ethyne, C2H2, is commonly used for blow torches to cut
metals in heavy metal industries.
By drawing an appropriate energy cycle, determine the enthalpy of
combustion of propyne, given the following enthalpy values:
Hf(C3H4) = +184 kJ mol⎯1
Hc(C) = −394 kJ mol⎯1
Hc(H2) = −286 kJ mol⎯1

(ii)

Determine the enthalpy of combustion of propyne using bond energy values.
Explain why the use of bond energy values to calculate the enthalpy of
combustion is significantly less exothermic that those obtained in (i).
[6]
[Total: 20]
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8
4

Nickel is a typical transition element which is commonly used as a catalyst and metal
for electroplating. Nickel also forms complex ions with ligands such as H2O, NH3 and
NH2CH2CH2NH2 to give various coloured complexes.
What do you understand by the terms transition element, ligand and complex ion?
[2]
[3]
(b) (i)
Explain why transition metal complexes are coloured.
(a)

(ii)

Complex ions of nickel such as [Ni(H2O)6]2+, [Ni(NH3)6]2+
[Ni(NH2CH2CH2NH2)3]2+ are green, blue and violet colour respectively.

and

The visible absorption spectra of the three complex ions of nickel are shown
below:
relative absorbance
B
C
A

wavelength / nm
550

500

600

650

700
colour of visible light

green

yellow

orange

red

Suggest an explanation for the difference in colour of the three complexes
and using the colours of the complexes given, assign the peaks A, B and C
to the three complex ions of nickel.
[3]
[5]

9
(c)

When Ni2+ (aq) is mixed with an excess of NH3 (aq), each H2O is replaced by a
NH3 at a time. The stepwise formation of [Ni(NH3)6]2+ from [Ni(H2O)6]2+ can be
summarised by the following equations with their associated equilibrium
constants:
Step 1: [Ni(H2O)6]2+ + NH3

[Ni(H2O)5(NH3)]2+ + H2O

Step 2: [Ni(H2O)5(NH3)]2+ + NH3

K1 = 630 mol–1dm3

[Ni(H2O)4(NH3)2]2+ + H2O K2 = 160 mol–1dm3

and so on for steps 3, 4 and 5.
Step 6: [Ni(H2O)(NH3)5]2+ + NH3

[Ni(NH3)6]2+ + H2O

K6 = 1.1 mol–1dm3

(i)

The stepwise formation of [Ni(NH3)6]2+ from [Ni(H2O)6]2+ undergoes a
dissociative mechanism which resembles a SN1 mechanism in organic
chemistry. Suggest a possible mechanism for Step 1 and show clearly how
the shape of the complex ion changes.

(ii)

Sketch an energy profile diagram for the suggested mechanism in (i) given
the reaction is exothermic.

(iii)

Suggest a possible reason for the decrease in value of the equilibrium
constant for each successive replacement of water by ammonia ligands.
[6]

(d) [Ni(H2O)6]2+ can also undergo ligand exchange reaction with NH2CH2CH2NH2 to
form [Ni(NH2CH2CH2NH2)3]2+. Using the signs of G, H and S, explain how the
formation of [Ni(NH2CH2CH2NH2)3]2+ would compare to that of [Ni(NH3)6]2+.
[2]
[3]
(e)

With the aid of a clearly labelled diagram, show the calculations you would carry
out to determine a value for the Avogadro constant by the electroplating of nickel
from nickel(II) ions.
You may assume that you are provided with the following data.
•
•
•

mass of nickel deposited, m
current used, I
time taken, t
[3]
[Total: 20]
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10
5

(a)

Amino acids play central roles both as building blocks of proteins and as
intermediates in metabolism. The 20 amino acids that are found within proteins
convey a vast array of chemical versatility and they have relatively high melting
points and are soluble in water.
(i)

Define the secondary structure of proteins.

(ii)

What is meant by the term denaturation of proteins?

Suggest a brief outline of one method by which proteins may be denatured.
[4]
(b) An octapeptide A was analyzed and contained the following amino acids:
(iii)

Amino acid

abbreviation

R-group

Number of residues

Aspartic acid

Asp

– CH2CO2H

1

Glycine

Gly

–H
H3C

2

CH2
Histidine

His

1

NH
N
Phenylalanine

Phe

Proline

Pro

CH2
CH2

Valine
(i)

Val

1

CH2

CH2

2
(cyclic)

– CH(CH3)2

1

Analysis showed that the C-terminus contained an amino acid which is
optically inactive and partial hydrolysis gives the following fragments:
Val-Pro-His, Gly-Asp-Pro-Phe, Pro-Phe-Val
Use the above results to deduce the amino acid sequence of the
octapeptide A and explain your reasoning.

(ii)

Draw the displayed formula of Gly-Asp-Pro which is part of the octapeptide
chain in A.
[4]

11
(c)

Histidine is utilized by your body to develop and maintain healthy tissues. It is
especially important in the myelin sheath that coat nervous cells to ensure the
transmission of messages from your brain to organs throughout your body.
Histidine also stimulates the secretion of the digestive enzymes gastrin and is also
required to manufacture both red and white blood cells.
COOH
1

N

2

NH

NH 2

Structure of histidine
Histidine contains a total of 3 nitrogen atoms and each N atom exhibit different
properties in aqueous solution.
(i)

Considering the orbital arrangement of the atoms, explain why 2N atom in
histidine is less basic than 1N atom.

(ii)

There are three pKa values associated with the histidine: 1.8, 6.0, 9.2.
Assuming that the 2N atom does not exhibit any basic properties, make use
of the three pKa values to suggest the major species present in solutions of
histidine with the following pH values.
•
•
•
•

(iii)

pH 1
pH 5
pH 7
pH 11

Consider the buffer solution at pH = 5, calculate what fraction of the histidine
side chains will carry a positive charge at pH 5.
[8]

(d) 25.0 cm3 of 0.150 mol dm־3 of diethylamine solution, (CH3CH2)2NH, was placed in
a conical flask and titrated against a solution of 0.200 mol dm-3 hydrochloric acid
from a burette.

Given that the Kb of (CH3CH2)2NH is 8.60 x 10-4 mol dm-3,
(i)

explain what is meant by the term base dissociation constant, Kb of
diethylamine.

(ii)

Calculate the pH at equivalence point.
[4]
[Total: 20]
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Answer all questions in the spaces provided.
1

Planning (P)
Acids can be classified in terms of their basicity depending on the number of
protons that can be donated to a base. A student is investigating the basicity of a
solution of 0.80 mol dm-3 acid, A, using just the acid and sodium hydroxide of the
same concentration. He conducted two experiments by mixing different volumes
of A and sodium hydroxide, and taking the temperature rise for each experiment.

(a)

Based on the definition of the enthalpy change of neutralisation (∆Hn) and his
results, deduce the basicity of acid A.
Experiment

Volume of acid

Volume of NaOH

∆T /oC

1

40

20

3.6

2

20

40

7.2

If it is a dibasic acid, n(H2O) formed in experiment 2 is twice that of
experiment 1. Since total volume is constant, ∆T for experiment 2 is
doubled. Hence it is dibasic.
If it is a monobasic acid, n(H2O) formed in expt 1 = n(H2O) formed in expt
2
Since total volume is constant, ∆T must be the same for both
experiments.

(b) (i) The temperature rise of the reaction can be determined graphically by
measuring how the temperature changes with time.
You are to plan an experiment to determine the ∆Hn between a solid sample of A
and sodium hydroxide.
You are provided with a solid sample of A (Mr = 174) and sodium hydroxide
solution of 0.80 mol dm-3.
In your plan, you should give:


details including calculations to determine the quantities of the reactants to
use;



choice of apparatus (You may use apparatus normally found in the school
laboratory.);



the essential details for obtaining the graph of temperature against time in
order to determine the temperature rise;



table(s) of readings to taken.
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Calculations:
Volume of NaOH to use = 40 cm3
Amount of acid used in experiment 2 = 0.016 mol
Mass of acid used in experiment 2 = 0.016 x 174 = 2.784 g
To ensure acid is limiting here, we use 2.5 g.
Procedure:
1. Using a weighing balance, weigh accurately about 2.5 g of A.
2. Using a 50 cm3 measuring cylinder, measure 50 cm3 of NaOH and add into a
Styrofoam cup and cover with a lid.
3. Using a 0.2 oC division thermometer, note the temperature of the solution at 1 min
interval for the first 3 minutes.
4. At 3.5 min, rapidly add sample A into the cup, close the lid.
5. Stir the mixture.
6. Measure the temperature of the mixture at the 4th minute, and at every 1 minute
interval until the 10th minute.
Apparatus: weighing balance, 50 cm3 measuring cylinder, Styrofoam cup, 0.2 oC
division thermometer. (2 items missing, 0)
Timing: take initial temp for at least 3 min, time intervals (at most 1 min), read
minimum of 5 readings after mixing. (2 items missing, 0)
General procedure: rapidly pour, stir, close lid. (2 missing, 0)
Quantities: vol. of NaOH, mass of X (no penalty since calculation was done)

Table of readings:
Mass of X and weighing bottle /g
Mass of weighing bottle and residue /g
Mass of empty weighing bottle /g
Mass of X used /g
Time /min

Temperature /oC

3
(ii)
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Sketch the graph that you would expect, showing clearly how you can
determine the temperature rise.

T /°C

∆T

3.5 (or point of mixing)

Time / s

[8]
(c)

Explain why temperature rise in the experiment should not be too low.
Too low, result in high percentage error.
[1]

(d)

An alternative method to determine the temperature rise is to measure the highest
temperature reached. Explain if this is a better method.

Poorer method as it does not take into account heat loss to the
surroundings.
[1]
[Total: 12]
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2

One of the most important features of the transition elements is that they exhibit
variable oxidation states. This question illustrates the various oxidation states
shown by iron in its compounds.
The reaction between iodide ions, I-, and peroxidisulfate ions, S2O82-, is slow.
The reaction can be catalysed by adding a small amount of Fe2+ ions.

(a)

The initial rate of the slow reaction between iodide ions and peroxidisulfate
ions can be studied by using thiosulfate ions. The equations for the reactions
are as follows.
2I- + S2O82-

I2 + 2SO42-

I2 + 2S2O32-

2I- + S4O62-

(slow)

reaction I

(fast)

reaction II

In the presence of a constant amount of thiosulfate ions, the iodine being
slowly produced by reaction l will immediately react in reaction ll until all the
thiosulfate ions has been used up. At that point, free iodine will be present in
the solution, which will cause a sudden appearance of a deep blue colour if
starch is present.
A series of experiments was carried out using different volumes of the five
reagents. The following results were obtained.

(i)

Expt

Volume
of
S2O82/cm3

Volume
of
I/cm3

Volume
of
S2O32/cm3

1
2
3
4

20
20
5
10

20
15
25
15

10
10
10
10

Volume
of
distilled
water
/cm3
5
10
15
20

Volume
of
Starch
/cm3
5
5
5
5

Time for
the
appearance
of deep blue
colour/s
30
40
t3
80

If the orders of reaction with respect to peroxidisulfate ions and iodide ions
are both one respectively, deduce an expression relating the volume of these
two reactants and time taken for the appearance of deep blue colour.
Explain your reasoning.
Rate = k [S2O82-][ I-]
 Since total volume of solution is constant,
concentration of a reactant  volume of reactant
 rate  1/time
1/time = k (volume of S2O82-)(volume of I-)
(volume of S2O82-)(volume of I-) x time = constant

5
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Hence, predict the time, t3, required for the appearance of deep blue colour in
experiment 3.
time for expt 3, t3 = 96 s

(b)

(i)

[3]
In the Haber process, the rate of formation of ammonia is increased by using
an iron catalyst. State the type of catalysis occurring here and describe using
the Maxwell-Boltzmann Distribution curve, how the iron catalyst increases the
rate of reaction.
Heterogeneous catalysis
Boltzmann Distribution Diagram:
Key:
No of molecules with energy ≥ Ea
No of molecules with energy ≥ Eac (catalysed)

No of
molecules

0
Eac
Catalysed rxn

(ii)

Ea

Energy

uncatalysed rxn

In the presence of a catalyst,
 a reaction has a different mechanism with a lower activation energy
compared to the uncatalysed reaction.
 More molecules will possess energy greater than this lowered activation
energy,
 hence frequency of effective collisions will increase.
Hence, rate of reaction increases.
Ammonia shows significant deviations from the ideal behaviour that is
predicted by the kinetic theory of gases. State two assumptions of the kinetic
theory of gases.
2 assumptions for ideal gas behaviour are:
- Particles in gaseous state do not exert any force or negligible forces of
attraction;
- volume of particles is negligibly small compared with that of the container.
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(iii) A sample of ammonia can be liquefied at room temperature just by increasing
the pressure of the sample. Why does the application of pressure cause the
gas to liquefy?

(c)

At high pressure, volume of gas decreases, and the particles are much closer
to one another. They are able to form more significant intermolecular forces
(hydrogen bond between ammonia molecules) and hence, gases condense
into liquid.
[7]
Iron(III) chloride is a dark brown solid which dissolves in water to give an acidic
solution. This solution is often used, in the electronics industry, to etch (dissolve)
the copper used in printed circuit boards.
(i)

Explain, with the aid of a chemical equation, why aqueous iron(III) chloride is
acidic.
Fe3+(aq) can undergo hydrolysis with water due to its high charge density and
hence it’s able to polarize one of the water ligands to produce H3O+
[Fe(H2O)6]3+ + H2O

(ii)

[Fe(OH)(H2O)5]2+ + H3O+

By selecting appropriate E values from the Data Booklet, explain why
aqueous iron(III) chloride etches (dissolves) copper. Construct a balanced
equation for this reaction.
Cu2+ + 2e
2Fe3+ + 2e

Cu
2Fe2+

E = +0.34V
E = +0.77V

Since Ecell = +0.43V  0, reaction is feasible
2Fe3+ + Cu

Cu2+ +

2Fe2+
[4]

(d)

Iron(III) iodide has been successfully made under non-aqueous conditions by
following method.
Iron pentacarbonyl, Fe(CO)5, reacted with iodine in hexane solution to form a
solution of compound E, whose molecular formula is FeC4O4I2.
A further calculated amount of iodine is added, and the solution exposed to
uv light. A black precipitate of iron(III) iodide results, and a colourless gas is
evolved.
(i)

State the co-ordination number of iron in the complex, Fe(CO)5 and hence
predict the shape of the complex, Fe(CO)5.
Co-ordination number: 5
Shape: trigonal bipyramidal

7
(ii)
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Describe the bonding between iodine and iron in compound E and write a
balanced equation for the reaction between compound E and iodine.
Co-ordinate bond / Dative bond / Dative covalent bond [1]
2FeC4O4I2 + I2

(e)

2FeI3 + 8CO

[4]
When a solution of NaClO is added to a strongly alkaline suspension of Fe2O3, a
purple solution results. When BaCl2(aq) is added to the solution, a red solid is
precipitated with the composition by mass: Ba, 53.4%; Fe, 21.7%; O,24.9%.
(i)

Calculate the empirical formula of the red solid, and hence determine the
oxidation number of iron in the red solid.

Mass/g
No of mole/mol
simplest ratio

Ba
53.4
53.4/137
= 0.390
1

Fe
21.7
21.7/55.8
= 0.390
1

O
24.9
24.9/16
= 1.56
4

Empirical formula is BaFeO4
Oxidation number = +6
(ii)

Construct a balanced ionic equation for the reaction between Fe2O3,
ClO- and OH-.
2FeO42- + 5H2O + 6e
Cl- + 2OH-

[O] Fe2O3 + 10OH[R] ClO- + H2O + 2e
Overall:
Fe2O3 + 3ClO- + 4OH-

2FeO42- + 3Cl- + 2H2O
[4]
[Total: 22]

3

Aromatic sulfonic acid is an important precursor to industrial materials and has the
following structure:
CH

CH

CH

CH

HC

OH
C

S

O

O

Aromatic sulfonic acid
(a)

Sulfonation of benzene is the reaction mechanism between benzene and sulfuric
acid. The first step of the reaction mechanism is given by the following equation.
H2SO4

H2O + SO3

Sulfur trioxide is an important intermediate in the reaction mechanism.

H2 Chemistry 9647/02 NYJC J2/2013 Prelim

[Turn Over

(i)

Draw a dot-and-cross diagram of sulfur trioxide.
x x
xOx
x x

S
x
x
x
xO
xx

(ii)

x

x

O xx

xx

With reference to the structure of the molecule, state and explain the function
of sulphur trioxide in the mechanism.
Electrophile
The three oxygen atoms are more electronegative than the sulphur [1] and so
draw electrons towards themselves. The sulphur atom is electron deficient
and is attacked by the benzene ring.

(iii) The final step of the mechanism is different from other benzene reactions
because the hydrogen atom is not removed from the ring by a separate
negative ion. Instead it is removed by a lone pair of electrons on a negative
oxygen atom in the sigma complex.
The sigma complex formed has the following structure:
O

-

H

O
S
O

+
Sigma complex
With the above information, complete the mechanism for the reaction
between benzene and sulfuric acid.
Electrophilic Substitution
Step 2: Formation of the sigma complex (Slow step)

O
+
- O S
O

O

-

H

CH

HC

CH

HC

CH

O
S

slow

O

+

CH

Step 3: Loss of proton to form the substitution product
O
O

-

H

O

HO

S

O

S
O

+

fast

C

HC

CH

HC

CH

CH

(iv) Sulfonation of aniline produces sulfanic acid compounds with an unusually

9
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high melting point. With reference to the structure of sulfanic acid, suggest
why this is so.
CH

H2N

OH

CH

C

C

CH

O

S

CH

O

Sulfanic acid
Sulfanic acid forms zwitterions, hence the electrostatic forces of attraction
between oppositely charge ions on neighboring give rise to the high melting
point.
[7]
(b)

The key reaction during the Contact process is as follows:
2SO2 (g) + O2 (g)

2SO3 (g);

∆H = - 98 kJ mol-1

Industrially, the gases are compressed to a pressure of 3 atm before it is passed
over a bed of vanadium(V) oxide at 430 ○C. Explain the conditions used.
By Le Chatelier’s principle, high pressure and low temperature are conditions
favorable for the production of the product, SO3.
At high pressure, the foward reaction is favoured and POE shifts to the right as
there are less gas molecules produced, hence helping to remove the stress of high
pressure. However it is costly to operate the reaction at too high a pressure as
stronger pipes and vessels are needed. Hence an optimal pressure of 3 atm is
used.
At low temperature, the forward reaction is favoured and POE shifts to the right as
the forward reaction is exothermic, hence helping to remove the stress of low
temperature. However rate of reaction would be affected by the low temperature.
Hence an optimal temperature of 450oC and catalyst is used.
[3]
[Total: 10]

4

Magnesium is the fourth most abundant element in the earth. Scientists are
H2 Chemistry 9647/02 NYJC J2/2013 Prelim

[Turn Over

working on developing rechargeable magnesium-ion batteries for use in electric
cars, as they offer a cheaper and more energy efficient alternative to lithium-ion
batteries.
A simplified representation of a magnesium-ion battery is shown below. When the
battery discharges, magnesium ions are formed, which move across the cation
exchange membrane to the Sn electrode, forming solid Mg2Sn.

(a)

(i)

Write half equations for the reactions occurring at the cathode and the anode
when the battery discharges.
Cathode:
Anode:

(ii)

2Mg2+ + Sn + 4e  Mg2Sn
Mg  Mg2+ + 2e

The magnesium-ion battery provides a voltage of 3.01 V. With reference to
the Data Booklet, calculate E (Sn/Mg2Sn), assuming standard conditions.
E cell = E[R] – E[O]
3.01 = E[R] – (-2.38)
E[R] = +0.63 V

(iii) The car battery has to be recharged after use. After clocking a mileage of
500 km, 83.8 g of Mg2Sn was deposited on the electrode of the battery. How
many hours will it take for the car battery to be recharged, using a current of
10.0 A? What is the polarity of each electrode during the charging process?
n(Mg2Sn) = 0.500 mol
1 mol of Mg2Sn requires 4 mol of electrons
It = nzF
10.0t = (0.500)(4)(96500)
t = 5.36 hours (3sf)
Sn electrode: +ve, Mg electrode: -ve

(iv) Besides cost, explain another advantage the magnesium-ion battery has over
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the lithium-ion battery.
1 mol of Mg can transfer 2 mol of electrons as compared to 1 mol for Li, so
the process is more efficient. OR
Mg reacts less vigorously with water than Li, so it poses less of a safety
hazard if the battery is accidentally exposed to moisture.
[8]
(b)

Magnesium is also used in the synthesis of Grignard reagents, RMgX (R = alkyl or
aryl groups, X = Cl or Br), from organic halides. The organic halide is added to a
suspension of magnesium in dry ether, forming the Grignard reagent
RX + Mg  RMgX
Grignard reagents are examples of organometallic compounds as they contain a
carbon-metal bond. They are useful for organic synthesis as they can form new
carbon-carbon bonds with unsaturated compounds such as carbonyls.
The reaction of methanal and a general Grignard reagent is illustrated below:
H

H

1. dry ether
O

+

RMgX

R

2. H+ (aq)

H

(i)

OH
H

Draw the displayed formula of the product of the reaction between butanone
and C6H5MgCl.
H

H

H

O

H

H

C

C

C

C

H

H

H

H

[1]
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(ii)

How would you determine if the reaction in b(i) has gone to completion?
To a small portion of reaction mixture, add 2,4 dinitrophenylhydrazine, warm.
If there is no orange ppt, the reaction is complete.

(iii) The Grignard reagent can be considered as a good source of a carbanion,
“R–”. Using this information, explain whether the product mixture formed will
be optically active. Explain your answer with the aid of a diagram.

- O

+

Product is not optically active as the nucleophile has equal probability of
attack from above or below the planar carbonyl centre.
[5]
(c)

Refer to the reaction scheme involving a Grignard reagent below.
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Step 1
Br

HO

Mg
C

Grignard Reagent
dry ether

1. E
+
2. H (aq)

Effervescence

Na2CO3 (aq)
D
Step 2

OH

(i)

Suggest the identities of C, D and E.
O
Br

C:
(ii)

D:

OH

E: CO2

Suggest reagents and conditions for Step 1 and 2.
Step 1: concentrated H2SO4, 170 ºC or Al2O3, 350 ºC
Step 2: LiAlH4 / dry ether
[5]
[Total: 18]

5

Some chemistry students were doing an organic chemistry practical.

(a)

Student X heated Compound F with hydrochloric acid to form two organic
products. In order to isolate both products, the reaction mixture was placed in a
separating funnel and shaken with water.
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O
H

C
N

CH3

Compound F
(i)

Draw the products of the above reaction.
H
H

N

H

O
C
O

CH3

(ii) Explain why the separation will not be successful.
The amine will form ion-dipole interactions with water molecules.
The acid will form hydrogen bonds with water molecules.
(iii) Describe the correct procedure to separate the hydrolysis products.
Add NaOH to hydrolysis products until moist litmus paper turns blue.
Shake the reaction mixture with water in the separating funnel to isolate the ()
in the aqueous medium, leaving behind the amine.

(b)

Under acidic conditions, Student Y treated ethylamine with excess iodomethane in
an attempt to form a quarternary amine salt. Explain why this synthesis will not be
successful.
NH3.
NH2 is protonated to
Under acidic conditions,
The lone pair on the nitrogen is not available for the nucleophilic substitution to
form the quarternary amine salt.

[2]
(c)

15
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H

H

C

C

OH

Br

CH3

Compound G
Student Z predicted that Compound G was formed from the reaction of
propene and aqueous bromine in the presence of concentrated sodium
chloride.
(i)

Explain why his prediction is wrong.
Propene undergoes an electrophilic addition reaction with Br2(aq) in conc.
NaCl. The secondary carbocation is more stable than the primary carbocation
as it has one more electron donating alkyl groups help to stabilise the
carbocation intermediate by increasing the electron density

H

H

H

C

C

CH3

Br
There is a high concentration of Cl-, thus it will form a bond with the
carbocation.
(ii) Hence, suggest the structure of the major product formed.

H

H

H

C

C

Br

Cl

CH3
[3]
[Total: 10]

H2 Chemistry 9647/02 NYJC J2/2013 Prelim

[Turn Over

1
Answer for Paper 3
1

The elements of Group VII of the Periodic Table are called halogens, which mean "salt
formers". They lack only one electron to form a complete shell, and are extremely
active chemically.
This question examines the chemistry of two reactions of halogens.
(a)

In the first reaction, a 1:2 mixture of H2 and I2 gases was mixed at a constant
temperature of 430 oC and a constant pressure of 2 atm. The following equilibrium
was set up.
H2 (g) + I2 (g)
(i)

∆H = −11 kJ mol1

2HI (g)

Given that degree of dissociation of H2 is 86 %, calculate the equilibrium
constant, Kp for the above reaction under these conditions.
H2 (g)

+

I2 (g)

Initial amt /
X
2x
mol
Change
0.86x
0.86x
/ mol
Equilbrium
0.14x
1.14x
/ mol
.
n(total) = 1.14x + 0.14x + 1.72x = 3x
1.72 x 2
(
2)
2
( PHI )
3
x
Kp =

( PH 2 )( PI 2 ) ( 0.14 x 2)( 0.14 x 2)
3x
3x
= 18.5
(ii)

2 HI (g)
0
+1.72x
1.72x

Suggest, with reasoning, a way to increase degree of dissociation of H2 for
the above reaction.
Decrease temperature.
By Le Chatelier’s Principle, when temperature is decreased,
The forward exothermic reaction is favoured.
Hence POE shift to the right, and degree of dissociation of H2 increases.
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(iii)

Deduce how Kp for the following system would be compared to your answer
in (i).
H2 (g) + Br2 (g)
2HBr (g)
It will be larger since a stronger HBr bond is formed. Extent of equilibrium
lies more to the right.
[7]

In another reaction, halogens can react with unreactive alkanes to form monosubstituted product. An example is the reaction of chlorine with 2-methylpentane shown
below.

2-methylpentane

(b) (i)

Explain why alkanes are generally unreactive.
The C-H bonds are non-polar and very strong

(ii)

This reaction is seldom used for synthesis as there are many associated
problems. Firstly, several isomeric products are formed. The relative ratio
of the isomeric products may be more accurately determined if relative rates
of abstraction of H atoms are taken into account.
The relative rates of abstraction of H atoms are
Type of H atoms
Primary
Secondary
Tertiary

Relative rate of abstraction
1
4
6

By examining the difference in stability of the intermediates formed when
different types of H atom are abstracted, explain the trend in relative rate of
abstraction.
The tertiary radical is the most stable as it contains the most electrondonating alkyl groups which help to stabilise the electron-deficient radical
centre. Hence, it is abstracted more easily/faster.
(iii)

Predict the ratio of the following two products A and B, taking into account
the relative rates of abstraction given in (ii). Explain your reasoning.

Cl

and
Cl
A

B

3
H a CH a3 H H H
Ha C C
C C C H
Ha Hb H H H
6 possible (primary) hydrogens (Ha) can be substituted to form A
1 possible (tertiary) hydrogens (Hb) can be substituted to form B
Assuming equal probability of abstraction,
Ratio of A : B = 6:1

However since a tertiary H is abstracted 6 times faster than a primary H,
Ratio of A : B = 6:1x6 = 1:1
(iv) Describe suitable chemical test(s) to distinguish compounds A and B in (iii).
Add NaOH(aq) to both unknowns, heat (to form alcohols) [1] followed by
KMnO4, NaOH(aq), heat.
Observation for A: Purple KMnO4 decolourised, Brown ppt of MnO2 formed.
(as 1o alcohol formed is oxidised).
Observation for B: Purple KMnO4 remains (as 3o alcohol formed cannot be
oxidised).
[7]
(c)

Another problem of the reaction is multi-substitution.
(i)

Suggest the conditions that will give rise to formation of multi-substituted
products.
Excess Cl2 or limited alkane. [1]

(ii)

A di-substituted product C with molecular formula C6H12Cl2 was obtained in
the reaction of chlorine with 2-methylpentane.
C does not exhibit optical activity. On warming with alcoholic KOH, a major
product D is formed. When D is treated with hot acidified potassium
manganate(VII) solution, effervescence was observed and the only organic
product remaining gives a yellow precipitate with alkaline aqueous iodine.
Use this information to deduce the structure of C and D, explaining your
reasoning.
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H CH 3 H H H
C C C H
H C C
C: H Cl H H Cl

H CH 3 H H H
C C C H
H C C
H
D:



C does not exhibit optical activity as it doesn’t contain any chiral
centre (no carbon with 4 different groups).
 Alkyl halide in C undergoes elimination with alcoholic KOH to form
alkene in D.
 Alkene in D undergoes oxidative cleavage to form the following
products:
H CH 3
HO
OH
H C C
CO 2
C C
O
H
O
O





H
H C
H

CH 3
C
O

undergoes oxidation to form yellow precipitate with
alkaline aq iodine.
The terminal alkene is oxidised to CO2.
Ethanedioic acid formed is also oxidised spontaneously to CO2.
[6]
[Total: 20]

2

Precipitation plays an important function in growth of bones and teeth in our bodies.

5
Teeth and bones are largely composed of calcium phosphate salt Ca3(PO4)2.
In order for this precipitation to occur, the concentrations of the ions in blood must
exceed the solubility product in the immediate region of deposition.
(a)

Write an ionic equation with state symbols to show the formation of teeth and
bones at the deposition region and hence an expression for the solubility product
of the Ca3(PO4)2 deposits.
[2]
3Ca2+(aq) + 2PO43- (aq)

Ca3(PO4)2(s)
3

Ca 2   PO43 
Ksp of Ca3(PO4)2 = 
(b) (i)

2

At a temperature of 37 oC, the solubility product for calcium phosphate
Ca3(PO4)2 has a numerical value of 4 × 10-27. In a sample of blood at a pH
of 7.4, the concentrations of calcium and phosphate ions are found to be
1.2 × 10-3 mol dm-3 and 1.6 × 10-8 mol dm-3 respectively. State and explain if
the above composition in blood will result in the growth or degeneration of
teeth and bones.
3

2

Ca 2   PO43 
ionic product =
= (1.2 × 10-3)3 × (1.6 × 10-8)2
= 4.42 × 10-25 mol5 dm-15
Since IP > Ksp (4 × 10-27), precipitation occurs resulting in growth.
(ii)

Hence, state and explain if the pH environment of 7.4 in (i) is that for a
growing child, a fully grown man or an old person.
At pH = 7.4, since there is deposition of calcium phosphate, it is the
environment for a growing child.
[3]

(c)

The pH at the area of growth may change due to metabolic processes in the body.
The hydrogen ions that are present combine phosphate ions as hydrogen
phosphate ions. This prevents growth of strong teeth and bones.
PO43- (aq) + H+ (aq)

HPO42- (aq)

-

Assuming that the [HPO42 ] is maintained at 1.7 × 10-4 mol dm-3 by cell functions,
(i)

calculate the pH that will result in neither growth nor degeneration at the
teeth and bones deposition region when the concentration of calcium ions in
blood is maintained at 1.2 × 10-3 mol dm-3.
[Ka of HPO42- = 4.4 × 10-13 mol dm-3]
To prevent neither growth nor degeneration, the [PO43-(aq)] must be at
saturation (or equilibrium with the Ca3(PO4)2(s),
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[PO43-(aq)] =

4 1027
(1.2  103 )3 =1.52 × 10-9 moldm-3

4.4 1013  1.7 104
1.52 109
pH = -log[H+] =-log(
) = 7.3
(ii)

Suggest another acid–conjugate base equation that accounts for the
constant supply of HPO42- ions from cell functions.
H2PO4- (aq)

HPO42-(aq) + H+ (aq) [state symbols can be ignored].
[3]

(d) (i)

Construct an energy level diagram for the formation of Ca3(PO4)2 from its
elements using relevant data from the table below and other appropriate
values in the Data Booklet. Hence calculate the lattice energy of Ca3(PO4)2.
Enthalpy
Standard enthalpy change of formation of Ca3(PO4)2
Standard enthalpy change of atomisation of Ca
Standard enthalpy change of atomisation of P
P(g) + 4O(g) + 3e → PO43-(g)

∆H / kJ mol-1
−4132
+178
+315
−2810

kJ mol-1
3Ca2+(g) + 6e+ 2P(g) + 8O(g)
3 × (1st +2nd IE (Ca)) = 3 × (589+1145)

-2810 x 2

3Ca(g) + 2P(g) + 8O(g)
4×∆Hbe(O2) = +498 × 4

3Ca(g) + 2P(g) + 4O2(g)

-

3Ca2+(g) + 2PO43 (g)

2×∆Hatm(P) = +315 × 2

3Ca(g) + 2P(s) + 4O2(g)
3×∆Hatm(Ca) = +178×3

0

3Ca(s) + 2P(s) + 4O2(g)
∆Hf(Ca3(PO4)2 ) = −4132
Ca3(PO4)2 (s)
By Hess’ law,
∆HLE Ca3(PO4)2
= +2810 x 2 - 3 × (589+1145) - 498 × 4 - 315 × 2 - 178×3 – 4132
= -6870 kJmol-1

∆HLE Ca3(PO4)2

7
(ii)

Using your answers to (i) and other enthalpy change value if any, explain
why Ca3(PO4)2 is insoluble.
∆Hsolution Ca3(PO4)2 = -∆HLE Ca3(PO4)2 + 3∆Hhydration Ca2+ + 2∆Hhydration PO43-∆HLE Ca3(PO4)2 is very positive as seen in part (d) and both Ca2+, PO43- are
have large radii, resulting in less negative ∆Hhydration values.
Hence ∆Hsolution Ca3(PO4)2 will likely to be positive. Making it insoluble.
[6]

(e)

Use of the Data Booklet is relevant to this question.
Group VII elements exist as ions and play a vital role in bodily functions. The
following observations are made about Group VII elements and their reactions.
Explain the observations made.
(i)

F2 cannot be prepared by electrolytic oxidation of aqueous F- solutions.
The electrode potential value of F2
favouring the backward reaction.

F- is too electropositive, hence not

In an aqueous medium, H2O will be preferentially oxidised to oxygen gas
instead.
(ii)

HI can be prepared by treating NaI with phosphoric acid, H3PO4 but not with
concentrated sulfuric acid.
Phosphoric displaces HI from I- and it does not further oxidise HI to I2.
H2SO4 on the other hand oxidises HI to I2, itself being reduced to H2S.

(iii)

Interhalogen compounds such as IF3, IF5 and IF7, BrF3, BrF5, ClF3, ICl3
exists. On the other hand, ClF5 is not easily formed and BrCl3 does not
exists.
The large size of the I atom can accommodate up to seven small F atoms.
As the central atom gets smaller from Br to Cl, it cannot accommodate as
many F atoms.
As the surrounding atom gets bigger, the steric hindrance prevents too many
of it from surrounding the central atom as well.
[6]
[Total: 20]
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3

(a)

Period 3 elements react with oxygen to form the corresponding oxides of varying
acid-base nature. Using magnesium, aluminium and phosphorus as examples,
describe the acid-base nature of the oxides across Period 3 with suitable
[4]
equations.
Magnesium oxide is a basic oxide and it reacts readily with acids to form salt and
water.
MgO (s) + 2H+ (aq)  Mg2+ (aq) + H2O (l)
Aluminium oxide is an amphoteric oxide and it can react with both acids and alkali
to give a salt.
Al2O3 (s) + 6H+ (aq)  2Al3+ (aq) + 3H2O (l)
Al2O3 (s) + 2OH⎯ (aq) + 3H2O (l)  2[Al(OH)4]⎯ (aq)
Phosphorus trioxide / pentoxide is acidic and reacts with alkali to give a salt and
water.
P4O6 (s) + 12OH⎯ (aq)  4PO33⎯ (aq) + 6H2O (l)
OR
P4O10 (s) + 12OH⎯ (aq)  4PO43⎯ (aq) + 6H2O (l)

(b) Aluminium is a reactive metal but its reactivity is limited due to a layer of inert
aluminium oxide being formed. Both aluminium and its oxide react readily with
aqueous sodium hydroxide to give similar products. Aluminium, however,
produces another product which is a combustible gas.
(i)

Write a balanced equation for the reaction when aluminium is heated in
aqueous sodium hydroxide.
2Al (s) + 2OH⎯ (aq) + 6H2O (l)  2[Al(OH)4]⎯ (aq) + 3H2 (g)

(ii)

Explain why a homogenous solution is obtained in (i).
The aluminium hydroxide formed is amphoteric and can react with hydroxide
to form [Al(OH)4]⎯.
The resulting product is charged and can form ion−dipole interaction with
water thus becomes soluble.
[3]

9
(c)

Using 2,6−dichloroheptane as the starting compound, suggest the reagents and
conditions for steps I, II and IV and the products J to M in the synthetic scheme
below.
[7]
IV

Cl

Cl

M

I
O

O

V

J

O

O

II
N
PCl5
L

K
III

Answer

IV

Cl

Cl

M

OH

OH

I
O

O

V
O

O

J
II

N
HO

K

OH
O

O

Cl

PCl5
III

L

Cl
O

O

Reagents and Conditions:
Step I: Ethanolic NaOH, heat under reflux
Step II: aq H2SO4, aq KMnO4, heat under reflux
Step IV: aq NaOH, heat under reflux

H2 Chemistry 9647/03 NYJC J2/2013 Prelim

[Turn over

(d) (i)

Propyne, C3H4, like ethyne, C2H2, is commonly used for blow torches to cut
metals in heavy metal industries.
By drawing an appropriate energy cycle, determine the enthalpy of
combustion of propyne, given the following enthalpy values:
Hf(C3H4) = +184 kJ mol⎯1
Hc(C) = −394 kJ mol⎯1
Hc(H2) = −286 kJ mol⎯1
C3H4 (g) + 4O2 (g)
Hf = +184

Hc = -1938

3CO 2 (g) + 2H 2O (l)

3(-394)

2(-286)

3C (g) + 2H 2 (g) + 4O 2 (g)
Hc (propyne) = 3(−394) + 2(−286) − 184
= −1938 kJ mol−1

(ii)

Determine the enthalpy of combustion of propyne using bond energy values.
Explain why the use of bond energy values to calculate the enthalpy of
combustion is significantly less exothermic that those obtained in (i).

H3C C

CH(g) + 4O2 (g)

3O

C

O (g) + 2 H O H (l)

BD = 4(+410) + (+350) + (+840) + 4(+496)
BF = 6(+740) + 4(+460)
Hc(C3H4) = +4814 + (−6280) = −1466 kJ mol⎯1
Hvap(H2O) is not taken into consideration.

[6]
[Total: 20]
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4

Nickel is a typical transition element which is commonly used as a catalyst and metal
for electroplating. Nickel also forms complex ions with ligands such as H2O, NH3 and
NH2CH2CH2NH2 to give various coloured complexes.
(a)

What do you understand by the terms transition element, ligand and complex ion?
[2]
[3]
A transition element is a d-block element that can form one or more stable ions
with a partially filled d-subshell.
A ligand is a molecule or anion with at least one lone pair of electrons that it can
use to form coordinate bond to the central metal atom/ion in a complex ion.
A complex ion is a species that contains a central metal atom/ion surrounded by
ligands which forms coordinate bonds to the metal centre.

(b) (i)

Explain why transition metal complexes are coloured.
In the presence of ligands, the degenerate d orbitals of the transition metal
split into 2 groups with an energy gap, E.
When visible light passes through the solution of the transition metal ion, the
wavelength of light corresponding to the energy gap is absorbed by the d
electron in the lower energy level to promote to a vacant d orbital at the
higher energy level./ for d-d transition.
The complementary colour corresponding to the unabsorbed wavelength is
observed.

(ii)

Complex ions of nickel such as [Ni(H2O)6]2+, [Ni(NH3)6]2+
[Ni(NH2CH2CH2NH2)3]2+ are green, blue and violet colour respectively.

and

The visible absorption spectra of the three complex ions of nickel are shown
below:
relative absorbance
B
C
A

wavelength / nm
500

550

600

650

700
colour of visible light

green

yellow

orange

red
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Suggest an explanation for the difference in colour of the three complexes
and using the colours of the complexes given, assign the peaks A, B and C
to the three complex ions of nickel.
Due to the presence of different ligand, the d orbitals are split to different
extent/ energy gap, E. Light of different wavelength will be absorbed by
the d electron of Ni(II) in the three complex ions and hence different
complementary colours are observed.
A: [Ni(NH2CH2CH2NH2)3]2+ absorbs yellow and appears violet
B: [Ni(NH3)6]2+ absorbs orange and appears blue
C: [Ni(H2O)6]2+ absorbs red and appears green
[3]
(c)

[5]

When Ni2+ (aq) is mixed with an excess of NH3 (aq), each H2O is replaced by a
NH3 at a time. The stepwise formation of [Ni(NH3)6]2+ from [Ni(H2O)6]2+ can be
summarised by the following equations with their associated equilibrium
constants:
Step 1: [Ni(H2O)6]2+ + NH3

[Ni(H2O)5(NH3)]2+ + H2O

Step 2: [Ni(H2O)5(NH3)]2+ + NH3

K1 = 630 mol–1dm3

[Ni(H2O)4(NH3)2]2+ + H2O K2 = 160 mol–1dm3

and so on for steps 3, 4 and 5.
Step 6: [Ni(H2O)(NH3)5]2+ + NH3
(i)

[Ni(NH3)6]2+ + H2O

K6 = 1.1 mol–1dm3

The stepwise formation of [Ni(NH3)6]2+ from [Ni(H2O)6]2+ undergoes a
dissociative mechanism which resembles a SN1 mechanism in organic
chemistry. Suggest a possible mechanism for Step 1 and show clearly how
the shape of the complex ion changes.
2

2

H2O

step 1

H2O

H2O
OH2

slow

Ni
H2O

OH2

H2O

OH2
Ni

H2O

+ H2O
OH2

H2O
intermediate
2

2

H2O

H2O
H2O

OH2
Ni

step 2
H2O

OH2

fast

H2O

OH2
Ni

H2O

NH3

Trigonal bipyramidal intermediate is accepted as well.

OH2
NH3
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(ii)

Sketch an energy profile diagram for the suggested mechanism in (i) given
the reaction is exothermic.

Energy / kJmol-1

Note: Ea1 > Ea2 since step 1 is slow.

[Ni(H2O)6]2+
reactant

Ea2
Ea1 intermediate
[Ni(H2O)5]2+
[Ni(H2O)5NH3]2+
∆H

product
reaction pathway

(iii)

Suggest a possible reason for the decrease in value of the equilibrium
constant for each successive replacement of water by ammonia ligands.
For each successive substitution, the number of sites available for the
ammonia ligands to replace decreases.
[6]

(d) [Ni(H2O)6]2+ can also undergo ligand exchange reaction with NH2CH2CH2NH2 to
form [Ni(NH2CH2CH2NH2)3]2+. Using the signs of G, H and S, explain how the
formation of [Ni(NH2CH2CH2NH2)3]2+ would compare to that of [Ni(NH3)6]2+.
[2]
[3]
H for formation of [Ni(NH3)6]2+ and [Ni(NH2CH2CH2NH2)3]2+ is similar due to
breaking of similar Ni─O bonds and forming of similar Ni─N bonds.
S for formation of [Ni(NH2CH2CH2NH2)3]2+ would be more positive than that of
[Ni(NH3)6]2+ because there is an increase in number of aqueous particles as
[Ni(NH2CH2CH2NH2)3]2+ is formed, allowing more ways of arranging the particles.
Since H for formation of [Ni(NH3)6]2+ and [Ni(NH2CH2CH2NH2)3]2+ are similar and
S for formation of [Ni(NH2CH2CH2NH2)3]2+ is more positive than that of
[Ni(NH3)6]2+ , G for formation of [Ni(NH2CH2CH2NH2)3]2+ would be more negative
than that of [Ni(NH3)6]2+ and hence more spontaneous.
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(e)

With the aid of a clearly labelled diagram, show the calculations you would carry
out to determine a value for the Avogadro constant by the electroplating of nickel
from nickel(II) ions.
You may assume that you are provided with the following data.
•
•
•

mass of nickel deposited, m
current used, I
time taken, t

nickel anode (+)

nickel cathode (-)

aqueous nickel (II) sulfate
Calculations:
amount of nickel metal deposited =

m
mol
58.7

amount of charge required to deposit 1 mol of Ni =

It
58.7It
=
C
m
m
58.7

At the cathode: Ni2+ + 2e → Ni
Quantity of charge per mol of electron passes =

58.7It
1 58.7It
x =
m
2
2m

Given that the charge of an electron is 1.60 x 10–19 C,
58.7It
58.7It
2m
Avogadro’s constant =
=
19
2 x 1.6 x 1019 m
1.6 x 10

[3]
[Total: 20]

15
5

(a)

Amino acids play central roles both as building blocks of proteins and as
intermediates in metabolism. The 20 amino acids that are found within proteins
convey a vast array of chemical versatility and they have relatively high melting
points and are soluble in water.
(i)

Define the secondary structure of proteins.
The secondary structure refers to the repeated coiling and folding of a
polypeptide chain in a regular arrangement.
The two common repeating structural patterns in proteins are: -helix and
-pleated sheets. Both structures are stabilised by hydrogen bonding
between the oxygen atom of the C=O group of a peptide bond and the
hydrogen atom of the N-H group of another peptide bond.

(ii)

What is meant by the term denaturation of proteins?
Denaturation is an irreversible process when the protein loses its biological
activity. When proteins are denatured, the R–group interactions are
destroyed, only the secondary, tertiary and quaternary structures are
disrupted. This results in protein disintegrating to form random coils of
polypeptide chains.

(iii)

Suggest a brief outline of one method by which proteins may be denatured.
Proteins may be denatured by addition of acid to it. This will disrupt the ionic
bonding originally present between the R groups.
[4]

(b) An octapeptide A was analyzed and contained the following amino acids:
Amino acid

abbreviation

R-group

Number of residues

Aspartic acid

Asp

– CH2CO2H

1

Glycine

Gly

–H
H3C

2

CH2
Histidine

His

1

NH
N
Phenylalanine

Phe

CH2
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Proline

CH2

Pro

CH2

CH2
Valine
(i)

Val

2
(cyclic)

– CH(CH3)2

1

Analysis showed that the C-terminus contained an amino acid which is
optically inactive and partial hydrolysis gives the following fragments:
Val-Pro-His, Gly-Asp-Pro-Phe, Pro-Phe-Val
Use the above results to deduce the amino acid sequence of the
octapeptide A and explain your reasoning.
Complete Sequence:
Gly-Asp-Pro-Phe
Pro-Phe-Val
Val-Pro-His
Gly
Octapeptide: Gly-Asp-Pro-Phe-Val-Pro-His -Gly

(ii)

Draw the displayed formula of Gly-Asp-Pro which is part of the octapeptide
chain in A.

H

H

H

N

C

C

H

O

H

H

N

C

C

C

HO

H

H
N

C

C

O

H

O

C
O

O
H
[4]

(c)

Histidine is utilized by your body to develop and maintain healthy tissues. It is
especially important in the myelin sheath that coat nervous cells to ensure the
transmission of messages from your brain to organs throughout your body.
Histidine also stimulates the secretion of the digestive enzymes gastrin and is also
required to manufacture both red and white blood cells.

17
COOH
1

N

2

NH 2

NH

Structure of histidine
Histidine contains a total of 3 nitrogen atoms and each N atom exhibit different
properties in aqueous solution.
(i)

Considering the orbital arrangement of the atoms, explain why 2N atom in
histidine is less basic than 1N atom.
The lone pair of electrons on the 2N atom is less available for donation to the
proton via dative bonding because the lone pairs of electrons occupy an sp3
orbital that can be delocalised into the ring.
While on the other hand, the lone pair of electrons on the 1N atom is
available for donation to the proton via dative bonding because the lone
pairs of electrons occupy the sp2 orbital.

(ii)

There are three pKa values associated with the histidine: 1.8, 6.0, 9.2.
Assuming that the 2N atom does not exhibit any basic properties, make use
of the three pKa values to suggest the major species present in solutions of
histidine with the following pH values.
•
•
•
•

pH 1
pH 5
pH 7
pH 11

pH 1:

pH 5:
COOH

+
HN
NH

COO

+
HN

NH 3
+

NH

pH 7:

-

NH3
+

pH 11:

COO
N
NH

NH3
+

-

COO

-

N
NH
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(iii)

Consider the buffer solution at pH = 5, calculate what fraction of the histidine
side chains will carry a positive charge at pH 5.

pH = pKa + log

5 = 6 + log

[salt]
[acid]

[salt]
[acid]

1
[salt]
= 10-1 =
10
[acid]
Since 10[salt] = [acid]
Therefore at pH 5, 10/11 of the histidine will be in the protonated form.
[8]
(d) 25.0 cm3 of 0.150 mol dm־3 of diethylamine solution, (CH3CH2)2NH, was placed in
a conical flask and titrated against a solution of 0.200 mol dm-3 hydrochloric acid
from a burette.

Given that the Kb of (CH3CH2)2NH is 8.60 x 10-4 mol dm-3,
(i)

explain what is meant by the term base dissociation constant, Kb of
diethylamine.

The base dissociation constant is defined as K b 
(ii)

[OH ][(CH3CH2 )2NH2+ ]
[(CH3CH2 )2NH]

Calculate the pH at equivalence point.

 25.0  0.150   18.75
V(HCl) at neutralisation point =

(0.200)

cm3

nsalt  25.0  0.150 

 0.08571
V
(25.0
+18.75)
T
At equivalence point, [salt] =
mol dm-3

Since salt is an acidic in nature, [H+] =

1 x 10-14
x 0.08571 = 9.983 x 10-7
-4
8.6 x 10

pH = -log(9.983 x 10-7) = 6.00
[4]
[Total: 20]
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Section A
For each question, there are four possible answers labelled A, B, C and D. Choose the
one you consider to be correct.
1

Carbon disulfide, CS2, is a volatile flammable liquid used in the manufacture of
cellophane.
On combustion, CS2 is oxidised as follows.
CS2(g) + 3O2(g) → CO2(g) + 2SO2(g)
A 20 cm3 sample of carbon disulfide is ignited with 100 cm3 of oxygen. The final
volume of gas after burning is treated with an excess of aqueous alkali.
What percentage of this final volume remains after treatment with the alkali?
A 20%

2

B

40%

C

60%

D

80%

25.0 cm3 of 0.05 mol dm3 KClO4(aq) required 50.0 cm3 of 0.20 mol dm3 TiCl3 (aq)
to reach end-point.
Given that titanium(III) is oxidised to titanium(IV) in this reaction, which of the
following formulae correctly represents the reduction product of the ClO4- ion?
A Cl

3

B

ClO2

C

ClO3

D

OCl

The successive ionisation energies, in kJ mol1, of an element X are given below.
870

1800

3000

3600

5800

7000

13200

Which of the following can be inferred from the data provided?
A

X has no unpaired valence electrons in its atomic structure.

B

X has a lower first ionisation energy than the element preceding it in the
Periodic Table.

C

X is likely to form an ionic compound with a non-metallic element.

D

X would achieve noble gas configuration after removing all its first seven
electrons.
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A 2 g sample of hydrogen at temperature T and of volume V exerts a pressure p.
Deuterium, 21H , is an isotope of hydrogen.
Which of the following would also exert a pressure of p at the same temperature T?

5

6

7

A

a mixture of 1 g of hydrogen and 1 g of deuterium of total volume V

B

a mixture of 1 g of hydrogen and 2 g of deuterium of total volume 2V

C

a mixture of 2 g of hydrogen and 2 g of deuterium of total volume 2V

D

a mixture of 2 g of hydrogen and 4 g of deuterium of total volume 2V

In which of the following pairs is the bond angle of the second molecule or ion
greater than that of the first?
A

NO2+, NO2

B

SO42, SO32

C

BrF3, ClF3

D

PH3, AsH3

Which of the following statements about the properties associated with ionic and
covalent bonds is correct?
A

A covalent compound can be an electrolyte.

B

The only covalent compounds with high melting points are those in which
hydrogen bonds occur.

C

Ionic bonds and covalent bonds cannot both occur in the same compound.

D

Any covalent compound that contains both oxygen and hydrogen in its
molecules forms hydrogen bonds.

The enthalpy change of formation of H2S(g) and H2O(l) are -21 kJ mol1 and
-286 kJ mol1 respectively and the enthalpy change of vaporisation of water is
+41 kJ mol1.
What is the enthalpy change of reaction for the following process?
H2S(g) + ½O2(g) → H2O(g) + S(s)
A

-224 kJ mol1

B

-266 kJ mol1

C

-306 kJ mol1

D

-348 kJ mol1
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A methane-oxygen fuel cell is built using a 1 mol dm3 hydrochloric acid as the
electrolyte.

The overall equation for the reaction occurring in the fuel cell is:
CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)
What would be the change in pH of the solution around each electrode when
current flows?

9

cathode

anode

A

increases

increases

B

increases

decreases

C

decreases

increases

D

decreases

decreases

A voltaic cell is made up of the Mg2+/Mg half-cell and the Fe3+/Fe2+ half-cell.
Which one of the following statements is correct?
A

The Mg2+/ Mg half-cell is the positive electrode.

B

Increasing the temperature has no effect on the e.m.f. of the cell.

C

Addition of NaOH(aq) to the Mg2+/ Mg half-cell decreases the e.m.f. of the cell.

D

Addition of water to the Fe3+/Fe2+ half-cell has no effect on the e.m.f. of the cell.
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The graphs below show the variation of the percentage of gaseous products
present at equlibrium, with temperature and pressure.

% products
at
equilibrium
(T + 10) oC

T oC
pressure
Which one of the following systems could the graphs represent?

11

12

A

N2(g) + 3H2(g) ⇌ 2NH3(g)

H = –92 kJ mol1

B

3O2(g) + 4NH3(g) ⇌ 2N2(g) + 6H2O(g)

H = –1248 kJ mol1

C

2N2(g) + O2(g) ⇌ 2N2O (g)

H = +82 kJ mol1

D

CO2(g) + C(s) ⇌ 2CO (g)

H = +173 kJ mol1

Which of the following statements about acids, bases and salts is correct?
A

10 cm3 of 0.10 mol dm3 of sodium hydroxide reacts with 5 cm3 of
0.10 mol dm3 ethanoic acid to produce an alkaline buffer.

B

10 cm3 of 0.10 mol dm3 of ammonia reacts with 5 cm3 of 0.10 mol dm3
hydrochloric acid to produce an alkaline buffer.

C

0.10 mol dm3 of aqueous sodium ethanoate has lower pH than 0.10 mol dm-3
of aqueous ammonium chloride.

D

0.10 mol dm3 of ethanoic acid has higher pH than 0.10 mol dm3 of aqueous
sodium ethanoate.

Which statement explains the observations that magnesium hydroxide dissolves in
ammonium chloride, but not in aqueous sodium chloride?
A

Ammonium hydroxide is first formed, and then acts through a common ion
effect.

B

The ammonium ion changes the solubility product of Mg(OH)2.

C

NH4Cl dissociates less fully than NaCl.

D

The NH4+ ion acts as an acid.
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In the reaction between aqueous sodium thiosulfate and dilute acid, the reaction is
found to be first order with respect to acid at low concentrations of acid, but zero
order with respect to acid when the acid concentration is high.
Which graph represents the experimental results?
A

B

[acid]

[acid]

[rate]

C

[rate]

D

[acid]

[acid]

[rate]

14

[rate]

A chemical plant illegally dumped some radioactive waste in a landfill. This waste
composed of two radioactive isotopes M and N in the proportion 4:1. The decay of
radioactive isotopes follows first-order kinetics. The half-life of M is 2 days whereas
that of N is 4 days. By the time the authorities found out about this illegal dumping
and analysed a sample of the waste, they found equal amounts of M and N.
How long was the waste in the landfill before the authorities arrived?
A 2 days

15

B

4 days

C

8 days

D

16 days

P, Q and R are elements of the third period of the Periodic Table. The oxide of P is
amphoteric, the oxide of Q is basic and oxide of R is acidic.
What is the order of increasing atomic radius?
A

R

P

Q

B

Q

P

R

C

R

Q

P

D

Q

R

P
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Magnesium oxide, a refractory material, is used in the lining of blast furnace. It is
extracted from seawater as follows.
Aqueous calcium hydroxide is added to seawater.
Ca(OH)2(aq) + MgCl2(aq) → Mg(OH)2(s) + CaCl2(aq)
The magnesium hydroxide is then filtered off and roasted.
Which of the following comparisons explains why solid magnesium hydroxide
forms?

17

A

Magnesium is lower than calcium in the reactivity series.

B

The solubility product for Mg(OH)2 is lower than that for Ca(OH)2.

C

The enthalpy change of hydration for Mg2+ is less exothermic than for Ca2+.

D

The magnitude of the lattice energy of Mg(OH)2 is less than that of Ca(OH)2.

Strontium lies between calcium and barium in Group II of the Periodic Table.
Which of the following properties could be predicted for strontium?

18

A

It forms a water-soluble carbonate which does not decompose on heating.

B

It burns in air to form an amphoteric oxide.

C

It forms a nitrate which decomposes on heating to form strontium nitrite and
oxygen.

D

It is oxidised by cold water, liberating hydrogen.

An aqueous solution containing both potassium bromide and potassium iodide is
treated with an excess of aqueous silver nitrate. The precipitate formed is filtered
off and washed with distilled water.
The precipitate is then shaken with
concentrated aqueous ammonia and filtered off again.
Which ion is present in the final filtrate?
A

bromide

B

iodide

C

potassium

D

silver
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An aqueous solution containing a mixture of Cu2+, Fe2+ and Al3+ ions was treated
with an excess of aqueous ammonia.
What precipitate was left by this reaction?

20

A

Cu(OH)2 and Fe(OH)2

B

Fe(OH)2 and Al(OH)3

C

Cu(OH)2 and Al(OH)3

D

Fe(OH)2 only

When aqueous potassium fluoride is added to an aqueous solution of
iron(III) chloride, the yellow solution decolourises. No colour change is observed
when aqueous ammonium thiocyanate is added to the resulting solution. However,
when aqueous sodium cyanide is added, the colourless solution turns red.
complex
colour

[Fe(H2O)6]3+
yellow

[Fe(H2O)5SCN]2+
blood red

[Fe(H2O)F5]2
colourless

[Fe(CN)6]3
red

In which sequence are the ligands listed in order of increasing ligand strength?

21

A

F < SCN < CN

B

SCN < F< CN

C

F < CN < SCN

D

CN < F< SCN

How many isomers (including both structural isomers and stereoisomers) with
molecular formula C4H10O liberates hydrogen on reaction with sodium?
A 2

22

B

3

C

4

D

5

Ethane reacts with chlorine in the presence of ultraviolet light to form a mixture of
products.
Which of the following about the reaction mechanism is incorrect?
A

Both initiation and propagation steps involve homolytic fission.

B

Both initiation and propagation steps produce chlorine atoms.

C

Both propagation and termination steps produce hydrogen chloride molecules.

D

Both propagation and termination steps involve C-Cl bond formation.
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Phenylethene undergoes the following reaction to form compound B.
BrCl

HCl
CH CH2

A

B
Fe

What is the structural formula of compound B?
A

B

Br

CH2 CH2Cl

C

Cl

CH2 CH2Br

Cl

CH

D
Br

CH

CH3

Cl

24

CH3

Br

When sodium iodide in propanone is added to an optically active sample of
2-bromobutane, a sodium bromide precipitate is formed after 13 minutes upon
heating.
NaI + CH3CHBrCH2CH3  CH3CHICH2CH3 + NaBr(s)
The experiment was repeated several times and the rate equation was found to be
Rate = k[CH3CHBrCH2CH3][NaI]
Which of the following statements is incorrect?
A

The mechanism involves a reactive intermediate.

B

The organic product obtained rotates the plane of polarised light.

C

A similar experiment, using 1-bromobutane, will produce a precipitate in less
than 13 minutes.

D

A similar experiment, using 2-chlorobutane, will take more than 13 minutes to
produce a precipitate.
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The structural formula of compound Y is shown below.
CH2Cl
Cl

CHCl

CH

COCl

Compound Y

1 mole of compound Y is heated with an excess of aqueous sodium hydroxide. The
reaction mixture is cooled and acidified with dilute nitric acid.
How many moles of silver chloride will be precipitated out when an excess of
silver nitrate is added to the resulting mixture?
A 0

26

B

1

2

C

D

3

Lithium tetrahydridoaluminate, LiAlH4, is a strong reducing agent.
Which of the following reduction could not be achieved using LiAlH4?

27

A

CH2=CH2 to CH3CH3

B

CH3CHO to CH3CH2OH

C

CH3CONH2 to CH3CH2NH2

D

CH3OCOCH3 to CH3CH2OH and CH3OH

In the presence of dilute alkali, some aldehydes and ketones undergo nucleophilic
addition to form a hydroxycarbonyl compound. For example, ethanal forms
3-hydroxybutanal.

OH

2CH3CHO

CH3CH(OH)CH2CHO

Which of the following gives the structure of the product formed when propanone
undergoes the same reaction?
A

CH3CH2CH(OH)CH(CH3)CHO

B

CH3C(OH)(CH3)CH(CH3)CHO

C

CH3CH2CH(OH)CH2COCH3

D

CH3C(OH)(CH3)CH2COCH3
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The Gabriel synthesis shown below is used to synthesise amino acids.
Step 1:
O

O
-

R

RCHBrCO2H

+

N K

N

CH
CO2H

O

O

Step 2:
O

O
R
N

2H2O

CH

OH

+ RCH(NH2)CO2H

OH
CO2H
O

O

Which of the following gives the types of reaction taking place in step 1 and 2?

29

Step 1

Step 2

A

electrophilic substitution

hydrolysis

B

nucleophilic substitution

hydrolysis

C

electrophilic substitution

oxidation

D

nucleophilic substitution

oxidation

Adrenalin is a hormone which, when secreted directly into the bloodstream, acts a
stimulant. It has the structure:
HO

CH CH2

N

OH

CH3

HO

H

Which of the following statements about adrenalin is correct?
A

1 mole of adrenalin reacts with excess PCl5 to form 3 moles of HCl.

B

The number of sp3 hybridised carbon atoms increases by one when adrenalin
is heated with acidified potassium dichromate(VI).

C

It dissolves in aqueous sodium hydroxide but not in aqueous sodium
carbonate.

D

A secondary amide is obtained when adrenalin reacts with ethanoyl chloride.
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A small peptide Z is hydrolysed according to the following reaction.

Z

hydrolysis

2NH2CH2CO2H + 2NH2CH(CH3)CO2H + 2NH2CH(CH2OH)CO2H
(Mr = 75)

(Mr = 89)

(Mr = 105)

What is the Mr of Z?
A

430

B

448

C

520

D

538
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Section B

For each of the questions in this section, one or more of the three numbered statements 1
to 3 may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a
tick against the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
31

The use of Data Booklet is relevant to this question.
Calcium burns in oxygen with a red flame.
Which statements about the electronic arrangements in the atoms and ions of
calcium and oxygen are correct?

32

33

1

Ca2+ and O2 ions have similar outer electronic configurations.

2

A Ca atom has two more occupied electron shells than an O2 ion.

3

A Ca2+ ion has one more occupied electron shell than an O atom.

Which of the following statements about an ideal gas are correct?
1

One mole of any ideal gas occupies the same volume under the same
conditions of temperature and pressure.

2

The density of an ideal gas at constant pressure is directly proportional to the
temperature.

3

The volume of a given mass of an ideal gas is doubled when its temperature is
raised from 25 °C to 50 °C.

An aqueous copper(II) salt is electrolysed between copper electrodes, using a
constant current.
Which of the factors below would affect the mass of the copper deposited on the
electrode?
1

the time taken

2

the concentration of the solution

3

the size of the electrode used
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.

34

In the gas phase, aluminium chloride dimerises to form Al2Cl6 molecules.
Which of the following are structural features of the Al2Cl6 molecules?

35

36

1

Each aluminium atom is surrounded by four chlorine atoms.

2

There are sixteen non-bonded electron pairs in the molecule.

3

Each aluminium atom contributes electrons to four covalent bonds.

Which of the following account for the decrease in oxidising power of the halogens
down the group, from Cl2 to I2?
1

a less endothermic enthalpy change of atomisation

2

a less exothermic electron affinity

3

a less exothermic enthalpy change of hydration

In which of the following chemical reactions does the transition metal compounds
function as catalysts?
1

The chlorination of benzene, using chlorine and iron(III) chloride.

2

The formation of oxygen from hydrogen peroxide, using iron(III) hydroxide.

3

The formation
dichromate(VI).
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acidified

potassium
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.

37

Vanillin is the active ingredient of vanilla.
HO

CHO

OCH3

vanillin

Which of the following will be observed with vanillin?

38

1

Hot alkaline potassium manganate(VII) turns green and eventually forms a
brown precipitate.

2

A brick-red precipitate is formed on warming with Fehling’s solution.

3

A yellow precipitate is formed on warming with aqueous, alkaline iodine.

Propanal and propanone are both colourless liquids which react with 2,4-DNPH to
form precipitates known as 2,4-dinitrophenylhydrazones.
Which of the following statements about the reaction are correct?

39

1

The type of reaction involved is condensation.

2

The 2,4-dinitrophenylhydrazone obtained from propanal shows geometric
isomerism but not the one obtained from propanone.

3

The identities of the carbonyl compounds can be determined by measuring the
melting points of the 2,4-dinitrophenylhydrazones.

Phenyl ethanoate undergoes acid hydrolysis in the presence of water labelled with
the 18O isotope.
Which of the following products are formed?
1

CH3CO18OH

2
3
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.

Benzoylglycine (hippuric acid) was first isolated from stallions’ urine.

40

CONHCH2CO2H

benzoylglycine

Which properties does this compound possess?
1

It can be hydrolysed to produce an amino acid.

2

It can be neutralised by cold aqueous sodium hydroxide.

3

It can be made by reacting benzoic acid with aminoethanoic acid.

END OF PAPER

Answers

1
2
3
4
5
6
7
8
9
10
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A
B
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C
A
A
B
D
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B
D
B
C
A
B
D
A
B
B
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1

Planning
Heat is absorbed when potassium iodide dissolves in water. Sucrose, on the other
hand, does not produce a temperature change when added to water.
By studying the temperature changes when known masses of potassium iodide
dissolve, the percentage by mass of potassium iodide in a mixture of potassium
iodide and sucrose, FA 5 can be determined.
You are provided with

a test tube of FA 1 which contains 2.00 g of potassium iodide

a test tube of FA 2 which contains 4.00 g of potassium iodide

a test tube of FA 3 which contains 6.00 g of potassium iodide

a test tube of FA 4 which contains 8.00 g of potassium iodide

an empty test tube labelled FA 5

FA 5, a mixture of potassium iodide and sucrose

a thermometer

a polystyrene cup

other common apparatus in the laboratory
(a)

The percentage composition of potassium iodide in the mixture, FA5, is
estimated to be 50%. Suggest a suitable value for mass of FA 5 used.
…………………………………………………………………………………………….
[1]

(b)

Describe, in a series of numbered steps, how you would measure the
temperature changes by dissolving separate samples of FA 1 to FA 5 in water.
Hence, determine the mass of potassium iodide in a mixture of FA 5.
Your plan should include the following:





the apparatus for measurements
how you would take and record the various measurements
the tables for recording the data measured
the graph to be plotted

…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
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…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….

[5]
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(c)

Sketch the graph you suggested in (b). Show clearly how the percentage by
mass of potassium iodide in FA 5 can be determined.

[2]
(d)

A second student conducted a similar experiment using the same apparatus
and the same volume of water as in your plan in (b) but using twice the mass of
FA 1 to FA 5. Suggest whether your experiment or the second student’s
experiment would result in a more reliable determination of the percentage by
mass of potassium iodide in FA 5.
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
[2]

(e)

© PJC 2013

(i)

A third student measured a temperature change of 3 °C when he
dissolved 12 g of potassium iodide in 100 cm3 of water. Assume that the
specific heat capacity of the final solution is 4.18 J g1 K1, and that its
density is 1.00 g cm3, calculate the enthalpy change of solution of
potassium iodide.
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(ii)

The published value for the enthalpy change of solution of
potassium iodide is +20.3 kJ mol1. Suggest an explanation for the
difference between the published value and the value calculated in (i).
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[2]
[Total: 12]
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In a typical iodine clock reaction, solutions of hydrogen peroxide, sulfuric acid,
potassium iodide, starch and sodium thiosulfate are mixed. There are two reactions
occurring in the reaction mixture.
In the first reaction, iodide ions are oxidised slowly by acidified hydrogen peroxide to
form iodine.
H2O2(aq) + 2I(aq) + 2H+(aq) → I2(aq) + 2H2O(l)

reaction I

In the second reaction, iodine is reduced back to iodide ions as they are generated.
2S2O32(aq) + I2(aq) → S4O62(aq) + 2I(aq)

reaction II

When all the sodium thiosulfate present has reacted, iodine will appear in the
solution producing an immediate deep blue colour with starch indicator.
A series of experiments was carried out using different volumes of the five reagents,
each solution being made up to the same total volume with water. The following
results were obtained.
expt
no.

1
2
3
4

volume of volume of volume of volume of volume of
0.10
0.100
0.100
0.050
starch
mol dm-3 mol dm-3 mol dm-3 mol dm-3
solution
H2O2
KI
HCl
Na2S2O3
/ cm3
/ cm3
/ cm3
/ cm3
/ cm3
18
12
6
2
3
6
12
12
2
3
6
18
12
2
3
12
12
12
2
3

(a)

volume
of
water
/ cm3
59
65
59
59

time for the
appearance
of deep
blue colour
/s
23
70
47
35

Calculate the relative initial rate of reaction I for each of these experiments.

[1]
(b)

Given that the order of reaction with respect to hydrogen peroxide is found to be
one, use the results in (a) to deduce the order of reaction with respect to I and
H+ in reaction I. Explain your reasoning.

[2]
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(c)

Hence write an overall rate equation for reaction I, stating the units of the rate
constant.
…………………………………………………………………………………………….
…………………………………………………………………………………………….
[1]

(d)

Suggest, with reasons, which of the following two mechanisms, A or B, fits the
observed kinetics data.
Mechanism A
2H+(aq) + 2I(aq) → 2HI (aq)
2HI(aq) + H2O2 (aq) → I2(aq) + 2H2O(l)

(fast)
(slow)

Mechanism B
H2O2 (aq) + I(aq) → H2O(l) + OI(aq)
H+(aq) + OI(aq) → HIO(aq)
HIO(aq) + I(aq) + H+(aq) → I2(aq) + H2O(l)

(slow)
(fast)
(fast)

…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
[2]

© PJC 2013

9647/02/JC2 Prelim/2013

8
(e)

With the aid of a sketch of the Boltzmann distribution, explain how an increase
in temperature increases the rate of the reaction.

…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
[4]
[Total: 10]
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(a)

The following diagram shows how the d-orbitals of iron in [Fe(H2O)6]2+ complex
are split in an octahedral environment.

energy gap E

d–orbitals of an
isolated Fe2+ ion

d–orbitals of Fe2+ ion
in presence of ligands

The arrangement of electrons in the d–orbitals depends on the spin states of
complexes.
In a ‘high spin’ state, the electrons occupy all the d-orbitals singly, before
starting to pair up in the lower energy d-orbitals.
In a ‘low spin’ state, the lower energy d-orbitals are filled first, by pairing if
necessary, before the higher energy d-orbitals are used.
When the H2O ligands in [Fe(H2O)6]2+ are changed to CN ligands,
the Fe2+ ion changes its electronic configuration from a ‘high spin’ state to a ‘low
spin’ state.
(i)

Briefly explain why the spin state changes to low spin, when the ligands
coordinated to Fe2+ are changed from H2O to CN.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………

(ii)

© PJC 2013

Use diagrams to show the electronic distribution in the d-orbitals in the
complexes [Fe(H2O)6]2+ and [Fe(CN)6]4 respectively.
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(iii) Many transition elements and their compounds are paramagnetic, which
means that they are attracted to a magnetic field. This property is due to
the presence of unpaired electron(s) in the d–orbitals.
The table below compares the relative
[V(H2O)6]2+, [Fe(H2O)6]2+ and [Fe(CN)6]4.
formula of complex
[V(H2O)6]2+
[Fe(H2O)6]2+
[Fe(CN)6]4–

paramagnetism

of

relative paramagnetism
3
4
x

With reference to (ii), explain the relative paramagnetism for
[V(H2O)6]2+ and [Fe(H2O)6]2+. Hence, suggest a value of x in the table
above, giving your reasoning.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[6]
(b)

A student was given a solution containing iron(II) and zinc(II) ions and was
tasked to separate the two cations such that each cation is present in its
solid state. He proposed and carried out the following reactions.
To the solution in a test-tube, NaOH(aq) was added in excess.
A green precipitate was obtained. Filtering the mixture gave a green residue
and a colourless filtrate. When HNO3(aq) was added to the colourless filtrate, a
white precipitate was obtained.
(i)

Suggest the identity of the green precipitate and state the formula of the
compound in the colourless filtrate.
identity of green precipitate: …………………………………………………….
formula of the compound in the colourless filtrate: …………………………..
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(ii)

Give the identity of the white precipitate. With the aid of an appropriate
equation, explain why the addition of HNO3(aq) to the filtrate causes the
white precipitate to form.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[4]

(c)

Anodising is the process to increase the thickness of the oxide layer on the
surface of metal artefacts so as to increase the resistance of the metal to
corrosion and to allow the application of dyes.
An aluminium mobile phone casing with a surface area of 200 cm2 is to be
anodised. Given that the density of Al2O3 is 4.0 g cm-3, calculate the total
quantity (in coulombs) of electricity that will be required to increase the
thickness of the oxide layer on the casing by 0.2 mm.

[4]
[Total: 14]
© PJC 2013
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4

(a)

On heating, a solid sample of phosphorus pentachloride is completely
vaporised in a 2 dm3 vessel. At 227 °C, the following equilibrium is set up:
PCl5(g) ⇌ PCl3(g) + Cl2(g)
The partial pressure of Cl2 at equilibrium is found to be 2.00 atm.
Given that the equilibrium constant, Kp, is 1.01 atm,
(i)

write an expression for the equilibrium constant, Kp, for this reaction,
……………………………………………………………………………………...

(ii)

calculate the total pressure of the system at equilibrium,

(iii) calculate the mass of the solid PCl5 placed in the vessel initially.

[5]
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(b)

Phosphorus pentachloride is a useful chlorinating agent for organic synthesis.
Using phosphorus pentachloride in one of the steps, propose synthetic routes
starting from propan-1-ol to the following compounds.
(i)

propanamide

(ii)

butanoic acid

[5]
(c)

For each of the following pairs of compounds, describe a chemical test which
would enable you to distinguish between them. State clearly the observations
for each compound.
(i)

CH3CH2CONH2 and CH3CH2CO2NH4+
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
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O

(ii)
NH

O

and

NH

………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[6]
(d)

Arrange the three compounds: CH3CH2CH2NH2, CH3CH2CONH2 and NH3 in
order of decreasing basicity. Explain your answer in terms of their structures.
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
[3]
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(e)

Glutamine, H2NCH(CH2CH2CONH2)CO2H, is a non-essential amino acid as it
can be synthesised in the body. The intake of glutamine supplements can help
athletes to recover at fast speed from excess of physical stress.
The pH change when 1.0 mol dm–3 of NaOH is added to 25 cm3 of a
1.0 mol dm–3 solution of protonated form of glutamine is shown below.

K

J

H
G

(i)

State the pK1 and pK2 values of glutamine.
………………………………………………………………………………………

(ii)

© PJC 2013

Use the structure of glutamine, and its pK1 and pK2 values to suggest the
species present at points G and J in the graph above.
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(iii) Write ionic equations to show how the solution at point H is able to
maintain an almost constant pH upon addition of a small amount of
I

H+(aq) ions

………………………………………………………………………………………
II

OH(aq) ions

………………………………………………………………………………………
[5]
[Total: 24]

© PJC 2013

9647/02/JC2 Prelim/2013

17
5

Terfenadine is an antihistamine which was originally used for the treatment of
allergies. However, it was withdrawn from the market in 1997 due to its side effect of
affecting the heart’s rhythm which may result in cardiac arrest.
The structure of the drug is given below.

HO

N
OH

Terfenadine
(a)

Draw the structural formulae of the organic products when Terfenadine
undergoes each of the following reactions.
(i)

heated over aluminium oxide.

(ii)

heated under reflux with hot acidified dichromate(VI) ions.

[2]
(b)

Name the type of reaction that occurs in the reaction in (a)(i).
…………………………………………………………………………………………….
[1]
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(c)

State the type of isomerism exhibited by Terfenadine, and give one further
piece of relevant information about it.
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
…………………………………………………………………………………………….
[2]
[Total: 5]
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6

Compound C has the molecular formula C8H6O4. It is an aromatic compound which
contains three functional groups.
Data about the reactions of C are given in the table.
reaction
1
2

reagent
neutral FeCl3(aq)
Br2(aq) in an excess

3
4

2,4-dinitrophenylhydrazine
PCl5

5

Na

result
violet complex formed
Br2 is decolourised;
white solid formed with Mr = 323.8
orange precipitate formed
white fumes and a neutral cyclic
compound
D
formed
with
Mr = 148
colourless gas evolved.
When 0.1 mol of C is reacted with
excess
sodium
metal,
2.4 dm3 hydrogen is formed,
measured at room temperature
and pressure.

(a)

Name the functional group that reaction 1 shows to be present in C.

[1]

……. ………………………………………………………………………………………
(b)

Name the functional group that reaction 3 shows to be present in C.

[1]

……. ………………………………………………………………………………………

(c)

Based on reaction 5 and your answer in (a) and (b), deduce the identity of the
third functional group present in C.

……. ………………………………………………………………………………………
……. ………………………………………………………………………………………
……. ………………………………………………………………………………………
……. ………………………………………………………………………………………
[2]
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(d)

Deduce the molecular formula of the product formed in reaction 2.

[1]
(e)

Draw the fully displayed structures of C and D.

[2]
[Total: 7]
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1

Planning
Heat is absorbed when potassium iodide dissolves in water. Sucrose, on the other
hand, does not produce a temperature change when added to water.
By studying the temperature changes when known masses of potassium iodide
dissolve, the percentage by mass of potassium iodide in a mixture of potassium
iodide and sucrose, FA 5 can be determined.
You are provided with

a test tube of FA 1 which contains 2.00 g of potassium iodide

a test tube of FA 2 which contains 4.00 g of potassium iodide

a test tube of FA 3 which contains 6.00 g of potassium iodide

a test tube of FA 4 which contains 8.00 g of potassium iodide

an empty test tube labelled FA 5

FA 5, a mixture of potassium iodide and sucrose

a thermometer

a polystyrene cup

other common apparatus in the laboratory
(a)

The percentage composition of potassium iodide in the mixture, FA5, is
estimated to be 50%. Suggest a suitable value for mass of FA 5 used.
4.00 < mass of FA 5 (x) < 16.00
[1]

(b)

Describe, in a series of numbered steps, how you would measure the
temperature changes by dissolving separate samples of FA 1 to FA 5 in water.
Hence, determine the mass of potassium iodide in a mixture of FA 5.
Your plan should include the following:





the apparatus for measurements
how you would take and record the various measurements
the tables for recording the data measured
the graph to be plotted

1.

Using a weighing balance, weigh out accurately x g of FA 5 in a test tube
labelled FA 5. Record the mass in the table below.
Mass of test tube + FA 5 / g
Mass of empty test tube / g
Mass of FA 5 used / g

© PJC 2013

x

2.

Measure 50 cm3 of deionised water using a (50 / 100 cm3) measuring
cylinder into a styrofoam cup.

3.

Using a (0.2oC) thermometer measure and record the initial temperature of
the water in the cup, T1 oC.
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4.

Tip the content of the test tube labelled FA 1 into the water in the cup. Stir
the mixture with a thermometer and record the lowest temperature
reached, T2 oC.

5.

Discard the solution, rinse and dry the cup. Repeat steps 2 to 4 for FA 2 to
FA 5.

6.

Record all measurements and results in the table below.
Test
tube
FA 1
FA 2
FA 3
FA 4
FA 5

7.

Mass of KI / g

Initial
temperature / °C

Minimum
temperature / °C

∆T / oC

2.00
4.00
6.00
8.00

Plot a graph of ∆T or l∆Tl against mass of KI.
[5]

(c)

Sketch the graph you suggested in (b). Show clearly how the percentage by
mass of potassium iodide in FA 5 can be determined.
[2]

Percentage by mass of KI in FA 5 = (y /mass of FA 5 used) x 100%
(d)

A second student conducted a similar experiment using the same apparatus
and the same volume of water as in your plan in (b) but using twice the mass of
FA 1 to FA 5. Suggest whether your experiment or the second student’s
experiment would result in a more reliable determination of the percentage by
mass of potassium iodide in FA 5.
When larger masses of FA 1 to FA 5 are used, a larger l∆Tl is obtained. This
results in a smaller percentage error in temperature measurement in the
student’s experiment. Thus the second student’s experiment would give a more
reliable determination of percentage by mass of KI in FA 5.
[2]
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(e)

(i)

A third student measured a temperature change of 3 °C when he
dissolved 12 g of potassium iodide in 100 cm3 of water. Assume that the
specific heat capacity of the final solution is 4.18 J g1 K1, and that its
density is 1.00 g cm3, calculate the enthalpy change of solution of
potassium iodide.
Heat absorbed = 100 x 4.18 x 3 = 1254 J
Amount of KI dissolved = 12/166.1 = 0.0722 mol
∆Hsolution = +100 x 4.18 x 3 = +17.4 kJmol-1

(ii)

The published value for the enthalpy change of solution of
potassium iodide is +20.3 kJ mol1. Suggest an explanation for the
difference between the published value and the value calculated in (i).
The smaller/lower magnitude of ∆Hsolution of KI compared to the published
value is due to heat gained / absorbed from the surroundings and the
Styrofoam cup will cause lTl to be smaller.
[2]
[Total: 12]
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2

In a typical iodine clock reaction, solutions of hydrogen peroxide, sulfuric acid,
potassium iodide, starch and sodium thiosulfate are mixed. There are two reactions
occurring in the reaction mixture.
In the first reaction, iodide ions are oxidised slowly by acidified hydrogen peroxide to
form iodine.
H2O2(aq) + 2I(aq) + 2H+(aq) → I2(aq) + 2H2O(l)

reaction I

In the second reaction, iodine is reduced back to iodide ions as they are generated.
2S2O32(aq) + I2(aq) → S4O62(aq) + 2I(aq)

reaction II

When all the sodium thiosulfate present has reacted, iodine will appear in the
solution producing an immediate deep blue colour with starch indicator.
A series of experiments was carried out using different volumes of the five reagents,
each solution being made up to the same total volume with water. The following
results were obtained.
expt
no.

1
2
3
4

volume of volume of volume of volume of volume of
0.10
0.100
0.100
0.050
starch
mol dm-3 mol dm-3 mol dm-3 mol dm-3
solution
H2O2
KI
HCl
Na2S2O3
/ cm3
/ cm3
/ cm3
/ cm3
/ cm3
18
12
6
2
3
6
12
12
2
3
6
18
12
2
3
12
12
12
2
3

(a)

volume
of
water
/ cm3
59
65
59
59

time for the
appearance
of deep
blue colour
/s
23
70
47
35

Calculate the relative initial rate of reaction I for each of these experiments.
Experiment
Number
1
2
3
4

Time for the appearance
of blue-black colour
/s
23
70
47
35

Relative rate  1/t
0.0435
0.0143
0.0213
0.0286
[1]

(b)

Given that the order of reaction with respect to hydrogen peroxide is found to be
one, use the results in (a) to deduce the order of reaction with respect to I and
H+ in reaction I. Explain your reasoning.
Since the total volume of reaction mixture is constant (100 cm3), the volume of
each reagent used is directly proportional to its concentration.
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Comparing expt 2 & 3: [H2O2] and [H+] are kept constant. When [I-] increases by
1.5 times, the initial rate also increases by 1.5 times. Therefore, reaction is first
order w.r.t. I-.
Let the rate equation be rate = k[H2O2][ I-][H+]x
For expt 1: 0.0435 = k[18][12][6]x
For expt 2: 0.0143 = k[6][12][12]x
0.0435 = k[18][12][6]x
0.0143 = k[6][12][12]x
3.0420 = (18/6)(6/12)x
(6/12)x = 1.014
x lg(1/2) = lg1.014
x≈0

Therefore, reaction is zero order w.r.t. H+.
[2]

(c)

Hence write an overall rate equation for reaction I, stating the units of the rate
constant.
Rate = k[H2O2][I]
Units of k is mol1 dm3 s1
[1]

(d)

Suggest, with reasons, which of the following two mechanisms, A or B, fits the
observed kinetics data.
Mechanism A
2H+(aq) + 2I(aq) → 2HI (aq)
2HI(aq) + H2O2 (aq) → I2(aq) + 2H2O(l)

(fast)
(slow)

Mechanism B
H2O2 (aq) + I(aq) → H2O(l) + OI(aq)
H+(aq) + OI(aq) → HIO(aq)
HIO(aq) + I(aq) + H+(aq) → I2(aq) + H2O(l)

(slow)
(fast)
(fast)

Mechanism B
As rate is proportional to [H2O2] and [I-], only one H2O2 molecule and one I- ion are
involved in the rate determining step i.e. the slow step.

[2]
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(e)

With the aid of a sketch of the Boltzmann distribution, explain how an increase
in temperature increases the rate of the reaction.
Increasing temperature increases the average kinetic energy of the reacting
particles. Frequency of collision increases. The number of particles with energy
≥ Ea increases. Thus, there is an increase in frequency of effective collision
resulting in an increase in rate of reaction.

[4]
[Total: 10]

3

(a)

The following diagram shows how the d-orbitals of iron in [Fe(H2O)6]2+ complex
are split in an octahedral environment.

energy gap E

d–orbitals of an
isolated Fe2+ ion

d–orbitals of Fe2+ ion
in presence of ligands

The arrangement of electrons in the d–orbitals depends on the spin states of
complexes.
In a ‘high spin’ state, the electrons occupy all the d-orbitals singly, before
starting to pair up in the lower energy d-orbitals.
In a ‘low spin’ state, the lower energy d-orbitals are filled first, by pairing if
necessary, before the higher energy d-orbitals are used.
When the H2O ligands in [Fe(H2O)6]2+ are changed to CN ligands,
the Fe2+ ion changes its electronic configuration from a ‘high spin’ state to a ‘low
spin’ state.
© PJC 2013
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(i)

Briefly explain why the spin state changes to low spin, when the ligands
coordinated to Fe2+ are changed from H2O to CN.
Being a stronger field ligand, the energy gap E caused by CN- ligands is
larger than that of H2O. The energy required to overcome the energy gap,
E, in adding subsequent electrons to the higher energy d-orbitals is
greater than that required to overcome inter-electronic repulsion by pairing
the electrons in lower energy d-orbitals. Thus, the lower energy d-orbitals
are filled first, before higher energy d-orbitals are used (i.e. ‘low spin’
state).

(ii)

Use diagrams to show the electronic distribution in the d-orbitals in the
complexes [Fe(H2O)6]2+ and [Fe(CN)6]4 respectively.
Fe2+ ion: 1s2 2s2 2p6 3s2 3p6 3d6

‘high spin’ state
[Fe(H2O)6]2+

‘low spin’ state
[Fe(CN)6]4

(iii) Many transition elements and their compounds are paramagnetic, which
means that they are attracted to a magnetic field. This property is due to
the presence of unpaired electron(s) in the d–orbitals.
The table below compares the relative
[V(H2O)6]2+, [Fe(H2O)6]2+ and [Fe(CN)6]4.
formula of complex
[V(H2O)6]2+
[Fe(H2O)6]2+
[Fe(CN)6]4–

paramagnetism

of

relative paramagnetism
3
4
x

With reference to (ii), explain the relative paramagnetism for
[V(H2O)6]2+ and [Fe(H2O)6]2+. Hence, suggest a value of x in the table
above, giving your reasoning.
The strength of paramagnetism depends on the total number of unpaired
electrons. (The relative paramagnetism in [Fe(H2O)6]2+ is 4, when its
number of unpaired electrons is 4.)
As the number of unpaired electrons in [V(H2O)6]2+ is 3, its relative
paramagnetism is thus 3.
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The value of x is 0 because [Fe(CN)6]4– has no unpaired electrons, thus its
relative paramagnetism is 0.
[6]
(b)

A student was given a solution containing iron(II) and zinc(II) ions and was
tasked to separate the two cations such that each cation is present in its
solid state. He proposed and carried out the following reactions.
To the solution in a test-tube, NaOH(aq) was added in excess.
A green precipitate was obtained. Filtering the mixture gave a green residue
and a colourless filtrate. When HNO3(aq) was added to the colourless filtrate, a
white precipitate was obtained.
(i)

Suggest the identity of the green precipitate and state the formula of the
compound in the colourless filtrate.
identity of green precipitate: Fe(OH)2
formula of the compound in the colourless filtrate:
Na2[Zn(OH)4]

(ii)

Give the identity of the white precipitate. With the aid of an appropriate
equation, explain why the addition of HNO3(aq) to the filtrate causes the
white precipitate to form.
White precipitate is Zn(OH)2.
Zn(OH)2(s) + 2OH(aq) ⇌ Zn(OH)42-(aq) ----- eqm 1
When HNO3 is added, H+ from the acid reacts with OH present, causing
the [OH] to decrease. By Le Chatelier’s principle, eqm 1 shifts to the left,
forming the white precipitate of Zn(OH)2.
[4]

(c)

Anodising is the process to increase the thickness of the oxide layer on the
surface of metal artefacts so as to increase the resistance of the metal to
corrosion and to allow the application of dyes.
An aluminium mobile phone casing with a surface area of 200 cm2 is to be
anodised. Given that the density of Al2O3 is 4.0 g cm-3, calculate the total
quantity (in coulombs) of electricity that will be required to increase the
thickness of the oxide layer on the casing by 0.2 mm.
Volume of Al2O3 deposited = surface area x thickness
= 200 x (0.2/10)
= 4.00 cm3
Mass of Al2O3 deposited = 4.0 x 4.00 = 16.0 g
Amount of Al2O3 deposited = 16.0 / [2(27.0) + 3(16.0)]
= 0.1568 mol
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During anodising,
2H2O → O2 + 4H+ + 4e
4Al + 3O2 → 2Al2O3
Hence, 2 mol of Al2O3  3 mol of O2  12 mol of eAmount of e- needed to deposit 0.1568 mol of Al2O3 = 0.1568 x 6
= 0.9411 mol
Total charge = nF = 0.9411 x 96500 = 9.08 x 104 C
[4]
[Total: 14]
4

(a)

On heating, a solid sample of phosphorus pentachloride is completely
vaporised in a 2 dm3 vessel. At 227 °C, the following equilibrium is set up:
PCl5(g) ⇌ PCl3(g) + Cl2(g)
The partial pressure of Cl2 at equilibrium is found to be 2.00 atm.
Given that the equilibrium constant, Kp, is 1.01 atm,
(i)

write an expression for the equilibrium constant, Kp, for this reaction,
Kp =

P P 
P 
PCl3

Cl 2

Cl 5

(ii)

calculate the total pressure of the system at equilibrium,
Kp = 1.01 atm
22 = 1.01
PCl5

PCl 5 = 3.960 atm
Total pressure of system = 3.960 + 2.00 + 2.00 = 7.96 atm
(iii) calculate the mass of the solid PCl5 placed in the vessel initially.

Initial pressure /atm
Change in pressure /atm
Eqm pressure /atm

PCl5(g)
x
-2
3.96

PCl3(g) + Cl2(g)
0
0
+2
+2
2
2

Initial pressure of PCl5 = x = 3.96 + 2 = 5.96 atm
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Let mass of PCl5 be m.
m
pV = nRT =   RT
 Mr 

 m 
5.96 x 101 x 103 x 2 x 10–3 = 
 x 8.31 x (227 + 273)
 208.5 
m = 60.4 g
[5]
(b)

Phosphorus pentachloride is a useful chlorinating agent for organic synthesis.
Using phosphorus pentachloride in one of the steps, propose synthetic routes
starting from propan-1-ol to the following compounds.
(i)

propanamide
CH3CH2CH2OH

KMnO4, H2SO4(aq)
heat

CH3CH2CO2H

PCl5

CH3CH2COCl
NH3(g)

CH3CH2CONH2

(ii)

butanoic acid

CH3CH2CH2OH

PCl5

CH3CH2CH2Cl

KCN in
ethanol
heat

CH3CH2CH2CN
H2SO4(aq)
heat
CH3CH2CH2CO2H

[5]
(c)

For each of the following pairs of compounds, describe a chemical test which
would enable you to distinguish between them. State clearly the observations
for each compound.
(i)

CH3CH2CONH2 and CH3CH2CO2NH4+
To each compound in separate test tubes, add NaOH(aq) at room
temperature and test for any gas liberated with moist red litmus.
For CH3CH2CONH2, no gas liberated. Moist red litmus remains.
For CH3CH2CO2NH4+, gas evolved turns moist red litmus blue.
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(ii)
NH

O
NH

and

P

Q

To each compound in separate test tubes, add NaOH(aq) and heat. Add
aqueous bromine.
For P, orange aqueous bromine decolourises and a white precipitate is
observed.
For Q, orange aqueous bromine remains.
[6]
(d)

Arrange the three compounds: CH3CH2CH2NH2, CH3CH2CONH2 and NH3 in
order of decreasing basicity. Explain your answer in terms of their structures.
Base strength: CH3CH2CH2NH2 > NH3 > CH3CH2CONH2
CH3CH2CH2NH2 is more basic than ammonia due to the presence of an
electron-donating propyl group which increases the availability of the lone pair
of electrons on N for protonation.
CH3CH2CONH2 is not basic because of the strong electron-withdrawing effect
of the carbonyl group C=O which reduced the lone pair availability, such that
the lone pair of electrons on N is not available to accept a proton H+. The lone
pair of electrons on the N atom can also be delocalised with the  electrons of
the C=O double bond.
[3]

(e)

Glutamine, H2NCH(CH2CH2CONH2)CO2H, is a non-essential amino acid as it
can be synthesised in the body. The intake of glutamine supplements can help
athletes to recover at fast speed from excess of physical stress.
The pH change when 1.0 mol dm–3 of NaOH is added to 25 cm3 of a
1.0 mol dm–3 solution of protonated form of glutamine is shown below.
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K

J

H
G

(i)

State the pK1 and pK2 values of glutamine.
pK1 = 2.2 – 2.5 and pK2 = 9.5 – 9.8

(ii)

Use the structure of glutamine, and its pK1 and pK2 values to suggest the
species present at points G and J in the graph above.
G: H3N+CH(CH2CH2CONH2)CO2H
J: H3N+CH(CH2CH2CONH2)CO2

(iii) Write ionic equations to show how the solution at point H is able to
maintain an almost constant pH upon addition of a small amount of
I

H+(aq) ions

H3N+CH(CH2CH2CONH2)CO2 + H+  H3N+CH(CH2CH2CONH2)CO2H

II

OH(aq) ions

H3N+CH(CH2CH2CONH2)CO2H + OH  H3N+CH(CH2CH2CONH2)CO2 + H2O

[5]
[Total: 24]
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Terfenadine is an antihistamine which was originally used for the treatment of
allergies. However, it was withdrawn from the market in 1997 due to its side effect of
affecting the heart’s rhythm which may result in cardiac arrest.
The structure of the drug is given below.

HO

N
OH

Terfenadine
(a)

Draw the structural formulae of the organic products when Terfenadine
undergoes each of the following reactions.
(i)

heated over aluminium oxide.

N

(ii)

heated under reflux with hot acidified dichromate(VI) ions.

HO

+

N

H

O

[2]
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(b)

Name the type of reaction that occurs in the reaction in (a)(i).
elimination

(c)

State the type of isomerism exhibited by Terfenadine, and give one further
piece of relevant information about it.
Optical isomerism
Requirement for optical isomerism: Presence of at least 1 chiral carbon and
absence of plane of symmetry in molecule.
[2]
[Total: 5]

6

Compound C has the molecular formula C8H6O4. It is an aromatic compound which
contains three functional groups.
Data about the reactions of C are given in the table.
reaction
1
2

reagent
neutral FeCl3(aq)
Br2(aq) in an excess

3
4

2,4-dinitrophenylhydrazine
PCl5

5

Na

result
violet complex formed
Br2 is decolourised;
white solid formed with Mr = 323.8
orange precipitate formed
white fumes and a neutral cyclic
compound
D
formed
with
Mr = 148
colourless gas evolved.
When 0.1 mol of C is reacted with
excess
sodium
metal,
2.4 dm3 hydrogen is formed,
measured at room temperature
and pressure.

(a)

Name the functional group that reaction 1 shows to be present in C.

[1]

phenol
(b)

Name the functional group that reaction 3 shows to be present in C.
aldehyde or ketone
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(c)

Based on reaction 5 and your answer in (a) and (b), deduce the identity of the
third functional group present in C.
Amount of H2 formed from 0.10 mol of C = 0.10 mol
Mole ratio of C : H2 = 1 : 1
1 mole of C reacts with Na to give 1 mole of H2, C contains 2 OH groups.
C contains phenol (1 OH), it must contain either 1 ROH or 1 CO2H group that
reacted with Na.

As C contains 4 O atoms, 1 O atom is from phenol, 1 O atom is from aldehyde
or ketone, there are 2 O atoms left for the third functional group. Thus, the third
functional group in C is carboxylic acid.
[2]
(d)

Deduce the molecular formula of the product formed in reaction 2.
C8H4O4Br2
Mr of compound C = 166
Mr of product = 323.8
Difference in Mr = 157.8
Number of Br atoms in product = 2
O
C

COOH

OH

Br

Br

[1]
(e)

Draw the fully displayed structures of C and D.
C:

D:
O

O

O
C

O

C

C

C
O

H

O

O
H

[2]
[Total: 7]
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Answer any four questions.

1

(a)

With the aid of a diagram, describe how a polypeptide chain is held in the
shape of an alpha helix.
[3]

(b)

Haemoglobin is the oxygen-carrying protein in red blood cells.
(i)

With reference to the haemoglobin molecule, describe and explain what is
meant by the term quaternary structure of proteins. In your answer, you
should state the type of bonding or interaction involved.

(ii)

A typical polypeptide chain of haemoglobin consists of 141 amino acids.
The R groups of 3 of the amino acids are given below.
amino acid
glutamic acid
valine
lysine

formula of side chain
(R in RCH(NH2)CO2H)
CH2CH2CH2CO2H
CH(CH3)2
CH2CH2CH2 CH2NH2

Use all three amino acids above to construct the displayed formula of a
possible section of the polypeptide.
(iii) Uncoiling of the protein structure is favoured when temperature is higher
than physiological conditions. With the aid of the equation,
∆G = ∆H – T∆S
suggest why this process is favoured at higher temperatures.
[8]
(c)

One molecule of haemoglobin can bind up to four molecules of oxygen,
according to the following equation.
Hb(aq) + 4O2(aq)

© PJC 2013

Hb(O2)4(aq)

Kc = 3 x 1020 mol-4 dm12

(i)

Write an expression for Kc for this reaction.

(ii)

Calculate the percentage of Hb(O2)4 in an Hb-Hb(O2)4 mixture when
[O2] = 7.6 x 106 mol dm3.
[3]
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(d)

(i)

Carbon monoxide, CO, mainly causes adverse effects in humans by
combining with haemoglobin to form carboxyhaemoglobin in the blood.
This prevents haemoglobin from releasing oxygen in tissues, effectively
reducing the oxygen-carrying capacity of the blood.
The equations below show the reactions of haemoglobin with oxygen and
carbon monoxide respectively.
H2O

O2

N

N

N

+ O2

Fe
N

N

N

Equilibrium 1

N

N

N

N

haemogloblobin

oxyhaemoglobin

H2O

CO

N

N

N

+ CO

Fe
N

N

+ H2O

Fe

N

N

N

N

N

protein

protein

haemoglobin

+ H2O Equilibrium 2

Fe

carboxyhaemoglobin

CO is found to have 245 times more affinity for haemoglobin than O2.
Explain how excessive inhalation of CO will give rise to poisoning in the
blood.
(ii)

Suggest a method for the treatment of carbon monoxide poisoning.
[3]

(e)

Oxygen can be liquefied by pressure alone if its temperature is below the
'critical temperature' of -118°C. Above this critical temperature no amount of
pressure will liquefy oxygen. Suggest a suitable value for the critical
temperature of ammonia. Give your reasoning.
[3]
[Total: 20]
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2

(a)

The diagram below shows the reactions of a salt, A, in aqueous medium.
colourless
A(aq)

orange
solution B

brown
solution C

colourless
solution

colourless
solution

AgNO3(aq)

AgNO3(aq)
cream
precipitate

yellow
precipitate

A has the following composition by mass:
K, 41.1%; S, 33.7%; O, 25.2%.
The relative formula mass, Mr, of A is 190.4. One formula unit of A contains
only one type of anion.
(i)

Determine the formula of the salt A.

(ii)

Suggest the identities of B and C.

(iii) By means of two ionic equations, show how the yellow precipitate is
formed from C.
(iv) For the reaction of A and B, a titration was carried out to determine if the
sulfur-containing product is S4O62or SO42.
It was found that 25.0 cm3 of 0.200 mol dm-3 of B required 10.0 cm3 of
0.125 mol dm-3 of A for complete reaction.
Use the data to determine the final oxidation state of sulfur in the product.
Hence, write a balanced equation for the reaction of A and B.
(v)
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Construct a balanced equation for the reaction of B with hot aqueous
potassium hydroxide.
[8]
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(b)

Pseudohalogens are a family of inorganic compounds which possess chemical
properties similar to the halogens. Two examples of pseudohalogens
are cyanogen (CN)2 and thiocyanogen (SCN)2.
The equations below represent the standard reduction potentials of cyanogen
and thiocyanogen.
(CN)2 + 2H+ + 2e2HCN
(SCN)2 + 2e
2SCN(i)

(ii)

EӨ = +0.37 V
EӨ = +0.77 V

Use the Data Booklet to predict what you would expect to observe when
the following solutions are mixed. Write balanced equations for any
reaction that occurs.
I

(CN)2(aq) and Br2(aq)

II

KSCN(aq) and acidified KMnO4(aq)

A reaction occurs when an unknown metal, D, is added to (SCN)2. The
standard cell potential of the reaction is determined to be +0.43 V.
Use the Data Booklet to deduce the identity of metal D, showing your
working clearly.
[5]

(c)

NanoPutians are a family of organic molecules whose structural formulae
resemble human forms. These compounds were designed and created by
Dr James Tour from Rice University in 2003 as a part of a sequence
of chemical education for young students.
One such molecule, named the NanoKid, is shown below.
O
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Inspired by their discovery of the NanoPutians and a motivation to create a
digital mascot for the school, a team of year two chemistry students from
Pioneer Junior College devised the following reaction scheme to form
“Pion-mon”.
step I

compound E

step II

step III
compound F

HCN, trace NaCN
15 oC
O

O

step IV

O

O

HO

OH

step V
compound G

NH 2

H 2N

"Pion-mon"

(i)

Suggest reagents and conditions for steps I, II, IV and V.

(ii)

Draw the structural formulae of compounds E, F and G.
[7]
[Total: 20]
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(a)

(b)

(i)

Describe what you would see when separate samples of sodium and
sulfur are burnt in air.

(ii)

The oxides of sodium and sulfur resulting from the reactions in (i) both
react with water. Write equations for these two reactions and describe
the effect of the resulting solutions on Universal Indicator solution.
[4]

Sulfurous
acid
is
an
aqueous
solution
of
sulfur
dioxide.
Sulfurous acid, H2SO3, is a weak dibasic acid with pK1 = 2.15 and pK2 = 7.21.
(i)

Calculate the pH of a 0.80 mol dm3 solution of sulfurous acid (ignore the
effect of pK2 on the pH).

(ii)

An amphiprotic species is one that reacts with an acid and a base.
The pH of a solution containing an amphiprotic species is given by the
following expression.
pH = ½(pK1 + pK2)
In the titration of H2SO3 with NaOH, an amphiprotic species is formed.
Identify the amphiprotic species formed and calculate the pH of the
solution.

(iii) Sketch the pH-volume added curve you would expect to obtain when
30 cm3 0.40 mol dm3 NaOH is added to 10.0 cm3 of 0.80 mol dm3
H2SO3. On your sketch, clearly mark the points you have calculated in (i)
and (ii).
(iv) Suggest a suitable indicator from the following table to be used to detect
the first equivalence point and state the colour change of the solution at
this equivalence point.

(v)

© PJC 2013

indicator

pH range

acid solution basic solution

bromocresol green

4–6

yellow

blue

bromothymol blue

6–8

yellow

blue

phenolphthalein

8 - 10

colourless

red

Draw the dot-and-cross diagram showing the electrons (outer shells only)
in SO32, and use the VSEPR (valence shell electron pair repulsion)
theory to predict its shape.
[9]

9647/03/Prelim/13

[Turn over

8
(c)

The following two experiments (I) and (II) were carried out separately to
determine enthalpy changes of neutralisation, Hneut.
(I)

50 cm3 of 0.80 mol dm3 NaOH is mixed with 25 cm3 of
0.80 mol dm3 H2SO3 and the temperature rise was recorded as 6.7 oC.

(II) 50 cm3 of 0.80 mol dm3 NaOH is mixed with 50 cm3 of 0.80 mol dm3 HCl
and the temperature rise was recorded as 5.5 oC.
Given that the specific heat capacity of solution is 4.18 J cm3 K1, calculate the
Hneut for each of the two reactions and account for the difference between the
two values.
[4]
(d)

State and explain how the acidities of propan-1-ol, propanoic acid and phenol
compare with each other.
[3]
[Total: 20]
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Data concerning some elements of Group II of the Periodic Table, at 298 K, are
given in the table. Further data may be found in the Data Booklet.
Mg

Ca

Sr

Hhydration of M2+ / kJ mol1

1980

1650

1480

Shydration of M2+ / J mol1 K1

293

238

222

solubility of sulfate / mol dm−3

1.8

4.7 x 102

7.5 x 104

(a)

(i)

Using the data provided, account for the trend of solubility of the Group II
sulfates down the group.

(ii)

Calculate Ghydration of Mg2+, leaving your answer in kJ mol1.
[4]

(b)

To separate the two Group II metal ions, Mg2+ and Sr2+, a student added solid
sodium carbonate, Na2CO3, slowly to a solution, which contains
a mixture of 0.100 mol dm−3 MgCl2 and 0.100 mol dm−3 SrCl2.
[Ksp of MgCO3 = 3.5  10−8 mol2 dm−6; Ksp of SrCO3 = 1.1×10–10 mol2 dm−6]
(i)

State which metal ion is precipitated first. Hence, calculate the
concentration of carbonate ion in the solution, in mol dm−3, needed for the
first trace of precipitate to be seen.

(ii)

Determine the concentration of this metal ion, in mol dm−3, remaining in
the solution when the other metal ion just starts to precipitate.

(iii) For an effective separation, less than 1% of this metal ion should remain
in solution.
By means of calculation, determine if the above separation is effective.
[4]
(c)
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When magnesium chloride is added to water, a solution is formed which has a
pH of 6.5. When aluminium chloride is added to water, the resulting solution
has a pH of 3. With the aid of equations, explain the difference in observations.
[3]
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(d)

Compound L, C5H7O2N, is a cyclic compound which is optically active and
neutral.
On heating L with aqueous NaOH, a pungent gas that turned moist red litmus
blue was liberated. Upon acidification of the reaction mixture with aqueous HCl,
M, C5H8O4, was formed.
M reacts with LiAlH4 to form N, C5H12O2. On passing over hot Al2O3, N forms P,
C5H8. P decolourises aqueous Br2. When P is heated with acidified KMnO4
solution, Q, C3H4O3 is formed, together with effervescence that forms a white
precipitate with limewater.
Q reacts with aqueous Na2CO3 with effervescence and forms a yellow
precipitate when warmed with alkaline aqueous I2.
Given that compounds M, N, P are Q are all non-cyclic compounds, deduce the
structures of compounds L, M, N, P, and Q, and explain the chemistry of the
reactions described.
[9]
[Total: 20]
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(a)

Phosphorus trichloride can be prepared by the reaction of white phosphorus
with chlorine. Some related thermochemical data are shown below.
enthalpy change of formation of PCl3(l)

–320 kJ mol–1

bond energy of P−Cl bond in PCl3

+323 kJ mol–1

enthalpy change of atomisation of phosphorus

+314 kJ mol–1

Using the above data, together with relevant data from the Data Booklet,
construct
an
energy
level
diagram
to
determine
the
enthalpy change of vaporisation of PCl3(l).
[4]
(b)

(i)

Carbon
and
silicon
are
both
elements
of
Group
IV.
Each forms a tetrachloride. CCl4
no
reaction
with
water
while
SiCl4 reacts violently with water. Briefly account for the difference in
behaviour with water.

(ii)

Tin is another element in Group IV.

has

When tin(IV) chloride reacts with potassium hydroxide in a small amount
of water, potassium chloride is produced, together with an anhydrous salt
R having the molecular formula of K2SnCl3O3H3.
R is an ionic salt. One formula unit of R contains one type of anion and
one type of cation.
Suggest the formula of the anion present in R. Hence, draw a possible
structure of the anion.
[3]
(c)

Diazonium salts are important intermediates in the synthesis of many other
substituted aromatic compounds. The following equation shows the formation
of phenyldiazonium chloride.
reaction 1
NH2

+

HNO2

+

NaNO2 + HCl
HCl

o

+
N

NCl



+

2H2O

<5 C
phenyldiazonium chloride

Azo dyes are common organic compounds which can be synthesised from
diazonium salts. They are often brightly coloured due to the presence of the
chromophore functional group, -N=N-. The following reaction shows how one
such azo dye can be manufactured.
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reaction 2

+
N

NCl



+

O



N

N

OH + Cl

azo compound

(i)

State the type of reaction that occurs in reaction 2.

A research chemist is tasked to create new azo dyes. Using reaction 1 and 2,
he proposed the following reaction scheme to a new azo dye named “Monday
Blues”.
CH3

CH3

CH3
C(CH 3)3

C(CH 3) 3

compound S
step III

step II

step I

NO 2

NO 2


O Na

+

NH2

step IV

NaOH(aq)
compound T

step V

(diazonium salt)

OH

step VI

"Monday Blues"

(ii)

Suggest the structures of compounds S, T, and “Monday Blues”.

(iii) Give the reagents and conditions for steps I, II and III.
(iv) Give a mechanistic account for the reaction in step II.

[9]
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(d)

2-naphthol is a compound used in the synthesis of “Monday Blues” in (c).

OH

2-naphthol
A research assistant proposed to synthesise compound Z, a precursor to a
drug, starting from 2-naphthol, compound W, by the following route.
ethanolic
KCN, heat
OH

W

step I

OH

step II

OH

Cl

CN

X

Y
H2SO4(aq), step III
heat

OH
CO2H

Z

(i)

Give the reagents and conditions for step I.

(ii)

The reaction scheme proposed by the research assistant above failed to
give the desired product. Suggest an explanation for this.

(iii) Suggest a 2-step synthetic route to form compound Z, starting from
compound W, 2-napthol.

[4]
[Total: 20]

End of paper
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Answer any four questions.

1

(a)

With the aid of a diagram, describe how a polypeptide chain is held in the
shape of an alpha helix.
[3]
The helix has a regular coiled spiral polypeptide chain held in place by
hydrogen bonds between peptide C=O group of one amino acid residue and
peptide N–H group of another amino acid residue in the covalently bonded
sequence. There are 3.6 amino acids per helical turn. The –R groups (side
chains) point outside of the helix or label R group in diagram.

(b)

Haemoglobin is the oxygen-carrying protein in red blood cells.
(i)

With reference to the haemoglobin molecule, describe and explain what is
meant by the term quaternary structure of proteins. In your answer, you
should state the type of bonding or interaction involved.
Quaternary structure refers to the specific orientation or spatial
arrangement of polypeptide chains with respect to one another and the
nature of interactions that stabilises this orientation.
Haemoglobin
consists of four separate polypeptide chains of two types: two α chains
and two β chains. The haemoglobin molecule is nearly spherical with the
four polypeptide chains packed closely together. Each polypeptide carries
a haem group to form one of the four subunits in a molecule of
haemoglobin. Each subunit folds and coils into a compact globular shape
and joined together by van der Waals’ forces, hydrogen bonds and ionic
linkages.
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(ii)

A typical polypeptide chain of haemoglobin consists of 141 amino acids.
The R groups of 3 of the amino acids are given below.
formula of side chain
(R in RCH(NH2)CO2H)

amino acid

CH2CH2CO2H
CH(CH3)2
CH2CH2CH2 CH2NH2

glutamic acid
valine
lysine

Use all three amino acids above to construct the displayed formula of a
possible section of the polypeptide.
H

H

O

H

H

O

H

H

O

N

C

C

N

C

C

N

C

C

H
H

H

H

C

H

H

C

H

H H

C

H

H

C

H

H

C

H

H

C

H

C

C

C

H

H

H

C
O

O
H

N
H

H

Displayed formula should be an open ended structure with N terminus of
the left and C terminus on the right.
(iii) Uncoiling of the protein structure is favoured when temperature is higher
than physiological conditions. With the aid of the equation,
∆G = ∆H – T∆S
suggest why this process is favoured at higher temperatures.
ΔH should be positive due to the overcome/disruption of various
interactions (e.g. hydrogen bonding, disulfide bridges, van der Waals’
forces, ionic linkages) between the R-groups of the constituent amino
acids, which is an endothermic process.
ΔS should be positive when protein structure uncoils and increases in
disorderliness.
In order for reaction to be spontaneous, ΔG has to be negative and it is
favoured by high temperature.
[8]

© PJC 2013

9647/03/Prelim/13

[Turn over

4
(c)

One molecule of haemoglobin can bind up to four molecules of oxygen,
according to the following equation.
Hb(aq) + 4O2(aq)
(i)

Kc = 3 x 1020 mol-4 dm12

Hb(O2)4(aq)

Write an expression for Kc for this reaction.

Kc =
(ii)

[Hb(O2 )4 ]
[Hb][O2 ]4

Calculate the percentage of Hb(O2)4 in an Hb-Hb(O2)4 mixture when
[O2] = 7.6 x 106 mol dm3.
[3]
[Hb(O2 )4 ]
Kc =
[Hb][O2 ]4
[Hb(O2 )4 ]
[Hb][7.6? 0-6 ]4
[Hb(O2 )4 ]
= 1.001 [1/2]
[Hb]

3? 020 =

[Hb(O 2 ) 4 ]
[Hb(O 2 ) 4 ]  [Hb]

Fraction of Hb(O2)4 in mixture =
% of Hb(O2)4 =
(d)

(i)

1.001[Hb]
 100% = 50%
1.001[Hb]  [Hb]

Carbon monoxide, CO, mainly causes adverse effects in humans by
combining with haemoglobin to form carboxyhaemoglobin in the blood.
This prevents haemoglobin from releasing oxygen in tissues, effectively
reducing the oxygen-carrying capacity of the blood.
The equations below show the reactions of haemoglobin with oxygen and
carbon monoxide respectively.
H2O

O2

N

N

N

+ O2

Fe
N

N
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Fe

Equilibrium 1

N

N

N

haemogloblobin

N

N

oxyhaemoglobin
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H2O

CO

N

N

N

+ CO

Fe
N

N

N

N

N

N

N

protein

protein

haemoglobin

+ H2O Equilibrium 2

Fe

carboxyhaemoglobin

CO is found to have 245 times more affinity for haemoglobin than O2.
Explain how excessive inhalation of CO will give rise to poisoning in the
blood.
CO is a stronger ligand than H2O (or O2).
.
In the presence of CO, haemoglobin undergoes ligand exchange. CO
displaces H2O (or O2) from haem to form carboxyhaemoglobin. Unlike
H2O and O2, CO binds strongly and irreversibly to Fe as
carboxyhaemoglobin is a more stable complex than oxyhaemoglobin.
(ii)

Suggest a method for the treatment of carbon monoxide poisoning.
Treatment of carbon monoxide poisoning largely consists of administering
pure / high concentration of oxygen so as to shift the position of
equilibrium 1 to the right.
[3]

(e)

Oxygen can be liquefied by pressure alone if its temperature is below the
'critical temperature' of -118°C. Above this critical temperature no amount of
pressure will liquefy oxygen. Suggest a suitable value for the critical
temperature of ammonia. Give your reasoning.
The critical temperature of a substance is determined by the strength of its
intermolecular forces.
Oxygen molecules are held together by weak
intermolecular van der Waals' forces and so, it has a very low critical
temperature. Below the critical temperature, this force is sufficiently strong to
hold the molecules together (under some appropriate pressure) in a liquid.
Above the critical temperature, the higher kinetic energy of the oxygen is
sufficient to overcome the intermolecular forces of attraction. Ammonia
molecules have hydrogen bonding between molecules that need to be
overcome, which are stronger than the van der Waals’ forces attraction.
Therefore, critical temperature of ammonia > -118°C.
[3]
[Total: 20]
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2

(a)

The diagram below shows the reactions of a salt, A, in aqueous medium.
colourless
A(aq)

orange
solution B

brown
solution C

colourless
solution

colourless
solution

AgNO3(aq)

AgNO3(aq)
cream
precipitate

yellow
precipitate

A has the following composition by mass:
K, 41.1%; S, 33.7%; O, 25.2%.
The relative formula mass, Mr, of A is 190.4. One formula unit of A contains
only one type of anion.
(i)

Determine the formula of the salt A.
Let the mass be 100g.
Mass / g
Amount / mol
Ratio
Simplest Ratio

K
41.1
1.0512
1.0013
2

S
33.7
1.0498
1.000
2

O
25.2
1.575
1.500
3

Formula of salt is K2S2O3.
(ii)

Suggest the identities of B and C.
B: Br2(aq)
C: I2(aq)

(iii) By means of two ionic equations, show how the yellow precipitate is
formed from C.
2S2O32-(aq) + I2(aq)  2I-(aq) + S4O62-(aq)
I-(aq) + Ag+(aq)  AgI(s)
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(iv) For the reaction of A and B, a titration was carried out to determine if the
sulfur-containing product is S4O62or SO42.
It was found that 25.0 cm3 of 0.200 mol dm-3 of B required 10.0 cm3 of
0.125 mol dm-3 of A for complete reaction.
Use the data to determine the final oxidation state of sulfur in the product.
Hence, write a balanced equation for the reaction of A and B.
25.0 x 0.200 mol of Br2 ≡ 10.0 x 0.125 mol of A, S2O324 mol of Br2 ≡ 1 mol of S2O324 mol of Br2 ≡ 8 mol of e- ≡ 1 mol of S2O32Each S atom will have a gain in O.S. by +4.
Final oxidation state of S = +2 + 4 = +6
4Br2 + S2O32- + 5H2O  8Br- + 2SO42- + 10H+
(v)

Construct a balanced equation for the reaction of B with hot aqueous
potassium hydroxide.
3Br2(aq) + 6KOH(aq)  5KBr(aq) + KBrO3(aq) + 3H2O(l)
[8]

(b)

Pseudohalogens are a family of inorganic compounds which possess chemical
properties similar to the halogens. Two examples of pseudohalogens
are cyanogen (CN)2 and thiocyanogen (SCN)2.
The equations below represent the standard reduction potentials of cyanogen
and thiocyanogen.
(CN)2 + 2H+ + 2e2HCN
2SCN(SCN)2 + 2e(i)

EӨ = +0.37 V
EӨ = +0.77 V

Use the Data Booklet to predict what you would expect to observe when
the following solutions are mixed. Write balanced equations for any
reaction that occurs.
I

(CN)2(aq) and Br2(aq)
(CN)2 + 2H+ + 2e
2HCN
Br2 + 2e
2Br
Orange solution remains orange.
No reaction as both are oxidising agents.
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II

KSCN(aq) and acidified KMnO4(aq)
(SCN)2 + 2e2SCN+
MnO4 + 8H + 5eMn2+ + 4H2O

EӨ = +0.77 V
EӨ = +1.52 V

EӨcell = -0.77 + (+1.52) = +0.75 V >0,
Hence reaction is energetically feasible.
10SCN- + 2MnO4- + 16H+ → 5(SCN)2 + 2Mn2+ + 8H2O
Purple solution of manganate(VII) decolourises.

(ii)

A reaction occurs when an unknown metal, D, is added to (SCN)2. The
standard cell potential of the reaction is determined to be +0.43 V.
Use the Data Booklet to deduce the identity of metal D, showing your
working clearly.
Reduction:
(SCN)2 + 2e- → 2SCN-

EӨred = +0.77 V

EӨcell = EӨox(Z/Z2+) + EӨred((SCN)2/SCN-)
+0.43 = EӨox(Z/Z2+) + (+0.77)
EӨox(Z/Z2+) = -0.34 V
EӨred(Z2+/Z) = +0.34 V
EӨred = +0.34 V

Cu2+ + 2e- → 2Cu
Hence, D is copper.

[5]
(c)

NanoPutians are a family of organic molecules whose structural formulae
resemble human forms. These compounds were designed and created by
Dr James Tour from Rice University in 2003 as a part of a sequence
of chemical education for young students.
One such molecule, named the NanoKid, is shown below.
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O

O

Inspired by their discovery of the NanoPutians and a motivation to create a
digital mascot for the school, a team of year two chemistry students from
Pioneer Junior College devised the following reaction scheme to form
“Pion-mon”.
step I

compound E

step II

step III
compound F

HCN, trace NaCN
15 oC
O

O

step IV

O

HO

step V

O

OH

compound G
NH 2

H 2N

"Pion-mon"
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(i)

Suggest reagents and conditions for steps I, II, IV and V.
Step I: H2O(g), H3PO4, 300oC, 60 atm
OR
concentrated H2SO4, followed by H2O,heat
Step II: K2Cr2O7, H2SO4(aq), heat (note: KMnO4 cannot be used!)
Step IV: LiAlH4 in dry ether
OR
H2, Ni, 200oC
OR
NaBH4 in methanol
Step V:
O

O

Cl

(ii)

anhydrous FeCl3, heat

Draw the structural formulae of compounds E, F and G.
E:

OH

OH

F:

N

N
OH

HO

G:

H2N

NH2
OH

HO

[7]
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3

(a)

(i)

[Total: 20]
Describe what you would see when separate samples of sodium and
sulfur are burnt in air.
Na burns with orange flame, leaving behind a white residue of Na2O.
S burns with blue flame, forming SO2.

(ii)

The oxides of sodium and sulfur resulting from the reactions in (i) both
react with water. Write equations for these two reactions and describe
the effect of the resulting solutions on Universal Indicator solution.
Na2O(s) + H2O(l) → 2NaOH(aq)
Solution of NaOH turns Universal Indicator solution purple.
SO2(g) + H2O(l) → H2SO3(aq)
Solution of H2SO3 turns Universal Indicator solution red.
[4]

(b)

Sulfurous
acid
is
an
aqueous
solution
of
sulfur
dioxide.
Sulfurous acid, H2SO3, is a weak dibasic acid with pK1 = 2.15 and pK2 = 7.21.
(i)

Calculate the pH of a 0.80 mol dm3 solution of sulfurous acid (ignore the
effect of pK2 on the pH).
[H+] =

K 1  concentrat ion

= 10 2.15  0.80
= 0.0753
pH = -lg (0.0753)
= 1.12

(ii)

An amphiprotic species is one that reacts with an acid and a base.
The pH of a solution containing an amphiprotic species is given by the
following expression.
pH = ½(pK1 + pK2)
In the titration of H2SO3 with NaOH, an amphiprotic species is formed.
Identify the amphiprotic species formed and calculate the pH of the
solution.
Amphiprotic species formed = HSO3pH of the solution = (2.15 + 7.21)/2 = 4.68
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(iii) Sketch the pH-volume added curve you would expect to obtain when
30 cm3 0.40 mol dm3 NaOH is added to 10.0 cm3 of 0.80 mol dm3
H2SO3. On your sketch, clearly mark the points you have calculated in (i)
and (ii).
pH

7.21
4.68
2.15
1.12
0

10.0

20.0

Volume of
NaOH
added / cm3

30.0

(iv) Suggest a suitable indicator from the following table to be used to detect
the first equivalence point and state the colour change of the solution at
this equivalence point.
indicator

pH range

bromocresol green

4–6

yellow

blue

bromothymol blue

6–8

yellow

blue

phenolphthalein

8 - 10

colourless

red

acid solution basic solution

Bromocresol green
Colour change: yellow to green
(v)

Draw the dot-and-cross diagram showing the electrons (outer shells only)
in SO32, and use the VSEPR (valence shell electron pair repulsion)
theory to predict its shape.
[9]
x

2-

Ox
O xx S x O x
xx

3 bond pairs and 1 lone pair
trigonal pyramidal
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(c)

The following two experiments (I) and (II) were carried out separately to
determine enthalpy changes of neutralisation, Hneut.
(I)

50 cm3 of 0.80 mol dm3 NaOH is mixed with 25 cm3 of
0.80 mol dm3 H2SO3 and the temperature rise was recorded as 6.7 oC.

(II) 50 cm3 of 0.80 mol dm3 NaOH is mixed with 50 cm3 of 0.80 mol dm3 HCl
and the temperature rise was recorded as 5.5 oC.
Given that the specific heat capacity of solution is 4.18 J cm3 K1, calculate the
Hneut for each of the two reactions and account for the difference between the
two values.
For reaction of NaOH with H2SO3
Heat evolved = 75 x 4.18 x 6.7 = 2100 J
n(H2SO3) = 25/1000 x 0.80 mol =0.0200 mol
n(NaOH) = 50/1000 x 0.80 = 0.0400 mol
2NaOH + H2SO3  Na2SO3 + 2H2O
n(H2O) formed = 0.0400 mol
Hneut = 2100/(0.04 x 1000) =  52.5 kJ mol1
For reaction of NaOH with HCl
Heat evolved = 100 x 4.18 x 5.5 = 2299 J
n(HCl) = 50/1000 x 0.80 mol =0.0400 mol
n(NaOH) = 50/1000 x 0.80 = 0.0400 mol
NaOH + HCl  NaCl + H2O
n(H2O) formed = 0.0400 mol
Hneut = 2299/(0.04 x 1000) =  57.5 kJ mol1
H2SO3 is a weak acid, some of the heat liberated from neutralisation is used to
further dissociate H2SO3. Therefore the enthalpy change of neutralisation for
(I) is less exothermic.
[4]
(d)

State and explain how the acidities of propan-1-ol, propanoic acid and phenol
compare with each other.
Acid strength: CH3CH2CO2H > C6H5OH >CH3CH2CH2OH
Stability of anion: CH3CH2CO2 > C6H5O > CH3CH2CH2O
CH3CH2CO2 is the most stable because of the greatest extent of delocalisation
of the negative charge between the two electronegative oxygen atoms. Phenol
is more acidic than propan-1-ol due to overlap of p orbital of single negatively
charged O and the p-orbitals of benzene carbon, resulting in negative charge of
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O delocalising into benzene ring, thus C6H5O is more stable than
CH3CH2CH2O. Electron-donating propyl group intensifies the negative charge
on the O, resulting in a less stable CH3CH2CH2O.
[3]
[Total: 20]

4

Data concerning some elements of Group II of the Periodic Table, at 298 K, are
given in the table. Further data may be found in the Data Booklet.
Mg

Ca

Sr

Hhydration of M2+ / kJ mol1

1980

1650

1480

Shydration of M2+ / J mol1 K1

293

238

222

solubility of sulfate / mol dm−3

1.8

4.7 x 102

7.5 x 104

(a)

(i)

Using the data provided, account for the trend of solubility of the Group II
sulfates down the group.
Hsolution MSO4 = - L.E + Hhydration (M2+) + Hhydration (SO42)
q  q
and r– >> r+.
r  r
Magnitude of lattice energy of Group II sulfates decreases slightly down
the group because of the large anionic radius of SO42-. Thus, increase in
cationic radius down the group has little effect on lattice energy.

|lattice energy| 

Since the anion is common, ∆Hθhyd(SO42-) is the same for MgSO4 and
BaSO4.
With a smaller ionic radius, Mg2+ has a higher charge density than Ba2+.
Hence, ∆Hθhyd(Mg2+) is more exothermic than ∆Hθhyd(Ba2+), and
∆Hθsol(MgSO4) is more exothermic than ∆Hθsol(BaSO4). Down the group,
solubility of sulfates decreases.
(ii)

Calculate Ghydration of Mg2+, leaving your answer in kJ mol1.
∆Ghyd = ∆Hhyd ― T∆Shyd
= 1980 – (298)( -293/1000)
= -1890 kJ mol1
[4]
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(b)

To separate the two Group II metal ions, Mg2+ and Sr2+, a student added solid
sodium carbonate, Na2CO3, slowly to a solution, which contains
a mixture of 0.100 mol dm−3 MgCl2 and 0.100 mol dm−3 SrCl2.
[Ksp of MgCO3 = 3.5  10−8 mol2 dm−6; Ksp of SrCO3 = 1.1×10–10 mol2 dm−6]
(i)

State which metal ion is precipitated first. Hence, calculate the
concentration of carbonate ion in the solution, in mol dm−3, needed for the
first trace of precipitate to be seen.
As the 2 carbonates have the same formula type, the lower Ksp of SrCO3
shows its lower solubility. Thus Sr2+ is precipitated first.
When SrCO3 precipitates; ionic product (SrCO3) = Ksp (SrCO3)
[Sr2+][CO32-]= 1.1×10–10
[CO32-]min = 1.1×10–10 / 0.100 = 1.10 × 10–9 mol dm–3

(ii)

Determine the concentration of this metal ion, in mol dm−3, remaining in
the solution when the other metal ion just starts to precipitate.
As MgCO3 starts to precipitate, ionic product (MgCO3) = Ksp (MgCO3)
[CO32-] = 3.5  10−8/ [Mg2+]
= 3.5  10−8/ 0.1 =3.5 × 10–7 mol dm–3
 [Sr2+] remaining in solution = 1.1×10–10 / 3.5 × 10–7
= 3.14 x 10-4 mol dm–3

(iii) For an effective separation, less than 1% of this metal ion should remain
in solution.
By means of calculation, determine if the above separation is effective.
% of Sr2+ remained in solution = 3.143 x 10-4 / 0.100 x 100 %
= 0.314 % < 1%
Separation is effective.
[4]
(c)

When magnesium chloride is added to water, a solution is formed which has a
pH of 6.5. When aluminium chloride is added to water, the resulting solution
has a pH of 3. With the aid of equations, explain the difference in observations.
[3]
Dissolution
MgCl 2(s) + 6H2O  [Mg(H2O)6]2+ (aq) + 2Cl–(aq)
Hydrolysis
[Mg(H2O)6]2+ (aq) ⇌ [Mg(H2O)5(OH)]+ (aq) + H+(aq)
Dissolution
AlCl3 (s) + 6H2O  [Al(H2O)6]3+ (aq) + 3Cl– (aq)
Hydrolysis
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[Al(H2O)6]3+ (aq) ⇌ [Al(H2O)5(OH)]2+ (aq) + H+(aq)
Al3+ has higher charge density than Mg2+, thus undergoes greater extent of
hydrolysis to release more H+, thus pH is lower.

(d)

Compound L, C5H7O2N, is a cyclic compound which is optically active and
neutral.
On heating L with aqueous NaOH, a pungent gas that turned moist red litmus
blue was liberated. Upon acidification of the reaction mixture with aqueous HCl,
M, C5H8O4, was formed.
M reacts with LiAlH4 to form N, C5H12O2. On passing over hot Al2O3, N forms P,
C5H8. P decolourises aqueous Br2. When P is heated with acidified KMnO4
solution, Q, C3H4O3 is formed, together with effervescence that forms a white
precipitate with limewater.
Q reacts with aqueous Na2CO3 with effervescence and forms a yellow
precipitate when warmed with alkaline aqueous I2.
Given that compounds M, N, P are Q are all non-cyclic compounds, deduce the
structures of compounds L, M, N, P, and Q, and explain the chemistry of the
reactions described.
[9]
Information / Type of reaction

Deductions

Compound L, C5H7O2N, is a As L contains N and is neutral, L is likely to
cyclic neutral compound which be amide.
is optically active.
L contains at least 1 chiral carbon.
L undergoes alkaline hydrolysis
with aqueous sodium hydroxide
to form compound M. Upon
acidification
with
aqueous
hydrochloric acid, C5H8O4.

Gas that turns moist red litmus blue is
NH3(g).
L is cyclic amide. (cyclic – thus only 1
product)
M is carboxylic acid (formed from hydrolysis
of amide).

M is reduced by LiAlH4 to form N is primary alcohol.
N, C5H12O2.
N undergoes elimination of H2O P contains alkene.
with hot Al2O3, to form P, C5H8.
P
undergoes
electrophilic
addition with bromine.
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When P undergoes oxidative
cleavage
with
acidified
potassium manganate to form
Q, C3H4O3, together with
effervescence that forms a white
[
precipitate
with limewater.
T
Q undergoes
acid-base reaction
with Na2CO3(aq).

Gas evolved is CO2.
As there is a loss of two carbon atoms, P
contains two terminal alkenes =CH2.

Q contains a carboxylic acid.

Q undergoes oxidation with Q contains CH3CO- group.
alkaline aqueous iodine to form
a yellow precipitate.
[Total: 20]
H
O

OH

O

N

O
CH3

L

CH3

5

(a)

OH

OH

CH3

CH3
N

M
O

O

P

OH

O

CH3

HO
Q

Phosphorus trichloride can be prepared by the reaction of white phosphorus
with chlorine. Some related thermochemical data are shown below.
enthalpy change of formation of PCl3(l)

–320 kJ mol–1

bond energy of P−Cl bond in PCl3

+323 kJ mol–1

enthalpy change of atomisation of phosphorus

+314 kJ mol–1

Using the above data, together with relevant data from the Data Booklet,
construct
an
energy
level
diagram
to
determine
the
enthalpy change of vaporisation of PCl3(l).
[4]
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Enthalpy /
kJ mol–1

P(g) + 3Cl(g)
3/2 (+244)
P(g) + 3/2Cl2 (g)

3 (+323)

P(s) +3/2Cl2(g)

PCl3(g)
PCl3 (l)

Hvap

-320 = 314 + 3/2(244) –3 (+323)-Hvap PCl3 (l)
 Hvap PCl3 (l)= +31.0 kJ mol–1
(b)

(i)

Carbon
and
silicon
are
both
elements
of
Group
IV.
Each forms a tetrachloride. CCl4 has no reaction with water while
SiCl4 reacts violently with water. Briefly account for the difference in
behaviour with water.
Either CCl4 has no reaction with water because C atom has no available
low-lying d orbitals to form dative/ co-ordinate bonds with water
molecules.
OR
Si atom in SiCl4 has available low-lying empty d-orbitals, which can accept
lone pair of electrons from water molecules, allowing dative bond
formation between H2O and Si before the Si-Cl bond needs to be broken.

(ii)

Tin is another element in Group IV.
When tin(IV) chloride reacts with potassium hydroxide in a small amount
of water, potassium chloride is produced, together with an anhydrous salt
R having the formula of K2SnCl3O3H3.
R is an ionic salt. One formula unit of R contains one type of anion and
one type of cation.
Suggest the formula of the anion present in R. Hence, draw a possible
structure of the anion.
Formula of anion in R: [SnCl3O3H3]2-
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2OH
OH
Sn

Cl

OH

Cl
Cl

[3]
(c)

Diazonium salts are important intermediates in the synthesis of many other
substituted aromatic compounds. The following equation shows the formation
of phenyldiazonium chloride.
reaction 1
NH2

+

HNO2

+

NaNO2 + HC l
HCl

+
N

o

NCl



+

2H2O

<5 C
phenyldiazonium chloride

Azo dyes are common organic compounds which can be synthesised from
diazonium salts. They are often brightly coloured due to the presence of the
chromophore functional group, -N=N-. The following reaction shows how one
such azo dye can be manufactured.
reaction 2

+
N

NCl



+

O



N

N

OH + Cl

azo compound

(i)

State the type of reaction that occurs in reaction 2.
Electrophilic substitution

A research chemist is tasked to create new azo dyes. Using reaction 1 and 2,
he proposed the following reaction scheme to a new azo dye named “Monday
Blues”.
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CH3

CH3

CH3
C(CH 3)3

C(CH 3) 3

compound S
step III

step II

step I

NO 2

NO 2


O Na

NH2

+

step IV

NaOH(aq)
compound T

step V

(diazonium salt)

OH

step VI

"Monday Blues"

(ii)

Suggest the structures of compounds S, T, and “Monday Blues”.
CH3
Cl N2

S:

+

CH3
C(CH3)3

T:

“Monday Blues”:
C(CH3)3
C(CH3)3
CH3

N

N

HO

OH
CH3

N

N

OR

(iii) Give the reagents and conditions for steps I, II and III.

Step I: concentrated H2SO4, concentrated HNO3, 30oC
Step II: (CH3)3CCl, anhydrous FeCl3, heat
Step III: Sn, concentrated HCl, heat, followed by NaOH(aq)
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(iv) Give a mechanistic account for the reaction in step II.

[9]
Electrophilic substitution
(CH3)3C+ + FeCl4-

(CH3)3CCl + FeCl3
CH3

CH3

(CH3)3C+

slow

+

NO2
CH3

+

C(CH3)3

NO 2
CH3

H
C(CH3)3

+

FeCl4-

C(CH3)3

fast

+ FeCl3 + HCl

NO2

NO 2

(d)

H

2-naphthol is a compound used in the synthesis of “Monday Blues” in (c).

OH

2-naphthol
A research assistant proposed to synthesise compound Z, a precursor to a
drug, starting from 2-naphthol, compound W, by the following route.
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ethanolic
KCN, heat
OH

step I

OH

W

step II

OH

Cl

CN

X

Y
H2SO4(aq), step III
heat

OH
CO2H

Z

(i)

Give the reagents and conditions for step I.
Cl2 in CCl4

(ii)

The reaction scheme proposed by the research assistant above failed to
give the desired product. Suggest an explanation for this.
Step II will fail because X is an aryl halide, which does not undergo
nucleophilic substitution under normal conditions because the C-Cl bond
is strong (with partial double bond character) due to the overlapping of the
p-orbital of Cl with p orbitals of benzene ring.

(iii) Suggest a 2-step synthetic route to form compound Z, starting from
compound W, 2-napthol.
anhydrous AlCl3, CH3Cl
OH

heat

OH
CH3

KMnO4, H2SO4(aq)
heat

OH
CO2H

[4]
[Total: 20]
End of paper
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Section A
For each question there are four possible answers, A, B, C and D. Choose the one you
consider to be correct.
1.

In an attempt to establish the formula of an oxide of nitrogen, a known volume of the
pure NxOy gas was mixed with hydrogen and passed over a catalyst at a suitable
temperature. 100% conversion of the oxide to ammonia and water was known to
have taken place.
2400 cm3 of nitrogen oxide measured at room temperature and pressure produced
7.20 g of water. The ammonia produced was neutralised by 200 cm3 of 1.0 mol dm–3
of HCl.
What is the formula of the nitrogen oxide?

2.

A

N2O

B

N2O2

C

N2O4

D

NO2

In an experiment, 50.0 cm3 of a 0.100 mol dm−3 solution of a metallic ion, Mn+,
reacted exactly with 25.0 cm3 of 0.100 mol dm−3 aqueous sodium sulfite.
The half-equation for the oxidation of sulfite ion is shown below.
SO32− (aq) + H2O (l)  SO42− (aq) + 2H+ (aq) + 2e−
If the final oxidation number of the metal in the salt was +3, what would be the
original oxidation number of the metal?
A

3.

+1

B

+2

C

+4

D

+5

Titanium has the electronic structure, 1s2 2s2 2p6 3s2 3p6 3d2 4s2.
Which one of the following compounds is unlikely to exist?
A

TiO

B

TiCl3

C

K3TiF6

D

K2TiO4
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4.

Hydrazine, N2H4, and hydrogen peroxide, H2O2, are both used as rocket propellants
because they can produce large volumes of hot gases from a small volume of liquid.
Which of the following statements about these two compounds is correct?

5.

A

The bond angle in N2H4 is smaller than that in H2O2.

B

The boiling point of N2H4 is lower than that of H2O2.

C

The N─H bond is shorter than the O─H bond.

D

N2H4 is a weaker base than H2O2.

The graph below shows the variation in the values of PV/RT with pressure for 1 mol
of Gas J and 1 mol of Gas K.
PV
RT

Gas J

Gas K
1.0

P / atm

Which of the following is true of the identity of Gas J and Gas K?
Gas J

Gas K

A

Neon at 498 K

Neon at 298 K

B

Hydrogen gas at 298 K

Carbon dioxide at 298 K

C

Neon gas at 498K

Carbon dioxide at 498 K

D

Nitrogen gas at 298K

Nitrogen gas at 498K
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6.

Use of Data Booklet is relevant in this question.
Aluminium oxide is a stable ionic compound.
Al (s)  Al3+ (g) + 3e–
½ O2 (g) + 2e  O2– (g)

∆H = +5467 kJ mol–1
∆H = +897 kJ mol–1

Which of the following statements is false?

7.

A

The enthalpy change of atomisation of aluminium is +330 kJ mol–1.

B

The enthalpy change of formation of aluminium oxide is –13625 kJ mol–1

C

The lattice energy of aluminium oxide is more exothermic than the enthalpy
change of formation of aluminium oxide.

D

The sum of the first and second electron affinities of oxygen is +649 kJ mol–1.

Uranium 235 is an isotope of uranium. It is unstable and undergoes radioactive
decay to form barium and other elements. This radioactive decay is a first-order
reaction with a half life of 7.04  108 years.
A barium free rock sample was found to contain some Uranium 235. Calculate the
molar proportion of uranium to barium 235 after a period of 2.11  109 years.
A

1:1
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8.

e following is a diagra
am set up to investigate standa
ard cell pottential (E⦵cell)
The

Sug
ggest apprropriate ma
aterial to m
make the ha
alf cell X and Y.
Half cell X
Electro
ode
A

B

9.

Coppe
er

Graphite

C

Iron

D

Iron

Half cell Y

Electroly
yte
1 mol dm

3

Electro
ode

Cu
uSO4(aq)

m dm3 Fe
eCl2(aq)
1 mol
1 mol
m dm

3

Fe
eCl3 (aq)

1 mol
m dm3 Fe
eCl2(aq)

Electrolyte
1m
mol dm3 KM
MnO4(aq)

Iron

1m
mol dm3 HNO
H 3(aq)
1m
mol dm3 CuSO4(aq)

Coppe
er

1 mol
m dm3 Fe
eCl3(aq)

Graphiite

1 mol
m dm3 Fe
eCl2(aq)

Graphiite

mol dm3 KM
MnO4(aq)
1m
1m
mol dm3 HNO
H 3(aq)
1m
mol dm3 CuSO4(aq)

e of Data Booklet
B
is relevant
r
in this questtion.
Use
Wh
hich of the following will
w not pro
oduce a ga
aseous pro
oduct at rooom temperrature and
pressure?
A

Mixing aqueous
a
ch
hlorine with
h mangane
ese(III) chlloride

B

Adding copper
c
me
etal into con
ncentrated
d nitric acid
d solution

C

Mixing aqueous
a
so
odium chlo
oride with acidified
a
po
otassium m
manganate(VII)

D

Adding a aqueou
us iron(III)) chloride into a so
olution of acidified hydrogen
peroxide
e
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10.

The
e contact process
p
is an importa
ant industriial reaction
n which prooduces sulfuric acid.
One
e of the steps of the
e process involves the
t
additio
on of exceess oxygen
n to sulfur
dioxxide to pro
oduce sulfu
ur trioxide g
gas in an equilibrium
e
reaction:
2SO2 (g) + O2(g) ⇌ 2SO3(g
g)
SO2(g) and O2(g) were mixed in a 1:2 ratio and the mixture
m
wa s kept at a constant
pressure of 5 atm. At equilibrium
e
m, it was fo
ound that 30%
3
of thee sulfur dio
oxide was
con
nsumed.
Wh
hat is the nu
umerical value of Kp of this rea
action?

11

A

0.0566

B

0.142

C

1.75

D

8.35

Whe
en 25 cm3 of aqueous hydrochlloric acid is titrated against
a
aquueous ethy
ylamine off
simillar concentration, The following
g pH curve
e is obtaine
ed:
pH

Volume of ethylaamine/cm3
At w
which point will the mixture have
e maximum
m buffering capacity??

River Valley High School
Prelim Examin
nation 2013

9647
7/01/PRELIM/13

[Tu
urn over
Year 6 H
H2 Chemistry 96
647 Paper 1

7
12.

When magnesium carbonate powder is added to a solution of aqueous ethanoic
acid, effervescence is observed.
Which of the following will not change the rate of effervescence?

13.

A

Using magnesium carbonate pellet instead of magnesium carbonate powder.

B

Using hydrochloric acid instead of ethanoic acid.

C

Increasing the temperature.

D

Increasing the pressure.

Two solutions were prepared by dissolving a chloride and an oxide of elements in the
third period of the Periodic Table in separate portions of water.
Both solutions prepared can be used to dissolve Al2O3 but only one can be used to
dissolve SiO2.
Which of the following could be the chloride and the oxide used?

14.

A

PCl5 and Na2O

B

NaCl and SO3

C

MgCl2 and MgO

D

SiCl4 and P4O10

X, Y and Z are consecutive elements in Period 3 of the Periodic Table. Y has the
highest first ionisation energy and the lowest melting point among the three
elements.
Which of the following could be X, Y and Z?
A

sodium, magnesium, aluminium

B

magnesium, aluminium, silicon

C

aluminium, silicon, phosphorus

D

silicon, phosphorus, sulfur
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15.

Group II iodates(V) can undergo thermal decomposition as shown below.
2Mg(IO3)2(s)  2MgO(s) + 2I2(g) + 5O2(g)
The three graphs given below show the change in mass when 2.00 g each of three
Group II iodates(V) were heated separately at a temperature T oC.
mass/g

Graph (1)

2.00

mass/g

mass/g

Graph (2)

2.00

1.00

1.00

0

time

0

Graph (3)

2.00

1.00

0

time

0

0

time

0

Which three Group II iodates(V) can give rise to these graphs?

16.

Graph (1)

Graph (2)

Graph (3)

A

Sr(IO3)2

Ba(IO3)2

Ca(IO3)2

B

Mg(IO3)2

Ba(IO3)2

Sr(IO3)2

C

Ca(IO3)2

Mg(IO3)2

Ba(IO3)2

D

Ca(IO3)2

Mg(IO3)2

Sr(IO3)2

Which of the following statements explains why hydrogen iodide a stronger acid than
hydrogen chloride?
A

A molecule of hydrogen chloride is more polar than a molecule of hydrogen
iodide.

B

The enthalpy change of formation of hydrogen iodide is greater than that of
hydrogen chloride.

C

The covalent bond in the hydrogen iodide molecule is weaker than that in the
hydrogen chloride molecule.

D

The dissociation of hydrogen chloride molecules is suppressed by the stronger
hydrogen bonds between molecules.
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17.

A reaction scheme starting from aqueous copper(II) sulphate solution is shown
below. Both G and H are copper-containing species.

CuSO4(aq)

NH3(aq)

G

excess
NH3(aq)

I

H

II

Na4edta(aq)

[Cu(edta)]2- (aq)

III

Which of the following statements is correct?

18.

A

NH3 is a ligand in reaction I.

B

Reaction II is a redox reaction.

C

H is a deep blue solution containing [Cu(NH3)4(H2O)2]SO4.

D

The entropy of the system decreases when reaction III occurs.

Assuming that only mono-chlorination takes place, which of the following will be the
correct combination of the products obtained when excess 2,3-dimethylbutane is
reacted with chlorine in the presence of uv light?
A

2 possible products in the ratio 6:1

B

3 possible products in the ratio 3:3:1

C

3 possible products in the ratio 6:3:1

D

4 possible products in the ratio 6:3:3:2
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19.

hich of the following
f
cannot
c
be prepared by
b the app
paratus sett-up as sho
own?
Wh

Water
out

Water
in

Heat

20.

A

1,2-dibro
omopropen
ne by using
g bromine and prope
ene

B

Ethyl eth
hanoate by
y using eth
hanol and concentrate
c
ed sulfuricc acid

C

Bromoetthane by using
u
sodiu
um bromide
e and conc
centrated ssulfuric acid

D

Propano
one by usin
ng propano
ol, sodium dichromatte(VI) and sulfuric ac
cid

Wh
hich of the following reagents
r
w
will not cau
use a colou
ur change when the reagent is
add
ded to com
mpound X?

Compou
und X
A

Acidified
d potassium
m mangan ate(VII) so
olution

B

Alkaline silver nitra
ate and am
mmonia sollution

C

Alkaline copper(II) sulfate so
olution

D

Neutral iron(III) ch
hloride solu
ution
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21.

Cafffeine is the world’s most
m
wide ly consum
med psycho
oactive druug and can
n be found
in b
beverages such as coffee, tea
a, chocola
ates and energy
e
drinnks. Many
y adults in
Singapore consume cafffeine dailyy.

caffeine
hich statem
ment about caffeine iss correct?
Wh

22.

A

Caffeine
e liberates ammonia w
when reac
cted with NaOH(aq) aand heat

B

Caffeine
e turns red litmus pap
per blue

C

Caffeine
e is a plana
ar molecule
e

D

Caffeine
e has 8 π electrons

Cho
olecalcifero
ol, also known as Vittamin D3, is generate
ed in the sskin of anim
mals when
ligh
ht energy iss absorbed
d.

How
w many op
ptical isome
ers does ccholecalcife
erol have?
A

5
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23.

Compound X, C8H9ClO2, gives compound Y, C8H7ClO2, when heated with acidified
potassium dichromate(VI). Y gives a pale yellow precipitate on warming with
aqueous alkaline iodine and reacts with 2 moles of aqueous bromine.
Which of the following is the correct structure for X?

24.

25.

A

B

C

D

Which of the following sequence shows a decrease in pKa values?
A

C2H5OH > C6H5OH > CH3CO2H > CCl3CO2H

B

C2H5OH > C6H5OH > CCl3CO2H > CH3CO2H

C

C2H5OH > CH3CO2H > CCl3CO2H > C6H5OH

D

CCl3CO2H > CH3CO2H > C6H5OH > C2H5OH

18

O is an isotope of oxygen.

When propyl ethanoate is hydrolysed with dilute hydrochloric acid in the presence of
H218O, a mixture of two products is formed. Which of the following pairs gives the
correct structures of the two products?
A

CH3COOH and CH3CH2CH218OH

B

CH3CO18OH and CH3CH2CH2OH

C

CH3CH2COOH and CH3CH218OH

D

CH3CH2CO18OH and CH3CH2OH
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26.

When phosphorus pentachloride was added to an organic compound P, fumes of
hydrogen chloride were evolved. When P was warmed with Fehling’s solution, a
brick-red precipitate was obtained.
Which of the following is likely to be compound P?

27.

A

B

C

D

Serotonin is a monoamine neurotransmitter that contributes to feelings of well-being
and happiness.

serotonin
How many sigma () and pi () bonds does serotonin have?
A

20 and 4

B

22 and 4

C

26 and 4

D

28 and 4
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28.

29.

Which of the following will not be produced when 1-bromopropane is heated with
ethanolic sodium hydroxide?
A

CH3CH=CH2

B

CH3CH2CH2OH

C

CH3CH2CH2ONa

D

CH3CH2CH2OCH2CH3

Which line on the graph shows the relationship between the number of carbon
atoms in an alkane and the amount of oxygen gas needed for complete combustion
of the alkane?

Amount of
oxygen gas

Number of carbon atoms in alkane
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30.

Ethanoic acid is prepared industrially by the direct carbonylation of methanol using a
rhodium catalyst.

Which compound can be expected to produce the following product by this method?

CO2H
HC

CH2CO2H

CH2CO2H

CH2OH

OH
A

C

HC

CO2H

B

HC

CH2CO2H

CH2OH

CH2CO2H

OH

OH

HC

CH2CO2H

D

CO2H

River Valley High School
Prelim Examination 2013

HC

CH2CO2H

CH2OH

9647/01/PRELIM/13

[Turn over
Year 6 H2 Chemistry 9647 Paper 1

16
Section B
For each of the questions in this section, one or more of the three numbered statements 1 to
3 may be correct.
Decide whether each of the statements is or is not correct.
The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
31. The electronic configurations of elements X, Y and Z are as follows:
X: [Ar] 3d104s24p1
Y: [Ar] 3d104s24p4
Z: [Ar] 3d104s1
Which of the following statement(s) is / are true?
1

X3+ shows the greatest deflection towards the negatively charged plate with
constant electric field compared to Y+ and Z2+.

2

The first ionization energy of X is lower than both Z and Y.

3

Each of the X2+, Y2+ and Z2+ ions contain only one unpaired electron.

32. The table shows data about two elements, sodium and copper.
Element

Atomic Number

Melting point / ºC

Sodium

11

97.8

Copper

29

1083

Which of the following can be deduced from the given data?
1

Magnesium has a melting point between 97.8 ºC and 1083 ºC.

2

Copper has greater number of delocalised electrons.

3

Melting point decrease with increasing atomic number.
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
33.

Two separate electrolyses were performed as follows.
1. Molten iron(III) chloride was electrolysed for 5 min using a current of 2 A
using inert electrodes.
2. Dilute copper(II) chloride was electrolysed for 10 min using a current of 2 A
using inert electrodes.
Gas volume measurements were made under the same conditions of temperature
and pressure.
Which of the following is/are correct?

34.

1

Chlorine gas was produced from the anode of both electrolyses.

2

Electrolysis 2 produced twice as much gas as Electrolysis 1.

3

0.395 g of solid was produced in Electrolysis 2.

Gas reforming is a process which is used by the industries to produce hydrogen
gas. The reaction is as follows:
CH4(g) + H2O(g) ⇌ CO(g) + 3H2(g)

ΔH = positive

Which of the following is/are false?
1

When the pressure is increased, the Kp of the reaction will decrease.

2

The process should be carried out at a high temperature to increase the
equilibrium yield of hydrogen.

3

Removing hydrogen gas from the system continually will increase the overall
production of hydrogen.
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
35.

Given the following reaction:
P(g) + Q(g) ⇌ X(g) + Y(g)
Forward reaction:

ΔH = Negative

(Rate)f = kf[P][Q]

Backward reaction: (Rate)b = kb[X][Y]
Which of the following is correct?

36

1

Increasing the pressure will not cause kf and kb values to change and the
equilibrium position remains the same.

2

Increasing the temperature will only increase the value of kb, which causes the
equilibrium position to shift to the left.

3

Decreasing the pressure will not cause (Rate)f and (Rate)b values to change
and the equilibrium position remains the same.

Use of the Data Booklet is relevant to this question.
The colours of various vanadium ions in aqueous solution are given in the table
below.
Oxidation state

V

IV

III

II

Ion

VO2+

VO2+

V3+

V2+

Colour

yellow

blue

green

violet

Which of the following reactions (if any) can produce a green solution?
1

Adding excess Sn4+ ions to an acidified solution containing V2+ ions.

2

Bubbling excess SO2 into an acidified solution of VO2+ ions.

3

Adding Na2S2O8 to an acidified solution containing VO2+ ions.
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
37.

38.

39.

In which of the following pairs of organic compounds is the compound on the left
more volatile than the one on the right?
1

Propylamine and propan-1-ol

2

Cyclohexylamine and aminoethanoic acid

3

Phenylethanol and phenylethanoate

In which of the following reactions is the inorganic reagent acting as a nucleophile?
1

CH3CHCl + KCN → CH3CH2CN + KCl

2

CH3COCl + NH3 → CH3CONH2 + HCl

3

CH3CH2NH2 + HCl → CH3CH2NH3+Cl ‒

Which of the following reactions will form a racemic mixture of products?
1

CH3COCH3 with HCN in trace amounts of NaOH

2

CH3
CH3CH2CH2

C

Cl

with NaOH(aq), heat under reflux

CH3CH2
CH3 H

3

with HBr(g)
CH3CH2CH2
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3 are
correct

1 and 2 only are
correct

2 and 3 only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
40.

Listening to music you enjoy releases the mood-enhancing chemical dopamine in
your brain.

dopamine
Which of the following statement/s about dopamine is/are false?
1

It is soluble in water due to zwitterion formation.

2

It migrates to the cathode of an electrolytic cell at pH 14.

3

The acidity of dopamine will decrease when aqueous bromine is added.

Answers
1
2
3
4
5

C
C
D
B
D

11
12
13
14
15

D
D
A
D
A

21
22
23
24
25

D
B
C
A
B

31
32
33
34
35

B
B
C
D
D

6
7
8
9
10

B
D
B
A
A

16
17
18
19
20

C
C
A
A
C

26
27
28
29
30

A
C
C
B
D

36
37
38
39
40

B
B
B
C
C

River Valley High School
Prelim Examination 2013

9647/01/PRELIM/13

[Turn over
Year 6 H2 Chemistry 9647 Paper 1

RIVER VALLEY HIGH SCHOOL
YEAR 6 PRELIMINARY EXAMINATION
CANDIDATE
NAME
CLASS

6

CENTRE
NUMBER

S

INDEX
NUMBER

H2 CHEMISTRY

9647/02

Paper 2 Structured Questions

24 September 2013
2 hours

Candidates answer on the Question Paper.
Additional Materials:

Data Booklet

READ THESE INSTRUCTIONS FIRST
Write your name, class, Centre number and index number on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.
You may use a soft pencil for any diagrams, graphs or rough working.
Do not use staples, paper clips, highlighters, glue or correction fluid.
Answer all questions in the space provided.
A Data Booklet is provided. Do NOT write anything on it.
At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

For Examiner’s Use
Paper 2
Question
Number
Marks

1

2

12

Paper 1

3

14
40

4

4

5

11

Total

6

16

Paper 3

72

15
80

Total

192

____________________________________________________________________________
This document consists of 17 printed pages and 1 blank page.

River Valley High School
Preliminary Examination 2013

9647/02/PRELIM/13

[Turn over

2

1

anning (P))
Pla
Rust is main
nly made up
u of iron (III) oxide
e. An old rusty iron box can be
resstored by submerging
s
g the box i n acid solu
ution to rem
move the rrust, follow
wed
by coating the iron box
x with a layyer of meta
als such as
s chromium
m, aluminiu
um
or zzinc using electrolysiis.
A sstudent trie
es to adap
pt this proccess to res
store a rus
sty iron boox using only
ma
aterials that are availa
able in the school lab
boratory.
She removed
d the rust on the bo
ox by subm
merging it in 1 mol dm3 sulfu
uric
s
coats
s the rust free box
x with a layer of ccopper using
acid. Then she
ele
ectrolysis. The
T diagra
am below sshows part of the exp
perimental set up.
va
ariable resistor
A
A

1
11
Cu(s)

Fe box

1 mol dm3
CuSO4(aq)
(
(a)

Write a balanced
d equation
n, including
g state sym
mbols, for the reaction
that rem
moves rustt from the b
box using sulfuric acid.

[1]

3H2SO4(aq) + Fe2O3(s)  F
Fe2(SO4)3(aq) + 3H2O(l)
O
(b)

Other than
t
safety issues, what is th
he disadva
antage of using stro
ong
acid to remove ru
ust from the
e box?

[1]

Acid wiill also reac
ct with fresshly expose
ed iron afte
er rust is reemoved.
(c)

Comple
ete and lab
bel the dia
agram abov
ve to show
w the expeerimental sets
up for coating
c
the
e rust free box with copper
c
mettal by electtrolysis. Give
the com
mposition of
o a suitablle electroly
yte.
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(d)

(e)

Write the equation for the reaction at the anode and cathode.
Cathode:

Cu2+(aq) + 2e  Cu(s)

Anode:

Cu(s)  Cu2+(aq) + 2e

[1]

The variable resistor can be used to vary the current that is passed
through a closed circuit.
Predict how does the amount of copper deposited in a fixed duration
(t) varies as current is increased from 0.00A until 1.00A. Display your
prediction in the form of a sketch graph.

[1]

nCu/ mol

current / A

0
(f)

Design a laboratory experiment to investigate your prediction in (e)
and hence allow an experimental value for Faraday’s Constant to be
obtained.
The following apparatus and chemicals are available for used.
Wires

Batteries

Switch

Mass balance ( 0.001g)

Digital Ammeter ( 0.001A)

Pure copper strips

Variable resistor

Copper (II) sulfate solution

(i)

The percentage error for the mass weighed using the mass
balance should not exceed 1%. Calculate the minimum duration
of time, in minutes, for 0.400 A of current to be passed through
the circuit.
Considering the max percentage error of mass balance,
minimum mass of copper deposited = 0.100g
nCu = 0.100  63.5 = 0.00157 mol
ne = nCu  2 = 0.00315

River Valley High School
Preliminary Examination 2013

9647/02/PRELIM/13

[Turn over

4

Q = I t = ne F

min t 
(ii)

0.00315  96500
 760s  12.7 min
0.400

Considering your answer in (f)(i), write a detailed plan for your
experiment. Your plan should contain the following





all essential experimental details
the precautions taken to ensure accuracy
outline of how the results would be used to verify your
predicted graph in (e).
hence explain how the results can be used to determine a
value for the Faraday constant.

[6]

Procedure + Precautions
1. Set up the apparatus as in (c).
2. Close the circuit and set the current to ____A using the
variable resistor.
3. Open the circuit and disconnect the iron box/Cu
electrode.
4. Wash and dry the iron box/Cu electrode carefully.
5. Weigh and record the mass of iron box/Cu electrode.
6. Reconnect the iron box/ Cu electrode, closed the circuit
and allows the current to flow for t minutes.
7. Open the circuit and disconnect the iron box/ Cu
electrode.
8. Wash and dry the iron box/Cu electrode carefully
9. Weigh and record the mass of iron box/Cu electrode
again.
10. Repeat the experiment 2 times by setting the current to 2
other reasonable current.
Data and Results
Exp
t

I /A

1
2
3

0.400
0.800
1.20

X
= Mass of
Cu
electrode at
0 min /g

Y
= Mass of Cu
electrode at t
min / g

X–Y
= Mass of
Cu
deposited
/g

nCu
=(X-Y) 63.5
/ mol

With these results, a graph of nCu against current may be plotted
for verification.
OR
Calculate for each experiment at a fixed current,
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Mass of Cu deposited
= (Mass of Fe box at t min) - (Mass of Fe box at 0 min)
nCu = Mass of Cu deposited  63.5
With these results, a graph of nCu against current may be plotted
for verification.

To determine a value for Faraday’s Constant:
Q = I t60 = ne F = 2 x nCu F (t in min)
Find the gradient of the graph of nCu against current.

gradient 
F

nCu t  60

I
2F

t  60
2  gradient

[Total: 12]

2

Haze levels in Singapore hit a record high of PSI 401 on 21 June this year,
as a consequence of widespread forest fires in Indonesia. Many hospitals
and clinics reported a spike in the number of patients seeking medical
attention for respiratory problems, such as asthma and rhinitis.
To provide quick relief from asthma symptoms, the drug salbutamol is
commonly prescribed.

salbutamol
(a)

Identify two functional groups, other than phenyl, that are present in
salbutamol.

[1]

Primary alcohol, secondary alcohol, phenol, secondary amine
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(b)

Salbutamol is sold in pharmacies as a racemic mixture, mainly
because the (S)-enantiomer blocks metabolism pathways while the
(R)-enantiomer shows activity.
Identify the type of stereoisomerism salbutamol exhibits and draw two
structures to illustrate this.

[2]

Optical isomerism

A 4-step synthesis route of salbutamol is shown as follows:
Step 2

Step 3

(c)

An organic chemist suggested the use of bromine gas under
ultraviolet light in Step 2. Explain why his choice of reagent and
condition may not be appropriate for the conversion.

[1]

There is a possibility of many side products as random substitution of
hydrogen atoms on any alkyl group found in the compound can occur.
(d)

Name the reaction in Step 3 and outline the mechanism.
You may use R to denote bulky alkyl groups in your mechanism.

[4]

Nucleophilic substitution
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is a primary alkyl halide and it undergoes
the SN2 mechanism.

(e)

Explain why LiAlH4 must be used in dry ether during the final step?

[1]

LiAlH4 reacts violently with water.
(f)

A laboratory technician realised that the labels to the bottles
containing aspirin and another compound had fallen off.

aspirin

compound X

Suggest a simple chemical test to distinguish between these two
compounds.

[2]

Test: Heat with HCl(aq), followed by adding neutral FeCl3(aq).
Observations: Aspirin gives a violet colouration while compound X
does not.
OR
Test: Heat with HCl(aq), followed by adding Br2(aq).
Observations: Reddish-brown Br2 decolourises for aspirin but not for
compound X.
OR
Test: Heat with H2SO4(aq) and KMnO4(aq). Pass any gaseous
products into limewater.
Observations: For compound X, purple KMnO4 decolourises and gas
evolved gives a white precipitate in limewater. For aspirin, purple
[Turn over
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KMnO4 decolourises and no gas is evolved.
(g)

Chlorotrimethylsilane (TMSCl) in the presence of triethylamine (NEt3)
is usually used as a protecting group for alcohols in organic synthesis.
This allows the alcohol group to remain unreactive while the rest of
the molecule undergoes reaction. To regenerate the alcohol group,
dilute acid can be added.
A representative equation is shown as follows:

Using the information provided, suggest a method to perform the
following conversion.

[3]

[Total: 14]

3

Use of Data Booklet is relevant to this question.
Zinc has similar properties to Group II metals. For example, zinc and calcium
reacts with oxygen to give their respective metallic oxide. Also, zinc
carbonate and calcium carbonate decompose when heated to give similar
products.
(a)

Suggest why zinc carbonate is thermally less stable compared to
calcium carbonate.
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Ionic radius of Zn2+ is smaller than Ca2+. Hence, Zn2+ has a larger
charge density [1] and is able to polarise the CO32 ion to a greater
extent which weaken the CO bond to a greater extent.
(b)

Zinc however, reacts much more slowly with oxygen compared to
calcium. Explain why this is so.

1st IE/ kJmol1

2nd IE/ kJmol1

Total (1st IE + 2nd IE)/
kJmol1

Ca

590

1150

1740

Zn

908

1730

2638

[2]

More energy is required to form Zn2+ from Zn compared to forming
Ca2+ from Ca./ Activation energy for the formation of ZnO is higher
compared to CaO. Hence, the reaction would be slower.

[Total: 4]

4

A 2.80 g sample mixture of zinc chloride and calcium chloride was melted to
form a homogeneous molten mixture. An electric current was applied to this
mixture for 30 min using inert electrodes. The gas produced at the anode, gas
X, was reacted with excess H2(g), and dissolved in distilled water to make up
to a 250 cm3 solution. 25 cm3 of this solution requires 27.95 cm3 of
0.100 mol dm3 of NaOH(aq) for complete reaction.
(a)

Write an equation for the anode reaction.

[1]

2Cl (l)  Cl2(g) + 2e
(b)

Write an equation for the reaction of the gas produced at the anode
with H2(g).

[1]

Cl2(g) + H2(g)  2HCl(g)
(c)

Calculate the number of moles of gas X produced. Hence, calculate
the average current that was applied to the electrolyte.

[3]

HCl(aq) + NaOH(aq)  NaCl(aq) + H2O(l)
250
25

27.95
1000

0.100
0.0280

0.0280
2
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0.0140
0.0280

0.0280

30 60
96500

1.50
(d)

State the possible cathode reactions, and deduce which reaction is
more likely to take place at the start of the electrolysis process.
Ca2+(l) + 2e  Ca(l)

(1) E = 2.87 V

Zn2+(l) + 2e  Zn(l)

(2) E = 0.76 V

[2]

(2) is more likely to take place at the start of the process

(e)

Given that 0.0729 g of calcium metal was produced at the end of the
electrolytic process, calculate the percentage mass of zinc chloride in
the original solid sample. State any assumptions that you made.

[4]

0.0729
40.1
1.81
0.0140

10

1.82

10

0.0122
0.0122

65.4

2

35.5

1.66
%

1.66
2.80

100
59.3%

Assumption: All the ZnCl2 were electrolysed before any of the CaCl2
begins to be electrolysed.
[Total: 11]
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(a)

Selective precipitation of sulfides may be used to separate the cations
present in a solution containing Cu2+ and Ni2+.
Aqueous hydrogen sulfide behaves as a dibasic acid.
H2S (aq)  H+ (aq) + HS (aq)

Ka1 = 8.9 × 108 mol dm3

HS (aq)  H+ (aq) + S2 (aq)

Ka2 = 1.2 × 1013 mol dm3

Metal sulfides are precipitated by the following reaction.
M2+ (aq) + S2 (aq)  MS (s)
Relevant Ksp values are given in the table.
Salt

Ksp/ mol2 dm6

CuS

6.0 × 1036

NiS

3.0 × 1019

(i)

Given that a solution contains 0.20 mol dm3 Ni2+ and
0.10 mol dm3 Cu2+, determine the maximum sulfide
concentrations for each metal cation so that no precipitation
occurs.
[S2 max] for NiS =

.

[S2 max] for CuS =

(ii)

Show that [H+] =

= 1.5 × 1018 mol dm3

.

= 6 × 1035 mol dm3

K a1 K a 2 [H2S]
[S 2 ]

H2S (aq)  2H+ (aq) + S2− (aq)


Ka1 Ka2 =
Rearranging, [H+] = √
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(iii)

Considering the answer in (i) and using the expression in (ii),
calculate the maximum pH that must be maintained to separate
Ni2+ and Cu2+ ions, given that the concentration of H2S in the
solution is 0.10 mol dm3.
Ka1 Ka2 = 1.1 × 1020 mol2 dm6
[H+] =

.

.
.



= 0.027 mol dm3

pH =  log 0.027 = 1.57

(iv)

Calculate the actual concentrations of both metal ions in solution
at the pH used in (iii).
[Ni2+] remains as 0.20 mol dm3
[Cu2+] = 6 × 1036 / 1.5 × 1018 = 4.0 × 1018 mol dm3

[8]
(b)

Ni and Cu are transition metals. Explain why transition metal
complexes and compounds are usually coloured.
In complexes/ compounds of Ni and Cu, the 3d orbitals are split into
2 sets of non-degenerate orbitals/ different energies.
An energy gap (E) exists between these 2 sets of 3d orbitals.
Radiation from the visible region of the electromagnetic
spectrum
is absorbed when an electron undergoes d-d
transition/ moves from a lower energy d-orbital to another
unfilled/partially-filled d orbital of higher energy.

The colour observed corresponds to the complement of the
absorbed colours .
[3]
(c)

(i)

The melting points of NiS and H2S are as shown below. Explain
the difference in their boiling points in term of structure and
bonding.
Compound
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NiS

797

H2S

− 82

H2S has a simple covalent structure while NiS has a giant
ionic lattice structure.
More energy is needed to overcome the stronger electrostatic
attraction between oppositely charged Ni2+ and S2 ions in
NiS than the weak Van Der Waals forces between H2S
molecules.

(ii)

The Claus process is used in the industry to partially oxidise H2S
to form water and elemental sulfur, S8. Write a balanced
equation and calculate the mass of elemental sulfur produced
when 1 tonne of H2S is used.
[1 tonne = 1000 kg]
H2S +

O2  H2O +

S8

Amt of H2S = 1000 × 103 / 34.0 = 2.94 × 104 mol
Mass of S8
= 1/8 × 2.94 × 104 × (32.0 × 8)
= 9.41 × 105 g or 941 kg

[5]
[Total: 16]

5.

Water gas is a synthesis gas that consists of carbon monoxide and
hydrogen. The gas is made by passing steam over coke:
C(s) + H2O(g)  CO(g) + H2(g)
(a)

ΔH > 0

The system was initially at equilibrium. At time t1, the volume of the
reaction vessel was then suddenly reduced and the system allowed to
reach equilibrium. Pressure was then increased by adding argon at
constant volume at t2. A new equilibrium was established before
temperature was increased at t3.
Sketch on the axes the graph that should be observed from time = 0 to
time = t when equilibrium is re-established once again.
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Total no
o. of moles of gas

time
t1

t2

t3

t

[4]
(b)

When steam
s
was
s passed o
over coke at
a tempera
atures nearr 800 °C with
w
a presssure of 8.81 atm and allowed to
o reach eq
quilibrium i n a 1.00 dm3
vessel, the partial pressure of steam was
w found to be 2.677 atm.
(i)

Write the Kp expresssion for the reaction. Include units in yo
W
our
a
answer.
Kp =

(ii)

p H 2O

Units: attm

W
What
is Kp at
a 800 °C?
?
Kp =

(iii)

pCO pH 2

pCO pH 2
p H 2O

=

6.14 2
=
=14.1 atm
2.67

The numerical value of Kp at 25
T
5 °C is 1.7
7 x 1021. C
Compare the
t
Kp values at
a 25 °C an
nd 800 °C and comm
ment on theeir differen
nce
in
n relation to
o ΔH of the
e reaction.
When temperature i s increase
W
ed from 25
2 °C to 800 °C, Kp
in
ncreases, which
w
mea
ans the pro
oduct-reacttant ratio inncreases [1].
[
T
Temperatur
re increasse also favours the endotherrmic reaction
a
and
shifts the
t equilib
brium posittion to the right hencce producing
m
more
CO an
nd H2.

(c)

[5]

The behaviour of magnesiu
um and alu
uminium in the presennce of stea
am
is notably different. Magne
esium is observed to
o react viggorously with
w
steam while
w
that of
o aluminiu
um takes place
p
much
h slower.
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(i)

Write balanced equations for the reactions of magnesium and
aluminium with steam.
Mg(s) + H2O(g)  MgO(s) + H2(g)
2Al(s) + 3H2O(l)  Al2O3(s) + 3H2(g)

(ii)

Explain why aluminium reacts more slowly than magnesium.
Aluminium reacts slowly with steam because of existing
protective layer of Al2O3(s) on the metal

(d)

[3]

Sodium belongs to the third period of the Periodic Table. 50 cm3 of 1.3
mol dm3 of its hydroxide reacted with 30 cm3 of 2.7 mol dm3 ethanoic
acid in a polystyrene cup. The maximum temperature rise recorded
was 11.3 °C. Specific heat capacity of the solution = 4.18 J g1 K1
(i)

Write an equation for the enthalpy change of neutralization for
this reaction.
NaOH(aq) + CH3COOH(aq)  CH3COONa(aq) + H2O(l)

(ii)

Calculate the enthalpy change of neutralization for this reaction.
Amount of NaOH = 0.05 x 1.3 = 0.065 mol
Amount of ethanoic acid = 0.03 x 2.7 = 0.081 mol
Amount of water = amount of NaOH (limiting) = 0.065 mol
Heat released = (80)(4.18)(11.3) = 3778 J
ΔHneut = -(3778 x 103) / 0.065 = -58.1 kJmol1

[3]
[Total: 15]
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1

Planning (P)
Rust is mainly made up of iron (III) oxide. An old rusty iron box can be
restored by submerging the box in acid solution to remove the rust, followed
by coating the iron box with a layer of metals such as chromium, aluminium
or zinc using electrolysis.
A student tries to adapt this process to restore a rusty iron box using only
materials that are available in the school laboratory.
She removed the rust on the box by submerging it in 1 mol dm3 sulfuric
acid. Then she coats the rust free box with a layer of copper using
electrolysis. The diagram below shows part of the experimental set up.

+

variable resistor


A
A

1
11

(a)

Write a balanced equation, including state symbols, for the reaction
that removes rust from the box using sulfuric acid.
[1]

(b) Other than safety issues, what is the disadvantage of using strong acid
to remove rust from the box?

[1]
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(c)

Complete and label the diagram above to show the experimental setup for coating the rust free box with copper metal by electrolysis. Give
the composition of a suitable electrolyte.

[2]

(d) Write the equation for the reaction at the anode and cathode.
Cathode:
[1]

Anode:
(e)

The variable resistor can be used to vary the current that is passed
through a closed circuit.
Predict how does the amount of copper deposited in a fixed duration (t)
varies as current is increased from 0.00A until 1.00A. Display your
prediction in the form of a sketch graph.

[1]
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(f)

Design a laboratory experiment to investigate your prediction in (e) and
hence allow an experimental value for Faraday’s Constant to be
obtained.
The following apparatus and chemicals are available for used.
Wires
Switch
Digital Ammeter ( 0.001A)
Variable resistor
(i)

Batteries
Mass balance ( 0.001g)
Pure copper strips
Copper (II) sulfate solution

The percentage error for the mass weighed using the mass
balance should not exceed 1%. Calculate the minimum duration
of time, in minutes, for 0.400 A of current to be passed through
the circuit.
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(ii)

Considering your answer in (f)(i), write a detailed plan for your
experiment. Your plan should contain the following
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the precautions taken to ensure accuracy
outline of how the results would be used to verify your
predicted graph in (e).
hence explain how the results can be used to determine a
value for the Faraday constant.
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[6]
[Total: 12]
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2

Haze levels in Singapore hit a record high of PSI 401 on 21 June this year,
as a consequence of widespread forest fires in Indonesia. Many hospitals
and clinics reported a spike in the number of patients seeking medical
attention for respiratory problems, such as asthma and rhinitis.
To provide quick relief from asthma symptoms, the drug salbutamol is
commonly prescribed.

salbutamol
(a)

Identify two functional groups, other than phenyl, that are present in
salbutamol.
[1]

(b)

Salbutamol is sold in pharmacies as a racemic mixture, mainly
because the (S)-enantiomer blocks metabolism pathways while the
(R)-enantiomer shows activity.
Identify the type of stereoisomerism salbutamol exhibits and draw two
structures to illustrate this.

[2]
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A 4-step synthesis route of salbutamol is shown as follows:
Step 2

Step 3

(c)

An organic chemist suggested the use of bromine gas under
ultraviolet light in Step 2. Explain why his choice of reagent and
condition may not be appropriate for the conversion.

[1]
(d)

Name the reaction in Step 3 and outline the mechanism.
You may use R to denote bulky alkyl groups in your mechanism.
Name of reaction:

[4]
River Valley High School
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(e)

Explain why LiAlH4 must be used in dry ether during the final step?
[1]

(f)

A laboratory technician realised that the labels to the bottles
containing aspirin and another compound had fallen off.

aspirin

compound X

Suggest a simple chemical test to distinguish between these two
compounds.

[2]
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(g)

Chlorotrimethylsilane (TMSCl) in the presence of triethylamine (NEt3)
is usually used as a protecting group for alcohols in organic synthesis.
This allows the alcohol group to remain unreactive while the rest of
the molecule undergoes reaction. To regenerate the alcohol group,
dilute acid can be added.
A representative equation is shown as follows:

Using the information provided, suggest a method to perform the
following conversion.

[3]
[Total: 14]
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3

Use of Data Booklet is relevant to this question.
Zinc has similar properties to Group II metals. For example, zinc and calcium
reacts with oxygen to give their respective metallic oxide. Also, zinc
carbonate and calcium carbonate decompose when heated to give similar
products.
(a)

Suggest why zinc carbonate is thermally less stable compared to
calcium carbonate.

[2]
(b)

Zinc however, reacts much more slowly with oxygen compared to
calcium. Explain why this is so.

[2]
[Total: 4]
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A 2.80 g sample mixture of zinc chloride and calcium chloride was melted to
form a homogeneous molten mixture. An electric current was applied to this
mixture for 30 min using inert electrodes. The gas produced at the anode, gas
X, was reacted with excess H2(g), and dissolved in distilled water to make up
to a 250 cm3 solution. 25 cm3 of this solution requires 27.95 cm3 of
0.100 mol dm3 of NaOH(aq) for complete reaction.
(a)

Write an equation for the anode reaction.
[1]

(b) Write an equation for the reaction of the gas produced at the anode with
H2(g).
[1]
(c)

Calculate the number of moles of gas X produced. Hence, calculate the
average current that was applied to the electrolyte.

[3]
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(d) State the possible cathode reactions, and deduce which reaction is more
likely to take place at the start of the electrolysis process.

[2]
(e)

Given that 0.0729 g of calcium metal was produced at the end of the
electrolytic process, calculate the percentage mass of zinc chloride in
the original solid sample. State any assumptions that you made.

[4]
[Total: 11]
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5

(a)

Selective precipitation of sulfides may be used to separate the cations present
in a solution containing Cu2+ and Ni2+.
Aqueous hydrogen sulfide behaves as a dibasic acid.
Ka1 = 8.9 × 108 mol dm3
H2S (aq)  H+ (aq) + HS (aq)
HS (aq)  H+ (aq) + S2 (aq)
Ka2 = 1.2 × 1013 mol dm3
Metal sulfides are precipitated by the following reaction.
M2+ (aq) + S2 (aq)  MS (s)
Relevant Ksp values are given in the table.
Salt

Ksp/ mol2 dm6

CuS

6.0 × 1036

NiS

3.0 × 1019

(i)

(ii)

Given that a solution contains 0.20 mol dm3 Ni2+ and
0.10 mol dm3 Cu2+, determine the maximum sulfide
concentrations for each metal cation so that no precipitation
occurs.

Show that [H+] =

River Valley High School
Preliminary Examination 2013

K a1 K a 2 [H2 S]
[S 2 ]

9647/02/PRELIM/13

[Turn over

16

(iii)

Considering the answer in (i) and using the expression in (ii),
calculate the maximum pH that must be maintained to separate
Ni2+ and Cu2+ ions, given that the concentration of H2S in the
solution is 0.10 mol dm3.

(iv)

Calculate the actual concentrations of both metal ions in solution
at the pH used in (iii).

[8]
(b) Ni and Cu are transition metals. Explain why transition metal
complexes and compounds are usually coloured.

[3]
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(c)

(i)

(ii)

The melting points of NiS and H2S are as shown below. Explain
the difference in their boiling points in term of structure and
bonding.
Compound

Melting point / °C

NiS

797

H2S

− 82

The Claus process is used in the industry to partially oxidise H2S
to form water and elemental sulfur, S8. Write a balanced equation
and calculate the mass of elemental sulfur produced when 1
tonne of H2S is used.
[1 tonne = 1000 kg]

[5]
[Total: 16]
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6

Wa
ater gas is
i a synth
hesis gas that con
nsists of carbon
c
moonoxide and
a
hyd
drogen. Th
he gas is made
m
by pa
assing stea
am over co
oke:
C(ss) + H2O(g
g)  CO(g) + H2(g)
(a)

ΔH
H>0

The sysstem was initially at equilibrium
m. At time
e t1, the voolume of the
t
reaction
n vessel wa
as then su
uddenly red
duced and the syste m allowed
d to
reach equilibrium.
e
. Pressure
e was then
n increase
ed by add ing argon at
constant volume at t2. A new equilibrium was establiished befo
ore
tempera
ature was increased a
at t3.
Sketch on
o the axe
es the grap
ph that sho
ould be obs
served from
m time = 0 to
time = t when equilibrium is re-establis
shed once again.

To
otal no. of moles
m
of gas
s

time
e

[4]
a temperatures nearr 800 °C with
w
(b) When steam was passed ovver coke at
ure of 8.81
1 atm and allowed to
o reach equilibrium inn a 1.00 dm3
a pressu
vessel, the
t partial pressure o
of steam was
w found to
t be 2.67 atm.
(i)

Write the Kp expresssion for the reaction. Include units in yo
W
our
a
answer.
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(ii)

What is Kp at 800 °C?

(iii)

The numerical value of Kp at 25 °C is 1.7 x 1021. Compare the
Kp values at 25 °C and 800 °C and comment on their difference
in relation to ΔH of the reaction.

[5]
(c)

The behaviour of magnesium and aluminium in the presence of steam
is notably different. Magnesium is observed to react vigorously with
steam while that of aluminium takes place much slower.
(i)

Write balanced equations for the reactions of magnesium and
aluminium with steam.

(ii)

Explain why aluminium reacts more slowly than magnesium.

[3]
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(d) Sodium belongs to the third period of the Periodic Table. 50 cm3 of 1.3
mol dm3 of its hydroxide reacted with 30 cm3 of 2.7 mol dm3 ethanoic
acid in a polystyrene cup. The maximum temperature rise recorded
was 11.3 °C. Specific heat capacity of the solution = 4.18 J g1 K1
(i)

Write an equation for the enthalpy change of neutralization for
this reaction.

(ii)

Calculate the enthalpy change of neutralization for this reaction.

[3]
[Total: 15]

END OF PAPER
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H2 Chemistry (9647) Prelims 2013 Paper 3
1

(a)

Orthocaine

A

B

C
[9]

1 mark for each correct structure.
C:H ratio in orthocaine  1:1 Presence of benzene ring.
Orthocaine gives violet complex with neutral FeCl3 (aq)  Presence of phenol.
Orthocaine undergoes electrophilic substitution with aq Br2.  Presence of
phenylamine/ phenol.
Orthocaine undergoes acid – base rxn with NaOH(aq).  Presence of
phenol/ carboxylic acid.
Orthocaine undergoes acid – base rxn with HCl(aq).  Presence of amine.
Orthocaine undergoes acid hydrolysis in hot acid to give CH3OH.
CH3OH is oxidized by hot acidified KMnO4 to give CO2 , colourless gas.
Allow alternative answers
(b)

(i) Using Expt 2 & 3, [NO] x 1.5 times while keeping [O2] constant,
rate x 2.25 times (i.e. (1.5)2 times). Therefore second order with
respect to NO.
Using Expt 1 & 2, let rate = k[NO]2[O2]n
rate(1) 1.4  10 5
k[0.001] 2 [0.002] n


rate( 2) 8.4  10 5 k[0.002] 2 [0.003 ] n

1

Mark Scheme

n

2
2
  
3 so n = 1
3

First order with respect to O2.
Using Expt 1, rate = k[NO]2[O2]
1.40  105 = k(0.001)2(0.002)
k = 7000 mol2dm6s1
(ii) rate of formation of NO2
= k[NO]2[O2] = 7000(0.002)2(0.002)
= 5.60 x 105 moldm3s1
2NO(g) + O2(g)  2NO2(g)
rate of depletion of O2
= ½ x rate of formation of NO2
= ½ x 5.60 x 105 = 2.80 x 105 moldm3s1
(c)

(1): CH3COOAg (s) + aq
(2): CH3COOH

[5]

CH3COO + Ag+

CH3COO + H+

CH3COO is a strong conjugate base of a weak acid.
Cl and Br  are weak conjugate bases of strong acids.
When nitric acid is added, position of eqm (POE) in (2) shifts to the
left , concentration of CH3COO decreases.
As a result, POE in (1) shifts right to counter the decrease in
concentration of CH3COO. This continues until all of CH3COOAg
dissolves.
[3]
(d)

Ksp = (1.30 × 10-5)2 = 1.69 × 10 10 mol dm3
[Ag+] = (0.025/ 170) ÷ 2 = 7.353× 105 mol dm3
(7.353 × 105 + s)(s) = 1.69 × 1010
Since Ksp is small, assume s is small, 7.353× 105 + s  7.353× 105
Solving, s = 2.298 × 106 mol dm3
Mass of AgCl ppt

[3]
2

Mark Scheme

= (1.30 × 105  2.298 × 106) (2) (108 + 35.5)
= 3.07 × 103 g

2

(a)

(i)

The enthalpy change of solution of a substance is the enthalpy change
when one mole of the substance is completely dissolved in enough
(or excess) solvent (or water) so that no further enthalpy change
takes place on adding more solvent.

(ii)

NH4NO3(s) + aq



∆Hsoln

NH4+(aq) + NO3-(aq)

-365

-132 + (-207)

NH4+(g) + NO3-(g)

Using Hess’ Law,
∆Hsoln =  H(LE) +  Hhyd = 365 + (-132-207) = +26.0 kJmol-1

(iii)

Ammonium nitrate is a giant ionic lattice structure and water
molecules are simple covalent molecules. When ammonium nitrate
dissolves in water, the energy released in the formation of iondipole interactions between the ions and water molecules is less that
the energy absorbed in breaking up the ionic bonds between
ammonium and nitrate ions and hydrogen bonds between water
molecules.

(iv)

∆S = 186 + 256 – 151 = +291 Jmol-1K-1
∆G = ∆H – T∆S
For the instant cold pack to work,
∆G < 0

i.e.

∆H – T∆S < 0

T>

∆H
∆S

T>

 ( 26.0  103 )
 291

i.e. T > 89.3 K
[7]

(b)

(i)

Method 1:

3

Mark Scheme

0
N2(g) +

3
2

O2(g) + 2H2(g) (-174.1)
+ (-80.8)

NH3(aq) + HNO3(aq)

NH4NO3(aq)
NH4NO3(s)

2(-285.8)
+ 81.6

-57.0

+26.0

∆Hr
N2O(g) + 2H2O(l)

∆Hr = [2(-285.8) + 81.6] – [-174.1 - 80.8 - 57.0 - 26.0]
= -152.1 kJmol-1
Method 2:

2H2(g) + N2(g) + 3/2O2(g)



∆Hf

NH4NO3(s)

-174.1 +
(-80.8)

+26.0
-57.0

HNO3(aq) + NH3(aq) → NH4NO3(aq)
∆Hf(NH4NO3(s)) = -174.1 – 80.8 – 57.0 - 26.0 = -337.9
∆Hr = 2∆Hf(H2O(l)) + ∆Hf(N2O(g)) – ∆Hf(NH4NO3(s))
= -152.1 kJmol-1

(ii)

or
[4]
(c)

(i)

(ii)

Denaturation is the process by which a protein loses its tertiary or
secondary / quarternary structure by application of external stress
and loses its function

pH changes:

-Disrupts hydrogen bonds in the tertiary structure. At low pH, NH2
becomes NH3+.At high pH, phenol becomes phenoxide ion.
Or

- Disrupts ionic interactions in the tertiary structure. At low pH,

4

Mark Scheme

phenoxide becomes phenol while at high pH, NH3+ becomes NH2 .
(iii)
(d)

7

[4]

(i)

or

Linear
(i)
(ii)

[2]

Volume of gas = 3.0 x 24.0 = 72.0 dm3

p1V1
T1

=

p2V2

i.e.

T2

(1)(72.0) (0.8)(V2 )

273  25 (273  10)

Therefore, V2 = 79.4 dm3
It is assumed that N2 was behaving as an ideal gas.

3

(a)

(i)

[3]

nNaOH = nHCl in 5.00 cm3 sample
At equilibrium, VNaOH = 30.00 cm3
nNaOH = nHCl = 0.0300  0.100 = 0.00300 mol
[HCl] = 0.00300  0.005 = 0.600 mol dm3
C2F4  2HCl
[C2F4] = ½ [HCl] = 0.300 mol dm3
CHClF2  HCl
[CHClF2] = 1.00 – [CHClF2]reacted
= 1.00 – 0.600 = 0.400 mol dm3

(ii)

(iii)

Kc 

[C2F4 ][HCl ]2
[CHClF2 ]2

Kc 

[0.300][0.600]2
 0.675 mol dm3
[0.400]2

Comparing Experiment 1 and 2, when the temperature is increased, the
equilibrium [HCl] increased/ the volume of NaOH required to neutralise
the HCl increases. The equilibrium position shifted to the right to absorb
energy. Therefore, forward reaction is endothermic.

5

[6]

Mark Scheme

OR
H = 2BE(C-H) + 2BE(C-Cl) + 4BE(C-F)

– BE(C=C) – 4BE(C-F) – 2BE (H-Cl)
-1

= +28.0 kJ mol

Since H is positive, the forward reaction is endothermic.

(b)

(i)

At the start of reaction, there is only forward reaction since there is no
product for backward reaction to take place.
Therefore, to find the rate of forward reaction, draw a tangent to the
graph at t = 0 min. The gradient of the tangent is the initial rate of
forward reaction.

(ii)

From the respective tangent of the graphs for experiment 2 and 3,

Expt2 : Expt3
35
9
:
30 30
4 :1
When [CHClF2] is halved, the rate of forward reaction decreased by ¼ .
Therefore, the reaction is second order with respect to CHClF2(g).

(iii)

If conclude first order in (b)(ii):
CHClF2  CF2 + HCl (slow)
2 CF2  C2F4
OR

CHClF2  CF2 + HCl (slow)
CF2 + CHClF2  C2F4 + HCl
If conclude 2nd order in (b)(ii):
2nd step is the slow step

[6]

6
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(c)

(i)

(ii)

Electrophilic Substitution

Step 1:

Generation of Cl+ electrophile.

If FeCl3 is used,

FeCl3+ Cl2 FeCl4 + Cl+

If Fe is used,

Fe + 3/2Cl2 FeCl3
FeCl3+ Cl2 FeCl4 + Cl+

If AlCl3 is used,

Step 2:

AlCl3+ Cl2AlCl4 + Cl+

Electrophilic attack of benzene by Cl+.

[8]

4

(a)

(i)

Fe(OH)2(s) ⇌ Fe2+(aq) + 2OH(aq)

[1]

7
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(ii)

Ni(s) + Fe2+(aq) → Ni2+(aq) + Fe(s)
E⦵= 0.44  (0.25)
= 0.19V, < 0V
Since E is less than 0V, the reaction is not spontaneous and will not be
feasible.

(iii)

[2]

When excess NH3(aq) is added:
Oxidation: [Ni(NH3)6]2+(aq) + 2e → Ni(s) + 6NH3(aq)
Reduction: Fe2+(aq) + 2e → Fe(s)

0.51V

0.44V

Overall: Ni(s) + 6NH3(aq) + Fe2+(aq) → Fe(s) + [Ni(NH3)6]2+(aq)
Overall

E⦵ = 0.44  (0.51)
= +0.07 V

Hence, since E > 0V, the reaction can take place.
Fe(OH)2(s) ⇌ Fe2+(aq) + 2OH(aq)
Fe2+ is consumed/ [Fe2+] drops. (By le chatelier's principle) more
Fe(OH)2(s) is able to dissolved/ The equilibrium position shift right to
replenish the loss of Fe2+ and removing Fe(OH)2(s).
(iv)

Grey ppt: Iron/ Fe(s)
Pale blue solution: [Ni(NH3)6]2+ OR [Ni(NH3)6]Cl2

(b)

(i)

[3]

[2]

SӨ > 0 as there is an increase in disorder due to the increase of number
of moles of aqueous/liquid produts from 4 to 7.

This increase in disorder will result in ΔG value to be more likely
negagtive, and hence the reaction is expected to be favourable.
[2]
(ii)

Fe(OH)2(s)

⇌

Fe2+(aq)

+

2OH(aq)

0

0

a

2a

mol dm3

[2]

(iii)
[2]

8
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Total

(iv)

mol

When dissolved and after equilibrium is established, [Fe2+] in the
solution A is 7.07  107 mol dm3 which is less than
7.66 X 10‒6 mol dm3. Hence, IP < Ksp and all of the y grams of
Fe(OH)2(s) is able to dissolve.
[1]

(c)

(i)

(I) Heat (under reflux) with H2SO4(aq).
(II) Carefully neutralise, and add FeCl3(aq)
P: Purple coloration observed
Q: No purple coloration observed.
[2]

(ii)

Heat both compounds with KMnO4 in H2SO4(aq)
R: Purple solution turned colourless.
S: Purple solution remains.

5

(a)

[2]

(i)

pH 2:

pH 10:
[2]

(ii)

+ OH 

+ H2O

[1]

9
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(iii)

[3]
(iv)

Amount of leucine = 10.0/1000 x 0.150 = 0.00150 mol
At pH 2.33, [HA] = [A]
Amount of HA = Amount of A = 0.00150/2 = 0.000750 mol
Amount of H+ added from HCl = 5.00/1000 x 0.0300 = 0.000150
mol
A + H+  HA
Amount of remaining HA = 0.000750 + 0.000150 = 0.000900 mol
Amount of remaining A = 0.000750 – 0.000150 = 0.000600 mol
pH = pKa + lg ([A]/[HA])
= 2.33 + lg ((0.000600 V)/(0.000900  V))
= 2.15

(b)

(i)

Change in pH = 2.15 – 2.33 = 0.18

[3]

The secondary structure of a protein is the regular coils and folds
in localised segments of the polypeptide chain, as stabilised by
hydrogen bonding between the backbone C=O and NH groups
of the polypeptide chain.

[1]

10
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(ii)

[3]
(c)

(i)

Barium sulfate / BaSO4

(ii)

4Br2(aq) + S2O32−(aq) + 5H2O(l)  8Br −(aq) + 2SO42−(aq) +
10H+(aq)

[1]

[1]
(iii)

I2(aq) + 2S2O32−(aq)  2I −(aq) + S4O62−(aq)
[1]

(iv)

Br2 + e− ⇌ 2Br –

Eo = +1.07 V

I2 + e− ⇌ 2I −

Eo = +0.54 V

As observed from Eo values, Br2 is a stronger oxidising agent
than I2. Hence, Br2 can oxidise S2O32− to SO42− (oxidation state of
sulfur increases from +2 to +6). Iodine can only oxidise S2O32− to
S4O62− (oxidation state of sulfur increases from +2 to +2.5).

[2]

(v)

[2]
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Answer any four questions.
1

(a)

Orthocaine, C8H9O3N, is a local anaesthetic that causes temporary
loss of pain.
Orthocaine:


rapidly decolourises aqueous bromine to give A, C8H6O3NBr3.



gives a violet colouration on addition of neutral FeCl3 (aq).



dissolves in NaOH(aq) to give B, NaC8H8O3N.



reacts with HCl(aq)
C, C8H10O3N.



reacts in the presence of hot acidified KMnO4(aq) to release a
colourless gas that gives a white precipitate with limewater.

to

give

a

positively-charged

ion

Suggest the structures of orthocaine and A – C, explaining your
reasoning.
(b)

[9]

N2O, commonly known as laughing gas, is used in surgery and
dentistry for its anaesthetic effect. Other than N2O, other oxides of
nitrogen include NO2 and NO.
NO2 can be formed from NO as shown below:
2NO(g) + O2(g)  2NO2(g)
Three experiments were carried out to find the relationships between
the initial concentrations of NO and of O2 and the initial rate of
formation of NO2.
Experiment

Initial [NO] / Initial [O2] /
mol dm3
mol dm3

Initial rate of formation of
NO2 / mol dm3 s1

1

0.001

0.002

1.40  105

2

0.002

0.003

8.40  105

3

0.003

0.003

1.89  104

(i) Determine with reasoning, the order of reaction with respect to
each of the reactants and the rate constant, k, stating its units.
(ii) Calculate the initial rate of depletion of
[NO] = 0.002 mol dm3 and [O2] = 0.002 mol dm3.
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(c)

NO2 can react with water to form nitric acid, HNO3. Given that all the
silver salts as shown below are sparingly soluble in water, explain the
following statement, using Le Chatelier’s principle. Include equation(s)
when possible.
AgCl & AgBr does not dissolve when nitric acid is added whereas
CH3COOAg dissolves readily when nitric acid is added.

(d)

AgCl is a sparingly soluble salt and has a solubility value of
1.30 × 105 mol dm3. To a 2.0 dm3 of saturated solution of AgCl,
0.025 g of AgNO3(s) was added. Calculate the mass of precipitate
formed.

[3]

[3]

[Total: 20]
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2

(a)

Instant cold packs are a common direct replacement for crushed ice
used as first aid on sports injuries. An instant cold pack consists of two
bags; one containing water, placed inside another bag containing
ammonium nitrate crystals, NH4NO3(s). When the package is
squeezed, the inner bag of water is broken and allowed to dissolve the
ammonium nitrate.
(i) Define the term enthalpy change of solution.
(ii) Given that the enthalpy change of hydration of ammonium ions
and nitrate ions are 132 kJ mol1 and 207 kJ mol1
respectively and the lattice energy of ammonium nitrate is
365 kJ mol1, construct an energy cycle and find the ΔHsoln of
the reaction.
(iii) In terms of structure and bonding, explain why ammonium
nitrate gets cold spontaneously when dissolved in water.
(iv) The entropies of NH4NO3(s), ammonium and nitrate ions are
given as such:
Species
Ammonium nitrate
Ammonium ions
Nitrate ions

S / J mol1 K1
151
186
256

Calculate the range of temperatures that the instant cold pack
will work.
(b)

[7]

Solid ammonium nitrate is commonly used to prepare nitrous oxide,
N2O with water as a by-product via decomposition when heated.
(i) Using the data provided below as well as your answer to a(ii),
find the enthalpy change of reaction for the production of nitrous
oxide from ammonium nitrate.
∆Hf / kJ mol1
285.8
174.1
+81.6
80.8

H2O (l)
HNO3 (aq)
N2O (g)
NH3 (aq)
NH3 (aq) + HNO3 (aq) → NH4NO3 (aq)

∆Hr = 57.0 kJ mol1

(ii) Draw the dot-and-cross diagram for nitrous oxide.
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(c)

Nitrous oxide is used commercially as a mixture with oxygen gas and
marketed as Entonox, which is a medical anesthesia gas used in
normal childbirth. Endorphins are released upon inhalation of Entonox,
producing a feeling of wellbeing. The structure of an endorphin, which
is a peptide, is shown below. Under certain conditions, denaturation of
a peptide can occur.

(i) What is meant by the term denaturation?
(ii) Suggest how pH changes can denature endorphins.
(iii) How many different amino acid residues are present in an
endorphin peptide structure?
[4]
(d)

Another use of nitrous oxide is in the commercial preparation of sodium
azide, NaN3. Sodium azide is in turn used in air-bags put into
automobiles. Upon severe impact, a detonator cap is ignited and
causes sodium azide to decompose explosively according to the
equation below and filling the air-bag:
2NaN3(s) → Na(s) + 3N2(g)
(i) Draw and name the shape of the azide ion, N3.
(ii) If 2.0 moles of NaN3 is detonated, what volume of gas is produced
under standard conditions?
(ii) A person driving a car with an air-bag system installed met with
an accident at the top of the mountain where the atmospheric
pressure is 0.8 atm and the temperature is -10 °C.
Will the air-bag containing 2.0 moles of NaN3 inflate to the same
volume as compared to the bag inflated under standard
conditions? State any assumptions used in your evaluation.
[5]
[Total: 20]
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3

Poly(tetrafluoroethene) is a polymer used as a coating in non-stick kitchen
utensils and for replacement bone joints. One of the stages in the
manufacture of the polymer is
Equilibrium 1:

2CHClF2(g)  C2F4(g) + 2HCl(g)

The progress of this reaction was monitored by sampling method as
described below.
After a fixed concentration of CHClF2(g) is left to react in a sealed reactor at
fixed temperature and pressure, 5.00 cm3 of the resultant mixture is drawn
at regular time interval. Each gas sample is quickly bubbled in 25.0 cm3 of
water and the solution formed is titrated with 0.100 mol dm3 NaOH solution.
Three similar experiments were conducted in different conditions:
Experiment

[CHClF2(g)] / mol dm3

Temperature / K

1

1.00

373

2

1.00

423

3

0.500

423

The results of the three experiments are shown graphically.
Experiment 2

45

40

Experiment 1
Volume of NaOH(aq)/ cm3

35

Experiment 3

30

25

20

15

Use these data where applicable in (a) and (b).
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(a)

(b)

(i)

Calculate the equilibrium concentration of HCl, C2F4 and CHClF2
at 373K.

(ii)

Write an expression for the equilibrium constant, Kc, and
calculate its value at 373K.

(iii)

Deduce whether the forward reaction is endothermic or
exothermic. Explain your deduction.

(i)

Suggest and justify how the rate of forward reaction can be
determined from the graphs provided.

(ii)

Using the data from relevant experiments, deduce the order of
forward reaction with respect to CHClF2(g).

(iii)

A study using Fourier-transform ion cyclotron resonance (FTICR) mass spectrometry reveals that difluorocarbene (CF2) is
the only reactive intermediate formed in the forward reaction.
Propose a two steps mechanism and state which is the slower
step.

(c)

[6]

[6]

Ethylbenzene is used to synthesize (3-chlorophenyl)methanol which is
used as a general solvent for inks, pants, lacquers, epoxy resin
coatings and as a degreasing agent.
CH2OH

CH2CH3

ethylbenzene

Cl
(3-chlorophenyl)methanol

(i)

Describe the reagents and conditions required to convert
ethylbenzene into (3-chlorophenyl)methanol in three steps. Give
the structure of all the intermediates.

(ii)

Name and describe the mechanism for the reaction that
introduces the chlorine atom into the benzene ring in (c)(i).

[8]

[Total: 20]
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4

(a)

Use of the Data Booklet is relevant in this question
When nickel metal is added to a solution of iron(II)chloride, there is no
visible change.
When excess aqueous ammonia is added to the above mixture, a
green ppt of Fe(OH)2(s) is initially formed. This green ppt dissolves
slowly, and a grey ppt in a pale blue solution is formed.
(i)

Write an equation to illustrate how this green precipitate is
sparingly soluble in water.

(ii)

By selecting appropriate E values from the Data Booklet,
explain

(iii)

I.

why there is no observable change when nickel is added
to iron(II)chloride.

II.

the chemical changes that occur when excess aqueous
ammonia is added to the mixture.

Suggest the identities of the grey precipitate and the pale blue
solution.

[8]

(b) Stability constant, Ks, is a type of equilibrium constant which describes
the ligand displacement in a solution. For the following complex
formation:
[Fe(H2O)6]2+(aq) + 3(en) (aq) → [Fe(en)3]2+(aq) + 6H2O(l)

This Ks have a numerical value of 5.00  109.
(i)

Explain in terms of entropy and free energy, why this ligand
displacement reaction is considered favourable.

(ii)

Given that the numerical value of Ksp of Fe(OH)2 is 1.80  1015,
calculate the maximum [Fe2+] when Fe(OH)2(s) is dissolved in
water.
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(iii)

Solution A is produced by dissolving y grams of Fe(OH)2(s) into
a 1dm3 of 0.500 mol dm3 of ethane-1,2-diamine solution.
At equilibrium, solution A contained the following:
Compound

Concentration/
mol dm3

[Fe(en)3]2+

0.117

(en)

0.149

[Fe(H2O)6]2+

x

Calculate the value of x and y.
(iv)
(c)

Using your answers from (ii) and (iii), explain why all of y grams
of Fe(OH)2(s) is able to dissolve in the solution.

[8]

Suggest simple chemical test to distinguish the following pairs of
compounds.
Include reagents and conditions, as well as any expected observations.
(i)

P:

Q:
CH3

CH3
O

O

CH2
C

C
CH3

CH2
O

CH3

O

NH2

(ii)

NH2

R:

S:
O

[4]
O

NH

NH

O
N
H

O

N
H

[Total: 20]
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5

(a)

Proteins are essential for life in all living things and have many
biological functions in our bodies. The building blocks of proteins are
amino acids, such as leucine and glutamine.
Leucine, C6H13NO2, an essential amino acid, is found in legumes such
as peas, soybeans and animal products such as beef and fish.

leucine
(i)

The two pKa values associated with leucine are given in the
following table.
pKa
-carboxyl

2.33

-amino

9.74

Draw the structural formula of the predominant ionic species
present at pH 2 and pH 10.
(ii)

With the aid of equations, explain how the zwitterionic form of
leucine behaves as a buffer when a small amount of base is
added.

(iii)

Sketch the pH against volume curve when 30.0 cm3 of
KOH is added to 10.0 cm3 of the protonated form of leucine of
the same concentration.
Show clearly on your curve where the two pKa values and
equivalence volumes occur.

(iv)

Calculate the change in pH when 5.00 cm3 of 0.0300 mol dm3
HCl is added to 10.0 cm3 of 0.150 mol dm3 leucine at pH 2.33.
You may use HA and A to represent the acid and conjugate
base respectively.

[9]

(b) Many proteins contain significant amounts of secondary structures as
-helix structures or -pleated sheets.
(i)

What is meant by the secondary structure of a protein?

(ii)

Draw a diagram with displayed formula, showing two strands of
a -pleated sheet structure and indicating any type of
interactions present between the two strands. Use the general
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formula of a primary structure as shown below.
NHCHRCONHCHRCO
(c)

The Group VII elements are also known as the halogens.
(i)

When bromine is added to aqueous sodium thiosulfate,
Na2S2O3, followed by the addition of aqueous barium chloride, a
white precipitate is formed. Identify the white precipitate.

(ii)

Using your answer in (c)(i), write an ionic equation to represent
the reaction between bromine and thiosulfate ions.

(iii)

No white precipitate is formed when the same experiment in
(c)(i) is repeated with aqueous iodine instead of bromine. Write
an ionic equation for the reaction between iodine and thiosulfate
ions.

(iv)

Quoting suitable data from the Data Booklet and your answers
in (c)(ii) and (c)(iii), explain the difference in the reactions of the
two halogens with thiosulfate ions.

(v)

When limited cold aqueous sodium hydroxide is added to a
yellow solution of chlorine in tetrachloromethane and shaken
together, two immiscible layers are observed.
Draw a diagram to show the relative positions of the two
immiscible layers. Clearly identify the species present in each
layer.
(Density of tetrachloromethane = 1.59 g cm3; density of water
= 1.00 g cm3)

[7]

[Total: 20]

- END OF PAPER -
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Additional Materials: Multiple Choice Answer Sheet, Data Booklet
READ THESE INSTRUCTIONS FIRST
Write in soft pencil. Do not use staples, paper clips, highlighters, glue or correction fluid.
There are 40 questions on this paper. Answer all questions. For each question there are
four possible answers A, B, C and D. Chose the one you consider correct and record your
choice in soft pencil on the separate Answer Sheet.
Each correct answer will score one mark. A mark will not be deducted for a wrong
answer. Any rough working should be done in this booklet.

This document consists of 19 printed pages including this page.
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Section A
For each question there are four possible answers, A, B, C and D. Choose the one you
consider to be correct.

1

The metal, M (Ar = 52.8), combines with 1.2 g of oxygen to form the oxide M2O. The metal, M,
also forms a second oxide in which the metal and oxygen are present in the ratio 14:1 by
mass.
What is the molecular formula of the second oxide?

2

A

M2O3

B

M4O

C

M11O3

D

M7O

0.0100 mol of an oxide of an element, L, represented by L2On is found to react with exactly
8.00 x 10-3 mol of acidified KMnO4 solution. In the reaction, aqueous HLO42- ion is formed.
What is the initial oxidation state of L?

3

A

+1

B

+2

C

+3

D

+4

Which of the following diagrams correctly describes the behavior of a fixed mass of an ideal
gas at constant T? (T is measured in K.)
A

C

Density

V
B

P

D
V

PV

P
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4

With reference to its electronic configuration, which of the following statements is true about
the electrons in the atoms of the element with atomic number 29?
The electrons in the outermost principle quantum shell experience inter-electronic

A

repulsion.

5

B

The d electrons are in the same principle quantum shell as the outermost s electrons.

C

There are p electrons in 2 different principle quantum shells.

D

There are s electrons in 3 different principle quantum shells.

The graph shows the logarithm, lg, of the first eight ionisation energies of two elements in

lg (ionisation energy)

Periods 2 and 3.

1

2

3

4

5

6

7

8

no. of electrons removed
What is the most likely compound that will be formed between the two elements?
A
6

CO2

B

SiO2

C

CS2

D

SiCl4

Covalent bonds are formed by orbital overlap. Which of the following is not present in
the following molecule?

A

sp3-sp2 overlap between C1 and C2

B

sp2-sp2 overlap between C2 and C3

C

sp3-sp overlap between C3 and C4

D

sp-sp overlap between C4 and C5
[Turn Over
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7

8

Which of the following molecules is planar?
A

Benzene

B

SCl6

C

Butanone

D

Cyclohexene

Given the following enthalpy changes:
Enthalpy change of atomisation of carbon

= +715 kJ mol-1

Enthalpy change of atomisation of oxygen

= +248 kJ mol-1

Enthalpy change of combustion of carbon

= -394 kJ mol-1

What is the bond energy of the C=O bond?

9

A

617 kJ mol-1

B

679 kJ mol-1

C

740 kJ mol-1

D

803 kJ mol-1

The enthalpy changes of formation of gaseous oxides of nitrogen are positive. Which of the
following statements accounts for the positive enthalpy changes?

10

A

Oxygen has a high tendency to form O2- ions.

B

Oxygen and nitrogen have similar electronegativity.

C

Nitrogen has high ionisation energies.

D

The nitrogen molecule has a high bond energy.

The equation below represents a monomer-dimer system:

2NO2 (g)
brown

kf
kb

N2O4 (g)

∆H < 0

colourless

Which statement about the equilibrium is correct?
kf increases and kb decreases when the equilibrium mixture is heated.
A
B

Increasing the temperature decreases the equilibrium constant Kc.

C

Addition of argon at constant volume shifts the equilibrium position to the right.

D

Addition of a catalyst will increase the colour intensity of the mixture.
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11

A 1:3 molar mixture of X2 and Y2 is heated at 673 K and 100 atm of constant pressure so that
it comes to equilibrium. The equilibrium mixture contains 20 % of XY3.
X2 (g) + 3Y2 (g)

2XY3 (g)

Using the equation above, what is the numerical value of Kp for the reaction at 673 K?

12

A

9.26 x 10-5

B

2.93 x 10-4

C

2.50 x 10-4

D

5.68 x 10-4

The numerical value of the solubility product of copper (I) iodide is 1.27×10-12. Given that HI is
a strong acid, which diagram shows how the solubility product of CuI will vary with pH at
constant temperature?
A

C

Solubility product

Solubility product

pH

pH
B

D

Solubility product

pH

Solubility product

pH
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At 2
298 K, the numerical
n
values
v
for th
he dissocia
ation consta
ant of the alliphatic carb
boxylic acid
ds,
RCO
O2H and R’CO2H in aq
queous sol ution are 4.8 x 10-6 an
nd 3.6 x 10--3 respectively. Which of
the following sttatements is
s true?
A

RCO2- is
i a weakerr base than R’CO2-.

B

The volume of 1.0
0 mol dm-3 H2SO4 use
ed to neutra
alize RCO2--Na+ comple
etely is low
wer
at for R’CO2-Na+.
than tha

C

A buffer solution is
s formed wh
hen 20 cm3 of 0.01 mol dm⎯3 KOH
H is mixed with
w 10 cm3 of
0.1 moll dm⎯3 RCOOH.

D

14

0.10 mo
ol dm-3 of R’COOH
R
hass a higher pH
p than 0.10
0 mol dm-3 of aqueous
s R’CO2-Na+.

e graph sho
ows the cha
ange in pH w
when 0.10 mol dm-3 acid is graduually added to 10 cm3 of
The
0.1 mol dm-3 so
odium hydro
oxide.
H

I

J

Vo
olume of 0.1
10 mol dm-33 acid added
d/ cm3
ollowing corrrectly identtifies the acid used and
d the point oon the curve
e at which
Which of the fo
er capacity occurs?
maxximum buffe
Acid used

Maximum buffer caapacity

A

CN
HC

I

B

H2SO
S 4

H

C

HF

J

D

(COO
OH)2

I
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15

Use of the Data Booklet is relevant to this question.
An electrochemical cell is set up using a Fe3+(aq), Fe2+(aq) half–cell and a VO2+(aq), V3+(aq)
half–cell.
Which of the following gives a correct effect on the Eocell when each of the changes is made?
Effect on Eocell

Change
A

Doubles the concentration of Fe3+

B

Addition of KCN(aq) to the Fe3+(aq), Eocell becomes more positive
Fe2+(aq) half–cell
Addition of water to the VO2+(aq), V3+(aq) Eocell becomes more positive
half–cell
Addition of NaOH to the VO2+(aq), V3+(aq) Eocell becomes less positive
half–cell

C
D

16

Eocell doubles

Two separate electrolyses were performed as follows, under standard conditions.
1) When concentrated hydrochloric acid was electrolysed for 10 minutes,
150 cm3 of gas were collected from the anode.
2) When aqueous copper sulfate was electrolysed for 10 minutes, x cm3 of gas were
collected from the anode.
If the current used in electrolysis 1 was twice the current used in electrolysis 2, what is the
volume of gas that were collected in electrolysis 2?
A

37.5 cm3

B

50 cm3

C

75 cm3

D

125 cm3
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17

E, F and G react according to the following equation: E(aq) + 2F(aq) + G(aq)  products
Two sets of separate experiments are performed in order to determine the rate equation. The
results are shown:
[G]/moldm-3
[E]/moldm-3
0.24
0.25
0.2
0.2
0.16
[F] = 1moldm-3
0.15
[E] = 2moldm-3
0.12
[G] = 1moldm-3
[F] = 1moldm-3
0.1
0.08
[F] = 2moldm-3
0.05 [E] = 1moldm-3
0.04 [G] = 1moldm-3
Time
Time
[F] = 4moldm-3
0
0
0
1
2
3
4
0
1
2
3
4
Which of the following statements is not true?

18

19

A

For this reaction, the rate equation is based on the overall equation.

B

The order of reaction with respect to [E] is zero.

C

The order of reaction with respect to [F] is one.

D

The order of reaction with respect to [G] is one.

Which of the following statements about the Period 3 elements is true across the period?
A

The melting points of the elements decrease steadily.

B

The electrical conductivity of the elements decreases steadily.

C

The pH of the oxides in water decreases steadily.

D

The solubility of the oxides in water increases steadily.

In which of the following reactions is chlorine gas formed?
A

NaCl is heated strongly with iodine.

B

NaCl is heated with concentrated sulfuric acid.

C

HCl is heated with concentrated sulfuric acid and manganese (IV) oxide.

D

KCl is heated with aqueous iron (III) sulfate.
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20

The stoichiometry of a complex can be determined by measuring the colour intensities of
solutions containing different proportions of the ligand and metal ion. The following graph was
obtained when different amounts of 1.0 × 10-4 mol dm-3 Cu2+(aq) and 1.0 × 10-4 mol dm-3
sodium ethanedioate solution were mixed.
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
0

2

4

6

8

10

10

8

6

4

2

0

Vol of12Na2C2O4/cm3
Vol of Cu2+/cm3

Which of the following is the correct formula for the complex?

21

A

[Cu2(C2O4)3]2-

B

[Cu3(C2O4)2]2+

C

[Cu(C2O4)3]4-

D

[Cu(C2O4)2]2-

How many structural isomers are there for C3H8O?
A

1

B

2

C

3

D

4
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22

Tryptophan is an amino acid and is essential to the human diet. It also serves as a biological
precursor to some chemicals associated with the nervous system of the human body. It has
an isoelectric point of 5.89.

What of the following statements is not true about tryptophan?
It undergoes an electrophilic substitution reaction with Br2 (aq).
A

23

B

It is chiral.

C

It reacts with 3 moles of ethanoyl chloride.

D

It has a positive charge when placed in a solution at pH 3.

1-chloroethylamine reacts with aqueous sodium hydroxide under heat. The product then
undergoes a rapid dehydration to form K. K does not react with bromine in
tetrachloromethane. What is the likely structure of K?
A

B

C

D

[Turn Over

11

24

For the following conversion sequence, which of the steps stated will not result in a good
yield?

A

Step I

- Propanoyl chloride with aqueous iron (III) chloride

B

Step II

- Hydrogen cyanide with trace potassium cyanide at 150C

C

Step III

- Dilute aqueous sodium hydroxide with heat

D

Step IV

- Concentrated sulfuric acid with heat

[Turn Over
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Compound L has the molecular formula C8H10O3. It reacts with 2 moles of hydrogen gas in
the presence of a platinum catalyst to form a compound with the formula C8H14O3.
Which of the following could be L?

A

B

C

D

26

Which of the following are not possible products when 1-iodopropanone reacts with an
equimolar mixture of hydrogen cyanide and sodium hydroxide in ethanol?

CN
A

B

CH3

C

CH2I

OH

C

D

[Turn Over

13

27

Which synthetic route is most likely to lead to the most successful synthesis of the following
product from benzene?

H2N

CH3

Br

28

A

Nitration, bromination, alkylation, reduction

B

Nitration, bromination, reduction, alkylation

C

Nitration, alkylation, reduction, bromination

D

Alkylation, bromination, nitration, reduction

A comparison is made of the rate of electrophilic addition of Br2 in CCl4 to the following
compounds:

O

P

Q

R

How will the reaction rates for each compound vary?
Fastest

Slowest

A

P

O

Q

R

B

Q

R

O

P

C

P

O

R

Q

D

O

P

R

Q
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29

In the following reaction, one of the products is a solid compound S, which is insoluble in
water.

S

What is S?

A

B

O

C

NH

D

CH2OH

30

Century eggs are a traditional Chinese food product. They are made by coating eggs in a
mixture of clay, salt (NaCl), and quicklime (CaO). This curing process usually takes about a
month.
Through the curing process, the yolk becomes a dark green colour, while the egg white
becomes a dark brown, translucent jelly.
Which of the following is true about the curing process?
A

The presence of salt disrupts the van der Waals’ forces in the egg protein.

B

Mechanical agitation disrupts the hydrogen bonds in the egg protein.

C

The increase in pH disrupts the ionic interactions in the egg protein.

D

Quicklime reduces the disulfide bridges in the egg protein.
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to
3 may be correct. Decide whether each of the statements is or is not correct (you may find it
helpful to put a tick against the statements that you consider to be correct).
The responses A to D should be selected on the basis of

A

B

C

D

1, 2 and 3 are

1 and 2 only are

2 and 3 only are

1 only is correct

correct

correct

correct

No other combination of statements is used as a correct response.

31

1 dm3 of gas X2 and 1 dm3 gas Y2 weighs 2 g and 6 g respectively under the same conditions
of temperature and pressure.
Which of the following statements are correct?
1

The average velocity of the molecules in gas X is higher than that of gas Y at the same
temperature.

2

The ratio of the Mr of X to Y is 3:1.

3

Y2 behaves more ideally than X2 under the same conditions of temperature and
pressure.

32

33

In which pairs of species are the bond angle in I bigger than that in II?

I

II

1

NCl3

PCl3

2

ICl2-

I3-

3

NO3-

NO2+

The solubilities of Group II metal sulfates decrease down the group. Which of the following
explanations are correct?
1

The hydration energy of the cations becomes less exothermic down the group.

2

The variation in lattice energy is larger than the enthalpy change of hydration down the
group.

3

The sulfate ion can be easily polarised.
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A

B

C

D

1, 2 and 3 are

1 and 2 only are

2 and 3 only are

1 only is correct

correct

correct

correct

No other combination of statements is used as a correct response.
34

35

For which equilibrium does the value of Kc = Kp?
1

H2(g) + I2(g)

2

C(s) + H2O(g)

3

2SO2(g) + O2(g)

2HI2 (g)
CO(g) + H2(g)
2SO3(g)

Four metals W, X, Y and Z, were connected in pairs as shown in the diagram below and the
voltage was recorded.
V

Metal electrode

salt bridge
Metal electrode

The results obtained are recorded in the table below.
Cell
1
2
3

Metals used
W and X
X and Y
X and Z

Eөcell / V
+1.10
+1.46
+0.47

Positive terminal
W
Y
X

Which of the following statements are correct?
1

Y is the strongest oxidising agent.

2

Eөcell for metals W and Y is +0.36 V

3

W can reduce all the cations of Y, X and Z.
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A

B

C

D

1, 2 and 3 are

1 and 2 only are

2 and 3 only are

1 only is correct

correct

correct

correct

No other combination of statements is used as a correct response.
36

A yellow solution was formed when crystalline potassium chromate(VI) was dissolved in
water. On addition of dilute sulfuric acid, the solution turned orange. Upon bubbling hydrogen
sulfide through the orange solution, there was a colour change in the solution and yellow
sulfur was formed.
Which of the following processes occur in the above experiment?

37

1

Ligand exchange

2

Redox reaction

3

Precipitation

A compound Z, upon mono-chlorination with chlorine in the presence of UV light, forms 3
possible isomeric products.
Which of the following compounds could be Z?
1
2

3

CH3

CH3
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A

B

C

D

1, 2 and 3 are

1 and 2 only are

2 and 3 only are

1 only is correct

correct

correct

correct

No other combination of statements is used as a correct response.
38

Which of the following is more acidic than the compound below?

1

2

3

[Turn Over
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A

B

C

D

1, 2 and 3 are

1 and 2 only are

2 and 3 only are

1 only is correct

correct

correct

correct

No other combination of statements is used as a correct response.
39

40

For the following sequence of reactions, which are valid reasons for the choice of reagents
used?

1

The formation of sodium phenoxide is necessary as it is soluble in water.

2

Phenoxide ion is a stronger nucleophile than phenol.

3

An acid chloride is used to improve the yield.

Pyrrolysine is a naturally occurring amino acid that appears in methane-producing bacteria.

Pyrrolysine
Which of the following statements are true of pyrrolysine?
1

It can be reduced by sodium borohydride.

2

It can form van der Waals interactions with proteins.

3

It undergoes condensation reaction with 2,4-dinitrophenylhydrazine.

~~~ END ~~~
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1

B

11

A

21

C

31

D

2

C

12

A

22

C

32

D

3

B

13

C

23

A

33

D

4

C

14

C

24

A

34

D

5

B

15

C

25

B

35

B

6

C

16

A

26

D

36

C

7

A

17

A

27

B

37

A

8

D

18

C

28

A

38

D

9

D

19

C

29

A

39

C

10

B

20

D

30

C

40

B
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Worked Solutions for SAJC 2013 Prelim Exam Paper 1
1

The metal, M (Ar = 52.8), combines with 1.2 g of oxygen to form the oxide M2O. The metal, M,
also forms a second oxide in which the metal and oxygen are present in the ratio 14:1 by
mass.
What is the molecular formula of the second oxide?
A

M2O3

B

M4O

C

M11O3

D

M7O

In M2O

For 2nd oxide, assuming 15g of oxide,
1 g of O = 0.0625 mol
14 g of M = 0.265 mol
Ratio of M:O is 0.265:0.0625  4.24:1
Ratio is 4.24:1.
Ans: B
2

0.0100 mol of an oxide of an element, L, represented by L2On is found to react with exactly
8.00 x 10-3 mol of acidified KMnO4 solution. In the reaction, aqueous HLO42- ion is formed.
What is the initial oxidation state of L?
A

+1

B

+2

C

+3

D

+4

L is oxidised to HLO42-, MnO4- is reduced. L loses electrons.

Amt of KMnO4 used = 8.00 x 10-3 mol
Amt of electrons donated by L = 0.04 mol
Amt of L atoms = 0.01 x 2 = 0.02 mol
Ratio of electrons donated : L is 0.04:0.02  2:1
Each L has its oxidation state increased by +2. L has final oxidation state of 5+ in
HLO42-, so initial oxidation state should be +3.
Ans: C
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3

Which of the following diagrams correctly describes the behavior of a fixed mass of an ideal
gas at constant T? (T is measured in K.)
A

C

P

Density

V
B

D

V

PV
P
Ans: B. PV = nRT, so for a fixed mass of gas, the value of nRT is constant and does not

change on the graph regardless of the value of V.

4

With reference to its electronic configuration, which of the following statements is true about
the electrons in the atoms of the element with atomic number 29?
A

The electrons in the outermost principle quantum shell experience inter-electronic
repulsion.

B

The d electrons are in the same principle quantum shell as the outermost s electrons.

C

There are p electrons in 2 different principle quantum shells.

D

There are s electrons in 3 different principle quantum shells.

Element with atomic number 29 is copper Cu.

A is not true because the only electrons in the outermost principal quantum shell are
the 4s electrons – there is no inter-electronic repulsion in 4s orbital.
B is not true as the electrons are in 3d and 4s orbitals.
C is true as there are electrons in the 2p and 3p subshells.
D is not true as there are electrons in the 1s, 2s, 3s, and 4s subshells.
Ans: C
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5

The graph shows the logarithm, lg, of the first eight ionisation energies of two elements in

lg (ionisation energy)

Periods 2 and 3.

1

2

3

4

5

6

7

8

no. of electrons removed
What is the most likely compound that will be formed between the two elements?
A
B
C
D
CO2
SiO2
CS2
SiCl4
The graph shows two lines. One line (triangle markers) shows a jump from 4 to 5,

which means the 5th electron removed needs high IE, so it is from an inner shell.
Hence, it is a group IV element.
The other line (square markers) shows a jump from 6 to 7, which means the 7th electron
removed needs high IE, so it is from an inner shell. Hence, it is a group VI element.
The group 4 element shows a lower IE for the first 4 electrons removed than the group
6 element, so this indicates that the group IV element lies lower on the Periodic table,
so it should be from Period 3 – it is silicon. The group VI element is from period 2 – it is
oxygen.
The compound is therefore SiO2. Ans: B
6

Covalent bonds are formed by orbital overlap. Which of the following is not present in
the following molecule?

A

sp3-sp2 overlap between C1 and C2

B

sp2-sp2 overlap between C2 and C3
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C

sp3-sp overlap between C3 and C4

D

sp-sp overlap between C4 and C5

Hybridisation state of each carbon:

C1 – sp3
C2 – sp2
C3 – sp2
C4 – sp
C5 – sp
Option C states a sp3-sp overlap between C3 and C4, and C3 is definitely not sp3.
Ans: C
7

Which of the following molecules is planar?
A

Benzene – planar

B

SCl6 – octahedral

C

Butanone – has carbons in

D

Cyclohexene – has carbons in

tetrahedral arrangement

tetrahedral arrangement

Ans: A
8

Given the following enthalpy changes:
Enthalpy change of atomisation of carbon

= +715 kJ mol-1

Enthalpy change of atomisation of oxygen

= +248 kJ mol-1

Enthalpy change of combustion of carbon

= -394 kJ mol-1

What is the bond energy of the C=O bond?
A

617 kJ mol-1

B

679 kJ mol-1

C

740 kJ mol-1

D

803 kJ mol-1

C (g) + 2O(g)

∆Hatom of C

C (s) + 2O(g)

2 C=O
bond
formation

CO2(g)

∆Hcombustion of C

C (s) + O2(g)

∆Hatom of O x 2

Using Hess’ Law, clockwise = anti-clockwise
-394 = (+248 x 2) + (+715) + [B.E. of C=O x 2]
[B.E. of C=O] = 802.5 kJmol-1
Ans: D
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The enthalpy changes of formation of gaseous oxides of nitrogen are positive. Which of the
following statements accounts for the positive enthalpy changes?
A

Oxygen has a high tendency to form O2- ions.

B

Oxygen and nitrogen have similar electronegativity.

C

Nitrogen has high ionisation energies.

D

The nitrogen molecule has a high bond energy.

A is not correct though it is true, because a high tendency actually means the process

is less exothermic (negative enthalpy change). Also, the oxides are covalent, not ionic.
B is not correct though it is true, because electronegativity has no effect on enthalpy
change here.
C is not correct though it is true, because the oxides of nitrogen are covalent and do
not involve ionisation.
D is correct and true because the N≡N bond requires more energy to break, hence the
overall reaction is endothermic (positive energy change)
Ans: D

10

The equation below represents a monomer-dimer system:

2NO2 (g)
brown

kf
kb

N2O4 (g)

∆H < 0

colourless

Which statement about the equilibrium is correct?
A
kf increases and kb decreases when the equilibrium mixture is heated.
B

Increasing the temperature decreases the equilibrium constant Kc.

C

Addition of argon at constant volume shifts the equilibrium position to the right.

D

Addition of a catalyst will increase the colour intensity of the mixture.

A is not correct because rate constants always increase when temperature increases.

B is correct as the enthalpy change is negative – when temperature increases, the
system will counter by absorbing heat, favouring the endothermic reaction. In this
case, the endothermic reaction is backwards. Hence equilibrium shifts left, and the
concentration of reactants increases while the concentration of products decreases 
the equilibrium constant value decreases.
C and D are not correct as the addition of catalyst has no effect on the equilibrium and
do not result in more products or reactants formed.
Ans: B
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A 1:3 molar mixture of X2 and Y2 is heated at 673 K and 100 atm of constant pressure so that
it comes to equilibrium. The equilibrium mixture contains 20 % of XY3.
X2 (g) + 3Y2 (g)

2XY3 (g)

Using the equation above, what is the numerical value of Kp for the reaction at 673 K?
A

9.26 x 10-5

B

2.93 x 10-4

C

2.50 x 10-4

D

5.68 x 10-4

As this is a chemical equilibria question, an ICE table is required.

But as pressure is constant throughout, the units for the ICE table cannot be pressure,
particularly so in this case when the number of gases on each side of the equilibrium
are not the same. The units for the table therefore has to be in mol.
Let amount of XY3 formed be 2a.
X2(g)

+

3Y2(g)

2XY3(g)

Total mol

Pressure

4

100

Initial/mol

1

3

0

Change/mol

-a

-3a

+2a

Eq/mol

1-a

3-3a

2a

4-2a

2

2/3

3.33 or 10/3

Eq/mol (after 2/3

100
100

solving a)
Since the equilibrium mixture contains 20% of XY3, therefore
܉
= % = . 
 − ࢇ

Solving for a, a = 1/3
Find partial pressure of each gas,
Px2 = 20atm
PY2 = 60atm
PXY3 = 20atm
Kp =

ࡼࢄࢅ 
ࡼ࢞ ࡼࢅ 

= 9.26 x 10-5

Ans: A
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The numerical value of the solubility product of copper (I) iodide is 1.27×10-12. Given that HI is
a strong acid, which diagram shows how the solubility product of CuI will vary with pH at
constant temperature?
A

C

Solubility product

Solubility product

pH

pH
B

D

Solubility product

Solubility product

pH

pH

Ans: A – solubility product is only affected by change in temperature
13

At 298 K, the numerical values for the dissociation constant of the aliphatic carboxylic acids,
RCO2H and R’CO2H in aqueous solution are 4.8 x 10-6 and 3.6 x 10-3 respectively. Which of
the following statements is true?
A

RCO2- is a weaker base than R’CO2-.

B

The volume of 1.0 mol dm-3 H2SO4 used to neutralize RCO2-Na+ completely is lower
than that for R’CO2-Na+.

C

A buffer solution is formed when 20 cm3 of 0.01 mol dm3 KOH is mixed with 10 cm3 of
0.1 mol dm3 RCOOH.

D

0.10 mol dm-3 of R’COOH has a higher pH than 0.10 mol dm-3 of aqueous R’CO2-Na+.

A is not true. R’CO2H is a weaker acid than RCO2H as it has a lower dissociation

constant. Therefore, its conjugate base is stronger than the conjugate base of RCO2H.
B is not true. Amount of acid to neutralise a base not affected by dissociation constant.
C is true. KOH does not neutralise RCOOH completely, forming a mixture of the weak
acid and its salt, which is a buffer.
D is not true. An acid solution would have a lower pH than a salt solution.
Ans: C
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The graph shows the change in pH when 0.10 mol dm-3 acid is gradually added to 10 cm3 of
0.1 mol dm-3 sodium hydroxide.
H

I

J

Volume of 0.10 mol dm-3 acid added/ cm3
Which of the following correctly identifies the acid used and the point on the curve at which
maximum buffer capacity occurs?
Acid used

Maximum buffer capacity

A

HCN

I

B

H2SO4

H

C

HF

J

D

(COOH)2

I

The quantities of acid and base used indicate that the ratio of acid: base is 1:1, so that

rules out B and D. The maximum buffer capacity is formed
when [salt]=[weak acid/base], which occurs only at point J.
Ans: C
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Use of the Data Booklet is relevant to this question.
An electrochemical cell is set up using a Fe3+(aq), Fe2+(aq) half–cell and a VO2+(aq), V3+(aq)
half–cell.
Which of the following gives a correct effect on the Eocell when each of the changes is made?
Effect on Eocell

Change

Doubles the concentration of Fe3+

A

Eocell doubles

Addition of KCN(aq) to the Fe3+(aq), Eocell becomes more positive
Fe2+(aq) half–cell
C
Addition of water to the VO2+(aq), V3+(aq) Eocell becomes more positive
half–cell
D
Addition of NaOH to the VO2+(aq), V3+(aq) Eocell becomes less positive
half–cell
3+
Fe + e  Fe2+
E = +0.77
B

VO2+ + 2H+ + e  V3+ + H2O

E = +0.34

For A, doubling the concentration of Fe3+ results in the eq of the Fe3+/Fe2+ half-cell
shifting left, but not to the extent that Ecell is likely to double.
For B, adding KCN results in the formation of [Fe(CN)6]3+ and [Fe(CN)6]2+, which
reduces the E to +0.36. The Ecell becomes less positive.
[Fe(CN)6]3+ + e  [Fe(CN)6]2+

E = +0.36

For C, adding water decreases the concentration of ions in the solution. To counter
this decrease, the system tries to increase the concentration of ions by shifting the eq
of the VO2+/V3+ half-cell to the left, resulting in a less positive E value, which leads to a
more positive Ecell.
For D, adding NaOH results in a decrease in H+, so the equilibrium for the VO2+/V3+ halfcell shifts to the left, resulting in a less positive E value, which leads to a more positive
Ecell.
Ans: C
16

Two separate electrolyses were performed as follows, under standard conditions.
1) When concentrated hydrochloric acid was electrolysed for 10 minutes,
150 cm3 of gas were collected from the anode.
2) When aqueous copper sulfate was electrolysed for 10 minutes, x cm3 of gas were
collected from the anode.
If the current used in electrolysis 1 was twice the current used in electrolysis 2, what is the
volume of gas that were collected in electrolysis 2?
A

37.5 cm3

B

50 cm3
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C

75 cm3

D

125 cm3

2Cl-  Cl2 + 2e

Let the amt of Cl2 collected be 150/24 = 6.25 mol. Therefore, the amt of electrons
transferred would be 6.25 x 2 = 12.5 mol.
For reaction 2, the gas collected is O2 gas from 2H2O  O2 + 4H+ + 4e
But current used is twice that in reaction 1, so amt of electrons transferred is now
12.5/2 = 6.25 mol. Therefore, amt of O2 produced = 6.25/4 = 1.5625 mol  37.5 cm3
Ans: A

17

E, F and G react according to the following equation: E(aq) + 2F(aq) + G(aq) → products
Two sets of separate experiments are performed in order to determine the rate equation. The
results are shown:
[G]/moldm-3
[E]/moldm-3
0.24
0.25
0.2
0.2
0.16
-3
[F] = 1moldm
0.15
[E] = 2moldm-3
0.12
[G] = 1moldm-3
[F] = 1moldm-3
0.1
0.08
[F] = 2moldm-3
0.05 [E] = 1moldm-3
0.04 [G] = 1moldm-3
Time
Time
[F] = 4moldm-3
0
0
0
1
2
3
4
0
1
2
3
4
Which of the following statements is not true?
A

For this reaction, the rate equation is based on the overall equation.

B

The order of reaction with respect to [E] is zero.

C

The order of reaction with respect to [F] is one.

D

The order of reaction with respect to [G] is one.

Deduce the rate equation:
For 1st graph, the lines shown are straight lines, so [E] has no effect on the rate, so
order of rxn wrt E is zero.
Comparing the gradients of the two lines in the 1st graph, it shows that the rate doubled
when [F] doubled, so the order of rxn wrt F is one.
For the 2nd graph, one of the lines shows that there is a constant half-life for [G], which
is 2 time units when 0.2  0.1 and 0.1  0.05, so order of rxn wrt G is one.
Ans: A
18

Which of the following statements about the Period 3 elements is true across the period?
A

The melting points of the elements decrease steadily.
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B

The electrical conductivity of the elements decreases steadily.

C

The pH of the oxides in water decreases steadily.

D

The solubility of the oxides in water increases steadily.

A is not true. From Na to Si, mp increases.

B is not true. From Na to Al, electrical conductivity increases.
C is true as the oxides change from basic to amphoteric to acidic.
D is not true as SiO2 is not soluble – there is no clear trend.
Ans: C
19

In which of the following reactions is chlorine gas formed?
A

NaCl is heated strongly with iodine.

B

NaCl is heated with concentrated sulfuric acid.

C

HCl is heated with concentrated sulfuric acid and manganese (IV) oxide.

D

KCl is heated with aqueous iron (III) sulfate.

A and B are not possible as Cl- has low reducing power.

D is not possible as Fe3+ is not strong enough to oxidise Cl-.
C is possible as MnO2 behaves as a catalyst for the reaction. (also by process of
elimination)
Ans: C

20

The stoichiometry of a complex can be determined by measuring the colour intensities of
solutions containing different proportions of the ligand and metal ion. The following graph was
obtained when different amounts of 1.0 × 10-4 mol dm-3 Cu2+(aq) and 1.0 × 10-4 mol dm-3
sodium ethanedioate solution were mixed.
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
0

2

4

6

8

10

10

8

6

4

2

0

3
Vol of12Na2C2O4/cm
2+

Vol of Cu /cm

3
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Which of the following is the correct formula for the complex?
A

[Cu2(C2O4)3]2-

B

[Cu3(C2O4)2]2+

C

[Cu(C2O4)3]4-

D

[Cu(C2O4)2]2-

Reading from the graph, the vol of C2O42- added is 6.6 cm3, while that of Cu2+ is 3.4 cm3.

Since they have the same concentration, it means that the maximum absorbance is
obtained when their molar ratios are in the ratio 6.6:3.4  1.94:1 ~ 2:1. Therefore
answer is D.
Ans: D
21

How many structural isomers are there for C3H8O?
A

1

B

2

C

3

D

4

3 isomers

H

H

H

H

C

C

C

H

H

H

OH H
,

H

OH H

C

C

C

H

H

H

H

H

HH

C

C

,

H

H

O

CH3

Ans: C
22

Tryptophan is an amino acid and is essential to the human diet. It also serves as a biological
precursor to some chemicals associated with the nervous system of the human body. It has
an isoelectric point of 5.89.

What of the following statements is not true about tryptophan?
A
It undergoes an electrophilic substitution reaction with Br2 (aq).
B

It is chiral.

C

It reacts with 3 moles of ethanoyl chloride.

D

It has a positive charge when placed in a solution at pH 3.
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A is true – the presence of an alkene can react with Br2(aq).
B is true – the carbon between the amine and carboxylic group is chiral.
C is not true – acid chloride will react only with the two amine groups, but not with the
carboxylic acid.
D is true – both amine groups will be protonated in acidic solution.
Ans: C (LA)
23

1-chloroethylamine reacts with aqueous sodium hydroxide under heat. The product then
undergoes a rapid dehydration to form K. K does not react with bromine in
tetrachloromethane. What is the likely structure of K?
A

B

C

D
Nucelophilic substitution takes place first. Elimination then occurs to result in a double

bond.

H

H

Cl

H

C

C

N

H

H

H
H

H

OH H

C

C

H

H

H
H

N
H

C

C

H

H

N
H

The answer cannot be B or D because oxygen is lost during the dehydration step. It
also cannot be C because C can react with Br2 in CCl4.
Ans: A
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24

For the following conversion sequence, which of the steps stated will not result in a good
yield?

A

Step I

- Propanoyl chloride with aqueous iron (III) chloride

B

Step II

- Hydrogen cyanide with trace potassium cyanide at 150C

C

Step III

- Dilute aqueous sodium hydroxide with heat

D

Step IV

- Concentrated sulfuric acid with heat

A gives the worst yield due to the aqueous conditions for FeCl3. All the other reaction

steps are suitable and appropriate for their reactions.
Ans: A
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25

Compound L has the molecular formula C8H10O3. It reacts with 2 moles of hydrogen gas in
the presence of a platinum catalyst to form a compound with the formula C8H14O3.
Which of the following could be L?

A

B

C

COOH

OH

D

A has 4 functional groups that will be reduced by H2.
B has 2 functional groups that will be reduced by H2.
C has 3 functional groups that will be reduced by H2.
D has 1 functional group that will be reduced by H2.
Ans: B
26

Which of the following are not possible products when 1-iodopropanone reacts with an
equimolar mixture of hydrogen cyanide and sodium hydroxide in ethanol?
CN
A

B

CH3

C

CH2I

OH
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C

H

D

H

O

H

C

C

C

I

H
H
- 1 iodopropanone
Nucleophilic substitution can occur with CN- substituting the iodine.
Elimination can also occur with the I and a neighboring H removed by the action of
NaOH.
Presence of NaOH and HCN can also result in nucleophilic addition.
A is possible – nucleophilic addition and nucleophilic sub
B is possible – nucleophilic addition only
C is possible – nucleophilic substitution only
D is not possible – basic hydrolysis would be involved and the product would be a
carboxylate ion group instead.
Ans: D
27

Which synthetic route is most likely to lead to the most successful synthesis of the following
product from benzene?

H2N

CH3

Br
A

Nitration, bromination, alkylation, reduction

B

Nitration, bromination, reduction, alkylation

C

Nitration, alkylation, reduction, bromination

D

Alkylation, bromination, nitration, reduction

Option A results in a contest between the NO2 and Br groups to determine the position
of the CH3 group.
Option B will result in the best yield because the NH2 and Br groups will reinforce each
other’s activating effects on the CH3.
Option C results in a contest between the NO2 and CH3 groups to determine the
position of the Br group.
Option D results in a contest between the Br and CH3 groups to determine the position
of the NO2 group.
Ans: B
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28

A comparison is made of the rate of electrophilic addition of Br2 in CCl4 to the following
compounds:

O

P

Q

R

How will the reaction rates for each compound vary?
Fastest

Slowest

A

P

O

Q

R

B

Q

R

O

P

C

P

O

R

Q

D

O

P

R

Q

The rate of electrophilic addition will depend on the electron density around the double
bond. On this basis, P will have the fastest rate as the CH3 group is electron donating
and adds to the electron density of the double bond. R will have the slowest rate as Br
is more electron withdrawing than I and results in a less electron rich double bond.

Ans: A
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29

In the following reaction, one of the products is a solid compound S, which is insoluble in
water.

S

What is S?

A

B

O

C

NH

D
CH2OH

The fact that the product is insoluble in water rules out C and D. And since the
presence of PCl5 results in the formation of an acid chloride and an alkyl halide group,
both of which can react with the amine, the final product is an amide. (Note: modeled
after qn 27 of 2011 A level Paper 1)

Ans: A

30

Century eggs are a traditional Chinese food product. They are made by coating eggs in a
mixture of clay, salt (NaCl), and quicklime (CaO). This curing process usually takes about a
month.
Through the curing process, the yolk becomes a dark green colour, while the egg white
becomes a dark brown, translucent jelly.
Which of the following is true about the curing process?
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A

The presence of salt disrupts the van der Waals’ forces in the egg protein.

B

Mechanical agitation disrupts the hydrogen bonds in the egg protein.

C

The increase in pH disrupts the ionic interactions in the egg protein.

D

Quicklime reduces the disulfide bridges in the egg protein.

A - Salt does not disrupt van der Waals’ forces.
B – There is no mechanical agitation present.
C – Quicklime is a basic oxide and will increase the pH of a system.
D – quicklime does not engage in redox reactions.
Ans: C

Section B
For each of the questions in this section, one or more of the three numbered statements 1 to
3 may be correct. Decide whether each of the statements is or is not correct (you may find it
helpful to put a tick against the statements that you consider to be correct).
The responses A to D should be selected on the basis of

A

B

C

D

1, 2 and 3 are

1 and 2 only are

2 and 3 only are

1 only is correct

correct

correct

correct

No other combination of statements is used as a correct response.
31

1 dm3 of gas X2 and 1 dm3 gas Y2 weighs 2 g and 6 g respectively under the same conditions
of temperature and pressure.
Which of the following statements are correct?
1

The average velocity of the molecules in gas X is higher than that of gas Y at the same
temperature.

2

The ratio of the Mr of X to Y is 3:1.

3

Y2 behaves more ideally than X2 under the same conditions of temperature and

pressure.
Can obtain by process of elimination. Statement 2 is not true – it should be X:Y is 1:3.

Statement 3 is not true as X2 has less mass and is therefore more likely to be ideal.
Therefore statement 1 must be correct (total energy is the same, but since E=1/2mv2,

[Turn Over

20

and mass of X is smaller than Y, X should have higher velocities to result in the same

overall energy)
Ans: D (1 only)

32

In which pairs of species are the bond angle in I bigger than that in II?

I

II

1

NCl3

PCl3

2

ICl2-

I3-

3
1

NO3-

NO2+

NCl3 and PCl3 are both trigonal pyramidal in shape. N in NCl3 is more
electronegative than P in PCl3, bonding electrons are attracted more to the
central atom N and hence bond pairs experience larger electronic repulsion
resulting in larger bond angle in NCl3.
2

ICl2- and I3- are both linear in shape. Therefore there is no difference in bond
angle.
3

Ans: D (1 only)
33

The solubilities of Group II metal sulfates decrease down the group. Which of the following
explanations are correct?
1

The hydration energy of the cations becomes less exothermic down the group.

2

The variation in lattice energy is larger than the enthalpy change of hydration down the
group.

3

The sulfate ion can be easily polarised.

∆Hsol = ∆Hhyd - ∆HLE
1

TRUE. The cationic radius increases down the group hence the hydration

energy of the cations becomes less exothermic down the group, hence ∆Hsol
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becomes less negative and solubility decreases down the group.
2

Due to the large size of the sulfate anion, the inter-ionic distance is largely

controlled by the size of the anion. Changes in the size of the cation do not
make as great a percentage difference to the inter-ionic distance, hence there is
little difference between the lattice energies down the Group. The variation in
lattice energy is smaller than the enthalpy change of hydration down the group.
3

Will not affect solubility.

Ans: D (1 only)

34

For which equilibrium does the value of Kc = Kp?
1

H2(g) + I2(g)

2

C(s) + H2O(g)

3

2SO2(g) + O2(g)

2HI2 (g)
CO(g) + H2(g)
2SO3(g)

Kc = Kp when the number of gaseous molecules is the same on both sides of the

equation.
Therefore, only 1 is correct.
Ans: D (1 only)
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Four metals W, X, Y and Z, were connected in pairs as shown in the diagram below and the
voltage was recorded.
V

Metal electrode

salt bridge
Metal electrode

The results obtained are recorded in the table below.
Cell
1
2
3

Metals used
W and X
X and Y
X and Z

Eөcell / V
+1.10
+1.46
+0.47

Positive terminal
W
Y
X

Which of the following statements are correct?
1

Y is the strongest oxidising agent.

2

Eөcell for metals W and Y is +0.36 V

3

W can reduce all the cations of Y, X and Z.

Since this is electrochemical reaction, the positive terminal is the cathode where

reduction occurs.
Cell 1 – W is a stronger oxidising agent than X, so it gets reduced.
Cell 2 – Y is a stronger oxidising agent than X, so it gets reduced.
Cell 3 – X is a stronger oxidising agent than Z, so it gets reduced.
Combining cell 1 and 2 – Ecell is higher for cell 2, so Y is a stronger oxidising agent than
W. The order of oxidising power is thus Y > W > X > Z. Statement 1 is true, and
statement 3 is not true (W can only reduce Y).
Ecell = E(W) – E(X) = +1.1, Ecell = E(Y) – E(X) = +1.46
E(W) = 1.1 + E(X), E(Y) = 1.46 + E(X)
For W and Y,
Ecell = E(Y) – E(W) = [1.46 + E(X)] – [1.1 + E(X)] = +0.36
Statement 2 is true.
Ans: B (1 and 2)
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A yellow solution was formed when crystalline potassium chromate(VI) was dissolved in
water. On addition of dilute sulfuric acid, the solution turned orange. Upon bubbling hydrogen
sulfide through the orange solution, there was a colour change in the solution and yellow
sulfur was formed.
Which of the following processes occur in the above experiment?
1

Ligand exchange

2

Redox reaction

3

Precipitation

Yellow solution : CrO42-(aq), Orange solution: Cr2O72-(aq)

Colour change upon bubbling hydrogen sulfide & yellow sulfur was formed
(precipitation), so H2S is oxidised while Cr2O72-(aq) is reduced (redox)
3H2S + 8H+ + Cr2O72- → 3S + 2Cr3+ +7H2O
Ans: C (2 and 3)

37

A compound Z, upon mono-chlorination with chlorine in the presence of UV light, forms 3
possible isomeric products.
Which of the following compounds could be Z?
1

2

3
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For 3 isomeric products to be formed, there can only be 3 types of hydrogen present in
the compound. There are three types of hydrogen in each of the compounds.
Ans: A (1, 2, and 3)
38

Which of the following is more acidic than the compound below?

More acidic as the Cl is closer and has stronger
electron withdrawing effect on the COOH group –
stabilising the COO- ion.

1

Less acidic as the CH3 is an electron donating group –
destabilises the COO- ion.

2

Less acidic as the Br is less electronegative and has a
lesser electron withdrawing effect on the COOH group
– the COO- ion is not as stabilised.

3

Ans: D (1 only)

39

For the following sequence of reactions, which are valid reasons for the choice of reagents
used?
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1

The formation of sodium phenoxide is necessary as it is soluble in water.

2

Phenoxide ion is a stronger nucleophile than phenol.

3

An acid chloride is used to improve the yield.

Statement 1 is true but not relevant as an acid chloride is used, which means that
aqueous conditions are not used here.
Statement 2 is true and relevant as the formation of an ester here can be regarded as a
nucleophilic substitution, with the phenoxide nucleophile replacing the Cl atom.
Statement 3 is true and relevant as an acid chloride is much more reactive and gives a
higher yield.
Ans: C (2 and 3)
40

Pyrrolysine is a naturally occurring amino acid that appears in methane-producing bacteria.
N

NH2
NH

CH3

CH
C

O

O

OH

Pyrrolysine
Which of the following statements are true of pyrrolysine?
1

It can be reduced by sodium borohydride.

2

It can form van der Waals interactions with proteins.

3

It undergoes condensation reaction with 2,4-dinitrophenylhydrazine.

Statement 1 is true as NaBH4 can reduce C=N functional groups (not in syllabus, but
can be inferred as statement 3 is definitely wrong and only option B is possible)
Statement 2 is true as the pyrrolysine has several alkyl groups/chains which can form
van der Waals interactions.
Statement 3 is not true as no carbonyl group is present.
Ans: B (1 and 2)
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1.

Planning (P)

The solubility of solid lead iodate (V), Pb(IO3)2, in water is low. When a sample of this salt
is mixed with water, a small amount dissolves and an equilibrium between the solid salt
and its aqueous ions is established.

Pb(IO3)2(s)

Pb2+(aq) + 2IO3-(aq)

Ksp = [Pb2+][IO3-]2 mol3 dm-9

The concentration of iodate (V) ions present in the saturated solution is described as
follows:


Iodine is liberated when excess potassium iodide, KI, is added to an acidified
solution containing iodate (V) ions.

IO3-(aq) + 5I-(aq) + 6H+(aq) → 3I2(aq) + 3H2O(l)


The liberated iodine can then be reacted with a standard solution of sodium
thiosulfate.
2S2O32-(aq) + I2(aq) → 2I-(aq) + S4O62-(aq)

You are to design a titrimetric experiment to determine the solubility product of
lead iodate (V).

[Turn Over
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1.

(a)

You are provided the following:


Solid lead iodate (V)



Solid potassium iodide



1 mol dm-3 hydrochloric acid



0.0200 mol dm-3 sodium thiosulfate



Starch indicator



Distilled water



And any other standard laboratory apparatus.

Describe, step-by-step (including quantities of reagents used), the procedure
involved in your experiment.

[4]

(b)

Suggest one possible error that may occur during the experiment.

[1]
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1.

(c)

Calculate the solubility product of lead iodate (V) given that 25.0 cm3 of the
saturated solution requires v cm3 of Na2S2O3.

[3]

[Turn Over
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1.

(d)

A solution contains a mixture of chloride ions and iodide ions.

You are provided with the reagents HCl (aq), NH3 (aq), AgNO3 (aq), HNO3 (aq) and
distilled water together with test tubes, a filter funnel and filter papers.

Devise a sequence of steps by which, using only the above materials, the two
anions could be separately obtained as precipitates.
Test

Expected Observations

Deduction

[4]
[Total: 12 marks]
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2. Isopentyl acetate is also widely referred to as banana oil for its odour.

Isopentyl alcohol

(a)

Ethanoic acid

Isopentyl acetate

Banana oil can be synthesized through a simple esterification method. The laboratory
synthesis of banana oil is carried out as follows.

Step 1

15 cm3 of isopentyl alcohol and 20 cm3 of ethanoic acid are added to a
100 cm3 round bottomed flask.

Step 2

4 cm3 of 1.5 mol dm-3 sulfuric acid is added dropwise to the flask with
constant swirling. The mixture was heated under reflux for 1 hour. During
reflux, the top of the reflux condenser was left open to the atmosphere.
The mixture was then allowed to cool to room temperature.

Step 3

The cooled mixture was poured into a separating funnel and 55 cm3 of
cold water was added. The separating funnel was shaken several times
and the mixture was allowed to stand before discarding the aqueous
layer.

Step 4

Solid Na2CO3 was added to the organic layer and the mixture was swirled
with the top of the separating funnel opened. Pure isopentyl acetate was
finally obtained through distillation

(i)

Explain why isopentyl acetate can be separated from water using a separating
funnel.

[Turn Over
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2. (a)

(ii)

Isopentyl acetate has a higher boiling point than isopentyl alcohol. Explain.

(iii)

With reference to Step 2, suggest why the reflux condenser was left open
during the refluxing process to increase the yield of the ester.

(iv)

Suggest why Na2CO3 was added to the organic layer.

(v)

Why was it necessary to ensure that the top of the separating funnel was
opened while swirling in Step 4?

[9]
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2. (b)

The following ester can be formed using isopentyl alcohol as the only organic starting
material.

The synthesis of the ester is as shown in the reaction sequence below.

Step I

NaCl,
concentrated
H2SO4

Q

R

Step II

S

OH
isopentyl alcohol
Thionyl
chloride

T

S

+

V

Step III

Step IV

U

H2O / H+
heat

V

O
O

2. (b)

(i)

State the reagents and conditions needed for
Step I
Step II
Step III
Step IV

[Turn Over
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2. (b)

(b)

(ii)

(iii)

Draw the structural formulae of Q, R, S, T, U and V.

Q

R

S

T

U

V

Compound W is an isomer of the isopentyl alcohol. W has a chiral centre and
gives no yellow precipitate with alkaline aqueous iodine. Suggest the structural
formula of W and indicate the chiral centre on W with an asterisk (*).

[7]

[Turn Over

10
2. (c)

Isopentyl alcohol is one of the main ingredients for Kovac’s reagent. Kovac’s reagent is
used to determine the ability of an organism to split the bicylic structure from the amino
acid tryptophan.

Tryptophan

(i)

Explain why tryptophan is a crystalline solid at room temperature.

(ii)

With the aid of a diagram, explain why tryptophan is soluble in water.

[Turn Over
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2. (c)

(iii)

Draw the dipeptide formed between tryptophan and asparagine.

Asparagine

(iv)

Describe a simple chemical test to distinguish between tryptophan and
asparagine.

[Turn Over
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2. (c)

(v)

Describe one way by which the tertiary structure of proteins can be stabilised
between the amino acid residues of tryptophan and asparagine.

[9]
[Total: 25 marks]
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3. (a)

The following experiments were carried out to determine the solubility product of calcium
hydroxide.
Different volumes of 0.01 mol dm-3 NaOH was added separately to different dry conical
flasks. A fixed amount of deionised water was added to the respective conical flask
according to the following table.

Experiment

Vol. of 0.01 mol dm-3 NaOH / cm3

Vol. of water / cm3

1

0.00

100.00

2

20.00

80.00

3

40.00

60.00

4

60.00

40.00

5

80.00

20.00

6

100.00

0.00

Excess solid calcium hydroxide was added to each conical flask before it was stoppered
and shaken for a few minutes. The solution was then filtered into separate dry conical
flask.

(i)

Why was calcium hydroxide added in excess?

(ii)

Suggest why the conical flasks are kept dry.

[2]
(b) 10.0 cm3 of the filtrate collected in each conical flask was titrated against 0.05 mol dm-3
HCl using a suitable indicator. The average volume of HCl used for the titration of the
filtrate from Experiment 6 is 10.4 cm3.

(i)

Suggest a suitable indicator and state the colour change.

Suitable indicator:

Colour change:
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3. (b) (ii)

Write the Ksp expression for Ca(OH)2.

(iii)

Calculate the Ksp of Ca(OH)2.

(iv)

Using your answer in (b)(iii), calculate the volume of HCl required for the
titration in Experiment 1.

[9]
[Total: 11 marks]
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4. (a)

Aluminium can be obtained by two ways:


The first method involves recycling the metal. The metal needs only to undergo
melting to be recycled. The ∆G required to recycle aluminium is approximately +26
kJ mol-1.



The second method involves electrolysis. It can be produced by the Hall-Heroult
process. Alumina, Al2O3 is dissolved with cryolite and aluminium fluoride. The
mixture undergoes electrolysis in a graphite lined container which acts as the
anode. Carbon dioxide is produced as a result. The overall reaction has a ∆H of
+568 kJ mol-1 and ∆S of +158 J mol-1 K-1.

(i)

Write a balanced overall equation between alumina and graphite for the second
method.

(ii)

The graphite lining for the electrolysis needs to be replaced frequently. Suggest
a reason.

(iii)

Calculate the Gibbs free energy for the electrolysis reaction at 1000 oC and
hence explain which method is preferred for obtaining aluminium.
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4. (a)

(iv)

The main energy input for recycling metal is for melting. Explain why the energy
required for recycling copper is higher than that for aluminium.

[8]

(b) (i)

An aqueous solution of a transition metal ion undergoes the following reaction.
With the aid of the Data Booklet, fill in the spaces provided.
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4. (b) (ii)

Explain why transition metal ions tend to form coloured ions.

[7]

(c)

AlCl3 and AlF3 are common compounds of aluminium. However, they have very different
properties.

(i)

Write a balanced chemical equation when solid AlCl3 dissolves in water.

(ii)

When NaCl dissolves in water, the highly ordered crystal mixes with water and
the hydrated ions becomes dispersed randomly in solution. Thus, the entropy
increases when NaCl dissolves in water. However, the entropy decreases
when AlCl3 dissolves in water. Explain.

(iii)

AlCl3 is used as a catalyst in the reaction between Cl2 and
chlorobenzene. Outline the mechanism.

[Turn Over
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4. (c)

(iv)

Using the values in the table below, construct an energy level diagram to
calculate the enthalpy change of solution for AlF3.
/ kJ mol-1
Lattice energy of AlF3

-5924

Hydration energy of Al3+

-4665

Hydration energy of F-

-505

Energy / kJ mol-1

[9]
[Total: 24 marks]

~~~~ THE END ~~~~
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(a)

Preparation of saturated solution of lead iodate for titration
 Stir and add solid lead iodate(V) to about 100 cm3 of distilled water in a
250 cm3 beaker until no more solid dissolves.
 Filter and collect the filtrate which contains saturated Pb(IO3)2 solution.
Titration
 Pipette 25.0 / 10.0 cm3 of this saturated solution into a 250 cm3 conical
flask
 Add excess solid KI to the flask. Use a 10 cm3 measuring cylinder to add
about 5 cm3 of HCl (aq) to the flask.
 Titrate the saturated solution with Na2S2O3 from the 50 cm3 burette into
the flask
 When the brown colour of the iodine fades to a pale yellow colour,
add about 5 drops of starch solution to the flask.
 Continue adding Na2S2O3 until the blue-black colour just disappears.
 Repeat the titrations to obtain at least two consistent results within ±
0.10 cm3.
 Sequence
[4]

(b) One possible error could be any of the following statements (or more):
 Adding the starch indicator too early in the experiment.
 Temperature is not constant which might affect the solubility.
[1]
(c)

Let the average titre of Na2S2O3 be v cm3.
Amount of Na2S2O3 needed = 2 × 10-5 v mol
Amount of iodine liberated = 1 × 10-5 v mol
Amount of IO3- = 3.33× 10-6 v mol
[IO3-] = 1.33 × 10-4 v mol dm-3
[Pb2+] = 6.67 × 10-5 v mol dm-3
Ksp = [Pb2+][IO3-]2 = (1.33×10-4 v) 2 ( 6.67 × 10-5 v) = 1.179 × 10-12 v3 mol3 dm-9
[3]

(d)

Step

Expected Observations

Deduction

To 1 cm3 of the mixture in a
test tube, add dropwise of
AgNO3(aq) until in excess to
the solution.

White precipitate and yellow
precipitate was formed.

AgCl(s)
AgI(s)

Add dropwise in excess
NH3(aq).

White precipitate dissolved
in excess NH3(aq);
Yellow precipitate remained
insoluble.

[Ag(NH3)2]+Cl-(aq)

Filter the mixture and wash
the residue with distilled
water.
Dry the residue by pressing
between filter papers.

Yellow residue
Colourless filtrate obtained.

AgI(s)

AgI(s)
Cl-(aq)

2
To the filtrate from above, add
dropwise of HNO3(aq) in
excess. Filter. Wash the
residue with distilled water.
Dry the residue by pressing
between filter papers

White residue obtained.

AgCl(s)

[4]
[Total: 12 marks]

2. (a)

(i)

The VDW interaction / H - bonding between isopentyl acetate and water is not
exothermic enough to overcome the hydrogen bonding between water and the
id-id between isopentyl acetate which is predominant due to its large electron
cloud size.
[2]

(ii)

Isopentyl alcohol is a simple covalent molecule can form hydrogen bonding.
Isopentyl acetate is a simple covalent molecule which can form id-id and pd-pd.
Isopentyl acetate has more electrons which cause the id-id interactions to be
more significant than hydrogen bonding in isopentyl alcohol.
Hence more energy is required to overcome the intermolecular forces between
isopentyl acetate.
[3]

(iii) H2O(g) can escape thus shifting the equilibrium to the right to replenish the
water vapour lost thus forming more ester as a side product.
[2]
(iv) To react with the excess ethanoic acid.
[1]
(v)

To remove the CO2 so the cap does not pop out from the pressure of the gas.
[1]
[9]

2. (b)
(i)

Step I

Excess concentrated H2SO4 170oC

Step II

NaOH (aq) heat

Step III

Ethanolic KCN heat

Step IV

Concentrated H2SO4 heat

3
(ii)

(iii)

[7]
(c)

(i)

It exist in the giant ionic lattice due to its zwitterion form. Energy is required to
break the strong electrostatic forces of attraction between oppositely charged
ions.
[2]

2

(c)

(ii)

[2]

4
(iii)

[1]
(iv)

Reagents and conditions: NaOH(aq), heat, test any gas with moist red litmus
paper / with concentrated HCl
Observations: Red litmus turns blue for asparagine / white fumes are formed.
Red litmus remains for tryptophan.
OR
Reagents and conditions: Bromine in CCl4 (in the dark) / Bromine aqueous
Observations: Tryptophan: Reddish brown turn colourless / Orange-red turns
colourless. Asparagine: Reddish brown or orange-red remains.
OR
Reagents and conditions: H2SO4 (aq), KMnO4, heat
Observations: Purple turns colourless for tryptophan. Purple remains for
asparagine.
[2]

(v)

[2]
[9]
Total: 25 marks
3

(a)

(i)

A saturated solution of Ca(OH)2 was to be obtained
[1]

ii)

Additional water will dilute the solution formed.
[1]

5
(b) (i)

Phenolphthalein.Pink to colourless
OR any suitable indicator.
[2]

(ii)

Ksp = [Ca2+][OH-]2
[1]
-

-3

(iii) Total [OH ] = (10.4 / 1000) x 0.05 x 100 = 0.0520 mol dm
[OH-] from Ca(OH)2 = 0.0520 – 0.01 = 0.0420 mol dm-3
[Ca2+] = 0.0420/2 = 0.0210 moldm-3
Ksp = 0.0210 x 0.05202 = 5.68 x 10-5 mol3dm-9

[3]
(iv) Let x be the solubility of Ca(OH)2.
Hence 4x3 = 5.68 x 10-5
x = 0.024215 mol dm-3, 2x = [OH-] = 0.04843 mol dm-3
Moles of HCl in 10 cm3 = Moles of OH- in 10 cm3 = 4.84 x 10-4
Volume of HCl = 4.84 x 10-4/0.05 = 9.68 cm3

[3]
[9]
Total: 11 marks

4

(a)

(i)

Al2O3 + 3/2 C  2Al + 3/2 CO2
[1]

(ii)

Carbon is oxidised to carbon dioxide and is consumed as a result.

(iii) ∆G = (568) – (1273)(0.158) = +366.9 kJmol

[1]

-1

Recycling. ∆G required that is less positive / more negative is favoured.
[3]
(iv) Copper can delocalise all the 4s and 3d electrons to form the sea of delocalised
electrons. Hence, Cu has stronger electrostatic forces of attraction between the
sea of delocalised electrons and positively charged cations. More energy
required to break the stronger attraction.

[3]
[8]

4

(b) (i)










2+

Blue solution: [Cr(H2O)6]
Colourless solution: [Al(H2O)6]3+
Green solution: [Cr(H2O)6]3+
Yellow solution: CrO42Orange solution: Cr2O72-,
Colourless solution: [Al(OH)4]- or Na[Al(OH)4]
Reagent: HCl (aq) or any acid.
Grey metal: Cr
[4]

(ii)

Transition metal ions contain partially filled 3d orbitals. In the complexes,
these 3d orbitals split into two groups with a small energy gap between
them. When light shines, the complex absorbs light energy from the visible

6
light spectrum to promote electrons from the lower to the higher energy
group. The light not absorbed will be reflected and seen as the colour of the

(c)

complex.

[3]

(i)

AlCl3 + 6H2O  [Al(H2O)6]3+ + 3Cl-

[1]

(ii)

Entropy increase is due to an increase in the number of ions which is
outweighed by the entropy decrease where the water molecules are
ordered in the aqua complex / decrease in particle numbers.
[2]

(iii) Type of reaction: Electrophilic substitution
Cl2 + AlCl3  Cl+ + AlCl4-








Type of reaction
Slow
Intermediate
Generation of electrophile
Arrows
Product (only ortho and para products are accepted)
[3]

(iv)

Enthalpy change of solution, x = +5924 – 4665 +3(-505) = -256 kJmol-1
[3]
[9]
Total: 25 marks

~~~~ THE END~~~~
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Answer 4 out of 5 questions.

1 Fructose or fruit sugar (C6H12O6) is a simple monosaccharide, which is derived from sugar cane,
sugar beets and corn. It is a common source of sweetness used in the candy industry. One
isomer of fructose is shown below.

D-fructose
(a)

State the number of chiral centers present in D-fructose.
[1]

(b) Carbonyl compounds can undergo rapid and reversible reaction with alcohols to form
hemiacetals:

hemiacetal
(i)

State the type of reaction for the formation of hemiacetal.

(ii)

Outline the mechanism of the above reaction using propanone and phenol dissolved
in aqueous sodium hydroxide.

3
1 (b) (iii)

D-fructose can form two cyclic hemiacetal structures via the mechanism in b(ii).
One of the two isomers is α-D-fructopyranose.

An

alternative

cyclic

hemiacetal

structure

is

a

five-membered

ring,

α-D-fructofuranose. Draw the structure of α-D-fructofuranose.

[5]

(c)

In solution, D-fructose exists as an equilibrium mixture of 70% α-D-fructopyranose and
22% α-D-fructofuranose.

(i)

Calculate the equilibrium constant, Kc.

(ii)

Suggest a method to change the numerical value of Kc.
[3]

(d) α-D-fructopyranose is very soluble in water and insoluble in organic solvents. Hence, they
are very difficult to purify. The formation of ether allows the purification to be easier.

Silver oxide with iodo-alkane works with alcohol in the formation of ether as shown below:

Rate = k [CH3I][R’OH]
(i)

State the type of reaction involved in the formation of ether.

(ii)

Draw the product formed when α-D-fructopyranose reacts with Ag2O and
CH3CH2CH2I.

[Turn over]
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1 (d) (iii)

Predict, with reasoning how the rate of d(ii) would differ if

CH3
CH3 C
(I)
(II)

CH3

CH2I
is used.

CH3CH2CH2Cl is used
[6]

(e)

Sucrose undergoes the following reaction at room temperature. This reaction can be
catalysed by insects such as honey bees which have protein-like enzymes called invertases.

(i)

State the type of reaction sucrose undergoes.

(ii)

When invertases were used in the sucrose reaction at 373 K, the experiment was not
successful. Suggest a possible reason and explain your answer.

(iii)

The graph shows how the initial rate of this reaction varies with concentration of
sucrose.
Initial rate

[sucrose]
Explain the shape of the graph provided.
[5]
[Total marks: 20]

5
2(a)

A student investigates the action of hydrogen peroxide on a sample of hair to design an
efficient test-kit for Asian customers.

A fixed sample of

hair was added to a bottle of hydrogen peroxide labelled

“approximately 1.00 mol dm-3”. At regular intervals, 10.0 cm3 portions were withdrawn at
various times and titrated with acidified 0.100 mol dm-3 K2Cr2O7 (aq) to determine the change in
concentration of hydrogen peroxide over time.

The following results were obtained.

(i)

Time / min

Volume of 0.1 mol dm-3 of K2Cr2O7 (aq) / cm3

0

30.00

5

23.40

10

18.30

15

14.20

20

11.10

25

8.70

30

6.80

Write a balanced equation for the reaction between potassium dichromate and hydrogen
peroxide. Hence, with the aid of a Data Booklet, deduce the feasibility of the reaction.

(ii)

Calculate the initial concentration of hydrogen peroxide.

(iii)

The calculated concentration of hydrogen peroxide in (ii) is lower than the initial value of
1.00 mol dm-3. Explain why the concentration of hydrogen peroxide has changed over
time.

(iv)

By plotting a suitable graph, deduce the rate order of reaction with respect to hydrogen
peroxide.

(v)

Write an expression for the rate equation and calculate the rate constant, stating its
units.

[Turn over]
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2(a)

(vi)

The student reads the following information from a scientific article.
“Ammonia is the alkaline chemical that opens the cuticle and allows the hair color to
penetrate the cortex of the hair. It also acts as a catalyst when the permanent hair color
comes together with the peroxide.”
Using the same axes, sketch and label on your graph in a(iv) the curve when ammonia
is added to the same experiment.
[12]

(b)

The cultural emergence towards environmental consciousness has led to a re-emergence of
organic products.

One such compound that is derived from coconut is MEA (Mr = 61). In hair colour, MEA helps to
eliminate odour and neutralizes the toxicity of hair colorants.

MEA is a simple aliphatic organic compound that can dissolve in water to form a weakly basic
solution. In the presence of concentrated sulfuric acid, 2 g of MEA reacts with 4.0 g of benzoic
acid to form B, C9H11NO2. However, 2 g of MEA require 9.2 g of benzoyl chloride to react
completely to form C, C16H15NO3 and copious white fumes. 2 moles of MEA can also react with
gaseous PCl5 to form a cyclic D, C4H10N2 as one of the products under room temperature and
pressure.

Deduce the structures of MEA, B, C and D.
[8]

[Total marks: 20]
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3 (a)

Currently, mobile phones and laptops use lithium-ion batteries. The following cell diagram
notation is a simplified illustration of the electrochemical cell.
Li | Li+ || Li+, CoO2 | LiCoO2 | Pt
(i)

Write balanced half-equations for the reactions occurring at each electrode.

(ii)

Explain why cobalt is able to exhibit variable oxidation states.
[4]

(b) In recent years, organic radical polymers have been developed as alternatives to inorganic
materials because of their light weight, flexibility and their environmentally-friendly features.

With the increase in demand for thinner mobile phones and tablet computers, there is a
surge to invent film-like organic-derived electrode-active battery materials to power such
devices.

One such material is TEMPO-NO radical which is capable of repeated stable
oxidation-reduction between N=O radicals and N=O cations. Its voltage when paired with a
Li/Li+ half-cell is able to reach +3.60 V which is comparable to a common lithium-ion battery.

The following is a simplified illustration of the electrochemical cell set-up.

[Turn over]
3 (b) (i)

The following half-equation represents the reaction which occurs at the organic

8
derived electrode.

With the use of the Data Booklet and the information above, write the overall balanced
equation for the electrochemical reaction and calculate the standard electrode
potential for TEMPO-NO radical.

(ii)

In order for the radical polymer to be used as an electrode, it must not be soluble in
the electrolyte. To improve the usability of TEMPO-NO radical, the material can be
converted to PTMA which has the following structure:

PTMA

Explain how the structure of PTMA will help to reduce its solubility in polar solvents like
water.

(iii)

Write an equation to illustrate the reaction when an aqueous medium is used at the
lithium anode.

9
3 (b) (iv)

The synthesis of PTMA required the mono-substitution of the TEMPO-NO radical with
chlorine as shown in the reaction below. Outline the mechanism for the reaction below.

(v)

Suggest the synthesis route for the formation of PTMA from TEMPO-NO radical.
[13]

(c)

When the organic radical battery is recharged, lithium ion is being converted back to lithium
metal. Given that the charging process is 87% efficient, how many hours does it take to
restore 1.25 g lithium metal using a current of 3 A?
[3]

[Total marks: 20]
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(a)

Dinitrogen tetroxide can break up into nitrogen dioxide in the following equilibrium:

10

(i)

21 g of dinitrogen tetroxide is injected into a 30 cm3 stoppered vessel and left to
equilibrate at 45oC. The total final pressure is 33400 kPa. Write an expression for Kp.
Hence, calculate Kp at 45oC.
Temperature/ oC

(ii)

No. of moles of N2O4 in vessel
(where X, Y and Z = volume of different vessels)
X cm3

Y cm3

Z cm3

30

0.30

0.28

0.52

40

0.25

0.20

0.45

60

0.10

0.05

0.32

Use the data above to:
(I)

Arrange in increasing order X, Y and Z.

(II)

Explain qualitatively how Kp varies with increasing temperature.
[10]

11
4

(b)

Nitrogen dioxide when dissolved in water forms nitric acid which can be used in titrations to
determine concentrations of weak organic bases such as amphetamine.

Amphetamine is used as a treatment for attention deficit hyperactivity disorder (ADHD) and
narcolepsy.

The structure of amphetamine is shown below:

(i)

Given that the pKb of amphetamine is 4.2, sketch the titration curve when
30 cm3 of 0.20 mol dm-3 of nitric acid was added to 20 cm3 of 0.25 mol dm-3 of
amphetamine in a conical flask.

Label the following points on your sketch, showing all your working.


Initial pH



pH at maximum buffer capacity



pH at equivalence point



pH when 30 cm3 of nitric acid is added.

(ii)

Write the chemical formula of amphetamine sulfate.

(iii)

In a 10 mg tablet, there is only 2.5 mg of amphetamine sulfate present as an active
ingredient. Determine the percentage composition of amphetamine ion in the tablet.
[Mr of amphetamine sulfate = 368]

(iv)

Draw all possible stereoisomers of amphetamine.
[10]

[Total marks: 20]

[Turn over]
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(a)

Magnesium peroxide, MgO2, is a white powder that acts as an oxygen release agent which
slowly decomposes to generate oxygen. Due to its stable oxygen release rate, magnesium
peroxide is widely used in agricultural, environmental, pharmaceutical and cosmetic
industries.
(i)

Draw a dot and cross diagram for magnesium peroxide.

(ii)

Magnesium peroxide is commonly synthesized using the following method:

Given the following data, construct an energy cycle to determine the enthalpy
change of formation of magnesium peroxide.
Enthalpy change of formation of magnesium oxide

-601.2 kJ mol-1

Enthalpy change of formation of hydrogen peroxide

-187.8 kJ mol-1

Enthalpy change of combustion of hydrogen

-285.8 kJ mol-1

(iii)

Write an equation representing the decomposition reaction of magnesium peroxide.

(iv)

Using the above information and answers in a(ii) and a(iii), determine the enthalpy
change of decomposition for magnesium peroxide.

(v)

Three of Group II peroxides were decomposed together to determine their oxygen
release rate. The graph below was obtained.

With the aid of the Data Booklet, explain the trend shown in the above diagram.
[9]

5

(b)

Period 3 elements react with oxygen in a variety of ways. Compounds A, B and C are the

13
oxides of their respective Period 3 elements.

Excess cold water is added separately to A, B and C. Only B and C are able to dissolve
readily. However, when A is added separately to the solution of B and C, it dissolves.

The aqueous solution of B reacts with solid sodium carbonate in a ratio of 2:3.
Effervescence was observed in the reaction.

The aqueous solution of C reacts with solid ammonium nitrate to give off a pungent gas.

Identify A, B and C. Hence, explain the reactions above using balanced equations when
necessary.
[6]

(c)

In organic synthesis, organic peroxides have important uses in biosynthesis. One example
of an organic reaction involving organic peroxides is the Kornblum–DeLaMare
rearrangement.
In this rearrangement reaction, the organic peroxide is converted to the corresponding
ketone and alcohol under base catalysis.

[where R and R’ cannot be a hydrogen atom]
(i)

By

using

a

suitable

organic

peroxide

through

the

Kornblum–DeLaMare

rearrangement, design a three-step synthetic pathway to produce ethanoic acid.
State the reagents and conditions required and draw the structures of the
intermediates formed.

[Turn over]
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(c)

(ii)

Part of the mechanism of this rearrangement is shown above. Suggest why the
oxygen atom accepts the electron more readily as compared to the carbon atom in
Step 2.
[5]

[Total marks: 20]

--END OF PAPER--

Answers for SAJC 2013 Prelim Paper 3
1a
(b)

(i)

3 chiral centres [1]
Nucleophilic addition [1]

(ii)

[3]

(iii)

[1]
(c)

(i)

Balancing the equation,
At equilibrium, D-fructose = 1- 0.7-0.22 = 0.08
Kc = (0.7)(0.22)/(0.08)2 = 24.1 [2]

(d)

(ii)

Change the temperature of the reaction. [1]

(i)
(ii)

nucleophilic substitution [1]

[1]

SAJC 2013 Prelim Paper 3 ans
Page 1

(iii)

(I) Slower as
has a larger alkyl group that increases the steric
hindrance experienced by nucleophile attacking the alkyl halide. [2]
(II) Slower as C-Cl bond is stronger and harder to be broken. [2]
(e)

(i)
(ii)

(iii)

2

(a)
(i)

Hydrolysis[1]
When temperature increases, the kinetic energy of invertases increases resulted
in denaturation/ protein losing their native conformation. [1]
The van der Waals' interactions in the tertiary structure and quaternary and the
hydrogen bonds in the secondary, tertiary and quaternary structures are broken.
[1]
At low [substrate], active sites are not filled hence r = k[substrate]. [1]
At high [substrate], all active sites are filled up hence reaction is zero order wrt
[substrate] [1]

From the Data Booklet:
Equation
O2 + 2H+ + 2e–
Cr2O72- + 14H+ + 6e

H2O2
2Cr3+ + 7H2O

E0
+0.68
+1.33

3H2O2 + Cr2O72- + 8H+ 2Cr3+ + 7H2O + 3O2
E0cell = 1.33 – 0.68 = + 0.65 V. Therefore, reaction is feasible. [3]
(ii)

Hence, 3 moles of H2O2 reacts with 1 mole of Cr2O72-.
No. of moles of Cr2O72- = 0.1 x 30/1000 = 3 x10-3 mol
No. of moles of H2O2 in 10.0 cm3= 9 x10-3 mol
[H2O2] = 0.900 mol dm-3 [1]

(iii)

Some hydrogen peroxide has decomposed into oxygen and water. [1]
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(iv)

Half-life = 13-15 min
Hence, the rate order is 1 with respect to the concentration of hydrogen
peroxide.[3]
(v)

R=k[H2O2]1 [1], k= ln2/t1/2 = ln 2/ (14) = 0.0495 min-1 [2]

(vi)

A more steeper curve drawn on the same graph, labeled with NH3.[1]

(b)

Evidence
In the presence of sulfuric
acid, 2 g of MEA reacts with
4.0 g of benzoic acid to form
an acidic Compound B,
C9H12NO2
2 g of MEA require 9.2 g of
benzoyl chloride to react
completely to form
Compound C, C16H15NO3
and copious white fumes.

It is a simple aliphatic
organic compound that can
dissolve in water to form a
weakly basic solution
MEA can also react with
gaseous PCl5 to form a
cyclic Compound D,
C4H10N2 as one of the
products under room
temperature and pressure

Conclusion
 2 g of MEA = 0.03279 mol
4 g of benzoic acid = 4/122 = 0.03279 mol
 1 mole of MEA reacts with 1 mole of benzoic
acid
 condensation/ nucleophilic substitution
 MEA contains an alcohol* group.
 9.2 g of benzoyl chloride = 9.2/140.5 =
0.06548 mol
 1 mole of MEA reacts with two mole of
benzoyl chloride
 condensation/ nucleophilic substitution,
 producing copious white fumes of HCl
 MEA contains 1 alcohol*
 MEA contains 1 amine* group
 MEA likely to contain an amine*




MEA contains an alcohol group*.
The cyclic compound is due to intracondensation/ nucleophilic substitution.
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Maximum [4]
MEA: NH2CH2CH2OH [1]

Compound B:

[1]

Compound C:

Compound D:

3 (a)

[1]

[1]

(i)

Anode: Li  Li+ + e─ [1]
Cathode: Li+ + CoO2 + e─  LiCoO2 [1]

(ii)

In transition elements, the difference in energy levels between 3d and 4s orbitals is
small. Hence after the 4s electrons are removed, it does not require a lot more
energy to remove the 3d electrons hence exhibiting variable oxidation states.
[2]

(b) (i)

From Data Booklet
Li
Li+ + e

E0 = -3.04 V

Overall equation:

E0cell = E0cathode – E0anode
3.6 = E0cathode – (-3.04)
E0cathode = + 0.56 V
(ii)

[3]

With the increase in carbon side chain, the electron cloud size increases, results
in an increase in induced dipole-induced dipole interactions in PTMA compared to
TEMPO-NO radical.
Hence, the pd-pd/Van der Waals/H-bonding interactions between polar solvents
and PTMA will not be exothermic enough to overcome the stronger induced dipole-
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(iii)

(iv)

induced dipole interactions in PTMA and pd-pd interactions between polar solvents
to dissolve it. Hence, solubility is reduced.
[2]
Li will react with water to form LiOH
2Li + 2H2O  2 LiOH + H2 [1]
Free radical substitution
Initiation
Propagation

O

N

H

Cl

O

N

HCl

Termination (Any 2)

[4]
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(v)

[3]
[13]
(c)

Mass of Li to be restored = 100/87 x 1.25 = 1.4367 g
No. of mole of Li = 1.4367/ 6.9 = 0.20823 mol
No. of C = 0.20823 x 96500 = 20094 C
Time = 20094/ 3 = 6698 sec = 1.86 hr [3]
[3]
[Total marks: 20]

4 (a)

(i)

(PNO2 )2
PN2O4

Kp =

Moles of N2O4 = 21/ 92 = 0.2283
Initial pressure:
PV = nRT
P=

0.2283 x 8.314 x (45  273)
30 x 10 6
, = 20120 kPa

N2O4
Initial /kPa
Equilibrium/ kPa

20120
20120 – x

NO2
0
2x

20120 + x = 33400, x = 13280 kPa
Kp =

(ii)

(I)

(2x13280) 2
 1.03x10 5 kPa
20120 - 13280

[4]

At 300C, since vessel Y has the lowest moles of N2O4, which shows that

SAJC 2013 Prelim Paper 3 ans
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equilibrium has shifted to the right.
When the system is subjected to larger volume and hence lower pressure, the
system will shift to increase pressure to favour the side with more moles of
gases.
The order of the vessel is Z < X < Y.
(II)

[3]

From the data, when temperature is the highest, there is least number of moles
of N2O4 which implies that equilibrium shift right at high temperature.
When temperature is high, system favours the endothermic reaction to remove
excess heat. This implies that the forward reaction is endothermic.
When temperature increases, increase in rate of forward reaction is greater
than increase in rate of backward reaction, Kp increases.

(b) (i)

[3]

Initial pH:
[OH-] =

10 4.2 x 0.25 = 3.9434 x 10-3

pH = 14 + lg 3.9434 x 10-3
pH = 11.6 [1]

Maximum buffer capacity:
pOH =pKb
pH = 14 – 4.2 = 9.8 [1]

Equivalence point:
No. of moles of amphetamine =

20
x 0.25 = 0.005
1000

Volume of nitric acid needed to reach equivalence point =

0.005  0.2 = 25 cm3
[salt] = 0.005 
[H+] =

25  20
1000

10  9.8 x

1
= 4.196x 10-6
9

pH = 5.37[1]
After 30 cm3 of nitric acid was added:
Excess acid = 30 – 25 = 5
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5  50

[H+] =  0.2 x
= 0. 02

1000  1000


pH= 1.70 [1]

Graph an
nd labelling
g [2]

(i)

1]
H3+]2SO42- [1
[C6H5CH2CH(CH3)NH

(ii)

% compossition of am
mphetamine in ampheta
amine sulph
hate
=

2x (12xx9  14  14))
x 100 = 73
3.91%
368

% compossition of am
mphetamine in tablet = 73.91 / 4 = 18.5%

[2]

[
(iii) Diagram [1]

[10]]
[Total marks: 20]]
5 (a)

(i)
[1]
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(ii)

[2]

By Hess Law,
– 601.2 – 187.8 – 95.3 = –285.3 + x
x= – 599 kJ mol-1 [1]
(iii) MgO2  MgO + ½ O2 [1]
(iv) H = (-601.2) – (-599) = - 2.2 kJ mol-1 [1]
(v)



From the Data Booklet, the ionic radii of Group II cations: Mg2+ = 0.065nm, Ca2+ =
0.099 nm and Ba2+ = 0.135nm.



Down the group, the size of the cation decreases while the charge remains constant.
Charge density decreases in the order of Mg2+ > Ca2+ > Ba2+.



The degree of polarisation decreases in the order of Mg2+ > Ca2+ > Ba2+. As a
result of polarisation, the O-O is weakened decreasingly down the group.



Thus, MgO2 is the easiest to decompose followed by CaO2 then BaO2. Hence, its rate
of decomposition is the fastest.

[3]

(b) A = Al2O3, B = P4O10, C = Na2O

Reactions with water:
Na2O (s) + H2O (l) 
P4O10 (s) + 6H2O (l)

2NaOH (aq)



4H3PO4 (aq)

Al2O3 has high lattice energy and hence is not able to dissolve in water.
A reacts with solutions of B and C respectively:
Al2O3 (s) + 2NaOH (aq) + 3H2O (l)
Al2O3 (s) + 2H3PO4 (aq) 

 2NaAl(OH)4 (aq)

2AlPO4 (aq) + 3H2O (l)

Reactions of solutions of B and C with salts
2 H3PO4 (aq) + 3 Na2CO3 (s)  2 Na3PO4(aq) + 3 CO2(g) + 3 H2O(l)
NaOH(aq) + NH4NO3(aq)  NaNO3(aq) + NH3(g) + H2O (l)

[6]
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(c)

(i)

[4]

(ii)

Oxygen is more electronegative than carbon. [1]
[5]
[Total marks: 20
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Victoria Junior College
Chemistry
H2 P1

2
Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you consider
to be correct.
1

25.0 cm3 of a solution of hydrogen peroxide, H2O2, was oxidised by excess potassium
manganate(VII) solution under acidic condition. The volume of oxygen gas produced at
room temperature and pressure was 26 cm3.
What is the concentration of hydrogen peroxide in the solution?

2

A

2.89 x 10–2 mol dm–3

C

8.66 x 10–2 mol dm–3

B

4.33 x 10–2 mol dm–3

D

1.30 x 10–1 mol dm–3

The equations for three reactions are given below.
Cl2 + 2I–  2Cl– + I2
2Fe3+ + 2I–  2Fe2+ + I2
Cl2 + 2Fe2+  2Cl– + 2Fe3+
What is the correct order of strength of Cl–, Fe2+ and I– as reducing agents?

3

weakest



strongest

A

Cl–

I–

Fe2+

B

Cl–

Fe2+

I–

C

Fe2+

I–

Cl–

D

I–

Cl–

Fe2+

In which one of the following pairs does the first species have a higher first ionisation
energy than the second one?
A

4

Sb, Te

B

Kr, Ar

C

Mg+, Al+

The use of the Data Booklet is relevant to this question.
Consider the following chlorine–containing species:
ICl2, ClF3, ClO3
Which one of the following statements is incorrect?
A

Not all atoms achieve stable octet configuration.

B

ICl2 is linear, ClF3 is T–shaped while ClO3 is trigonal pyramidal.

C

The bond angles increase in the order of ClF3, ClO3 , ICl2.

D

The oxidising power decreases in the order of O2, F2, Cl2, I2.

 VJC 2013
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D

Se, Se+

3
5

Refer to the molecule below:

a

d

b
c
e

Which one of the following shows the correct information with regard to the various
labeled bond angles?

6



A

smallest
bond angle
c

d

largest
bond angle
e

B

d

a

c

C

e

b

a

D

b

e

d

A graph of  / p versus p is obtained for a real gas Z at 273 K.
[ = density of gas in g dm3, p = pressure of gas in Pa]

/p

Y

0

p

What is the relative molecular mass of Z at 273 K?
A

7

273RY

B

273Y
R

C

273
RY

D

273R
Y

Which one of the following equations represents a reaction that is feasible at all
temperatures?
A

W(s)  X(s) + Y(g)

H > 0

B

2T(g) + 3U(g)  4V(g)

H < 0

C

R(g)  2Q(g)

H < 0

D

K(g) + L(g) → M(g)

H > 0

 VJC 2013
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The rate of the reaction 3D(g) + E(g)  G(g) is given by the rate equation, rate = k [D]2[E].
Two experiments using the same initial amounts of D and E were carried out at
temperature, T. The data is shown below.
experiment

volume of
reaction vessel

initial rate of
reaction

1

V

R1

2

2V

R2

Which one of the following shows the correct relationship between R1 and R2?
A

9

R2 =

1
R1
8

B

R2 =

1
R1
4

C

R2 = R1

D

R2 = 8R1

Gas A decomposes to two other gases, B and C, according to the following equation:
2A(g)

3B(g) + C(g)

The graph below shows the decomposition of 1.0 mol of pure gas A in the presence of a
catalyst at various temperatures.
1.0
0.8
moles of A 0.6
remaining
300 oC

0.4

250 oC

0.2

200 oC

0.0

time

Which one of the following statements about the above system is incorrect?
A

The decomposition of A is endothermic.

B

The Kp of the system decreases with increasing temperature.

C

The percentage decomposition of A is 60 % at 300 oC.

D

The system becomes more disordered when it reaches equilibrium state.
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The equilibrium constant for the following reaction is less than 1.
HPO42(aq) + H2BO3(aq)

H2PO4(aq) + HBO32(aq)

Which one the following gives the correct relative strengths of the acids and bases in the
reaction?
acids

11



bases


2

A

H2PO4

>

H2BO3

and

HBO3

>

HPO42

B

H2BO3

>

H2PO4

and

HBO32

>

HPO42

C

H2PO4

>

H2BO3

and

HPO42

>

HBO32

D

H2BO3

>

H2PO4

and

HPO42-

>

HBO32

The solubility products of three calcium salts are shown below:
calcium salt
Ksp

CaCO3
8.7 x 10

CaF2

9

4.0 x 10

Ca3(PO4)2
11

1.2 x 1026

Calcium nitrate is gradually added to a 1 dm3 solution containing carbonate, fluoride and
phosphate ions, each with a concentration of 1.0 x 103 mol dm–3.
What is the correct order at which these calcium salts precipitate out of solution?

12

A

Ca3(PO4)2, CaF2, CaCO3

B

Ca3(PO4)2, CaCO3, CaF2

C

CaCO3, CaF2, Ca3(PO4)2

D

CaF2, CaCO3, Ca3(PO4)2

Besides the standard hydrogen electrode, other standard electrodes such as the calomel
electrode may be used to determine the standard reduction potential of halfcells. The
calomel electrode has a standard reduction potential of +0.24 V when connected to a
standard hydrogen electrode.
What is the voltmeter reading when a Cu2+|Cu halfcell is connected to a standard
calomel electrode under standard conditions?
A

–0.48 V

C

+0.10 V

B

–0.10 V

D

+0.48 V
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X, Y and Z are elements in the same period of the Periodic Table.
Given the following information:
 The hydroxide of X gives an aqueous solution with pH less than 7.
 The hydroxide of Y reacts with both strong acids and alkalis.
 The hydroxide of Z gives an aqueous solution which is strongly alkaline.
Which one of the following statements is correct?

14

A

The atomic radius decreases from X to Y to Z.

B

The electrical conductivity decreases from X to Y to Z.

C

The electronegativity decreases from X to Y to Z.

D

The first ionisation energy increases from X to Y to Z.

CaCO3 decomposes at 900 C to produce CO2 and the metal oxide.
CaSO4 decomposes at 1100 C to produce SO3 and the metal oxide.
Which one of the following statements explains the greater thermal stability of CaSO4?

15

A

The CO2 molecule is smaller than SO3.

B

The CO32– ions are more easily polarized than SO42–.

C

The charge density of CO32– is greater than that of SO42–.

D

The lattice energy of CaCO3 is more exothermic than CaSO4.

Astatine, At is below iodine in Group VII of the Periodic Table.
Which one of the following statements is most likely to be true for astatine?

16

A

At2 is soluble in water.

B

AgAt is insoluble in dilute NH3 but dissolves in concentrated NH3.

C

HAt decomposes readily on heating to give hydrogen and astatine.

D

At2 reacts with aqueous NaCl to give an aqueous solution of NaAt and Cl2.

The use of the Data Booklet is relevant to this question.
x mol of bromine gas is reacted completely with excess aqueous sodium hydroxide at
70 C. The resulting solution is acidified and aqueous silver nitrate added.
What is the mass (in g) of silver bromide formed?
A

113x

C

313x

B

188x

D

376x
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[CoP6]3+, [CoQ6]3+ and [CoR6]3+ are three complexes of cobalt(III). Ligand P results in a
smaller d–d splitting compared to ligand Q while [CoR6]3+ is blue in colour.
Which one of the following diagrams shows the possible absorption spectra of the three
cobalt(III) complexes?
A

absorbance

[CoP6]3+

[CoQ6]3+

300
B

400

absorbance

500

600

C

400

absorbance

500

600

D

400

absorbance

500

600

 VJC 2013

wavelength /nm

800

wavelength /nm

800

wavelength /nm

800

wavelength /nm

[CoR6]3+

700

[CoQ6]3+

700

[CoR6]3+

[CoQ6]3+

300

800

[CoR6]3+

[CoP6]3+

300

700

[CoQ6]3+

[CoP6]3+

300

[CoR6]3+

400

500

600

[CoP6]3+

700
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18

19

Which one of the following species is unlikely to exist?
A

[Cu(S2O3)]–

B

[Cr(C2O4)2(H2O)2]–

C

[Mn(CN)6]2+

D

[VO(H2O)5]2+

Compound P is optically active.
CH3
Cl

O
HO

P
How many stereoisomers does compound P have?

20

A

2

C

8

B

4

D

16

Cholesterol is an essential structural component of animal cell membranes that is required
to establish proper membrane permeability and fluidity.

Cholesterol
The following are two claims about the structure of cholesterol.
1
2

All the seventeen carbon atoms in the four rings lie in the same plane.
The molecule can exhibit cis–trans isomerism at the C=C double bond.

Which one of the following claims is correct?
A

Only 1 is correct.

B

Only 2 is correct.

C

Both 1 and 2 are correct.

D

Neither 1 nor 2 is correct.
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Carnosine is an antioxidant dipeptide and is found in muscle and brain tissues more than
other tissues in the body.

Carnosine
Which one of the following statements best describes Carnosine?

22

A

The most polar bond in Carnosine is C=O.

B

Carnosine gives positive test with Brady’s reagent.

C

There are four sp3 hybridized atoms in Carnosine.

D

3 lone pairs of electrons in Carnosine are delocalised by resonance.

Which one of the following transformations is correct?

A

B

C

D
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Compound Q is subjected to the following tests and the results are recorded below.
reagents and conditions

Observations

acidified KMnO4 and reflux

Purple solution turns colourless.
Effervescence of colourless gas.

Fehling’s reagent and warm

No precipitate is seen.

Tollen’s reagent and warm

Silver mirror is formed.

Which one of the following could be compound Q?
A

B
CHO
O

CH3

CHCH2

C

D
O
COOH

H

CH2OH

OH
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Which one of the following represents the organic product when an excess of hot aqueous
sodium hydroxide is added to compound R?
ClH2C

OCOCH3
COOCH3

R
A
HOH2C

COO

O

B

-

-

O H2C

OH

COO

-

C
HOH2C

O

COO

D

-

-

O H2C

-

-

COO

-

OH

25

Compound L, C6H14O
 gives effervescence with Na(s);
 reacts with acidified potassium manganate(VII) under reflux to give compound M,
which forms a yellow precipitate with warm alkaline aqueous iodine;
 dehydrates to give alkene N, which oxidatively cleaves to give carbon dioxide and
3–methylbutanoic acid.
What is the structure of compound L?

A

C

B

D
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Coumarin is a fragrant organic chemical compound. It has a sweet odour, readily
recognized as the scent of new–mown hay, and has been used in perfumes since 1882.

Coumarin
Which one of the following is a possible synthesis route for Coumarin?

A

B

C

D
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The following reaction scheme is from a student’s laboratory notebook. The scheme is,
however, incomplete.

In an attempt to understand the reaction scheme, the following deductions were made by
another student.
Statement I

Step 1 can be achieved using ethanolic NaBH4.

Statement II Step 2 is a nucleophilic substitution reaction.
Statement III Step 3 can be achieved by heating with ethanolic KCN.
Which one of the following options is correct?

28

A

I and II only are correct

B

I and III only are correct

C

II and III only are correct

D

I, II and III are correct

Four students suggested combinations of I2/OH– and 2,4–dinitrophenylhydrazine to
differentiate the following two compounds.

Which one of the following student’s suggestions can distinguish the two compounds?
A

Only I2/OH– can be used.

B

Only 2,4–dinitrophenylhydrazine can be used.

C

Both I2/OH– and 2,4–dinitrophenylhydrazine can be used.

D

Both I2/OH– and 2,4–dinitrophenylhydrazine cannot be used.
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29

The protonated N–3 of an unsubstituted imidazolium ion has a pKa of 6.8. The following
formula shows the structure of an unsubstituted imidazolium ion.

Inserting different substituents on the ring will alter the acidity of imidazolium ion.

What is the correct order of the ions above in decreasing acidity of the protonated nitrogen
in the ring?

30

A

1>2>3

C

2>3>1

B

1>3>2

D

3>1>2

Which one of the following proteins will not retain its primary structure?
A

Adding a few drops of tetrachloromethane to collagen.

B

Boiling insulin with dilute hydrochloric acid.

C

Beating egg white with a glass rod.

D

Mixing Ca2+ ions with casein.
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick
against the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.
31

32

Which of the following statements are correct?
1

6.02 x 1023 molecules of nitrogen gas weigh 28.0 g.

2

24.0 dm3 of ammonia gas at r.t.p. contains 3.0 g of hydrogen.

3

16.0 g of oxygen gas contains 6.02 x 1023 oxygen atoms.

The standard electrode potentials for metals J and K are given below.
J2+(aq) | J(s)
K2+(aq) | K(s)

Eo = +0.80 V
Eo = –0.44 V

The electrochemical cell shown in the diagram below is set up.

Which of the following statements are correct descriptions of this cell?
1

The cations from the salt bridge will enter K2+(aq) | K(s) half cell.

2

The e.m.f. of the cell is +1.24 V.

3

The e.m.f. of the cell will decrease when the concentration of K2+ ions increases.
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33

When a solution of concentrated sodium ethanoate is electrolysed, the equation for the
reaction is
2CH3CO2Na + 2H2O  CH3CH3 + 2CO2 + 2NaOH + H2
Which statements regarding the electrolysis are correct?

34

1

Hydrogen is liberated at the cathode.

2

Carbon dioxide is liberated at the anode.

3

Ethane is liberated at the cathode.

Benzyl chloride (C6H5CH2Cl) was reacted with aqueous sodium hydrosulfide (NaSH) in
the presence of aqueous sodium iodide (NaI). The time taken for the reaction to complete
and the initial concentrations are given in the following table:
Experiment

[C6H5CH2Cl]

[NaSH]

[NaI]

t /s

1

0.1

0.05

0.05

120

2

0.2

0.05

0.05

60

3

0.1

0.10

0.05

120

4

0.05

0.10

0.10

240

5

0.4

0.15

0.04

?

Which of the following statements are correct?

35

1

The value of t for experiment 5 is 30 s.

2

For experiment 1, iodomethylbenzene (C6H5CH2I) is formed in greater amount than
phenylmethanethiol (C6H5CH2SH).

3

The reaction proceeds via SN1 mechanism as the positive charge generated on
carbocation is stabilized by resonance.

When aqueous ammonia is added drop-wise to a mixture of Cu(NO3)2 and Mg(NO3)2,
precipitation occurs. Aqueous ammonia is then added in excess and filtration is carried
out.
Which of the following statements are correct?
1

A dark blue filtrate is obtained.

2

No residue will be obtained from the filtration.

3

There is no change in observation when Mg(NO3)2 is replaced with Zn(NO3)2.
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36

Indium is in the same group as aluminium in the Periodic Table.
When aqueous sodium carbonate is added separately to aqueous indium(III) chloride and
aqueous aluminium chloride, effervescence is only observed with aluminium chloride.
Which of the following statements help to explain the difference in behaviour?

37

1

The standard ethalpy change of hydration of indium(III) chloride is more exothermic
than that of aluminium chloride.

2

In3+ has a much bigger ionic radius than Al3+.

3

Water ligands in Al3+(aq) are polarised to a greater extent than those in In3+(aq).

The Syrian government is recently being accused by the international community for using
nerve agents against the rebels. One nerve agent used by the Nazi army during World
War II is shown below. The compound contains 2 nitrogen atoms labelled Na and Nb.
Cl
NH2

b

N

a

Cl

Which of the following statements are true about the compound?

38

1

Na–C bond where C is from benzene ring is shorter than Nb–C bond.

2

The pH of a solution of the compound will decrease when aqueous bromine is
added.

3

The lone pair of electrons on Nb is more available for donation than the lone of pair
of electrons on Na.

Deuterium, D, is an isotope of hydrogen.
Which compounds can be formed by reacting D2 with another molecule in the presence of
platinum catalyst?

1
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39

Use of the table of ‘Characteristic values for infra–red absorption’ in the Data Booklet is
needed to answer this question.
Compound A is obtained by reacting compound B with excess hot acidified KMnO4. The
infra-red spectrum of compound A shows a strong absorption at wavenumber 2700 cm–1.
Which of the following compounds could be compound B?
1

CH3CH=CH2

2

(CH3)2C=C(CH3)CH2CO2CH3

3

40

Which of the following statements about the –helix structure are correct?
1

It has low solubility in water or polar solvents.

2

The polypeptide chains are held in place by intra-chain hydrogen bonds.

3

The polypeptide chains are arranged in a parallel fashion running in same or
opposite directions to each other.

Victoria Junior College
2013 H2 Chemistry Prelim Exam 9647/1
Suggested Answers
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Chemistry
H2 P2
Answer all the questions in the space provided.
1

Planning
A student was provided with a spirit burner containing a ‘fuel mixture’ which was
prepared by mixing equimolar amounts of hexane and ethanol. The enthalpy change of
combustion of this ‘fuel mixture’ is 13.2 kJ per mole of ‘fuel mixture’. He was told to use
the enthalpy change of combustion of this ‘fuel mixture’ to find the heat capacity of a
metal calorimeter using the apparatus shown below. Heat capacity is defined as the
number of joules of heat needed to raise the temperature of the calorimeter by one
Kelvin or one degree Celsius.

metal calorimeter

spirit burner

Additional information: Specific capacity of water is 4.2 J cm3 K1
(a) Construct a balanced equation for the complete combustion of the ‘fuel mixture’ with
state symbols.
…………………………………………………………………………………………………
[1]
(b) Identify two possible sources of error and suggest an improvement to overcome
each of them in the experiment.
Errors
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
Improvements
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
[3]
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(c) Write a plan to determine the heat capacity of the metal calorimeter using the
apparatus provided.
In your plan you should give details of the procedure (number your steps) and
provide a table to record the readings to be taken, including the units.

[5]
(d)

Outline how you would determine the heat capacity of the metal calorimeter based
on the plan that you have written and other information given in this question.

[3]
[Total: 12]
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2 (a)

World War I is sometimes known as 'the Chemists' War'. Knowledge of chemistry
was applied towards developing high explosives and new methods of warfare such
as the large scale use of poison gas.
The first successful use of chlorine as a poison gas was at Ypres, Belgium, on
22 April 1915. 170 tonnes (1 tonne = 1000 kg) of chlorine contained in 5730
cylinders was released forming a grey-green cloud which drifted across French
troops. Chlorine can damage the eyes, nose, throat and lungs and is fatal at
concentrations of 1000 ppm and above (1 ppm = 1 mg dm−3). Early countermeasures to chlorine included instructing troops to cover their mouths with gauze
pads soaked in sodium hydrogen carbonate solution. Eventually, more effective
counter-measures to chlorine were developed and thus other poison gases were
introduced.
(i)

Calculate the maximum amount of chlorine gas that could have been released
from one of the cylinders that was used at Ypres on 22 April 1915.

(ii)

Determine the concentration of chlorine gas, in mol dm3, at 1000 ppm.

(iii) In an accident, the chlorine gas from one such cylinder was released into a
factory room of volume 25.0 m3.
Determine if the concentration of chlorine gas was fatal. Assume that the gas
was released at room temperature and pressure.

[4]
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(b)

Hydrogen halides are dissociated at high temperatures according to the following
equation:
2HX(g)
H2(g) + X2(g)
The approximate Kc values for the above equilibrium at various temperatures for
the respective hydrogen halides are shown in the table:
Temperature /oC

Kc values for dissociation of HX
HCl

HBr

HI

800

1013

109

105

1000

1010

107

104

1200

109

105

103

1400

107

104

102

Using the above information and relevant data from the Data Booklet, describe and
explain the relative thermal stability of the hydrogen halides.

[3]
(c)

Aqueous solutions of HCl, HBr and HI (approximately 1 mol dm–3) are almost
completely ionised, but solutions in concentrated ethanoic acid are ionised to
approximately 5 %, 20 % and 50% respectively. Explain the phenomenon.
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
…………………………………………………………………………………………………
[2]
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(d)

By comparison with the reactions of sodium halides with concentrated H2SO4,
account for the behaviour of NaCl(s), NaBr(s) and NaI(s) when heated with the
following concentrated acids:
(i)

with phosphoric(V) acid, H3PO4, all give the hydrogen halide in good yield.
………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….

(ii)

with selenic(VI) acid, H2SeO4, all are converted into the free halogens.
………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….

(iii)

with telluric(VI) acid, H6TeO6, there is no reaction.
………………………………………………………………………………………….
………………………………………………………………………………………….
………………………………………………………………………………………….
[3]

(e) When chlorine is bubbled through a concentrated aqueous solution of ammonium
chloride, a yellow oily liquid, nitrogen trichloride, is formed together with a solution of
hydrochloric acid. A pungent gas together with a solution of sodium chlorate(I) is
obtained when nitrogen trichloride is added to aqueous sodium hydroxide.
(i)

Write balanced equations for the formation of nitrogen trichloride and its
reaction with sodium hydroxide.
………………………………………………………………………………………….
………………………………………………………………………………………….

(ii)

Sodium chlorate(I) can be produced using another method. Write a balanced
equation for its production.
………………………………………………………………………………………….

(iii)

Give one domestic use for sodium chlorate(I).
...…………………………..………………...…………………………………………
[3]
[Total; 15]

 VJC 2013

9647/02/PRELIM/13

[Turn over

7
3 (a)

The graph below shows the trend in boiling points of some of the chlorides of the
elements in Period 3 of the Periodic Table. However, there are two boiling points
that are wrongly represented.
boiling
region I
region II
point

NaCl

MgCl2

AlCl3

SiCl4

PCl3

SCl2

Account, in terms of structure and bonding of the chlorides, for the error in
(i)

region I
…………………..………………………………….…………………………………..
……………………………………………………….…………………………………
……………………………………………………….…………………………………
…………………………………………………….……………………………………

(ii)

region II
…………………………………………………………….……………………………
…………………………………………………………….……………………………
…………………………………………………………….……………………………
………………………………………………………….………………………………
[4]

(b)

When chlorides of the elements in Period 3 are added to water, some simply
dissolve while others are observed to hydrolyse in water.
(i)

Write equations to show the behaviour of AlCl3 and PCl3 in water, clearly
indicating whether they refer to dissolution or hydrolysis.
………………………………………………….………………………………………
…………..……………………………………...………………………………………
……………………………………………….…………………………………………
……………………………………………….…………………………………………

 VJC 2013

9647/02/PRELIM/13

[Turn over

8

(ii)

Phosphorus also forms the higher chloride, PCl5. When PCl5 is added to
water, liquid phosphorus oxychloride, POCl3 is formed as an intermediate
compound.
Reactions of covalent chlorides with water can be rationalised as step–wise
replacement of –Cl with –OH. Deduce a three–step reaction sequence for the
formation of POCl3 from PCl5.
Step 1
………………...…………….………………………………………………………….
Step 2
……………...……………….………………………………………………………….
Step 3
……………………….......…………………………………………………………….

POCl3 is used in industry as a Lewis base to remove the catalytic AlCl3 at the end
of a Friedel–Crafts reaction, resulting in the formation of a covalent product.
(iii)

Define the term ‘Lewis base’.
…………..……………………….……………………………………………………..

(iv)

Hence draw the full structural formula of the product which results in the
removal of AlCl3, stating the type of bonding present.

[8]
(c)

There are seven Periods in the Periodic Table at present. However, the recent
alleged discovery of an element with atomic number 122 suggests an ‘island of
stability’ beyond the known Periodic Table.
If this claim is true, it will require a new block of the Periodic Table, corresponding
to the occupancy of another type of subshell, beyond s, p, d and f. This is predicted
to be a g subshell, which will be found in the 5th shell of an atom, i.e. the 5g
subshell.
(i)

Based upon the sequence of subshells in the Periodic Table, s, p, d, f,
predict the total number of orbitals in a g subshell.
…………..………………………….………………………………………………….
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Following Aufbau’s Principle, the 17 lowest energy subshells in which electrons are
filled are shown below.
1s
2s
3s
4s
5s
6s
7s

2p
3p
4p
5p
6p

3d
4d
5d

4f

Predict the total number of elements in Period 8 of the Periodic Table.

(ii)

…………..…………………….………………………………………………………..
(iii)

Element 122 has been given the temporary name ‘Unbibium’ and has an
elemental symbol ‘Ubb’. It is predicted to form a chloride of the formula
UbbCl3.
Predict the electronic configuration of Ubb in the chloride (after the radon
configuration).
Ubb: [86Rn]…………………………………………………………………………….
…………..………………………….……………………………………………..……
[3]
[Total: 15]

4

(a)

Ozone, O3, has the following structure.

ozone
Bond type
O–O
O=O

Bond length /Ǻ
1.48
1.21

(i)

The separation between any two adjacent oxygen atoms in ozone is 1.28 Ǻ.
Explain this bond length with suitable chemical structure(s).

(ii)

Suggest a value for angle q.
………….o
[3]
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(b)

Ozone, O3, is unstable with respect to decomposition to diatomic oxygen:
2O3(g)

3O2(g)

Kp = 4.0 × 1028 at rtp

(i)

Write the Kp expression for the decomposition of ozone to diatomic oxygen.

(ii)

Ozone occurs quite readily in nature most often as a result of lightning
strikes that occur during thunderstorms.
Calculate the partial pressure of oxygen present in 106 m3 of air at rtp after a
lightning strike. Assume that the atmosphere of the Earth is 21 % oxygen by
volume.

(iii)

Hence, calculate the number of O3 molecules present at equilibrium in
106 m3 of air at rtp after a lightning strike.

[4]
(c)

Ozone can be “good” or “bad” for people’s health and for the environment,
depending on its location in the atmosphere.
The stratosphere or “good” ozone layer extends upward from about 8 to 50 km
and has been gradually depleted by man-made chemicals like
chlorofluorocarbons (CFCs).
Once trichlorofluoromethane (CFC-11) is in the stratosphere, there is an initial
homolytic fission of a C–Cl bond in CFC-11 to give Cl• radical. Ozone depletion
then proceeds via a four-step mechanism.
Step 1 The initial reaction is between the Cl• radical and ozone to give ClO•
radical and O2 molecule.
Step 2 Two ClO• radicals react to give a ClOOCl molecule.
Step 3 The ClOOCl molecule dissociates to give ClOO• and Cl•
Step 4 The ClOO• radical dissociates to give a Cl• radical and an oxygen
molecule
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(i)

Suggest the energy source for the homolytic fission of the C–Cl bond in
CFC-11.
…………..…………………….………………………………………………………

(ii)

Use the information given above to outline the full mechanism for the
reaction between CFC-11 and ozone. You are advised to draw full structural
formulae for all species, so that it is clear which bonds are broken and which
are formed. Indicate any unpaired electrons by a dot (•).
Step 1

Step 2

Step 3

Step 4

(iii) A single Cl• radical would keep on destroying ozone for up to two years.
What is the role of the Cl• radical in the reaction between CFCs and ozone?
…………..……………………………………………………………………………
[6]
(d)

Nitric oxide, NO, is another molecule responsible for a small portion of the
depletion of ozone. It can be produced as shown.
N2(g) + O2(g)

2NO(g)

Under standard conditions at 298 K, Kp = 4 × 10-31 but at 2000 K, Kp = 3 × 10-5.
Comment on the change in the value of Kp as the temperature rises and explain
its importance to the composition of the exhaust gas from cars.
…………………………………………………………………………...……………….....
………………………………………..…………………………………………………......
………………………………………..…………………………………………………......
………………………………………..…………………………………………………......
[2]
[Total: 15]
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5

A derivative of an anti-viral drug, nevirapine (compound A), is recently found to be
effective in treatment against AIDS and AIDS-related opportunistic infections.
Compound A has 4 nitrogen atoms labelled Na to Nd.

compound A
(a)

Name all the functional groups present in compound A.
………………………………………………………………………………………………
[2]

(b)

(i) The nitrogen atoms labelled, Nb and Nc, are part of two planar aromatic rings.
State the type of hybridisation exhibited by Nb and Nc.
…………………………………………………………………………………………
(ii) The nitrogen labelled, Na, is the most basic among the 4 nitrogen atoms. Rank
the basicity of the other 3 nitrogen atoms from the most basic to the least
basic. Explain the order of the basicity of the 3 nitrogen atoms you have
ranked.
…………..……………………………..………………………………………………
……………..…………………………..………………………………………………
……………..…………………………..………………………………………………
……………..…………………………..………………………………………………
……………..………………………..…………………………………………………
……………..………………………..…………………………………………………
…………………...……………………………………………………………………..
[3]

(c)

Compound A exists mainly as zwitterions. Two physical properties of compound A are
described as follows. Account for the physical properties using equation(s) when
appropriate.
(i)

Compound A has high melting point and exists as a crystalline solid at room
temperature and pressure.
……………………………………….….…………………………………………………
………………………………….……….…………………………………………………
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(ii)

The pH remains relatively constant when a small amount of base is added to a
solution of compound A.
………………………………………..……………………………………………………
………………………………………..……………………………………………………
………………………………………..……………………………………………………
[3]

(d)

Compound A can be synthesized from compound B via a 3-step synthesis route.

compound B
State the reagents and conditions needed for each step.
Step

Reagents and conditions

1
2
3
[3]
(e)

Electrophoresis is a technique used to identify different amino acids. In a particular
electrophoresis experiment, a piece of rectangular filter paper is soaked in an aqueous
solution of pH 3 and three amino acids are dotted onto the middle of the paper. The
positions of the amino acids are labelled A, B and C and a potential difference is then
applied. After a while, the paper is sprayed with a colouring chemical to locate the
amino acids.

A

+

A

-

B

+

-

C

C
At the start of experiment
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(i) The structures of the three amino acids being investigated in the experiment are
shown below. Draw the corresponding form of the amino acids at pH 3 in the
corresponding box.

CH3
H3C C CH2COOH
NH2

P

CH2NH2
H3C C CH2COOH
NH2

Q

CH3
HOOC C CH2COOH
NH2

R

(ii) Which of the three amino acids P, Q or R in (i) corresponds to dot B at the end of
the experiment? Briefly explain your answer.
………………………………………………………..…………………………….…………
………………………………………………………..…………………………….…………
……………………………………………………………..…………………….……………
[4]
[Total: 15]
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Victoria Junior College
2013 H2 Chemistry Prelim Exam 9647/2
Suggested Answers
1

Planning
A student was provided with a spirit burner containing a ‘fuel mixture’ which was prepared
by mixing equimolar amounts of hexane and ethanol. The enthalpy change of combustion
of this ‘fuel mixture’ is 13.2 kJ per mole of ‘fuel mixture’. He was told to use the enthalpy
change of combustion of this ‘fuel mixture’ to find the heat capacity of a metal calorimeter
using the apparatus shown below. Heat capacity is defined as the number of joules of heat
needed to raise the temperature of the calorimeter by one Kelvin or one degree Celsius.

metal calorimeter

spirit burner

Additional information: Specific capacity of water is 4.2 J cm3 K1
(a) Construct a balanced equation for the complete combustion of the ‘fuel mixture’ with
state symbols.
C6H14(l) + C2H5OH(l) + 25/2 O2(g)  8CO2(g) + 10H2O(l)
[1]
(b) Identify two possible sources of error and suggest an improvement to overcome each
of them in the experiment.
Errors:
Heat loss to the surroundings by the calorimeter and water.
Loss in amount of fuel mixture due to evaporation of the fuel mixture as ethanol
and hexane are volatile liquids.
Improvements:
Cover and lag the calorimeter with non-flammable insulating material and
conduct the experiment in a draught-free room, to minimize heat loss by the
calorimeter and water to the surroundings.
Cover the spirit burner to minimize rate of evaporation so as to minimize loss of
fuel mixture.
[3]

 VJC 2013

9647/02/PRELIM/13

[Turn over

2
(c) Write a plan to determine the heat capacity of the metal calorimeter using the
apparatus provided.
In your plan you should give details of the procedure (number your steps) and provide
a table to record the readings to be taken, including the units.
1)
2)
3)
4)
5)
6)
7)

Weigh the spirit burner containing the ‘fuel mixture’
Using a measuring cylinder, measure 100 cm3 of water into the metal
calorimeter.
Measure the initial temperature of the water using a thermometer.
Light the burner and allow it to heat the water in the calorimeter.
Monitor the temperature of water using the thermometer, and extinguish the
flame when the temperature of the water reaches about 5 oC
Measure the final temperature of the water.
Cool and reweigh the spirit burner with the remaining ‘fuel mixture’.
Initial temperature of water/ oC
Final temperature of water/ oC
Initial mass of spirit burner with ‘fuel mixture’ / g
Final mass of spirit burner with remaining ‘fuel mixture’ /g

T1
T2
M
N
[5]

(d)

Outline how you would determine the heat capacity of the metal calorimeter based
on the plan that you have written and other information given in this question.
Since density of water is 1 g cm-3, mass of the water in the calorimeter = 100 g
Let the Heat capacity of the calorimeter be C J oC -1
Temperature rise of the water in the calorimeter = (T2 – T1 ) = T oC
Heat gained by water and calorimeter
= 100 x 4.2 x T + C x T = (420 + C)T J
Mass of ‘fuel mixture’ burned = (M-N) g = P g
Molar mass of ‘fuel mixture’ = 86 + 46 = 132 g mol-1
Hence, amount of ‘fuel mixture’ = P/132 mol
Heat lost by ‘fuel mixture’ = 13200 x P/132 = 100P J
Heat lost by ‘fuel mixture’
100P
C

=
=
=

Heat gained by water and calorimeter
(420 + C)T
100P/ T – 420
[3]
[Total: 12]
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2 (a)

World War I is sometimes known as 'the Chemists' War'. Knowledge of chemistry was
applied towards developing high explosives and new methods of warfare such as the
large scale use of poison gas.
The first successful use of chlorine as a poison gas was at Ypres, Belgium, on 22 April
1915. 170 tonnes (1 tonne = 1000 kg) of chlorine contained in 5730 cylinders was
released forming a grey-green cloud which drifted across French troops. Chlorine can
damage the eyes, nose, throat and lungs and is fatal at concentrations of 1000 ppm
and above (1 ppm = 1 mg dm−3). Early counter-measures to chlorine included
instructing troops to cover their mouths with gauze pads soaked in sodium hydrogen
carbonate solution. Eventually, more effective counter-measures to chlorine were
developed and thus other poison gases were introduced.
(i)

Calculate the maximum amount of chlorine gas that could have been released
from one of the cylinders that was used at Ypres on 22 April 1915.
Amount of Cl2 in 1 cylinder =

(ii)

170000000
/ 5730 = 4.18 x 102 mol
71.0

Determine the concentration of chlorine gas, in mol dm3, at 1000 ppm.
Concentration of Cl2 in g dm–3 in 1000 ppm = 1000 
Concentration of Cl2 in mol dm–3 =

(iii)

1 mg
1g
= 1.00

3
dm
1000 mg

1
= 0.0141 mol dm–3
71.0

In an accident, the chlorine gas from one such cylinder was released into a
factory room of volume 25.0 m3.
Determine if the concentration of chlorine gas was fatal. Assume that the gas was
released at room temperature and pressure.
Volume of factory room = 25 m3 

Conc. of Cl2 in the factory

=

1 dm3
= 25 000 dm3
1  103 m3

4.18  102
25000

= 0.0167 mol dm–3
Since 0.0167 mol dm–3 > 0.0141 mol dm–3, it is fatal.
[4]
(b)

Hydrogen halides are dissociated at high temperatures according to the following
equation:
2HX(g)
H2(g) + X2(g)
The approximate Kc values for the above equilibrium at various temperatures for the
respective hydrogen halides are shown in the table:
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Temperature / oC

Kc values for dissociation of HX
HCl

HBr

HI

800

1013

109

105

1000

1010

107

104

1200

109

105

103

1400

107

104

102

Using the above information and relevant data from the Data Booklet, describe and
explain the relative thermal stability of the hydrogen halides.
From the table, it is observed that at each temperature, order of Kc is HI > HBr >
HCl.
Since the larger the Kc values, the higher the degree of dissociation of HX, the
order of degree of dissociation is HI > HBr > HCl.
From the Data Booklet, it is observed that order of bond energy is HCl > HBr > HI
as shown:
H – Cl
H – Br
H–I
bond energy
431
366
299
(kJ mol-1)
H–X bond energy decreases from HCl to HI due to increasing atomic size of X
atom leading to decreasing H–X bond strength as degree of effective overlap
between H and X atoms decreases from Cl to I.
The H–I bond thus requires the least amount of energy to break, causing HI to be
least thermally stable followed by HBr and then HCl.
Hence, order of thermal stability is HCl > HBr > HI.
[3]
(c)

Aqueous solutions of HCl, HBr and HI (approximately 1 mol dm–3) are almost
completely ionised, but solutions in concentrated ethanoic acid are ionised to
approximately 5, 20 and 50% respectively. Explain the phenomenon.
It can be deduced that CH3CO2H is a weaker base than H2O and is less likely to
accept H+ from HX. Thus dissociation of HX occurs to a lesser extent in CH3CO2H.
The reason is because bond energy decreases from HCl to HI, as atomic radius
of halogen increases, causing acid strength to increase from HCl to HI, as seen
from increase in %ionisation.
[2]
By comparison with the reactions of sodium halides with concentrated H2SO4, account
for the behaviour of NaCl(s), NaBr(s) and NaI(s) when heated with the following
concentrated acids:

(d) (i)

with phosphoric(V) acid, H3PO4, all give the hydrogen halide in good yield.
H3PO4, unlike H2SO4, is a non-oxidising acid, and a stronger acid than HX,
thus undergoes acid-base reaction with X– to form HX.
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(ii)

with selenic(VI) acid, H2SeO4, all are converted into the free halogens.
H2SeO4 is a stronger oxidising agent than H2SO4, capable of oxidizing HX to
X2 (X = Cl, Br and I), unlike H2SO4, which cannot oxidise HCl to Cl2.

(iii)

with telluric(VI) acid, H6TeO6, there is no reaction.
H6TeO6 is a weaker acid than HX, thus unable to displace HX from X– salt.
It is a weaker oxidising agent than H2SO4, thus unable to oxidise HX to X2.
[3]

(e) When chlorine is bubbled through a concentrated aqueous solution of ammonium
chloride, a yellow oily liquid, nitrogen trichloride, is formed together with a solution of
hydrochloric acid. A pungent gas together with a solution of sodium chlorate(I) is
obtained when nitrogen trichloride is added to aqueous sodium hydroxide.
(i)

Write balanced equations for the formation of nitrogen trichloride and its reaction
with sodium hydroxide.
3Cl2 + NH4Cl  NCl3 + 4HCl
NCl3 + 3NaOH  NH3 + 3NaClO

(ii)

Sodium chlorate(I) can be produced using another method. Write a balanced
equation for its production.
Cl2 + 2OH-  Cl- + ClO- + H2O

(iii)

Give one domestic use for sodium chlorate(I).
It is used in the manufacture of household bleaches for whitening clothes.
[3]
[Total: 15]
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3

(a)

The graph below shows the trend in boiling points of some of the chlorides of the
elements in Period 3 of the Periodic Table. However, there are two boiling points
that are wrongly represented.
boiling
point

region I

NaCl

MgCl2

region II

AlCl3

SiCl4

PCl3

SCl2

Account, in terms of structure and bonding of the chlorides, for the error in
(i)

region I
MgCl2 has a giant ionic structure while AlCl3 has a simple molecular
structure. More energy is required to overcome the electrostatic forces of
attraction between Mg2+ and Cl– compared to dispersion attraction
between AlCl3 molecules. Hence MgCl2 should have a higher boiling
point.

(ii)

region II
Both PCl3 and SCl2 have simple molecular structures. More energy is
required to overcome the stronger dispersion forces and dipole–dipole
attractions between PCl3 compared to SCl2. Hence PCl3 should have a
higher boiling point.
[4]

(b)

When chlorides of the elements in Period 3 are added to water, some simply
dissolve while others are observed to hydrolyse in water.
(i)

Write equations to show the behaviour of AlCl3 and PCl3 in water, clearly
indicating whether they refer to dissolution or hydrolysis.
Dissolution: AlCl3 + 6H2O  [Al(H2O)6]3+ + 3Cl–
[Al(H2O)5(OH)]2+ + H3O+
Hydrolysis: [Al(H2O)6]3+ + H2O
Hydrolysis: PCl3 + 3H2O  H3PO3 + 3HCl
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(ii)

Phosphorus also forms the higher chloride, PCl5. When PCl5 is added to water,
liquid phosphorus oxychloride, POCl3 is formed as an intermediate compound.
Reactions of covalent chlorides with water can be rationalised as step–wise
replacement of –Cl with –OH. Deduce a three–step reaction sequence for the
formation of POCl3 from PCl5.
Step 1: PCl5 + H2O  PCl4OH + HCl
Step 2: PCl4OH + H2O  PCl3(OH)2 + HCl
Step 3: PCl3(OH)2  POCl3 + H2O

POCl3 is used in industry as a Lewis base to remove the catalytic AlCl3 at the end of
a Friedel–Crafts reaction, resulting in the formation of a covalent product.
(iii)

Define the term ‘Lewis base’.
A Lewis base is an electron–pair donor.

(iv)

Hence draw the full structural formula of the product which results in the
removal of AlCl3, stating the type of bonding present.
Cl
Cl
Cl
109.5o
Al
o
105
O
Cl
109.5o P
dative covalent bond

Cl

Cl
[8]

(c)

There are seven Periods in the Periodic Table at present. However, the recent
alleged discovery of an element with atomic number 122 suggests an ‘island of
stability’ beyond the known Periodic Table.
If this claim is true, it will require a new block of the Periodic Table, corresponding to
the occupancy of another type of subshell, beyond s, p, d and f. This is predicted to
be a g subshell, which will be found in the 5th shell of an atom, i.e. the 5g subshell.
(i)

Based upon the sequence of subshells in the Periodic Table, s, p, d, f, predict
the total number of orbitals in a g subshell.
9 orbitals
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Following Aufbau’s Principle, the 17 lowest energy subshells in which electrons are
filled are shown below.
1s
2s
3s
4s
5s
6s
7s
(ii)

2p
3p
4p
5p
6p

3d
4d
5d

4f

Predict the total number of elements in Period 8 of the Periodic Table.
1s
2s
3s
4s
5s
6s
7s
8s

2p
3p
4p
5p
6p
7p
8p

3d
4d
5d
6d
7d

4f
5f
6f

5g

Period 8 begins with the filling of the 8s subshell and ends with the 8p
subshell. Based on Aufbau principle, the subshells in Period 8 will
include 8s, 5g, 6f, 7d, 8p.
Total elements = 2 (s) + 6 (p) + 10 (d) + 14 (f) + 18 (g)
= 50
(iii)

Element 122 has been given the temporary name ‘Unbibium’ and has an
elemental symbol ‘Ubb’. It is predicted to form a chloride of the formula UbbCl3.
Predict the electronic configuration of Ubb in the chloride (after the radon
configuration).
Ubb: [86Rn] 5f14 5g2 6d10 7s2 7p6 8s2
Ubb3+: [86Rn] 5f14 5g2 6d10 7s2 7p5
[3]
[Total: 15]
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4

(a)

Ozone, O3, has the following structure.

ozone
Bond type
O–O
O=O
(i)

Bond length /Ǻ
1.48
1.21

The separation between any two adjacent oxygen atoms in ozone is 1.28 Ǻ.
Explain this bond length with suitable chemical structure(s).
Ozone exists as a resonance hybrid.

Show electron movement
Show 1.5 bond in ozone structure
(ii)

Suggest a value for angle q.
116 - 118o (accept any value between)
[3]

(b)

Ozone, O3, is unstable with respect to decomposition to diatomic oxygen:
2O3(g)
(i)

Kp = 4.0 × 1028 at r.t.p

Write the Kp expression for the decomposition of ozone to diatomic oxygen.

Kp =
(ii)

3O2(g)

(pO2 )3
(pO3 )2

Ozone occurs quite readily in nature most often as a result of lightning strikes
that occur during thunderstorms.
Calculate the partial pressure of oxygen present in 106 m3 of air at rtp after a
lightning strike. Assume that the atmosphere of the Earth is 21 % oxygen by
volume.
At r.t.p, atmospheric pressure = 101 × 103 Pa
By Dalton’s law of partial pressure,
Partial pressure of O2 = (0.21 × 101 × 103) Pa = 21 210 Pa
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(iii)

Hence, calculate the number of O3 molecules present at equilibrium in 106 m3
of air at rtp after a lightning strike.

Kp =

p O3 =

(pO2 )3
(pO3 )2
(pO2 )3
Kp

(21 210)3
4.0 ? 1028
= ? .39 ? 10-16 Pa (3 sf)
=

No. of ozone molecules in 106 m3 of air after lightning strike
partial pressure of ozone
譾 olume of air
= atmospheric pressure
? .02? 023
molar volume

2.3854  10 16
? 06
3
101
10

=
? .02? 023
24  10 3
= 3.82 × 1018 molecules
[4]

(c)

Ozone can be “good” or “bad” for people’s health and for the environment,
depending on its location in the atmosphere.
The stratosphere or “good” ozone layer extends upward from about 8 to 50 km and
has been gradually depleted by man-made chemicals like chlorofluorocarbons
(CFCs).
Once trichlorofluoromethane (CFC-11) is in the stratosphere, there is an initial
homolytic fission of a C–Cl bond in CFC-11 to give Cl radical. Ozone depletion then
proceeds via a four-step mechanism.
Step 1 The initial reaction is between the Cl radical and ozone to give ClO radical
and O2 molecule.
Step 2 Two ClO radicals react to give a ClOOCl molecule.
Step 3 The ClOOCl molecule dissociates to give ClOO and Cl
Step 4 The ClOO radical dissociates to give a Cl radical and an oxygen molecule

(i)

Suggest the energy source for the homolytic fission of the C–Cl bond in CFC11.

Ultraviolet (UV) rays from the sun
(ii)
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Indicate any unpaired electrons by a dot (•).

Step 1

Step 2

Step 3

Step 4

(iii)

A single Cl radical would keep on destroying ozone for up to two years.
What is the role of the Cl radical in the reaction between CFCs and ozone?

Cl radical acts as a homogenous catalyst because it is not consumed in
the reaction.
[6]
(d)

Nitric oxide, NO, is another molecule responsible for a small portion of the depletion
of ozone. It can be produced in as shown.
N2(g) + O2(g)

2NO(g)

Under standard conditions at 298 K, Kp = 4 × 10-31 but at 2000 K, Kp = 3 × 10-5.
Comment on the change in the value of Kp as the temperature rises and explain its
importance to the composition of the exhaust gas from cars.

The Kp for the equilibrium reaction increases drastically when the temperature
is increased from 298 K to 2000 K.
Exhaust gas from cars contains NO gas because of the reaction between
atmospheric nitrogen and oxygen in the hot internal combustion car engine.
Exhaust gas will contain a high proportion of NO gas as forward reaction is
favoured due to an endothermic enthalpy change.
[2]
[Total: 15]
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A derivative of an anti-viral drug, nevirapine (compound A), is recently found to be
effective in treatment against AIDS and AIDS-related opportunistic infections. Compound
A has 4 nitrogen atoms labelled Na to Nd.

compound A
Name all the functional groups present in compound A.

(a)

Secondary amine, tertiary amine, amide, alkene and carboxylic acid
[2]

(i) The nitrogen atoms labelled, Nb and Nc, are part of two planar aromatic rings.
State the type of hybridisation exhibited by Nb and Nc.

(b)

sp2 hybrid orbital
(ii) The nitrogen labelled, Na, is the most basic among the 4 nitrogen atoms. Rank
the basicity of the other 3 nitrogen atoms from the most basic to the least basic.
Explain the order of the basicity of the 3 nitrogen atoms you have ranked.
Nc > N b > N d
Carboxylic acid is an electron withdrawing inductive group and will
decrease the availability of lone of pair of electrons on Nb for donation.
Lone pair of electrons on Nd is unavailable for donation due to interaction
with the π electrons of the C=O bond.
[3]
(c) Compound A exists mainly as zwitterions. Two physical properties of compound A are
described as follows. Account for the physical properties using equation(s) when
appropriate.

(i)

Compound A has high melting point and exists as a crystalline solid at room
temperature and pressure.

Compound A exists as zwitterions and are held together by strong ionic
bonds throughout the giant ionic lattice. A large amount of heat energy is
needed to overcome the strong electrostatic forces of attraction between
oppositely charged ions.
[1]
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(ii)

The pH remains relatively constant when a small amount of base is added to a
solution of compound A.
Positively charged amine salt, being acidic, helps to neutralize added OH–
and maintains pH. A large reservoir of zwitterions ensures sufficient
removal of OH–.
[2]

(d) Compound A can be synthesized from compound B via a 3-step synthesis route.

compound B
State the reagents and conditions needed for each step.
Step

Reagents and conditions

1

aq. HCl, reflux followed by controlled basification
using aq. NaOH, room temperature

2

PCl5, room temperature
(or PCl3 , reflux or SOCl2, reflux)

3

Add water, room temperature
[3]

(e)

Electrophoresis is a technique used to identify different amino acids. In a particular
electrophoresis experiment, a piece of rectangular filter paper is soaked in an aqueous
solution of pH 3 and three amino acids are dotted onto the middle of the paper. The
positions of the amino acids are labelled A, B and C and a potential difference is then
applied. After a while, the paper is sprayed with a colouring chemical to locate the
amino acids.

A

A

+
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(i) The structures of the three amino acids being investigated in the experiment are
shown below. Draw the corresponding form of the amino acids at pH 3 in the
corresponding box.

CH3

CH3
H3C C CH2COOH

H3C C CH2COOH
NH2

+

P



+

CH2NH2

H2C NH3

H3C C CH2COOH

H3C C CH2COOH
+

NH2

Q



CH3

NH3

CH3
HOOC C CH2COOH

HOOC C CH2COOH
NH2

NH3

+

R



NH3

(ii) Which of the three amino acids P, Q or R in (i) corresponds to dot B at the end of
the experiment? Briefly explain your answer.
Q corresponds to dot B. Q has the highest ionic charge (or ionic charge to
size ratio) among the three amino acids. Hence it will be most strongly
attracted to the negative plate.
[4]
[Total: 15]
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During strenuous exercise, pyruvic acid, CH3COCOOH, is converted to lactic acid,
CH3CH(OH)COOH, which builds up in our muscles due to limited oxygen availability.
(a) Such anaerobic respiration is catalysed by the enzyme lactate dehydrogenase, with
concomitant conversion of NADH to NAD+. NADH plays a key role in the production of
energy through redox reactions. NADH and NAD+ are cofactors, substances that act with
and are essential to the activity of an enzyme.
(i)

Write a balanced equation for anaerobic respiration. Using the data given in the
table below, calculate the value of Ecell for this reaction.
Electrode reaction
•

(ii)

2e- + H+ + NAD+
-

NADH

E /V
–0.32

+

2e + 2H + CH3COCOOH
CH3CH(OH)COOH
+0.89
C
It is not possible to use Eo values reliably to decide whether a chemical reaction
will occur. Suggest a reason for this.

(iii)

The activity of lactate dehydrogenase hinges on the active site Fe2+ contained in
a heme group which can be oxidized to Fe3+. Suggest a mechanism for the
catalysis of anaerobic respiration by lactate dehydrogenase. Support your
answers with relevant E values given above and from the Data Booklet.
You may represent the reduced and oxidised forms of the enzyme as LDHFe2+
and LDHFe3+.

(iv)

After exercising, we do not stop panting immediately because we need to breathe
in additional oxygen so that lactic acid can be reconverted back to pyruvic acid.
Both breathing and heart rates increase until the excess lactic acid level
normalizes.
Write a balanced equation for the conversion of lactic acid back to pyruvic acid.
Calculate the value of Ecell for this reaction, with the help of the Data Booklet.
[8]

(b) (i)

Using bond energy data obtained from the Data Booklet, calculate the enthalpy
change of reaction, ∆H, for the conversion of pyruvic acid into lactic acid.
CH3COCOOH(l) + H2(g)  CH3CH(OH)COOH(l)

(ii)

Given that the actual enthalpy change of this reaction is 110 kJ mol1, suggest a
reason for the discrepancy between your calculated ∆H value in (b)(i) and the
actual ∆H value.

(iii)

Acid-base neutralisation takes place when pyruvic acid reacts with barium
hydroxide.
Rank barium hydroxide, pyruvic acid, and its salt in increasing melting point.
Explain your answer.
[6]
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(c) Muscles work by contracting and relaxing. Both processes are triggered by an electrical
impulse. Calcium causes muscles to contract while magnesium relaxes them. Y is
another element in Group II.
Element


E /V
Decomposition temperature of
carbonates /K

Mg

Ca

Y

–2.37

–2.87

–2.95

470

1170

1770

(i)

Predict the relative melting points of magnesium and calcium.

(ii)

With the help of the Data Booklet, calculate the enthalpy change, ∆H when Mg
and Ca ionise to Mg2+ and Ca2+ respectively.

(iii)

How does the trend in ∆H calculated in (c)(ii) relate to the Eo values?
Hence, predict the relative reducing powers of magnesium and calcium.

(iv)

Account for the difference between the decomposition temperature of CaCO3 and
YCO3.
[6]
[Total: 20]
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(a)

Compound X, CH3CH=CHCHClCH3, reacts with alcoholic KCN according to the
following equation:
CH3CH=CHCHClCH3 + CN–  CH3CH=CHCH(CN)CH3 + Cl–
To investigate the above reaction, two separate experiments were performed using
different initial concentrations of CN. In each experiment, the concentration of X in
the reaction mixture was determined at different times as the reaction progresses.
The same graph was obtained in both experiments, as shown below:
The following results were obtained:
[X] /mol dm-3

[CN]1 and [CN]2

time /min
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(i)

Explain why the reaction requires an alcoholic instead of an aqueous medium
to take place.

(ii)

Referring to the graphs above, deduce the order of reaction with respect to
each of the reactants, CN– and X.

(iii)

State, with a reason, whether the reaction proceeds by the SN1 or SN2
mechanism.

(iv)

Hence, sketch a well labelled reaction pathway diagram for the reaction, given
that the reaction is exothermic.

(v)

Suggest why the reaction of X is more likely than that of CH3CH2CH2CHClCH3
to exhibit the mechanism stated in (ii).
[9]
+
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(b)

The enzymatic hydrolysis of glycerides in oils is recently attempted industrially as an
energy-saving method due to mild reaction conditions required. An enzyme such as
lipase, is commonly used to speed up the rate of the hydrolysis of glycerides for the
production of three fatty acids and glycerol, as shown by the structures below:

RCOOH
R'COOH
R''COOH
fatty acids

CH2CHCH2
OH OHOH
glycerol

(i)

Draw the structural formula of glyceride and identify the functional group in the
glyceride.

(ii)

State the number of sigma and pi bonds surrounding the carbon atom in the
functional group stated in (i). Hence, identify the type of hybridisation of the
carbon atom in the functional group.

(iii)

The following graph shows how the rate of enzymatic hydrolysis of glyceride
varies with increasing substrate concentration, [S] with a fixed amount of lipase
used under fixed temperature. Suggest an explanation for the shape of the
curve.
Rate

[S]
(iv)

(c)

Besides using catalyst, the rate of reaction can also be increased by increasing
the temperature. The rate of hydrolysis of glyceride is doubled when
temperature increased by 10oC. If the rate of reaction at T oC is r, determine
the new temperature if the rate is increased to 16r. Explain your answer.
[6]

In an experiment involving the decomposition of ammonia, nickel is used as a
catalyst to speed up the rate of decomposition of ammonia at 500oC in a reactor of
volume 10 dm3.
(i)

State the type of catalysis which nickel exhibits and explain how its presence
speeds up the rate of decomposition of ammonia.

(ii)

It was found that at equilibrium of decomposition for the experiment, 90% of
the 6.80 g ammonia has decomposed. Calculate the total pressure of the gas
mixture after reaction.
[5]
[Total: 20]
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This question concerns the transition elements iron and chromium, together with their
compounds.
(a) Iron is the fourth most common element in the Earth’s crust. It is the most common
element (by mass) forming much of Earth’s outer and inner core.
Some reactions of iron are given below:

Step II

Step I
2+

Fe

Fe3+(aq)

Fe (aq)

Mg

Step III

NH3(aq)

green precipitate

deep red solution

gas Z

(i)

State the reagents that could be used for Steps I to III.

(ii)

Identify the gas Z and write an equation for its formation.

(iii)

Describe what you would expect to observe when solid calcium carbonate is
added to an aqueous solution of Fe3+.
[6]

(b) The following data are given:

Atomic radius / nm
Ionic radius / nm

Iron

Aluminium

0.116

0.143

0.076 (Fe2+)

0.050

0.064 (Fe3+)
Explain why the atomic radius of iron is smaller than that of aluminium but the ionic radii
of iron(II) and iron(III) are larger than that of Al3+.
[2]
(c) Chromium is the hardest of all known metal elements in the Periodic Table. It is also
odourless and tasteless. The name of the element is derived from the Greek word
"chrōma" meaning colour, because many of its compounds are intensely coloured. The
metal also reacts with oxygen to form a series of oxides.
One of these oxides, CrO2, is often used to coat cassette tapes, due to its high
conductivity and ferromagnetic properties, which provide a good high audio-frequency
response.
When the oxide from a length of tape was dissolved in dilute sulfuric acid, it
disproportionates to give Cr3+ and Cr2O72. The resulting solution needed 20.0 cm3 of
0.015 mol dm3 Fe2+ solution to reduce the Cr2O72 completely to Cr3+.
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(i)

Suggest equations for the disproportionation of CrO2 in acid solution and for the
reaction of Cr2O72- with Fe2+ in acid solution.

(ii)

Use the data to calculate the mass of CrO2 in the length of cassette tape.
[4]

(d) The formula of a complex ion can sometimes be found by using a colorimeter. An
aqueous solution of chromium(III) sulfate is green but if aqueous ammonia is added, the
solution turns violet.
To eleven containers each containing 20.0 cm3 of 0.050 mol dm3 of chromium(III)
sulfate, different volumes of 0.40 mol dm3 aqueous ammonia was added. The first
container had 2 cm3 of the aqueous ammonia added, the second 4 cm3 and so on.
Distilled water was added to make up the total volume to 50 cm3. A sample from each
container was then placed in a colorimeter and the reading was recorded. The results
are shown in the figure below:

(i)

Explain the shape of the graph obtained.

(ii)

Determine the formula of the complex.

(iii)

Account for the difference in colours between the chromium-ammonia complex
and the aqueous chromium(III) ion.
[8]
[Total: 20]
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(a)

Ovalbumin is the predominant protein in egg white. Structurally, it consists of 33 %
α–helices, 5 % β–pleated sheets and 62 % random coil folded into a globular shape.
Draw a diagram to show how two strands in ovalbumin can be involved in
maintaining a β–pleated sheet structure. Label any bonds established between the
strands.
[2]

(b)

Some of the amino acids found in ovalbumin are as follows:
alanine

aspartic acid

lysine

serine

glycine

The various methods of egg preparation are based on the principle of protein
denaturation, which is accompanied by a change in the taste and appearance of the
egg.
In your answers to this part of the question, reference should be made to the amino
acids in the above table where appropriate.

(c)

(i)

When an egg is boiled, the egg white changes from a transparent and
colourless liquid into a white and opaque solid mass. Describe the structural
changes that have taken place in the denaturation of ovalbumin which led to
the change in appearance.

(ii)

The Chinese delicacy known as “century egg” is prepared by coating the eggs
with an alkaline clay paste. Through the process, the egg white becomes a
dark brown, translucent jelly.
Suggest how the alkaline clay paste might interact with ovalbumin to bring
about denaturation.
[5]

At low temperatures, 1, 3, 5–trimethylbenzene reacts with HF and BF3 to form a
yellow solid A. A has the formula C9H13BF4 and conducts an electric current in the
molten state. When heated, A evolves BF3 and regenerates 1, 3, 5–
trimethylbenzene.
The formation of A provides strong confirmation for the mechanism of aromatic
electrophilic substitution.
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(d)

(i)

HF and BF3 react to generate the electrophile. By using the Lewis theory of
acids and bases, construct an equation for the reaction between HF and BF3.

(ii)

Outline the mechanism for this reaction, showing clearly how 1, 3, 5–
trimethylbenzene and BF3 are regenerated when A is heated. Hence, suggest
a structure for A.
[4]

A fairly stable diazonium salt can be prepared by treating a primary aromatic amine
with nitrous acid in a cool solution:

+

In a process named the Sandmeyer reaction, the –NΞN group can be replaced by a
new group –X when the appropriate reagents are used:

Some possible identities of X together with the corresponding reagents are shown
below:
Identity of X

reagents and conditions

-Br

HBr and CuBr, room temperature

-H

H3PO2, room temperature

-OH

Cu(NO3)2 and Cu2O, room temperature

This highly versatile reaction is widely used in the synthesis of aromatic compounds.
An example is shown below, with methylbenzene as the starting compound:
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(i)

Deduce the structures of Q, R and S.

(ii)

Hence, state the reagents and conditions for effecting steps I, II and III.
[6]

(e)

Under the proper conditions, diazonium salts undergo a coupling reaction with
phenol to obtain a brightly coloured azo compound:

The process is a typical electrophilic substitution reaction in which the positively
charged diazonium ion acts as the electrophile that attacks the strongly activated
benzene ring in phenol.
(i)

As shown above, substitution typically takes place at the para rather than at
the ortho position relative to –OH, i.e. position 4 rather than 2. Give a reason
why this occurs.

(ii)

The structure of an azo compound, H, is given below:

Deduce the structure of the amine and phenol that can be used as starting
materials to synthesize H.
[3]
[Total: 20]
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(a)

Quadratic acid, used medically in the treatment of wart, is an unusual organic
compound with molecular formula, C4H2O4 and has the following structure:

(i)

Suggest what you would see when quadratic acid reacts with:
1.

2,4-dinitrophenylhydrazine agent

2.

ethanoyl chloride

Write a balanced equation for each reaction that occurs.
(ii)

Quadratic acid is unusually acidic for an alcohol with a pKa value of 1.5.
Explain why this is so.
[4]

(iii)

An aqueous solution of quadratic acid is titrated against aqueous sodium
hydroxide.
An acid-base indicator (HIn) has a Ka value of 3.00 x 105 mol dm3.
HIn(aq)

H+(aq) + In(aq)

The acidic form of the indicator (HIn) is red and the basic form (In) is blue.
Given that the indicator appears red when it contains at least 75% of HIn, and
appears blue when it contains at least 75% of In.
What is the pH range for colour change of this indicator? Based on your
answer, briefly explain if this indicator is suitable for the quadratic acid titration.
[2]
(b)

A large shipment of quadratic acid is contaminated with boracic acid, BH3O3, which
is widely used as an insecticide.
The standard enthalpy change of combustion of quadratic acid is
–1.26 x 103 kJ mol–1. However, boracic acid does not burn as it is in the fully
oxidised state.
When a 4.91 g sample of contaminated quadratic acid is burned in a bomb
calorimeter, the temperature increases by 3.5 oC.
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(i)

Define standard enthalpy change of combustion of quadratic acid.

(ii)

Given that the heat capacity of the calorimeter is 13.6 kJ K–1, calculate the
percentage by mass of boracic acid in the sample of contaminated quadratic
acid.

9647/03/PRELIM/13

[Turn over

12
(iii)

(c)

Draw the displayed formula of boracic acid to illustrate its shape with respect
to the boron and oxygen atoms. Indicate the bond angles clearly on the
diagram.
[5]

Hydrogen cyanide has been used in America to execute convicted murderers. A
carbonyl–based antidote has been developed.
(i)

Name and outline the mechanism of the reaction between propanone and
hydrogen cyanide.

(ii)

The carbonyl–based antidote X has molecular formula C4H6O2.
X reacts with hydrogen cyanide to form Y, C6H8O2N2. Y reacts with excess hot
acidified potassium dichromate(VI) solution to produce Z, C6H8O6. 2.16 g of Z
(Mr = 176) was dissolved in 250 cm3 of water. 25.0 cm3 of the solution required
24.50 cm3 of 0.100 mol dm3 of sodium hydroxide for complete neutralisation.
Calculate the amount of sodium hydroxide that will be neutralised by one mole
of Z. Hence suggest possible structural formulae of X, Y and Z.
[6]

(d)

Lead azide, Pb(N3)2, is used as a shock-sensitive detonator in car airbags. The
impact of a collision causes lead azide to be converted into an enormous amount of
gas that fills the airbag.
(i)

In the determination of solubility product, Ksp of lead azide, 25.0 cm3 of a
saturated solution of lead azide was passed through a cation exchange
column and the column washed down through with water. The washings
required 10.50 cm3 of 6.00 x 103 mol dm3 of NaOH(aq) for complete
neutralisation. The lead(II) ions in the saturated solution replaced all the H+
ions from the cation exchange column such that
Pb2+(aq) + 2H+(column)  Pb2+(column) + 2H+(aq)
Calculate the solubility product of lead azide, stating its units.

(ii)

Draw the Lewis structure of the azide ion.
[3]
[Total: 20]
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During strenuous exercise, pyruvic acid, CH3COCOOH, is converted to lactic acid,
CH3CH(OH)COOH, which builds up in our muscles due to limited oxygen availability.
(a) Such anaerobic respiration is catalysed by the enzyme lactate dehydrogenase, with
concomitant conversion of NADH to NAD+. NADH plays a key role in the production of
energy through redox reactions. NADH and NAD+ are cofactors, substances that act with
and are essential to the activity of an enzyme.
(i)

Write a balanced equation for anaerobic respiration. Using the data given in the
table below, calculate the value of Ecell for this reaction.
Electrode reaction
2e- + H+ + NAD+
-

NADH

+

CH3CH(OH)COOH
C2e + 2H + CH3COCOOH
C
H3COCOOH + NADH + H+  CH3CH(OH)COOH + NAD+
Eo = +0.89 – (-0.32) = +1.21V
(ii)

E /V
–0.32
+0.89

It is not possible to use Eo values reliably to decide whether a chemical reaction
will occur. Suggest a reason for this.
The reaction may be kinetically unfeasible due to high activation energy,
even though it is thermodynamically feasible indicated by a positive Eocell
value.

(iii)

The activity of lactate dehydrogenase hinges on the active site Fe2+ contained in
a heme group which can be oxidized to Fe3+. Suggest a mechanism for the
catalysis of anaerobic respiration by lactate dehydrogenase. Support your
answers with relevant E values given above and from the Data Booklet.
You may represent the reduced and oxidised forms of the enzyme as LDHFe2+
and LDHFe3+.
Step 1:
2LDHFe2+ + CH3COCOOH + 2H+  2LDHFe3+ + CH3CH(OH)COOH
Ecell = +0.89 – (+0.77) = +0.12V (> 0, hence feasible)
Step 2:
2LDHFe3+ + NADH  2LDHFe2+ + NAD+ + H+
Ecell = +0.77 – (-0.32) = +1.09V (> 0, hence feasible)

(iv)

After exercising, we do not stop panting immediately because we need to breathe
in additional oxygen so that lactic acid can be reconverted back to pyruvic acid.
Both breathing and heart rates increase until the excess lactic acid level
normalizes.
Write a balanced equation for the conversion of lactic acid back to pyruvic acid.
Calculate the value of Ecell for this reaction, with the help of the Data Booklet.
O2 + 2CH3CH(OH)COOH  2H2O + 2CH3COCOOH
Eo = +1.23 – (+0.89) = +0.34V
[8]
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(b) (i)

Using bond energy data obtained from the Data Booklet, calculate the enthalpy
change of reaction, ∆H, for the conversion of pyruvic acid into lactic acid.
CH3COCOOH(l) + H2(g)  CH3CH(OH)COOH(l)

∆H = 740 + 436 – 410 – 360 – 460
= –54 kJ mol-1
(ii)

Given that the actual enthalpy change of this reaction is 110 kJ mol1, suggest a
reason for the discrepancy between your calculated ∆H value in (b)(i) and the
actual ∆H value.
Bond energy is the heat required to break 1 mole of covalent bonds in the
gaseous state but pyruvic acid and lactic acid exist as liquid.
OR Bond energy for a polyatomic molecule is an average value.

(iii)

Acid-base neutralisation takes place when pyruvic acid reacts with barium
hydroxide
Rank barium hydroxide, pyruvic acid, and its salt in increasing melting point.
Explain your answer.
Pyruvic acid, barium pyruvate, barium hydroxide.
Pyruvic acid has a simple molecular structure with weak hydrogen bonding
between its molecules, hence it has the lowest melting point.
Barium pyruvate and sodium hydroxide, on the other hand, have giant ionic
structure with strong ionic bonds between the oppositely charged barium
and pyruvate or hydroxide ions. Hence, they have higher melting points as
compared to pyruvic acid.
Strength of ionic bond is dependent on lattice energy, which is in turn
proportional to

q q
. Since the cation Ba2+ is the same and charges of
r  r

the OH- and pyruvate anions are the same at -1 for both barium hydroxide
and barium pyruvate, lattice energy is only dependent on the size of the
anions. And since pyruvate ion is much larger than OH-, lattice energy for
barium pyruvate is less exothermic, hence less energy is required to break
the ionic bonds and barium pyruvate has a lower melting point compared to
barium hydroxide.
[6]
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(c) impulse. Calcium causes muscles to contract while magnesium relaxes them. Y is
another element in Group II.
Element


E /V
Decomposition temperature of
carbonates /K
(i)

Mg

Ca

Y

–2.37

–2.87

–2.95

470

1170

1770

Predict the relative melting points of magnesium and calcium.
Magnesium has a higher melting point than calcium, since Mg2+ is smaller
than Ca2+.

(ii)

With the help of the Data Booklet, calculate the enthalpy change, ∆H when Mg
and Ca ionise to Mg2+ and Ca2+ respectively.

∆H
Mg

Mg2+ + 2e-

1st

2nd IE
Mg+ + e-

By Hess’s law,
∆H = 1st IE + 2nd IE
2+
∆H (Mg  Mg ) = +736 + 1450 = +2186 kJ mol1
∆H (Ca  Ca2+) = +590 + 1150 = +1740 kJ mol1
(iii)

How does the trend in ∆H calculated in (c)(ii) relate to the Eo values?
Hence, predict the relative reducing powers of magnesium and calcium.
The less endothermic the ∆H, the more negative the Eo values, the stronger
is the reducing agent. Hence, calcium has a greater reducing power than
magnesium.

(iv)

Account for the difference between the decomposition temperature of CaCO3 and
YCO3.
Ca2+ has a higher charge density than Y2+, hence it is more polarising and
causes greater distortion to the electron cloud and CaCO3 is thus less
stable to heat.
[6]
[Total: 20]
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2

(a)

Compound X, CH3CH=CHCHClCH3, reacts with alcoholic KCN according to the
following equation:
CH3CH=CHCHClCH3 + CN–  CH3CH=CHCH(CN)CH3 + Cl–
To investigate the above reaction, two separate experiments were performed using
different initial concentrations of CN. In each experiment, the concentration of X in
the reaction mixture was determined at different times as the reaction progresses.
The same graph was obtained in both experiments, as shown below:
The following results were obtained:
[X] /mol dm-3

[CN]1 and [CN]2

time /min
(i)

Explain why the reaction requires an alcoholic instead of an aqueous medium
to take place.
Halogenoalkane X is not soluble in water as it cannot form hydrogen
bond with water.
[1]

(ii)

Referring to the graphs above, deduce the order of reaction with respect to
each of the reactants, CN– and X.
For [X]-time graph, it shows two constant half-lives of 115 min.
Hence, reaction is first order w.r.t. X.
Gradient of the tangent at time=0 remains the same for two different
initial [CN–], the reaction rate is independent of [CN–]. Hence, reaction is
zero order w.r.t. CN–.
[2]
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(iii)

State, with a reason, whether the reaction proceeds by the SN1 or SN2
mechanism.
Since the reaction is 1st order w.r.t. X and zero order w.r.t. CN–, the ratedetermining / slow step involves 1 molecule of X and no CN–.
Mechanism is therefore SN1.
[1]

(iv)

Hence, sketch a well labelled reaction pathway diagram for the reaction, given
that the reaction is exothermic.

Energy
+
CH3CH=CHCHCH3
+ Cl– + CN–
CH3CH=CHCHClCH3 + CN–

CH3CH=CHCH(CN)CH3 + Cl–
Reaction Progress
[2]
(v)

The reaction of the compound, CH3CH2CH2CHClCH3 with alcoholic KCN
occurs via a mixture of SN1 and SN2 mechanisms. Propose a rate equation for
the reaction.
Rate = k1[CH3CH2CH2CHClCH3] + k2[CH3CH2CH2CHClCH3][CN]
[1]

(vi)

Suggest why the reaction of X is more likely than that of CH3CH2CH2CHClCH3
to exhibit the mechanism stated in (ii).

+

The carbocation formed with X is CH3CH=CHCHCH3. As the p-orbital of
the positively charged carbon overlaps with the p-orbitals of the alkene
carbons, the positive charge is further dispersed. Hence, the carbocation
is stabilized and hence its formation is more favoured.
[2]
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(b)

The enzymatic hydrolysis of glycerides in oils is recently attempted industrially as an
energy-saving method due to mild reaction conditions required. An enzyme such as
lipase, is commonly used to speed up the rate of the hydrolysis of glycerides for the
production of three fatty acids and glycerol, as shown by the structures below:

RCOOH
R'COOH
R''COOH
fatty acids
(i)

CH2CHCH2
OH OHOH
glycerol

Draw the structural formula of glyceride and identify the functional group in the
glyceride.

RCOOCH2
R'COO CH
R''COOCH2
Ester
[1]
(ii)

State the number of sigma and pi bonds surrounding the carbon atom in the
functional group stated in (i). Hence, identify the type of hybridisation of the
carbon atom in the functional group.
3 sigma bonds and 1 pi bond surrounding carbon in ester linkage.
sp2 hybridisation
[1]

(iii)

The following graph shows how the rate of enzymatic hydrolysis of glyceride
varies with increasing substrate concentration, [S] with a fixed amount of lipase
used under fixed temperature. Suggest an explanation for the shape of the
curve.
Rate

[S]
Under fixed temp and constant enzyme concentration, the initial rates of
an enzyme catalyzed reaction increases with increase in substrate
concentration. The rate increases till max rate when further increase in
[S] will have no effect on the rate as the enzyme molecules are all
saturated with substrate (working at top speed).
[2]
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(iv)

Besides using catalyst, the rate of reaction can also be increased by increasing
the temperature. The rate of hydrolysis of glyceride is doubled when
temperature increased by 10oC. If the rate of reaction at T oC is r, determine
the new temperature if the rate is increased to 16r. Explain your answer.
Rate is doubled when temperature increased by 10oC. Since the rate is
increased to 16r, rate is increased by 24 times. Hence, the temperature
has been increased by 4 x 10oC = 40oC and the new temperature is
(T + 40)oC.
[2]

(c)

In an experiment involving the decomposition of ammonia, nickel is used as a
catalyst to speed up the rate of decomposition of ammonia at 500oC in a reactor of
volume 10 dm3.
(i)

State the type of catalysis which nickel exhibits and explain how its presence
speeds up the rate of decomposition of ammonia.
Heterogeneous catalysis.
The catalyst provides the surface area allowing the adsorption of the
reactants. The formation of the weak interaction between the reactants
and catalyst help to weaken the bonds in the reactants molecules. Nickel
therefore provides an alternative pathway and reduces the activation
energy of the reaction which increases the rate of reaction.
[3]

(ii)

It was found that at equilibrium of decomposition for the experiment, 90% of
the 6.80 g ammonia has decomposed. Calculate the total pressure of the gas
mixture after reaction.
Initial no. of mol /mol
Change in no. of mol /mol
Final no. of mol /mol

2NH3(g)
6.80 / 17
= 0.400
0.9(0.004)
= 0.360
0.0400

N2(g)
0

3H2(g)
0

+1/2(0.360)
= 0.180
0.180

+3/2(0.360)
= 0.540
0.540

Total no. of moles of gas after reaction
= 0.0400 + 0.180 + 0.540
= 0.760 mol
By PV = nRT
P = (0.760/10 x 10-3)(8.31)(500 + 273)
= 488 kPa
Hence, total pressure of the gas mixture after reaction is 488 kPa.
[2]
[Total: 20]
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This question concerns the transition elements iron and chromium, together with their
compounds.
(a) Iron is the fourth most common element in the Earth’s crust. It is the most common
element (by mass) forming much of Earth’s outer and inner core.
Some reactions of iron are given below:

Step II

Step I
Fe

2+

Fe3+(aq)

Fe (aq)
Step III

NH3(aq)

green precipitate

(i)

deep red solution

Mg

gas Z

State the reagents that could be used for Steps I to III.
Step I: dilute H2SO4
Step II: acidified KMnO4 or K2Cr2O7
Step III: aqueous KSCN
[2]

(ii)

Identify the gas Z and write an equation for its formation.
Gas Z is hydrogen.
Mg + 2H+  Mg2+ + H2
[2]

(iii)

Describe what you would expect to observe when solid calcium carbonate is
added to an aqueous solution of Fe3+.
Effervescence of CO2 gas observed and a red-brown ppt would be seen.
[2]
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(b) The following data are given:

Atomic radius / nm
Ionic radius / nm

Iron

Aluminium

0.116

0.143

0.076 (Fe2+)

0.050

3+

0.064 (Fe )
Explain why the atomic radius of iron is smaller than that of aluminium but the ionic radii
of iron(II) and iron(III) are larger than that of Al3+.
Atomic radius of Fe < Al due to its higher nuclear charge and poor shielding by 3d
electrons. Hence higher effective nuclear charge for Fe, resulting in smaller
radius.
Fe2+ : [Ar]3d6 ; Fe3+:[Ar]3d5 versus Al3+ :[Ne]
The ions of iron have 1 more electron shell compared to Al3+ hence a larger ionic
radii.
[2]
(c) Chromium is the hardest of all known metal elements in the Periodic Table. It is also
odourless and tasteless. The name of the element is derived from the Greek word
"chrōma" meaning colour, because many of its compounds are intensely coloured. The
metal also reacts with oxygen to form a series of oxides.
One of these oxides, CrO2, is often used to coat cassette tapes, due to its high
conductivity and ferromagnetic properties, which provide a good high audio-frequency
response.
When the oxide from a length of tape was dissolved in dilute sulfuric acid, it
disproportionates to give Cr3+ and Cr2O72. The resulting solution needed 20.0 cm3 of
0.015 mol dm3 Fe2+ solution to reduce the Cr2O72 completely to Cr3+.
(i)

Suggest equations for the disproportionation of CrO2 in acid solution and for the
reaction of Cr2O72- with Fe2+ in acid solution.
10H+ + 6CrO2  4Cr3+ + Cr2O72- + 5H2O
6Fe2+ + Cr2O72- + 14H+  6Fe3+ + 2Cr3+ + 7H2O
[2]

(ii)

Use the data to calculate the mass of CrO2 in the length of cassette tape.
6CrO2 ≡ Cr2O72- ≡ 6Fe2+
Amount of Fe2+ used = 0.015 x 0.0200 = 3.00 x 104 mol
Hence amount of CrO2 = 3.00 x 104 mol
Mass of CrO2 = 3.00 x 104 x 84.0 = 0.0252 g
[2]
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(d) The formula of a complex ion can sometimes be found by using a colorimeter. An
aqueous solution of chromium(III) sulfate is green but if aqueous ammonia is added, the
solution turns violet.
To eleven containers each containing 20.0 cm3 of 0.050 mol dm3 of chromium(III)
sulfate, different volumes of 0.40 mol dm3 aqueous ammonia was added. The first
container had 2 cm3 of the aqueous ammonia added, the second 4 cm3 and so on.
Distilled water was added to make up the total volume to 50 cm3. A sample from each
container was then placed in a colorimeter and the reading was recorded. The results
are shown in the figure below:

(i)

Explain the shape of the graph obtained.
From 2 – 15 cm3 aq NH3
As more aqueous ammonia is added, a greater amount of violet complex is
formed. Hence more orange / red light is absorbed resulting in an increase
in absorbance.
However when 15 cm3 of aqueous ammonia is added, the maximum amount
of complex is formed due to the limited amount of Cr3+ present.
Subsequently the other tubes with more than 15 cm3 of Cr3+ will form the
same amount of complex and give the same absorbance resulting in a
constant reading.
[3]

(ii)

Determine the formula of the complex.
Amount of Cr3+ = 0.020 x 0.050 x 2 = 2.00 x 10-3 mol
Amount of NH3(aq) for maximum amount of complex to be formed
= 0.015 x 0.40 = 6.00 x 103 mol
Ratio of Cr3+ : NH3 = 2.00 x 10-3 : 6.00 x 10-3 = 1:3
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Hence formula of complex is [Cr(NH3)3(H2O)3]3+
[2]
(iii)

Account for the difference in colours between the chromium-ammonia complex
and the aqueous chromium(III) ion.
The ligands H2O and NH3 cause d-d splitting of the 3d orbitals on the Cr3+
ion to a different extent. Ligand exchange occurs when aqueous
ammonia is added to the aqueous solution. The energy gap in the d-d
splitting caused by the NH3 ligand is smaller than that of the H2O ligands
hence energy required to promote an electron in the lower set to the
upper set of orbitals is different for the two complexes, resulting in
energy from different parts of the visible light spectrum to be absorbed.
The resultant colour observed is the complement of the light absorbed.
[3]

4

(a)

Ovalbumin is the predominant protein in egg white. Structurally, it consists of 33 %
α–helices, 5 % β–pleated sheets and 62 % random coil folded into a globular shape.
Draw a diagram to show how two strands in ovalbumin can be involved in
maintaining a β–pleated sheet structure. Label any bonds established between the
strands.

[2]
(b)

Some of the amino acids found in ovalbumin are as follows:
alanine
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lysine

serine

The various methods of egg preparation are based on the principle of protein
denaturation, which is accompanied by a change in the taste and appearance of the
egg.
In your answers to this part of the question, reference should be made to the amino
acids in the above table where appropriate.
(i)

When an egg is boiled, the egg white changes from a transparent and
colourless liquid into a white and opaque solid mass. Describe the structural
changes that have taken place in the denaturation of ovalbumin which led to
the change in appearance.
In globular proteins like ovalbumin, amino acids with hydrophilic R
groups like aspartic acid, lysine and serine are located on the surface
whereas amino acids with hydrophobic R groups like alanine and glycine
are located on the inside away from the aqueous medium. Hence,
globular proteins are soluble in water which accounts for the initial
appearance of the egg white.
However, heat from the boiling process denatures the protein, which
disrupts the tertiary structure. This causes the protein to unfold and
exposes amino acids with hydrophobic R groups. This is accompanied
by a loss in solubility, hence the final appearance of the egg white.

(ii)

The Chinese delicacy known as “century egg” is prepared by coating the eggs
with an alkaline clay paste. Through the process, the egg white becomes a
dark brown, translucent jelly.
Suggest how the alkaline clay paste might interact with ovalbumin to bring
about denaturation.
Alkali reacts with acidic –NH3+ groups: –NH3+ + OH-  –NH2 + H2O. This
will disrupt the ionic bonds initially formed between the –CH2CO2- of
aspartic acid and –(CH2)4NH3+ of lysine.
[5]

(c)

At low temperatures, 1, 3, 5–trimethylbenzene reacts with HF and BF3 to form a
yellow solid A. A has the formula C9H13BF4 and conducts an electric current in the
molten state. When heated, A evolves BF3 and regenerates 1, 3, 5–
trimethylbenzene.
The formation of A provides strong confirmation for the mechanism of aromatic
electrophilic substitution.
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(i)

HF and BF3 react to generate the electrophile. By using the Lewis theory of
acids and bases, construct an equation for the reaction between HF and BF3.
HF + BF3  BF4- + H+
[1]

(ii)

Outline the mechanism for this reaction, showing clearly how 1, 3, 5–
trimethylbenzene and BF3 are regenerated when A is heated. Hence, suggest
a structure for A.
Mechanism

Structure of A

[3]
(d)

A fairly stable diazonium salt can be prepared by treating a primary aromatic amine
with nitrous acid in a cool solution:

+

In a process named the Sandmeyer reaction, the –NΞN group can be replaced by a
new group –X when the appropriate reagents are used:
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Some possible identities of X together with the corresponding reagents are shown
below:
Identity of X

reagents and conditions

-Br

HBr and CuBr, room temperature

-H

H3PO2, room temperature

-OH

Cu(NO3)2 and Cu2O, room temperature

This highly versatile reaction is widely used in the synthesis of aromatic compounds.
An example is shown below, with methylbenzene as the starting compound:

(i)

Deduce the structures of Q, R and S.

[3]
(ii)

Hence, state the reagents and conditions for effecting steps I, II and III.
Step I: concentrated HNO3 and concentrated H2SO4, 30oC
Step II: Br2(aq), room temperature
Step III: H3PO2, room temperature
[3]
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(e)

Under the proper conditions, diazonium salts undergo a coupling reaction with
phenol to obtain a brightly coloured azo compound:

The process is a typical electrophilic substitution reaction in which the positively
charged diazonium ion acts as the electrophile that attacks the strongly activated
benzene ring in phenol.
(i)

As shown above, substitution typically takes place at the para rather than at
the ortho position relative to –OH, i.e. position 4 rather than 2. Give a reason
why this occurs.
As the diazonium ion is a relatively bulky electrophile, it will experience
considerable steric hindrance at the ortho position, hence the preference
for the para position.
[1]

(ii)

The structure of an azo compound, H, is given below:

Deduce the structure of the amine and phenol that can be used as starting
materials to synthesize H.

[2]
[Total: 20]
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(a)

Quadratic acid, used medically in the treatment of wart, is an unusual organic
compound with molecular formula, C4H2O4 and has the following structure:

(i)

Suggest what you would see when quadratic acid reacts with:
1.

2,4-dinitrophenylhydrazine agent

Observation : Orange ppt

2.

ethanoyl chloride

Write a balanced equation for each reaction that occurs.
Observation: Steamy fumes
O

OH

O
+

O

OCOCH3
+

2 CH3COCl

OH

O

2 HCl

OCOCH3

[3]
(ii)

Quadratic acid is unusually acidic for an alcohol with a pKa value of 1.5.
Explain why this is so.
The conjugate base of quadratic acid is resonance stabilized such that it
very much resembles a carboxylic acid in its behaviour.
[1]

(iii)

An aqueous solution of quadratic acid is titrated against aqueous sodium
hydroxide.
An acid-base indicator (HIn) has a Ka value of 3.00 x 105 mol dm3.
HIn(aq)

H+(aq) + In(aq)

The acidic form of the indicator (HIn) is red and the basic form (In) is blue.
Given that the indicator appears red when it contains at least 75% of HIn, and
appears blue when it contains at least 75% of In.
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What is the pH range for colour change of this indicator? Based on your
answer, briefly explain if this indicator is suitable for the quadratic acid titration.

Ka 

[ H  ][ In  ]
[ HIn]

K a  [ HIn]
[ In  ]
For 75% red ,

[H  ] 

(3.00  10 5 )(75)
 0.00009 mol dm 3
25
 pH  4.05
For 75% blue,

[H  ] 

(3.00  10 5 )(25)
 0.00001 mol dm 3
75
 pH  5

[H  ] 

The indicator is not suitable as its working range of pH 45 is not within
the range of rapid pH change of 7 – 10 for a weak acidstrong base
titration.
[2]
(b)

A large shipment of quadratic acid is contaminated with boracic acid, BH3O3, which
is widely used as an insecticide.
The standard enthalpy change of combustion of quadratic acid is
–1.26 x 103 kJ mol–1. However, boracic acid does not burn as it is in the fully
oxidised state.
When a 4.91 g sample of contaminated quadratic acid is burned in a bomb
calorimeter, the temperature increases by 3.5 oC.
(i)

Define standard enthalpy change of combustion of quadratic acid.
The standard enthalpy change of combustion of quadratic acid is the
heat change when one mole of quadratic acid is completely burnt in
excess oxygen under standard conditions of 298 K and 1 atm.
[1]

(ii)

Given that the heat capacity of the calorimeter is 13.6 kJ K–1, calculate the
percentage by mass of boracic acid in the sample of contaminated quadratic
acid.
Heat absorbed by bomb calorimeter = 13.6 x 3.5 = 47.6 kJ
Amount of quadratic acid = 47.6 / (1.26 x 103) = 0.0378 mol
Mass of quadratic acid = 0.0378 x 114 = 4.31 g
Mass of boracic acid = 4.91 – 4.31 = 0.60 g
Percentage by mass of boracic acid = 0.60 / 4.91 x 100% = 12.3 %
[2]
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(iii)

Draw the displayed formula of boracic acid to illustrate its shape with respect
to the boron and oxygen atoms. Indicate the bond angles clearly on the
diagram.

O

O

B
H
H
0
0
105
120 O
H
[2]
(c)

Hydrogen cyanide has been used in America to execute convicted murderers. A
carbonyl–based antidote has been developed.
(i)

Name and outline the mechanism of the reaction between propanone and
hydrogen cyanide.
Nucleophilic addition
CN– functions as a nucleophile and it attacks the electron deficient
carbonyl carbon.
–

O
C

+

C N

R + R'

O
R C R'
C N

The tetrahedral intermediate is a strong base and quickly captures a
proton from HCN, regenerating CN–.

O
R C R' + H C N
+ –
C N

H
O
R C R' +

C N

C N
[2]

(ii)

The carbonyl–based antidote X has molecular formula C4H6O2.
X reacts with hydrogen cyanide to form Y, C6H8O2N2. Y reacts with excess hot
acidified potassium dichromate(VI) solution to produce Z, C6H8O6. 2.16 g of Z
(Mr = 176) was dissolved in 250 cm3 of water. 25.0 cm3 of the solution required
24.50 cm3 of 0.100 mol dm3 of sodium hydroxide for complete neutralisation.
Calculate the amount of sodium hydroxide that will be neutralised by one mole
of Z. Hence suggest possible structural formulae of X, Y and Z.
Amount of NaOH = 0.100 x 24.5/1000 = 0.00245 mol
Amount of Z in 25.0 cm3 of the solution
= (2.16 x 25/250) / 176
= 0.001227 mol
Amount of NaOH that will neutralise 1 mol of Z = 2 mol
Hence Z is a dibasic acid.
X is CH3COCH2CHO
X undergoes nucleophilic addition with HCN to form Y.
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Y is CH3C(OH)(CN)CH2CH(OH)CN
The 2 alcohol in Y undergoes oxidation while both the nitrile groups
undergo acid hydrolysis on heating to form dicarboxylic acid Z.
Z = CH3C(OH)(CO2H)CH2COCO2H
[4]
(d)

Lead azide, Pb(N3)2, is used as a shock-sensitive detonator in car airbags. The
impact of a collision causes lead azide to be converted into an enormous amount of
gas that fills the airbag.
(i)

In the determination of solubility product, Ksp of lead azide, 25.0 cm3 of a
saturated solution of lead azide was passed through a cation exchange
column and the column washed down through with water. The washings
required 10.50 cm3 of 6.00 x 103 mol dm3 of NaOH(aq) for complete
neutralisation. The lead(II) ions in the saturated solution replaced all the H+
ions from the cation exchange column such that
Pb2+(aq) + 2H+(column)  Pb2+(column) + 2H+(aq)
Calculate the solubility product of lead azide, stating its units.
Amount of NaOH = (10.50 x 103) (6.00 x103) = 6.30 x 105 mol
From the equation given:
Pb2+(aq)  2H+(aq)
[Pb2+] = (6.30 x 105 / 2 ) / 25 x 103 = 1.26 x103 mol dm3
[N3] = 2(1.26 x103) = 2.52 x103 mol dm3
Ksp = [Pb2+] [N3]2 = (1.26 x103)( 2.52 x103)2 = 8.00 x 109 mol3 dm-9
[2]

(ii)

Draw the Lewis structure of the azide ion.

[1]
[Total: 20]
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2
our possible
e answers, A, B, C, and D. Choosse the one you
y
For eacch question there are fo
conside
er to be corrrect.
1

Th
he diagram below show
ws the strucctural formu
ula of glucos
se.

W
When glucosse reacts with hot acid
dified potass
sium dichro
omate(VI), how many moles of
wa
ater are form
med? Assume the cyc lic ring remains intact after
a
the reaaction.
A 4
B 5
C 6
D 7

2

Clluster deca
ay is one
e rare insttance of scientific phenomena
p
a predicted
d before
exxperimental discovery, where a pa
arent atomiic nucleus emits
e
a clusster of neuttrons and
prrotons that are heavierr than an --particle. One of the first predictioons was the
e nuclear
de
ecay of radium-223.
Ra  C + A
W
Which row in the table correctly
c
desscribes the nuclear ma
ake-up of eleement A?

3

Number of protons

ber of neutro
ons
Numb

A

74

119

B

82

127

C

74

209

D

82

217

A given masss of ideal ga
as occupiess a volume V and exertts a pressurre p at 30 oC.
C
Att which tem
mperature will the same
e mass of th
he ideal gas occupy a volume and
a exert
a pressure 2p
p?
A 20 oC
B

20 K

C

202 oC

D 202 K
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4

The boiling point of water (100 oC) is greater than that of ammonia (–33 oC).
Which statement is a correct explanation of this?
A Ammonia has intramolecular hydrogen bonds, which water does not have.
B The Mr of water is greater than that in ammonia, so van der Waals’ forces are
stronger in water.
C There are, on average, more hydrogen bonds between water molecules than there
are between ammonia molecules.
D The O–H bond requires 460 kJ mol–1 to overcome, while the N–H bond only
requires 390 kJ mol–1 to overcome.

5

The standard enthalpy change of formation of hydrazine, N2H4(g), is x kJ mol–1.
The bond energy of the NN bond is y kJ mol–1.
The bond energy of the H–H bond is z kJ mol–1.
What is the standard enthalpy change of atomisation of hydrazine?
A (x + y + 2z) kJ mol–1
B (y + 2z – x) kJ mol–1
C (x + 2y + 4z) kJ mol–1
D (2y + 4z – x) kJ mol–1

6

The Gsolution and Ssolution for silver chloride are +55.6 kJ mol–1 and +33.2 J mol–1 K–1
respectively.
What is the enthalpy change when 287 g of silver chloride is precipitated under the
same conditions?
A +65.5 kJ
B –65.5 kJ
C +131 kJ
D –131 kJ
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7

The diagram shows the reaction pathway diagram for an uncatalysed reversible
reaction.

The reaction was then catalysed.
What are the changes in the rate constant, equilibrium constant and the reaction
pathway diagram?
Rate constant, k

Equilibrium constant, Kc

A Unchanged

Increase

B Increase

Unchanged

C Increase

Increase

D Increase

Unchanged

Energy profile

Turn Over]

5

8

Steam dissociates at an initial pressure of 1 atm at T K to form hydrogen gas and
oxygen gas.
2H2O(g)
2H2(g) + O2(g)
If the total pressure at equilibrium is 1.3 atm, what is the numerical value of the
equilibrium constant, Kp, of the reaction at T K?
A 0.028
B 0.135
C 0.450
D 0.675

9

The following graphs show the change in pH when four different pairs of acid and base
were titrated against each other.

In each titration, a 1.0 mol dm-3 solution of an acid is gradually added to 20 cm3 of a
1.0 mol dm-3 solution of a base.
Which pair of solutions could not have given any of the graphs above?
A HNO3 and NH3
B HCl and Ca(OH)2
C H2SO4 and NaOH
D CH3COOH and NH3
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11

A solution co
ontains 1 x 10
1 -3 mol dm
m-3 of bromid
de, fluoride, iodide andd sulfate ion
ns. Which
lea
ad (II) com
mpound will be precipittated first when
w
0.01 mol dm-3 oof lead (II) nitrate is
ad
dded dropw
wise to the solution at 2
25 oC?
Comp
pound

olubility prodduct at 25 oC
So

A

Lead (II) bromide

4.0 x 10-5

B

Lead (II) sulfate

1.6 x 10

C

Lead (II) fluoride

2.7 x 10

D

Lead (II) iodide

7.1 x 10

−8
−8
−9

ata Booklett is relevant to this ques
stion.
Usse of the Da
Th
he diagram represe
ents an experimen
nt to determine
E (Sn2+(aq)/S
Sn(s)), the standard el ectrode pottential of tin
n

thhe

value

of

the

25oC
H2 (g) 1 atm
electro
ode
Pt
Stan
ndard tin ha
alf
ce
ell

1 mol ddm-3 H+ (aq)

Th
he e.m.f of the
t cell was
s found to b
be 0.18 V ra
ather than th
he expectedd 0.14 V.
Tw
wo studentss, B and C, suggested possible ex
xplanation.
B:: [H+ (aq)] was
w greater than 1.00 m
mol dm-3.
C:: [Sn2+(aq)] was greate
er than 1.00
0 mol dm-3.
W
Which of theiir suggestio
ons could be
e correct?
nd C
A Both B an
B B only
C C only
D Neither B nor C

Turrn Over]
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12

The graph below shows the first thirteen ionisation energies for element D.

ionisation
energy

number of electrons removed
What can be deduced from the graph about element D?
A It is a transition element.
B It is in Group IV of the Periodic Table.
C It has one electron in its outermost shell.
D It is in the third period (Na to Ar) of the Periodic Table.

13

Use of the Data Booklet is relevant to this question.
The graph below shows the variation in the melting points for eight consecutive
elements in the Periodic Table, all with atomic number below 20.

What statement is correct?
A Element D burns with a brilliant yellow flame.
B Element F conducts electricity at room temperature.
C Element H does not react with air at room temperature.
D Element C is a gas which is chemically inert at room temperature.
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14

Use of the Data Booklet is relevant to this question.
Zinc and magnesium are metals that are widely used in alloys such as Mazak which is
used to make die-cast toys. Each metal forms many compounds containing a M2+ ion.
Which statement about the electron arrangements in the atoms and ions of zinc and
magnesium is correct?
A A zinc atom has fewer electrons than a magnesium atom.
B A Zn2+ ion has one more occupied electron shell than a Mg atom.
C A Zn atom has two more occupied electron shells than a Mg2+ ion.
D A Zn2+ ion has an outer electronic configuration of 4s2, while a Mg2+ ion has an outer
electronic configuration of 3s2.

15

How would the magnitude of the following vary down Group II?
(i)
(ii)
(iii)

the lattice energy of the sulfate, Hlatt,
the standard enthalpy change of hydration of M2+ (g), Hhyd,
the standard enthalpy change of solution of the sulfates, Hsoln.
Hlatt

16

Hhyd

Hsoln

A decreases

decreases

increases

B decreases

increases

increases

C increases

decreases

decreases

D increases

increases

decreases

Which statement is most likely to be true for astatine, the element below iodine in
Group VII of the Periodic Table?
A Astatine reacts with aqueous sodium bromide to given aqueous sodium astatide
and bromine.
B Astatine reacts with aqueous iron(II) ions to give iron(III) ions.
C Hydrogen iodide is more acidic than hydrogen astatide.
D Silver astatide has a lower Ksp value than silver iodide.
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17

The diagram shows bond energies in halogen molecules.

Why does the value for fluorine not follow the trend shown by chlorine, bromine and
iodine?
A Fluorine is more electronegative than the other halogens.
B Lone electron pairs in fluorine repel more strongly than those in the other halogens.
C The bonds in fluorine are more polar than those in the other halogens.
D The bonds in fluorine have some -character.

18

An element J has the electronic configuration [Ar] 3d3 4s2 and forms a series of
oxohalides.
Which oxohalide of J is not likely to be formed?
A JO3
B JO2+
C JO3–
D JCl3

19

Platinum (IV) chloride combines with ammonia to form compounds in which the
coordination number of platinum is 6. A formula unit of one of the compounds contains a
cation and only one chloride ion.
What is the formula of this compound?
A Pt(NH3)6Cl4
B Pt(NH3)5Cl4
C Pt(NH3)4Cl4
D Pt(NH3)3Cl4

Turn Over]

10

20

Compound P is a yellow viscous oil found in plants. It has the following structure.

O
CH3
CH2CH
H3C

CH3
CCH2

CH3
(CH2CH2CHCH2)3H

CH3

What is the total number of stereoisomers for compound P?
A 4
B 8
C 16
D 32

21

Consider the following reactions.
Reaction
I
II

Reactants
CH4, Br2
CH2=CH2, Br2

Conditions
UV light
CCl4

Which of the following is correct about the carbon-containing intermediates formed in
the two reactions?
Carbon-containing intermediate in
Reaction I

Carbon-containing intermediate in
Reaction II

A

pyramidal

electron deficient

B

pyramidal

planar

C

planar

electron rich

D

planar

pyramidal
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22

An organic compound, on heating with an excess of hot concentrated acidic
KMnO4(aq), produces CH3COCH2COCH2CH2COCH2COOH and CH3COCH3.
What could the organic compound be?
B

A

CH3

H3C
(H3C)2C
C(CH3)2

O

CH3

CH3
C

D

CH3

CH=C(CH3)2

CH2CH=C(CH3)2

O

23

CH3

Three halogeno compounds can be synthesised from an organic compound K by the
following routes:

CH2COOH

CHClCOOH

K

L

CH2COCl

CHBrCOOH
N

M

When compounds K, L, M and N (not necessarily in that order) are added to separate
portions of water, solutions are formed with pH values of 0.5, 2.5, 3.0 and 3.5.
Which pH value is associated with K, L, M and N?
pH = 0.5

pH = 2.5

pH = 3.0

pH = 3.5

A

L

N

K

M

B

K

N

L

M

C

M

K

N

L

D

M

L

N

K
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24

Nitrile Q undergoes the two reactions as shown below.
Product : Ethanoic acid

Nitrile Q

Product
reduction

hydrolysis

What would be produced when the two products from the two reactions are mixed?
A CH3CONHCH2CH3
B CH3CH2CONHCH2CH3
C [CH3CH2NH3+][CH3COO—]
D [CH3CH2CH2NH3+][CH3CH2COO—]

25

Which reagent cannot be used to distinguish between compounds R and S under
suitable conditions?

CH3
H

H C C
O

HO C C
CH3

O

CH2

Br

H
CHO

R

S

A alkaline iodine solution
B alkaline copper(II) solution
C ethanolic silver nitrate solution
D silver diammine complex
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26

Compound T can be made from phenol. Which are the correct reagents and conditions
for steps I, II and III of this synthesis?
OH
OH

OH

I

NH2

OH
NO2

NH2 III

II

NO2
T
I

27

II

III

A concentrated HNO3, r.t.p.

LiAlH4 in dry ether, r.t.p.

Aqueous NH3, heat

B concentrated HNO3, r.t.p.

Sn, excess concentrated
HCl, reflux followed by
NaOH(aq)

dilute HNO3, r.t.p.

C dilute HNO3, r.t.p.

LiAlH4 in dry ether, r.t.p.

Ethanolic NH3, heat in a
sealed tube

D dilute HNO3, r.t.p.

Sn, excess concentrated
HCl, reflux followed by
NaOH(aq)

dilute HNO3, r.t.p.

Which sequence shows the correct order of increasing pKb in an aqueous solution of
equal concentration?
A C2H5CONH2 < C2H5NH2 < C2H5NH3+Cl— < C2H5COCl
B C2H5NH2 < C2H5COOCH3 < C2H5COOH < C2H5COCl
C C2H5NH2 < C2H5CONH2 < CH3CH(Cl)COOH < C2H5COOH
D C2H5NH3+Cl— < C2H5COOCH3 < C2H5COOH < CH3CH(Cl)COOH

28

Phenylethanoate undergoes acid hydrolysis in the presence of water labelled with the
18
O isotope.
Which product is formed?
A C6H518OH
B C2H518OH
C C6H5CO18OH
D CH3CO18OH
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29

The following three amino acids exist as the following structures at neutral pH.

A mixture containing the three amino acids was placed in a solution of pH 2 and
subjected to electrophoresis as follows.

Which filter paper shows a possible result of the separation of the amino acid mixture at
pH 2?

30

A

B

C

D

A hexapeptide, U, is hydrolysed to the following dipeptides:

Ileu–Val
Ala–Pro
Lys–Leu
Carboxypeptidase, an enzyme which hydrolyses the peptide bond of an amino acid
residue at the C–terminus, acts on U to liberate valine. 2,4–dinitrofluorobenzene reacts
with an amino acid residue at the N–terminus of U to form 2,4–dinitrophenylalanine.
Which is the amino acid sequence of polypeptide U?
A Ala–Pro–Lys–Leu–Ileu–Val
B Val–Ileu–Lys–Leu–Pro–Ala
C Ileu–Val–Ala–Pro–Lys–Leu
D Lys–Leu–Ala–Pro–Ileu–Val
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For questions 31 – 40, one or more of the numbered statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct. The responses A to D should be
selected on the basis of
A
1, 2 and 3
are correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only
is correct

No other combination of statements is to be used as correct response.
31

Oxygen dissolved in the sea is critical for the survival of ocean life. It was found in a
study that the solubility of oxygen is higher in water of lower salinity than in water of
higher salinity. Oxygen is also more soluble in the colder, deeper parts of the ocean.
Which are possible explanations for the above observations?

32

1

The dissolving of oxygen in water is an exothermic process.

2

Oxygen is soluble in water due to intermolecular hydrogen bonding.

3

Oxygen is less soluble in water of higher salinity due to interference from iondipole interactions.

Alcohol dehydrogenases (ADH) are a group of dehydrogenase enzymes that occur in
many organism and facilitate the interconverison between alcohols and aldehydes or
ketone. In humans, they serve to break down alcohol which is toxic. It is also used in
fermentation in the production of ethanol.
CH3CHO + 2[H]  CH3CH2OH
The graph shows how the rate of the enzyme-catalysed reaction varies with the
concentration of ethanal.

Which statement best explains the reason for the flattening of the curve?
1

At high ethanal concentrations, all the active sites in the enzyme molecules are
occupied by ethanal molecules.

2

As the ethanol product builds up, the reaction slows down.

3

All ethanal has been used up and the reaction is completed.
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34

In which processes will S be positive?
1

Evaporation of a solvent from a solution.

2

Adding a polar solute to a non-polar solvent.

3

Spreading out a solution on a clean surface.

In a car engine, non-metallic element V forms a pollutant oxide W.
Further oxidation of W to X occurs spontaneously in the atmosphere. In this further
oxidation, 2 mol of W reacts with 1 mol of gaseous oxygen. X can dimerise at specific
conditions.
Which statements about V, W and X are correct?

35

1

V forms a basic hydride.

2

W is a diatomic molecule.

3

X is a polar molecule.

Use of the Data Booklet is relevant to this question.

The unbalanced equation below involves manganese species in acid medium.
MnO42–

Mn2+ + MnO4–

Which statements are true?

36

1

This is a disproportionation reaction.

2

Unequal amounts of Mn2+ and MnO4– ions are formed.

3

The 3d electrons in Mn2+ ions are unpaired.

Which statements are true?
1

Pentan-1-ol is less soluble in polar solvent than ethanol.

2

The melting point of aminoethanoic acid is higher than that of ethanamide due to
the presence of stronger hydrogen bonding present.

3

The
boiling
point
of
2,2,3,3-tetramethylbutane
is
higher
than
2,3,3-trimethylpentane due to the longer parent carbon chain which allow more
extensive intermolecular van der Waals’ forces of attraction.
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37 Bacteria have been suggested as a possible means of cleaning up spillages. Some
bacteria contain enzymes that can insert one or more oxygen atoms into any carbonhydrogen bond in an alkane. This converts a water-insoluble alkane into a water-soluble
alcohol, for example,

CH3CH3

CH3CH2OH

Which alcohols could be obtained by this process from (CH3)2CHCH2CH3?
1

(CH3)2CHCH2CH2OH

2

CH3CH(OH)CH(CH3)2

3

(CH3)2C(OH)CH(OH)CH3

38 Monomer Y reacts with diphenol Z to give a polymer as shown in the reaction scheme
below.

HO

CH3
C
CH3

OH

H
C CH2Cl

H2C

Y

Z

O

HO

O

CH3
C
CH3

H

H H

O C C C O
H

OH H

CH3
C
CH3

OH

Z

CH3
C
CH3

O

polymer

Which statements are correct?
1

In the reaction, nucleophilic substitution takes place.

2

One mole of HCl is removed for each unit of the polymer formed.

3

Both monomer Z and the polymer formed give a purple complex with neutral iron
(III) chloride solution.
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Penicillin is widely used to kill bacteria. The general structure of a penicillin molecule is
given below.
O
O

CO2H
C

N
R = an aryl group

R

N

S

H

Which products are formed when penicillin is boiled with excess aqueous sodium
hydroxide?
1
+-

Na

O
O-Na+

R

CO2- Na+

O2C

HN

and
H2N

S

2
O
O-Na+

R

CO2- Na+

Na+ - O2C

H2N

and
H3N

3

S

O
O
R

CO2- Na+
C

O-Na+

N

and
H2N

S

40 Thyroxine is a hormone which controls the metabolic rate. It has the following structure:
I

I
HO

O

CH2CHCO2H
I

I

NH2

Which properties of thyroxine are correct?
1

It can decolourise dilute chlorine at all temperatures.

2

It can form a tripeptide with cysteine and proline.

3

It can exist as zwitterions.

END
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Answer
1

Th
he diagram below show
ws the strucctural formu
ula of glucos
se.

W
When glucosse reacts with hot acid
dified potass
sium dichro
omate(VI), how many moles of
wa
ater are form
med? Assume the cyc lic ring remains intact after
a
the reaaction.
A 4
B 5
C 6
D 7
Answerr: B
One 1o alcohol con
nverted to carboxylic
c
a cid: RCH2OH
O + 2[O]  RCOOH + H2O
o
Four 2 alcohols co
onverted to ketones: R
RR’CHOH + [O]  RR’C
C=O + H2O
5 mol o
of H2O forme
ed in total.

2

Clluster deca
ay is one
e rare insttance of scientific phenomena
p
a predicted
d before
exxperimental discovery, where a pa
arent atomiic nucleus emits
e
a clusster of neuttrons and
prrotons that are heavierr than an --particle. One of the first predictioons was the
e nuclear
de
ecay of radium-223.
Ra 

C +A

W
Which row in the table correctly
c
desscribes the nuclear ma
ake-up of eleement A ?
Number of protons

Numb
ber of neutro
ons

A

74

119

B

82

127

C

74

209

D

82

217

Answerr: B
Number of protonss in A = 88 – 6 = 82
Number of neutron
ns in 223-radium = 223
3 – 88 = 135
5
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2
Number of neutrons in 14-carbon = 14 – 6 = 8
Number of neutrons in X = 135 – 8 = 127

3

A given mass of ideal gas occupies a volume V and exerts a pressure p at 30 oC.
At which temperature will the same mass of the ideal gas occupy a volume
a pressure 2p?
A
B
C
D

and exert

20 oC
20 K
202 oC
202 K

Answer: D
pV = nRT
(2p)( ) = nR(xT)
(pV) = x(nRT)
x=
Original T = 30 + 273 = 303 K
New T = × 303 = 202 K

4

The boiling point of water (100 oC) is greater than that of ammonia (–33 oC).
Which statement is a correct explanation of this?
A Ammonia has intramolecular hydrogen bonds, which water does not have.
B The Mr of water is greater than that in ammonia, so van der Waals’ forces are
stronger in water.
C There are, on average, more hydrogen bonds between water molecules than there
are between ammonia molecules.
D The O–H bond requires 460 kJ mol–1 to overcome, while the N–H bond only
requires 390 kJ mol–1 to overcome.

Answer: C

5

The standard enthalpy change of formation of hydrazine, N2H4(g), is x kJ mol–1.
The bond energy of the NN bond is y kJ mol–1.
The bond energy of the H–H bond is z kJ mol–1.
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What is the standard enthalpy change of atomisation of hydrazine?
A (x + y + 2z) kJ mol–1
B (y + 2z – x) kJ mol–1
C (x + 2y + 4z) kJ mol–1
D (2y + 4z – x) kJ mol–1

Answer: B

By Hess’ Law,
Ha = –Hf + BE(NN) + 2BE(H–H) = (y + 2z – x) kJ mol–1

6

The GsolutionƟ and SsolutionƟ for silver chloride are +55.6 kJ mol–1 and +33.2 J mol–1 K–1
respectively.
What is the enthalpy change when 287 g of silver chloride is precipitated under the
same conditions?
A +65.5 kJ
B –65.5 kJ
C +131 kJ
D –131 kJ

Answer: D
G = H – TS
55.6 = HsolutionƟ – (298)(0.0332)
HsolutionƟ = +65.49 kJ mol–1
HpptƟ = –65.49 kJ mol–1
For 2 mol of AgCl precipitated, enthalpy change is –131 kJ.
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7

The diagram shows the reaction pathway diagram for an uncatalysed reversible
reaction.

The reaction was then catalysed.
What are the changes in the rate constant, equilibrium constant and the reaction
pathway diagram?
Rate constant, k

Equilibrium constant, Kc

A Unchanged

Increase

B Increase

Unchanged

C Increase

Increase

D Increase

Unchanged

Energy profile

Answer: D
Introduction of catalyst affected only the rate and rate constant will increase.
Kc however, is not affected by catalyst.
Graph is correct as catalyst merely lower the Ea and does not change the H.
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8

Steam dissociates at an initial pressure of 1 atm at T K to form hydrogen gas and
oxygen gas.
2H2O(g)

2H2(g) + O2(g)

If the total pressure at equilibrium is 1.3 atm, what is the numerical value of the
equilibrium constant, Kp, of the reaction at T K?
A 0.028
B 0.135
C 0.450
D 0.675
Answer: D
2H2O(g)
Initial pressure
Change
Eqm pressure

1
-x
1-x

2H2(g)
0
+x
x

+

O2(g)
0
+ x/2
x/2

1.3 = 1 -x + x + (x/2)
0.3 = x/2
x = 0.6
Kp = [(0.6)2(0.3)]/(0.4)2
= 0.675
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The following graphs show the change in pH when four different pairs of acid and base
were titrated against each other.

−3

3

In each titration, a 1.0 mol dm solution of an acid is gradually added to 20 cm of a
−3

1.0 mol dm solution of a base.
Which pair of solutions could not have given any of the graphs above?
A HNO3 and NH3
B HCl and Ca(OH)2
C H2SO4 and NaOH
D CH3COOH and NH3
Answer B
HNO3 and NH3 represented by top right graph
H2SO4 and NaOH represented by bottom right graph (note the endpt for this graph)
CH3COOH and NH3 represented by bottom left graph
HCl and Ca(OH)2 not represented as more volume of acid (40cm3) is required.
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A solution contains 1 x 10-3 mol dm-3 of bromide, fluoride, iodide and sulfate ions. Which
lead (II) compound will be precipitated first when 0.01 mol dm-3 of lead (II) nitrate is
added dropwise to the solution at 25oC ?
Compound
A Lead(II) bromide
B Lead(II) sulphate

Solubility product at 25oC
4.0 x 10-5

C Lead(II) fluoride

2.7 x 10

D Lead(II) iodide

7.1 x 10

1.6 x 10

−8

−8

−9

Answer: B
For lead halide: IP = [Pb2+][X-]2
= (0.01)(1x10-3)2
= 1 x 10-8 mol3 dm-9
IP of Lead (II) bromide < Ksp (no ppt)
IP of Lead(II) fluoride < Ksp (no ppt)
IP of Lead(II) iodide > Ksp (ppt)
For lead sulfate: IP = [Pb2+][SO42-]
= (0.01)(1x10-3)
= 1 x 10-5 mol2 dm-6
IP >> than the Ksp, precipitation will occur readily
To determine the critical concentration of Pb2+ to bring about precipitation for lead(II) iodide
and lead(II) sulfate.
For lead (II) sulfate:

1.6 x 10-8 = [Pb2+](1 x 10-3)
Min [Pb2+] = 1.6 x 10-5 mol dm-3

For lead (II) iodide:

7.1 x 10-9 = [Pb2+](1 x 10-3)2
Min [Pb2+] = 7.1 x 10-3 mol dm-3

Thus lead (II) sulfate requires lesser Pb2+ to bring about precipitation.
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Usse of the Da
ata Booklett is relevant to this ques
stion.
Th
he diagram
m represents an e
experiment to determ
mine the
(S
Sn2+(aq)/Sn((s)), the standard electtrode potential of tin

value of the E

25oC
H2 (g) 1 atm
electro
ode
Pt
Stan
ndard tin ha
alf
ce
ell

1 mol ddm-3 H+ (aq)

Th
he e.m.f of the
t cell was
s found to b
be 0.18 V ra
ather than th
he expectedd 0.14 V.
Tw
wo studentss, B and C, suggested possible ex
xplanation.
B:: [H+ (aq)] was
w greater than 1.00 m
mol dm-3
C:: [Sn2+(aq)] was greate
er than 1.00
0 mol dm-3
W
Which of theiir suggestio
ons could be
e correct?
nd C
A Both B an
B B only
C C only
D Neither B nor C
Answer: B
E(Sn2+/Sn) = -0.14
4V
E(H+/H2 ) = 0 (red)

(oxd)

Reactio
on occurring
g: 2H+ + 2e  H2
Sn + 2e  Sn2+
Ecell = Ered – Eoxd
= 0 + 0.14
If it is > 0.14, oxida
ation is favo
oured or red
duction was favoured
[Sn2+] ccannot be grreater than 1 mol dm-3 as it will ca
ause the Eceell to decreasse.
[H+] can
n be greaterr than 1 mo
ol dm-3 as it will facilitate reduction (by LCP) aand Ered willl become
more po
ositive  Ecell becomes more possitive
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12

The graph below shows the first thirteen ionisation energies for element D.

ionisation
energy

number of electrons removed
What can be deduced from the graph about element D?
A It is a transition element.
B It is in Group IV of the Periodic Table.
C It has one electron in its outermost shell.
D It is in the third period (Na to Ar) of the Periodic Table.

Answer: B
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Use of the Data Booklet is relevant to this question.
The graph below shows the variation in the melting points for eight consecutive
elements in the Periodic Table, all with atomic number below 20.

What statement is correct?
A
B
C
D
Ans: C

Element D burns with a brilliant yellow flame.
Element F conducts electricity at room temperature.
Element H does not react with air at room temperature.
Element C is a gas which is chemically inert at room temperature.

A is F, B is Ne, C is Na, D is Mg, E is Al, F is Si, G is P, H is S
S burns in oxygen to form SO2.

14

Use of the Data Booklet is relevant to this question.
Zinc and magnesium are metals that are widely used in alloys such as Mazak which is
used to make die-cast toys. Each metal forms many compounds containing a M2+ ion.
Which statement about the electron arrangements in the atoms and ions of zinc and
magnesium is correct?
A A zinc atom has fewer electrons than a magnesium atom.
B A Zn2+ ion has one more occupied electron shell than a Mg atom.
C A Zn atom has two more occupied electron shells than a Mg2+ ion.
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n has an ou
uter electron
nic configurration of 4s2, while a Mgg2+ ion has an outer
D A Zn2+ ion
electronicc configurattion of 3s2.
Answerr : C
Zn: [Ar]3d10 4s2
Mg: [Ne
e] 3s2

15

Zn2+: [A
Ar] 3d10
2+
Mg : [N
Ne]

Ho
ow would th
he magnitud
de of the folllowing vary
y down Group II?
(i))
(ii)
(iii)

the lattice energy
y of the sulffate, Hlatt,
the sttandard enth
halpy chang
ge of hydration of M2+ (g), Hhyd,
the sttandard enth
halpy chang
ge of solutio
on of the su
ulfates, Hssoln.

Hlatt
es
A decrease
es
B decrease
C increasess
D increasess
Answerr : A

H
Hhyd
de
ecreases
inccreases
de
ecreases
inccreases

Hsoln
increasses
increasses
decreaases
decreaases

In all Grroup II sulfa
ates, M2+ an
nd SO42-: q+ , q- and r- are
a the sam
me.

qq_

H 
r r

latt

 catio
on size, r + increases

 But ssince anion
nic size of SO
S 42-, r – is very big,
incre
ease in r+ appear
a
insiignificant.

|H laatt| decrease
es slightly

H hyd (M 2  ) 

q
r

Down the group,
 cationicc size, r + incrreases
 |Hhyd| decreases significantlyy

Overalll effect, going down the
t group:
|Hlatt| dec
creases les
ss significa
antly than |
Hhyd|
|Hsoln| of Group
G
II sulfates becom
mes more positive
p
/ endothermi
e
ic.
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Which statement is most likely to be true for astatine, the element below iodine in Group
VII of the Periodic Table?
A Astatine reacts with aqueous sodium bromide to given aqueous sodium astatide
and bromine.
B Astatine reacts with aqueous iron (II) ions to give iron (III) ions.
C Hydrogen iodide is more acidic than hydrogen astatide.
D Silver astatide has a lower Ksp value than silver iodide.

Answer : D

Option A : Wrong.
 At cannot displace Br- as it is less reactive than Br.
Option B: Wrong.
 At is a weaker oxidizing agent therefore, may not oxidize Fe2+ to Fe3+.
Option C: Wrong.
 H-At is more acidic because H-At bond is weaker than HI thus it is easier
for H-At to dissociate into its H+ ions.
Option D: Correct
 Down the group, Ksp decreases as Hhyd(At-) is proportional to q / r since
ionic radius increases.

17

The diagram shows bond energies in halogen molecules.

Why does the value for fluorine not follow the trend shown by chlorine, bromine and
iodine?
A Fluorine is more electronegative than the other halogens.
B Lone electron pairs in fluorine repel more strongly than those in the other halogens.
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C The bonds in fluorine are more polar than those in the other halogens.
D The bonds in fluorine have some π-character.
Answer : B
F-F bonds in fluorine are non-polar.

18

An element J has the electronic configuration [Ar] 3d3 4s2 and forms a series of
oxohalides.
Which oxohalide of J is not likely to be formed?
A JO3
B JO2+
C JO3–
D JCl3

Answer : A
[Ar] 3d3 4s2 : Group V (Element : Vanadium)
Maximum oxidation no. of Vanadium : +5
A
B
C
D

19

VO3  +6 (impossible to form a compound higher than its own O.S.)
VO2+  +5
VO3-  +5
VCl3  +3

Platinum(IV) chloride combines with ammonia to form compounds in which the
coordination number of platinum is 6. A formula unit of one of the compounds contains a
cation and only one chloride ion.
What is the formula of this compound?
A Pt(NH3)6Cl4
B Pt(NH3)5Cl4
C Pt(NH3)4Cl4
D Pt(NH3)3Cl4

Answer : D
Cation in complex has a charge of 1+ (only one corresponding Cl– anion), hence there must
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be 3 chloride ligands dative bonded to the Pt(IV) atom to give an overall charge of 1+. As Pt
has a coordination number of 6, there are 3 more ammonia ligands bonded to it.
Formula of complex is [Pt(NH3)3(Cl)3]+ Cl–

20

Compound P is a yellow viscous oil found in plants. It has the following structure.

O
CH3
CH2CH
H3C

CH3
CCH2

CH3
(CH2CH2CHCH2)3H

CH3

What is the total number of stereoisomers for compound P?
A 4
B 8
C 16
D 32
Answer: B

O
CH3
CH2CH
H3C

CH3

CH3
CCH2

CH3
(CH2CH2CHCH2)3H
*

2 chiral
centre

There are 2 chiral carbon and 1 carbon-carbon double bond that can display cis-trans
isomerism. Therefore n = 3
No. of stereoisomers =23=8
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Consider the following reactions.
Reaction
I
II

Reactants
CH4, Br2
CH2=CH2, Br2

Conditions
uv light
CCl4

Which of the following is correct about the carbon-containing intermediates formed in
the two reactions?

Carbon-containing intermediate in
Reaction I

Carbon-containing intermediate in
Reaction II

A

pyramidal

electron deficient

B

pyramidal

planar

C

planar

electron rich

D

planar

pyramidal

Answer : A
Intermediate of reaction I is CH3

(pyramidal in shape)

Intermediate of reaction II is H2C – CH3 (electron deficient and not planar)

22

An organic compound, on heating with an excess of hot concentrated acidic
KMnO4(aq), produces CH3COCH2COCH2CH2COCH2COOH and CH3COCH3.
What could the organic compound be?
A

B

H3C

CH3

(H3C)2C
O

C(CH3)2

CH3

CH3
C

D
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CH3

CH=C(CH3)2

CH2CH=C(CH3)2

O

CH3

Answer : C
1

CH3

8

2
3

O

9

10 11

H3C1

CH2CH=C(CH3)2
7
6

4
5

12

+

5[O]
O

C

O
C4
CH2
3

O

8

6

2

CH2 OH
CH2
CH2 C 7
C9
5

O

O

+

C
H3C

11

10

CH3

12

Only structure C produces the two compounds given, on strong oxidation with hot acidified
KMnO4.
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Three halogeno compounds can be synthesised from an organic compound K by the
following routes:

CH2COOH

CHClCOOH

K

L

CH2COCl

CHBrCOOH
N

M

When compounds K, L, M and N (not necessarily in that order) are added to separate
portions of water, solutions are formed with pH values of 0.5, 2.5, 3.0 and 3.5.
Which pH value is associated with K, L, M and N?

pH = 0.5

pH = 2.5

pH = 3.0

pH = 3.5

A

L

N

K

M

B

K

N

L

M

C

M

K

N

L

D

M

L

N

K

Answer : D
pH measures the acidity of the compound, if the conjugate salt is being stabilized by the
substitutent attached to it, it will be more acidic.
M will has the lowest pH (it is the most acidic) as it will react with water to form RCOOH and
HCl. For L and N, it has electron withdrawing substituent group (Cl and Br) which will help to
stabilize the conjugate ion. Cl, being the stronger electron withdrawing groups will help to
stabilize more as compared to Cl thus L has a lower pH than N. K has the highest pH.
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Nitrile Q undergoes the two reactions as shown below.
Product

Product : Ethanoic acid

Nitrile Q
reduction

hydrolysis

What would be produced when the two products from the two reactions are mixed ?
A CH3CONHCH2CH3
B CH3CH2CONHCH2CH3
C [CH3CH2NH3+][CH3COO-]
D [CH3CH2CH2NH3+][CH3CH2COO-]
Answer : C
Nitrile Q is CH3CN
CH3CN reduces to form CH3CH2NH2 (product of a step-up reaction)
CH3CH2NH2 undergoes neutralisation with CH3COOH to form an amide salt,
[CH3CH2NH3+][CH3COO-]

25

Which reagent cannot be used to distinguish between compounds R and S under
suitable conditions?

CH3
H

H C C
O

HO C C
CH3

O

CH2

Br

H
CHO

R

S

A alkaline iodine solution
B alkaline copper(II) solution
C ethanolic silver nitrate solution
D silver diammine complex
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Answer: D
A : R undergoes oxidation with alkaline iodine solution to give yellow ppt as it contains

structure but B does not give yellow ppt with alkaline iodine solution.
B : R has a aliphatic aldehyde group and will undergo oxidation with Fehling’s solution
(alkaline copper (II) ) to give a brick red ppt of Cu2O.
C : S undergoes nucleophilic substitution with silver nitrate solution to give cream ppt of AgBr
but A would not give cream ppt of AgBr.
D : Both R and S has aldehyde groups and will undergo oxidation with Tollen’s solution
(silver diamine complex) to give a silver mirror or black ppt of Ag2O.

26

Compound T can be made from phenol. Which are the correct reagents and conditions
for steps I, II and III of this synthesis?

OH
OH

OH

I

NH2

OH
NO2

NH2 III

II

NO2
T
I

II

III

A concentrated HNO3, r.t.p.

LiAlH4 in dry ether, r.t.p.

Aqueous NH3, heat

B concentrated HNO3, r.t.p.

Sn, excess concentrated
HCl, reflux followed by
NaOH(aq)

dilute HNO3, r.t.p.

C dilute HNO3, r.t.p.

LiAlH4 in dry ether, r.t.p.

Ethanolic NH3, heat in a
sealed tube

D dilute HNO3, r.t.p.

Sn, excess concentrated
HCl, reflux followed by
NaOH(aq)

dilute HNO3, r.t.p.

Answer : D
Concentrated HNO3 will give multiple substitution of phenol.
Reduction of nitrobenzene requires Sn+excess concentrated HCl, reflux followed by
NaOH(aq).
Dilute HNO3 is used to substitute a nitro group at position 4.
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Which sequence shows the correct order of increasing pKb in an aqueous solution of
equal concentration?
A C2H5CONH2 < C2H5NH2 < C2H5NH3+Cl- < C2H5COCl
B C2H5NH2 < C2H5COOCH3 < C2H5COOH < C2H5COCl
C C2H5NH2 < C2H5CONH2 < CH3CH(Cl)COOH < C2H5COOH
D C2H5NH3+Cl- < C2H5COOCH3 < C2H5COOH < CH3CH(Cl)COOH

Answer : B

Lower pKb = Higher Kb = Higher basicity
A : C2H5NH2 contains an amine –NH2. Hence, it is basic with the highest pH
B : C2H5COOCH3 is an ester. Esters are neutral hence pH is 7.
C : C2H5COOH is a carboxylic acid. It is resonance stabilised as the negative charge is
delocalised across the 2 oxygen atoms. Hence, carboxylic acids are acidic hence pH <
7.
D : C2H5COCl is an acyl chloride. It dissociates in water readily to form CH3CH2COOH and
HCl. HCl is completely dissociated into H+ and Cl- ions hence the H+ ions in solution
accounts for the high acidity. pH <<< 7

28

Phenylethanoate undergoes acid hydrolysis in the presence of water labelled with the
18
O isotope.
Which product is formed?
A C6H518OH
B C2H518OH
C C6H5CO18OH
D CH3CO18OH

Answer : D
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The following three amino acids exist as the following structures at neutral pH.

A mixture containing the three amino acids was placed in a solution of pH 2 and
subjected to electrophoresis as follows.

Which filter paper shows a possible result of the separation of the amino acid mixture at
pH 2?
A

B

C

D

Answer : D
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30

A hexapeptide, U, is hydrolysed to the following dipeptides:
Ileu–Val
Ala–Pro
Lys–Leu

Carboxypeptidase, an enzyme which hydrolyses the peptide bond of an amino acid
residue at the C–terminus, acts on U to liberate valine. 2,4–dinitrofluorobenzene reacts
with an amino acid residue at the N–terminus of U to form 2,4–dinitrophenylalanine.
Which is the amino acid sequence of polypeptide U?
A Ala–Pro–Lys–Leu–Ileu–Val
B Val–Ileu–Lys–Leu–Pro–Ala
C Ileu–Val–Ala–Pro–Lys–Leu
D Lys–Leu–Ala–Pro–Ileu–Val
Answer : A

Amino acid residue at N terminus: alanine (Ala)
Amino acid residue at C terminus: valine (Val)
Thus U is (N) Ala-Pro-Lys-Leu-Ileu-Val (C).
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For questions 31 – 40, one or more of the numbered statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct. The responses A to D should be
selected on the basis of
A
1, 2 and 3
are correct

B
1 and 2 only
are correct

C
2 and 3 only
are correct

D
1 only
is correct

No other combination of statements is to be used as correct response.
31

Oxygen dissolved in the sea is critical for the survival of ocean life. It was found in a
study that the solubility of oxygen is higher in water of lower salinity than in water of
higher salinity. Oxygen is also more soluble in the colder, deeper parts of the ocean.
Which are possible explanations for the above observations?
1

The dissolving of oxygen in water is an exothermic process.

2

Oxygen is soluble in water due to intermolecular hydrogen bonding.

3

Oxygen is less soluble in water of higher salinity due to interference from iondipole interactions.

Answer : A (1, 2 and 3)

1. Oxygen is more soluble in colder water, ie. when temperature is lowered.
Hence, the dissolving of oxygen must be a process that releases heat.
2. The H atom bonded to an O atom in H2O can form hydrogen bonds with the
lone pair of electrons on the oxygen atom in an O2 molecule.
3. When salt content in water increases, there are more extensive ion-dipole
interactions that involve H2O molecules. Hence, H2O molecules are not as
available to interact with the O2 molecules.
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32

Alcohol dehydrogenases (ADH) are a group of dehydrogenase enzymes that occur in
many organism and facilitate the interconverison between alcohols and aldehydes or
ketone. In humans, they serve to break down alcohol which is toxic. It is also used in
fermentation in the production of ethanol.
CH3CHO + 2[H]  CH3CH2OH
The graph shows how the rate of the enzyme-catalysed reaction varies with the
concentration of ethanal.

Which statement best explains the reason for the flattening of the curve?

2

At high ethanal concentrations all the active sites in the enzyme molecules are
occupied by ethanal molecules.
As the ethanol product builds up the reaction slows down.

3

All ethanal has been used up and the reaction is completed.

1

Answer : D (1 only)

1. At high ethanal concentrations all the active sites in the enzyme molecules are
occupied by ethanal molecules. Rate remains constant thereafter.  TRUE
2. build-up of ethanol product should not cause the rate to slow down.  FALSE
3.

33

For statement 3: Should all ethanal be used up, rate will decrease and drop to
zero since reaction has ceased.  FALSE

In which processes will S be positive?
1

Evaporation of a solvent from a solution.

2

Adding a polar solute to a non-polar solvent.

3

Spreading out a solution on a clean surface.

Answer : D (1 only)
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1. As the solvent evaporates, there is a phase change from liquid to gas, which
results in an increase in disorderliness.
2. No mixing will occur, hence no change in disorderliness.
3. No changes occur to the particles in the solution, hence no change in
disorderliness.

34

In a car engine, non-metallic element V forms a pollutant oxide W.
Further oxidation of W to X occurs spontaneously in the atmosphere. In this further
oxidation, 2 mol of W reacts with 1 mol of gaseous oxygen. X can dimerise at specific
conditions.
Which statements about V, W and X are correct?
1

V forms a basic hydride.

2

W is a diatomic molecule.

3

X is a polar molecule.

Answer : A (1, 2 and 3)

V is Nitrogen, W is nitrogen monoxide (NO), X is nitrogen dioxide (NO2)
1. Hydride NH3 is basic
2. NO is a diatomic molecule
3. 2NO + O2  2NO2
NO2 is a polar molecule and dimerises to form N2O4

35

Use of the Data Booklet is relevant to this question.

The unbalanced equation below involves manganese species in acid medium.
MnO42–

Mn2+ + MnO4–

Which statements are true?
1

This is a disproportionation reaction.

2

Unequal amounts of Mn2+ and MnO4– ions are formed.

3

The 3d electrons in Mn2+ ions are unpaired.

Answer : A (1, 2 and 3)
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1. Mn undergoes both oxidation and reduction simultaneously (oxidation number of
Mn changes from +6 in MnO42- to +2 in Mn2+ and +7 in MnO4-)
2. Overall equation: 5MnO42- + 8H+  4MnO4- + Mn2+ + 4H2O

3. Electronic configuration of Mn2+ is [Ar] 3d5

36

Which statements are true?
1

Pentan-1-ol is less soluble in polar solvent than ethanol.

2

The melting point of aminoethanoic acid is higher than that of ethanamide due to
the presence of stronger hydrogen bonding present.

3

The
boiling
point
of
2,2,3,3-tetramethylbutane
is
higher
than
2,3,3-trimethylpentane due to the longer parent carbon chain which allow more
extensive intermolecular van der Waals’ forces of attraction.

Answer : D (1 only)

Statement 2 is wrong as aminoethanoic acid exists as zwitterion and hence they have
strong ionic bond not hydrogen bond.
Statement 3 is wrong as 2,2,3,3-tetramethylbutane boiling point is lower than 2,3,3trimethylpentane due to branding.

37 Bacteria have been suggested as a possible means of cleaning up spillages. Some
bacteria contain enzymes that can insert one or more oxygen atoms into any carbonhydrogen bond in an alkane. This converts a water-insoluble alkane into a water-soluble
alcohol, for example,

CH3CH3

CH3CH2OH

Which alcohols could be obtained by this process from (CH3)2CHCH2CH3?
1

(CH3)2CHCH2CH2OH

2

CH3CH(OH)CH(CH3)2

3

(CH3)2C(OH)CH(OH)CH3

Answer : A (1, 2 and 3)
1

(CH3)2CHCH2CH2OH
(CH3)2CHCH2CH3

2

(CH3)2CHCH2CH2OH

CH3CH(OH)CH(CH3)2
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CH3CH2HCH(CH3)2
3

CH3CH(OH)CH(CH3)2

(CH3)2C(OH)CH(OH)CH3
(CH3)2CHCH2CH3

(CH3)2C(OH)CH(OH)CH3

38 Monomer Y reacts with diphenol Z to give a polymer as shown in the reaction scheme
below.

HO

CH3
C
CH3

OH

H
C CH2Cl

H2C
O

Z

O

HO

CH3
C
CH3

Y

CH3
C
CH3

H

H H

O C C C O
H

OH H
polymer

OH
Z

CH3
C
CH3

O

Which statements are correct?
1

In the reaction, nucleophilic substitution takes place.

2

One mole of HCl is removed for each unit of the polymer formed.

3

Both monomer Z and the polymer formed give a purple complex with neutral iron
(III) chloride solution.

Answer : B (1 and 2 only)
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Nucleophilic Substitution

CH3
C
CH3

OH

O

CH3
C
CH3

HO

Nucleophilic Substitution

H
C CH2Cl

H2C
O

HO

HCl is removed

H H H
O C C C O
H OH H

CH3
C
CH3

CH3
C
CH3

OH

O

1 and 2 are correct.
3 is wrong as it has no phenol group to give a purple complex with neutral iron (III)
chloride solution.

39

Penicillin is widely used to kill bacteria. The general structure of a penicillin molecule is
given below.
O
O

CO2H
C

N
R = an aryl group

R

N

S

H

Which products are formed when penicillin is boiled with excess aqueous sodium
hydroxide?
1
Na+ - O2C

O
O-Na+

R

CO2- Na+
HN

and
H2N

S

2
+-

Na

O
O-Na+

R

O2C

CO2- Na+
H2N

and
H3N

3

S

O
O
R

CO2- Na+
C

O-Na+

N

and
H2N

S

Answer : D (1 only)
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“boiled with NaOH(aq)” => amide bonds will be hydrolysed to form –CO2–Na+ and –
NH2 .
“Neutralisation of acidic carboxylic group” => carboxylic acid group will form carboxylate
salt

40 Thyroxine is a hormone which controls the metabolic rate. It has the following structure:
I

I
HO

O
I

CH2CHCO2H
I

NH2

Which properties of thyroxine are correct?
1

It can decolourise dilute chlorine at all temperatures.

2

It can form a tripeptide with cysteine and proline.

3

It can exist as zwitterions.

Answer : C (2 and 3 only)
1

It can decolourise dilute chlorine at all temperatures.
 False
All 2, 4, 6 positions of the phenol are occupied, hence easy electrophlic
substitution will not occur.

2

It can form a tripeptide with cysteine and proline.
True
Cysteine and Proline can each form a peptide bond with the amine and
carboxyl group present

3

It can exist as zwitterions.
True
Amine and carboxyl group present can form zwitterions in aqueous solution

END OF PAPER 1
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Answer all questions in the space provided
Planning
1 Hard water, or water that contains high mineral content, such as calcium ions, pose
serious problems in many industries. Other potential ions that could be present include
zinc (through corrosion of pipings) and aluminium ions (whereby aluminium salts are
added during the water purification process to start certain precipitation reactions).
You are provided with a water sample that may contain the cations Ca2+, Al3+ and Zn2+.
The solution may also contain carbonate ions, CO32–, and halide ions (either bromide or
iodide).
You are given only the following to conduct your test.



(a)

Reagent
aqueous ammonia
aqueous sodium hydroxide
dilute sulfuric acid





Apparatus
tests tubes
funnel
filter paper

Using the above only, write out a plan to separate each cation into three separate
solutions.
In your plan you should:
 give a full description of the procedures you would use;
 indicate the expected observations in each step.
....................................................................................................................................
..................................................................................................................................
....................................................................................................................................
..................................................................................................................................
....................................................................................................................................
..................................................................................................................................
....................................................................................................................................
..................................................................................................................................
....................................................................................................................................
..................................................................................................................................
....................................................................................................................................
..................................................................................................................................
....................................................................................................................................
..................................................................................................................................
[5]
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(b)

A student proposed to use concentrated sulfuric acid instead of dilute sulfuric acid
in (a).
(i)

Discuss how this change may affect the expected observations in (a).
........................................................................................................................

(ii)

........................................................................................................................
Identify one potential safety hazard when the student make this change
and state how you would minimise this risk.
........................................................................................................................
........................................................................................................................
[4]

(c)

You are also required to identify the anions present in the solution.
(i)

Propose two reagents to identify and distinguish between CO32– and halide
ion.
........................................................................................................................

(ii)

Outline how you would use your chosen reagents, including conditions, to
determine the anions present in the solution.
In your plan you should:
 give a full description of the of the order of adding the reagent;
 quantity of reagent and apparatus used;
 indicate the expected observations.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
[3]

[Total: 12]
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Iodometry is a technique used to analyse the concentration of an oxidising agent.
To a sample of hydrogen peroxide, excess but known amount of iodide is used which
the oxidising agent oxidises the iodide to triiodide ion. The triiodide ion solution is then
titrated against standard thiosulfate solution using starch indicator. The reactions are
illustrated below.
Reaction 1 : H2O2 + 3I- + 2H+  I3- + 2H2O
Reaction 2 : I3- + 2S2O32-  3I - + S4O62(a)

Iodine exists as a black solid at standard conditions. An aqueous solution of
iodine can only be prepared by dissolving iodine in excess potassium iodide,
KI (aq) to form a dark reddish-brown solution.
(i) Suggest a reason for the insolubility of iodine in water.
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................

(ii) Suggest with an equation, how the addition of excess potassium iodide aids
in making iodine more soluble.
.........................................................................................................................
(iii) Draw the structure of I3- formed and suggest its shape.

Shape: …………………………….

[4]
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(b) 250 cm3 of hydrogen peroxide was reacted with acidified iodide ions of various
concentrations in a series of experiment named Run C.
The concentration of the triiodide liberated at respective times can be determined
via the iodometric titration.
Run C was conducted with concentration of hydrogen peroxide held constant at
0.0300 mol dm-3 while varying the concentration of iodide. It is known that the rate
of reaction is independent to hydrogen ions.
The rate of reaction can be measured by the increase in the concentration of
triiodide formed over time and it was found out that the maximum concentration of
triiodide produced was 240 x 10-3 mol dm-3 in Run C.
The concentration of hydrogen peroxide used in run D was 0.0200 mol dm-3.

SRJC
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(i) Using the graph above and relevant information, determine the order of
reaction with respect to hydrogen peroxide, iodide and hydrogen ion.

(ii) In run C, the excess hydrogen peroxide was titrated
10.00 cm3 of 0.10 mol dm-3 of acidified potassium manganate(VII).

with

Determine the total amount of triiodide formed.

[8]
[Total : 12]
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3

In the 1970s, a new compound, fukinolic acid, was isolated from the leaves, leaf stems,
and flower stalks of the plant, Petasites japonicus. Hydrolysis of fukinolic acid produced
other compounds, one of which is fukiic acid, C11H12O8.
The data given in the table below are based on 1 mole of fukiic acid.
Reaction

Reagent

Amount
required
in mol

Observation(s)

1

Potassium metal

6

Colourless gas collected.
White solid formed which is soluble in water.

2

Dilute NaOH

4

Colourless solution formed.

3

Cr2O72- / H+
heat under reflux

1

Unknown compound X (Mr = 270) gives orange
precipitate with Brady’s reagent.

4

Thionyl chloride

4

Pungent choking gas
Thick white fumes obtained which bleaches
damp blue litmus.

5

Concentrated HNO3

3

Yellow liquid formed.

6

LiAlH4 in dry ether

2

Colourless solution formed.

7

Ethanolic NaBH4

1

No reaction

In this question, when identifying the functional groups, your answers should be unambiguous.

(a)

Comment if fukiic acid is aromatic.
...................................................................................................................................

(b)

...................................................................................................................................
[1]
State the number of moles of gas formed in reaction 1.
(i)
……………………………
(ii)

List the likely functional groups present in reaction 1.
…………………………………………………………………………………………

(iii) Which of the functional group(s) you have named in (b)(ii) is confirmed by
reaction 4?
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
[4]
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(c)

(i)

What is the type of reaction taking place in reaction 2 ?
…………………………………………………………………………………………

(ii)

What is the role of the reagents used in reactions 6 and 7?
…………………………………………………………………………………………

(iii) Suggest possible reason(s) to the difference in the observations made in
reactions 6 and 7.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
(iv) State which reaction, other than reaction 2, confirms your deduction of the
functional group present in fukiic acid.
Explain your rationale clearly.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………

(d)

(i)

…………………………………………………………………………………………
[5]
Deduce the molecular formula of unknown X formed in reaction 3.
…………………………………..

(ii)

What type of reaction takes place when Brady’s reagent is added to
unknown X ?
………………………………….

(iii) Suggest the functional group(s) present in (d)(ii) and make clear, logical
deductions from reaction 3 only.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
[5]
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(f)

You now have enough information to determine the structural formula of
fukiic acid.
(i)

Propose the structure of fukiic acid.

(ii)

Explain clearly why you have placed the functional groups in their particular
positions.
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………
[2]
[Total : 17]
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4

Ascorbic acid is an antioxidant commonly found in fruits, better known as vitamin C. Its
structure is as shown below.

OH
O

HO

O

H
OHA

OHB

ascorbic acid
(Mr = 176.0)
When ascorbic acid dissociates in aqueous solution, the proton labelled HA is released
to form the ascorbate ion.
Values of the acid dissociation constant, Ka, for ascorbic acid and other organic acids
are given below.
formula

Ka / mol dm–3

Ascorbic acid

given above

7.9 × 10–5

Acetic acid

CH3COOH

1.8 × 10–5

Formic acid

HCOOH

1.8 × 10–4

acid

(a)

(i)

Write the acid dissociation constant expression for ascorbic acid.

(ii)

Hence or otherwise, calculate the pH of 0.5 mol dm–3 ascorbic acid.

(iii)

With the aid of a labelled diagram, explain why HA is the acidic proton.

…………………………………………………………………………………………
…………………………………………………………………………………………
[5]
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(b) Kordel’s Acid Free C is a health supplement that provides vitamin C in the form of
the non-acidic calcium ascorbate. This is suitable for consumption by people with
sensitive stomachs who are unable to tolerate vitamin C in its original acidic form.
(i)

Write an equation to show how non-acidic vitamin C is effective in controlling
acidity levels in the stomach.

(ii)

Calculate the pH of a solution of ascorbic acid and calcium ascorbate at its
optimal buffering capacity.

(iii)

Given that the mass of ascorbic acid used to create the buffer solution in
(b)(ii) is 5.00 g, find the change in pH when 0.01 g of calcium hydroxide is
added to the buffer solution.

[4]
(c)

Write balanced equations for any reaction that occurs when calcium ascorbate is
added separately to acetic acid and formic acid. If nothing is formed, write ‘no
reaction’ and explain your answer clearly.
………………………………………………………………………………………………..
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………….
[3]
[Total : 12]
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(a)

The Beckmann rearrangement reaction is one useful method of preparing amides
by heating an oxime with concentrated sulfuric acid. An example for the synthesis
of N-methylethanamide is shown below.

N

OH

NH
O

The reaction is thought to proceed via the following stages.
H

N

OH
H+

N

I

O

N
H

H

II

O

H+

H

III

N
H

O

H

NH

–H+

IV

O

A
(i) Name the type of reaction occurring in step I.
………………………………..
(ii) State the oxidation number of nitrogen in compound A.
………………………………
(iii) Outline the mechanism occurring in the step IV, showing clearly the
movement of lone pairs of electrons with the use of curly arrows.

[3]
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(b) Aminocaproic acid is commonly used to treat excessive postoperative bleeding.
The Beckmann rearrangement can be used as the second step in the synthesis of
aminocaproic acid from cyclohexanone.
O

N

NH2OH

OH

conc. H2SO4
heat

I

B

III

C
Titrate with NaOH
until pH = pI

+

CO2-

H3N

aminocaproic acid
(i) Suggest the type of reaction occurring in step I.
……………………………….
(ii) State the reagents and conditions used in step III.
………………………………
(iii) Draw the structures of compounds B and C.

C

B

[4]
[Total: 7]
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(a)

Group II alkali metals and its compounds are used extensively. In particular,
strontium salts (such as oxides, nitrates and carbonates) are commonly used as
an inexpensive colorant in pyrotechnics as they emit brilliant flames when
combusted.
(i)

State the colour emitted in the combustion of strontium salts.
…………………………….................

(ii)

Strontium carbonate acts as a weak Lewis base and can be used to produce
strontium nitrate by simple use of the corresponding acid.
Write a chemical equation for the described chemical reaction.
………………………………………………………………………………………..

(iii)

‘Despite having similar thermal stabilities, carbonates are generally preferred
over nitrates as they are not hygroscopic.’
Explain why nitrates are less preferred.
………………………………………………………………………………………..
………………………………………………………………………………………..
………………………………………………………………………………………..
[3]
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(b)

Group II carbonates decompose in a similar manner as the nitrates. The following
table shows the temperature at which group II carbonates decompose.

MgCO3

0.065

Decomposition
temperature / K
523

CaCO3

0.099

1098

SrCO3

0.113

x

BaCO3

0.135

1573

Carbonate

Ionic radius / nm

(i) Using the given data, plot a graph on the grid provided below for
decomposition temperature against ionic radius.
1800
1600
1400
1200
1000
800
600
400
200
0
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

(ii) From your graph, state the decomposition temperature of strontium
carbonate.
………………………………………………
(iii) Using your plotted graph, comment on the thermal stability of group II
carbonates.
………………………………………………………………………………………..
………………………………………………………………………………………..
………………………………………………………………………………………..
………………………………………………………………………………………..
[6]
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(c)

Given the following information on strontium oxide and strontium carbonate,
construct an energy level diagram to determine the enthalpy change of formation
of carbon dioxide gas.
SrO (s) + CO2 (g)  SrCO3 (s)

H = - 234 kJ mol-1

2SrO (s)  2Sr (s) + O2 (g)

H = +1184 kJ mol-1

2SrCO3 (s)  2Sr (s) + 2C (s) + 3O2 (g)

H = +2440 kJ mol-1

Hf (CO2) = ___________ kJ mol-1

[3]
[Total : 12]
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2013 SRJC Prelim Paper H2 Chemistry P2 Suggested Solutions
1 Hard water, or water that contains high mineral content, such as calcium ions, pose
serious problems in many industries. Other potential ions that could be present include
zinc (through corrosion of pipings) and aluminium ions (whereby aluminium salts are
added during the water purification process to start certain precipitation reactions).
You are provided with a water sample that may contain the cations Ca2+, Al3+ and Zn2+.
The solution may also contain carbonate ions, CO32–, and halide ions (either bromide or
iodide).
You are given only the following to conduct your test.



(a)

Reagent
aqueous ammonia
aqueous sodium hydroxide
dilute sulfuric acid





Apparatus
tests tubes
funnel
filter paper

Using the above only, write out a plan to separate each cation into three separate
solutions.
In your plan you should:
 give a full description of the procedures you would use;
 indicate the expected observations in each step.
[5]
Steps
1
2

Test
Add 1 cm3 of the sample
solution into a test tube.
Add
excess
sodium
hydroxide

Observations
White ppt
produced.

of

Ca(OH)2

will

be

There may be slight dissolving of
white ppt when NaOH is added in
excess due to presence of Al3+ and
Zn2+ ions.
3

4
5

6

Filter any precipitate being White ppt of Ca(OH)2 will be collected
formed.
as residue.
Al3+ and Zn2+ ions will be soluble and
collected in the filtrate as Al(OH)4– and
Zn(OH)42- ions as a colourless
solution.
Add dilute sulfuric acid
Effervescence may be seen if CO32– is
present.
Add aqueous ammonia in White ppt of Al(OH)3 may be formed.
excess.
White ppt of Zn(OH)2 may be formed,
which is soluble in excess.
Filter any precipitate being White ppt of Al(OH)3 will be collected
formed.
as residue.
Zn2+ ions will be soluble and collected
in the filtrate as Zn(OH)42- ions as a
colourless solution.
1

2
(b)

A student proposed to use concentrated sulfuric acid instead of dilute sulfuric acid
in (a).
(i)

Discuss how this change may affect the expected observations in (a).
In the presence of a halide ion, concentrated sulfuric acid will act as an
oxidising agent and react with the halide ions. This will interfere with the
results as the coloured halogens produced may mask the white ppt of the
metal hydroxides formed.

Identify one potential safety hazard when the student make this change
and state how you would minimise this risk.
[4]
Concentrated sulfuric acid is a corrosive acid.

(ii)

The student may adopt any one of the following :
1. Conduct the experiment in a fume hood
2. Wear safety goggles and gloves to prevent any contact with the eyes and
skin.
(c)

You are also required to identify the anions present in the solution.
(i)

Propose two reagents to identify and distinguish between CO32– and halide
ion.
For CO32–: dilute sulfuric acid.
For halide ions: aqueous silver nitrate.

(ii)

Outline how you would use your chosen reagents, including conditions, to
determine the anions present in the solution.
H2O2 = 0.03 mol dm-3
In your plan you should:
 give a full description of the of the order of adding the reagent;
 quantity of reagent and apparatus used;
 indicate the expected observations.
[3]
To 1 cm3 of the sample in a test tube, add dilute sulfuric acid first,
followed by the aqueous silver nitrate.
No marks for switching sequence as the ppt produced will mask the CO2
effervescence being formed.
Observations:
Effervescence will be produced if carbonate ions are present.
Ppt will be produced if halides are present:
1. For bromide: cream ppt of AgBr
2. For iodide: yellow ppt of AgI
[Total : 12]

2

3
2
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d which
the oxidising agent
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ses the iodid
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e triiodide ioon solution is then
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ons are
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ow.
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Iodine exists
e
as a black solid
d at standa
ard conditio
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[4]
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n
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3

4

(i) Using the graph above and relevant information, determine the order of
reaction with respect to hydrogen peroxide, iodide and hydrogen ion.

Rate of reaction is independent to change in [H+]
 zero order w.r.t. H+
Taking Run C only, since [H2O2] is constant at 0.30 and order of reaction is
zero wrt H+, the varied [I -] causes the product of [I3- ] to change.
Mentioned in the question the maximum concentration of [I3-] obtained is
240 x 10-3 mol dm-3, using half-life method from the graph (show clear
working on graph)
Consistent half-life of 180 s was observed  1st order reaction wrt to I-

4

5
Taking the initial rate for Run C and Run D where [I-] are constant while
[H2O2] is varied.
Let rate = k [H2O2]y[I-]

50  103
From Run C, initial rate =
 8.33  104 mol dm-3 s-1
60
70  103
From Run D, initial rate =
 5.83  104 mol dm-3 s-1
120
raterunC k[I ] [0.03]y

raterunD k[I ] [0.02]y
Comparing Run C and Run D:

8.33  104 k[I ] [0.03]y

5.83  104 k[I ] [0.02]y
 y  0.8
 y 1

Therefore,
order of reaction w.r.t. hydrogen peroxide = 1
Rate = k[H2O2][I-] (not required by question)
(ii) In run C, the excess hydrogen peroxide was titrated
10.00 cm3 of 0.10 mol dm-3 of acidified potassium manganate(VII).

with

Determine the total amount of triiodide formed.
Amt of H2O2 initial = (250/1000) x 0.03 = 7.5 x 10-3 mol
From the reaction b/w H2O2 and KMnO4: 5H2O2  2MnO4Amt of MnO4- = (10/1000) x 0.10 = 1 x 10-3 mol
Amt of H2O2 remaining = 5/2 x 1 x 10-3 = 2.5 x 10-3 mol
Amt of H2O2 reacted = 7.5 x 10-3 – 2.5 x 10-3 = 5.0 x 10-3 mol
H2O2 + 3I- + 2H+  I3- + 2H2O
Amt of I3- produced = 5.0 x 10-3 mol
[8]
[Total : 12]

5

6
3

In the 1970s, a new compound, fukinolic acid, was isolated from the leaves, leaf stems,
and flower stalks of the plant, Petasites japonicus. Hydrolysis of fukinolic acid produced
other compounds, one of which is fukiic acid, C11H12O8.
The data given in the table below are based on 1 mole of fukiic acid.
Reaction

Reagent

Amount
required
in mol

Observation(s)

1

Potassium metal

6

Colourless gas collected.
White solid formed which is soluble in water.

2

Dilute NaOH

4

Colourless solution formed.

3

Cr2O72- / H+
heat under reflux

1

Unknown compound X (Mr = 270) gives orange
precipitate with Brady’s reagent.

4

Thionyl chloride

4

Pungent choking gas
Thick white fumes obtained which bleaches
damp blue litmus.

5

Concentrated HNO3

3

Yellow liquid formed.

6

LiAlH4 in dry ether

2

Colourless solution formed.

7

Ethanolic NaBH4

1

No reaction

In this question, when identifying the functional groups, your answers should be unambiguous.

(a)

Comment if fukiic acid is aromatic.
[1]
From the given molecular formula, fukiic acid has comparable no. of C and H
atoms and at least 6 C atoms, hence it has a benzene ring (aromatic).

(b)

(i)

State the number of moles of gas formed in reaction 1.

3 moles of H2.
(ii)

List the likely functional groups present in reaction 1.

alcohol, phenolic, and carboxylic acid groups
(iii) Which of the functional group(s) you have named in (b)(ii) is confirmed by
reaction 4?
[4]
Fukiic acid undergoes nucleophilic substitution with 4 moles of SOCl2.
Fukiic acid has 2 phenolic groups or (since only alcohol and carboxylic acid
groups react with SOCl2)
(c)

(i)

What is the type of reaction taking place in reaction 2 ?
Neutralisation

6

7
(ii)

What is the role of the reagents used in reactions 6 and 7?
Reducing agent

(iii) Suggest possible reason(s) to the difference in the observations made in
reactions 6 and 7.
NaBH4 is not selective enough to reduce the carboxylic acid groups
present. / NaBH4 selectively reduces carbonyl compounds and there are no
carbonyl compounds present in fukiic acid.
(iv) State which reaction, other than reaction 2, confirms your deduction of the
functional group present in fukiic acid.
Explain your rationale clearly.
[5]
In reaction 2, fukiic acid has 2 carboxylic acid groups (since only
phenolic and carboxylic acid groups react with NaOH).
In reaction 6, only LiAlH4 is selective enough a reducing agent to reduce
carboxylic acids.
(d)

(i)

Deduce the molecular formula of unknown X formed in reaction 3.
C11H10O8

(ii)

What type of reaction takes place when Brady’s reagent is added to
unknown X ?
Condensation

(iii) Suggest the functional group(s) present in (d)(ii) and make clear, logical
deductions from reaction 3 only.
[5]
Carbonyl/ketone
Fukiic acid has 1 secondary alcohol and 1 tertiary alcohol group
[since from the formula no O was added (hence no primary alcohol resent
as it wouuld be oxidized to carboxylic acid) and only 2H were removed
(hence only 1 secondary alcohol and the remaining alcohol group must be
tertiary].
(f)

You now have enough information to determine the structural formula of
fukiic acid.
(i)

Propose the structure of fukiic acid.
OH
HO

CH2

OH

OH

C

C

H

COOH COOH

Structure of fukiic acid
7

8

[Other possible structures are acceptable as long as they have 2 phenolic
groups on positions 1 and 3, 2 carboxylic acid groups, 1 secondary alcohol
and 1 tertiary alcohol]

(ii)

Explain clearly why you have placed the functional groups in their particular
positions.
[2]
From reaction 5, multiple electrophilic substitutions can take place on the
ring. Since 3 moles of conc HNO3 are reacted, this suggests that the
phenolic groups must be on positions 1 and 3 and the side chain must
be at position 4.
[Total : 17]

4

Ascorbic acid is an antioxidant commonly found in fruits, better known as vitamin C. Its
structure is as shown below.

OH
O

HO

O

H
OHA

OHB

ascorbic acid
(Mr = 176.0)
When ascorbic acid dissociates in aqueous solution, the proton labelled HA is released
to form the ascorbate ion.
Values of the acid dissociation constant, Ka, for ascorbic acid and other organic acids
are given below.
formula

Ka / mol dm–3

Ascorbic acid

given above

7.9 × 10–5

Acetic acid

CH3COOH

1.8 × 10–5

Formic acid

HCOOH

1.8 × 10–4

acid

(a)

(i)

Write the acid dissociation constant expression for ascorbic acid.
Ka =

OH
O

HO

O

H
where RO– is

-

O

OHB

8

9

(ii)

Hence or otherwise, calculate the pH of 0.5 mol dm–3 ascorbic acid.
[H+] =
= √7.9 10
0.5
= 0.006285 mol dm–3
pH = –lg(0.006285) = 2.20

(iii)

With the aid of a labelled diagram, explain why HA is the acidic proton.
[5]
The conjugate base formed when HA is released is stabilised via
intramolecular H bonding as shown below.

(b) Kordel’s Acid Free C is a health supplement that provides vitamin C in the form of
the non-acidic calcium ascorbate. This is suitable for consumption by people with
sensitive stomachs who are unable to tolerate vitamin C in its original acidic form.
(i)

Write an equation to show how non-acidic vitamin C is effective in controlling
acidity levels in the stomach.

OH

OH
O

HO

O

(ii)

O

H

H
-

O

HO

O

OH + H+ 

OH

OH

Calculate the pH of a solution of ascorbic acid and calcium ascorbate at its
optimal buffering capacity.
pH = pKa = –lg(7.9 × 10–5) = 4.10

(iii)

Given that the mass of ascorbic acid used to create the buffer solution in
(b)(ii) is 5.00 g, find the change in pH when 0.01 g of calcium hydroxide is
added to the buffer solution.
[4]
Initial amount of ascorbic acid = Initial amount of ascorbate ion
.
=
= 0.02841 mol
Amount of OH- added =

.

.
.

x 2 = 2.700 × 10–4 mol
9

10

pH change = lg
(c)

= lg

.

.

.

.

= 0.00826

Write balanced equations for any reaction that occurs when calcium ascorbate is
added separately to acetic acid and formic acid. If nothing is formed, write ‘no
reaction’ and explain your answer clearly.
[3]
Let calcium ascorbate be (RO)2Ca.
CH3COOH + (RO)2Ca  no reaction
2HCOOH + (RO)2Ca  (HCOO)2Ca + 2ROH
Formic acid is a stronger acid than ascorbic acid, since the Ka value of formic acid
is larger than that of ascorbic acid. Hence, sodium ascorbate will undergo
neutralisation with formic acid to form sodium formate and ascorbic acid.

5

(a)

[Total : 12]
The Beckmann rearrangement reaction is one useful method of preparing amides
by heating an oxime with concentrated sulfuric acid. An example for the synthesis
of N-methylethanamide is shown below.

N

OH

NH
O

The reaction is thought to proceed via the following stages.
H

N

OH
N

H+

I

O

N
H

H

II

O

H+

H

III

N
H

O

H

NH

–H+

IV

O

A
(i) Name the type of reaction occurring in step I.
Neutralisation
(ii) State the oxidation number of nitrogen in compound A.
N: –1
(iii) Outline the mechanism occurring in the step IV, showing clearly the
movement of lone pairs of electrons with the use of curly arrows.
[3]

N
H

O

H
NH

+

H+

O

(b) Aminocaproic acid is commonly used to treat excessive postoperative bleeding.
10

11
The Beckmann rearrangement can be used as the second step in the synthesis of
aminocaproic acid from cyclohexanone.
O

N

NH2OH

I

OH

conc. H2SO4
heat

B

III

C
Titrate with NaOH
until pH = pI

+

CO2-

H3N

aminocaproic acid

(i) Suggest the type of reaction occurring in step I.
Condensation
(ii) State the reagents and conditions used in step III.
H2SO4(aq), heat
(iii) Draw the structures of compounds B and C.
[4]
H
O

N

B:
+

C:

H3N

CO2H

[Total: 7]

6

(a)

Group II alkali metal and its compounds are used extensively. In particular,
strontium salts (such as oxides, nitrates and carbonates) are commonly used as
an inexpensive colorant in pyrotechnics as they emit brilliant flames when
combusted.
(i)

State the colour emitted in the combustion of strontium salts.
Crimson Red / Brilliant Red/ Red.

(ii)

Strontium carbonate acts as a weak Lewis base and can be used to produce
strontium nitrate by simple use of the corresponding acid.
Write a chemical equation for the described chemical reaction.

11

12
SrCO3 + 2HNO3  Sr(NO3)2 + CO2 + H2O
(iii)

‘Despite having similar thermal stabilities, carbonates are generally preferred
over nitrates as they are not hygroscopic.’
Explain why nitrates are less preferred.
[3]
All nitrates are soluble hence more likely to absorb moisture in the air. The
presence of water makes it more difficult to store as a desiccant, hence
affects its performance.

(b)

Group II carbonates decompose in a similar manner as the nitrates. The following
table shows the temperature at which group II carbonates decompose.

MgCO3

0.065

Decomposition
temperature / K
523

CaCO3

0.099

1098

SrCO3

0.113

x

BaCO3

0.135

1573

Carbonate

Ionic radius / nm

(i) Using the given data, plot a graph on the grid provided below for
decomposition temperature against ionic radius.

12

13

1800
1600
1400
1200
1000
800
600
400
200
0
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

1800
1600

Ionic radius / nm

1400
1200
1000
800
600
400
200
0
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Decomposition T / K
(ii) From your graph, state the decomposition temperature of strontium
carbonate.
Decomposition temperature of strontium carbonate = 1450 K

13

14
(iii) Using your plotted graph, comment on the trend of the thermal stability of
group II carbonates.
As observed from the data, decomposition temperature α thermal
stability.
Down group II,
 ionic size of cation increases
 charge density of cation decreases
 polarising power of cation decreases
 polarising effect on CO32- anion decreases or the ability of the
cation to distort the anion charge cloud of CO32- decreases
 thermal stability of group II carbonates increases
 decomposition temperature increases
[6]
(c)

Given the following information on strontium oxide and strontium carbonate,
construct an energy level diagram to determine the enthalpy change of formation
of carbon dioxide gas.
SrO (s) + CO2 (g)  SrCO3 (s)

H = -234 kJ mol-1

2SrO (s)  2Sr (s) + O2 (g)

H = +1184 kJ mol-1

2SrCO3 (s)  2Sr (s) + 2C (s) + 3O2 (g)

H = +2440 kJ mol-1
[3]

Using energy level diagram :

Energy
0

2Sr (s) + 2C (s) + 3O2 (g) __________
2Hf CO2
__ 2Sr(s) + O2 (g) + 2CO2 (g)
H = +2440 kJ mol-1
H = -1184 kJ mol-1

__2SrO (s) + 2CO2 (g)______
H = 2(-234) kJ mol-1
2SrCO3 (s)__________________________________
By Hess Law
+ 2440 + 2Hf CO2 - 1184 – 2(234) = 0
Hf CO2 = -394 kJ mol-1
[3]
[Total : 12]
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1

Phosphorus is the thirteenth element in the world to be discovered and due to this is
sometimes referred to as the Devil’s element. The reference is also made due to its
versatility in forming chemical species with explosive and toxic nature.
(a)

One example of a highly reactive phosphorus-containing ion is phosphonium, PH4+.
(i)

Write a balanced chemical equation for the reaction between phosphonium
iodide and potassium hydroxide to form phosphine, PH3.

(ii)

Hence, suggest a suitable method of measuring the rate of reaction.

(iii)

Draw a ‘dot-and-cross’ diagram showing the electrons (outer shells only) in
the phosphonium ion, and use the VSEPR (valence shell electron pair
repulsion) theory to predict its shape.
You may find both a written description and a 3-dimensional sketch useful in
your answer.

(iv)

The bond angle in ammonia is 107.8o.
Predict the H – P – H bond angle in phosphine and justify your answer.
[7]

(b) Although phosphorus is present in numerous harmful chemicals, it is a useful
feature in organophosphorus compounds. Ylides are a class of organophosphorus
compounds that are well-known for their role in the Wittig reaction. The synthesis
of methylpropene via the Wittig reaction is shown below.
O

CH3Br

C4H9Li
P

P

I

CH3

P

II

CH2

III

(i) Name the type of reaction that occurs in step I and outline the mechanism
for the reaction.
(ii) Suggest why 2-bromo-2-methylpropane is not preferred in step I.
(iii) State the role of butyl lithium, C4H9Li, in step II.
[5]
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3
(c)

Two resonance structures exist to stabilise the ylide used in step III above.

P

P

CH2

CH2

In this step, tetrahydrofuran, THF, is used as an aprotic solvent – one that lacks an
acidic hydrogen.
(i) Explain why, unlike phosphorus, nitrogen cannot form organic compounds
similar to ylides.
(ii) Explain why THF is a suitable solvent to employ in step III whereas water is
not.
[4]
(d) -carotene is a food colouring that can be extracted from the pigmentation found in
red-orange plants and fruits such as carrots. It can be synthesised using excess of
an aldehyde and a diylide, a compound with two equivalents of phosphorus in its
structure.

-carotene
Suggest the structures of the aldehyde and a symmetrical diylide with
6 stereoisomers that can be used to produce -carotene.
[2]

(e)

Compounds X and Y are isomers that can undergo the Wittig reaction with the
following ylide.

P

CH(CH3)

The products formed have the same molecular formula, C7H14, but only the product
formed from X displays stereoisomerism. X and Y both do not react with
ammonical silver nitrate.
Draw the structures of X and Y.

[2]
[Total : 20]
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2

(a)

Deuterium (symbol D or H) was discovered in 1931. Deuterium accounts for
approximately 0.0156% of all the naturally occurring hydrogen in the oceans,
while the most common isotope (hydrogen-1) accounts for more than 99.98%.
Chemically, deuterium behaves similarly to ordinary hydrogen.
(i)

On the same diagram, sketch how a beam of singly positively-charged
deuterium ions and a beam of hydrogen ions will behave in an electric
field.
In your diagram, indicate clearly the angle of deflection for each beam.

(ii)

Suggest the difference in the melting point and thermal stability of DCl,
DBr and DI.

(iii)

Chloride and iodide ions are known to react differently with concentrated
deuterium sulfate, D2SO4.
For the reaction involving iodide, it was observed that the yield of DI was
significantly lower as compared to the yield of DCl for the reaction using
chloride. It was also noted that a foul rotten egg smell was detected for the
reaction involving the iodide.
With reference to the Data Booklet and with the aid of equations, explain
the above mentioned observations.
[10]

(b)

Deuterium can replace the normal hydrogen in water molecules to form heavy
water, D2O. This difference increases the strength of water’s hydrogen-oxygen
bonds which makes it more difficult to undergo electrolysis.
Some data between light water and heavy water are given below.
Property
Freezing point (oC)
Boiling point (oC)
Density at standard
condition (g/mL)

D2O
(Heavy water)
3.82
101.4
1.1056

H2O
(Light water)
0.00
100.0
0.9982

Heavy water and light water can be tested using their freezing points and boiling
points.
Suggest with reasoning, how a scientist can deploy another physical method to
differentiate the two types of water without the use of a temperature measuring
device.
[2]

Turn Over]

5
(c)

During World War II, German scientists were known to conduct experiments
using heavy water.
(i)

With reference to the data given below, determine why it is more difficult
for heavy water, D2O, to undergo electrolysis.
Bond type
Cl–Cl
D–Cl
H–Cl

(ii)

Bond length (m)
1.76 x 10–10
1.27 x 10–10
1.29 x 10–10

Heavy water is processed via electrolysis using a concentrated potassium
hydroxide-light water mixture.
During the process, oxygen gas is produced at the anode and hydrogen
gas is produced at the cathode.
Write ion-electron half equations at the respective electrodes and suggest
how heavy water can be obtained from the mixture.

(iii)

Suggest why distillation is not effective as the initial stage in separating
heavy water from the potassium hydroxide-light water mixture.
[8]
[Total : 20]
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3 Chlorine is often used as a disinfectant in swimming pools to remove organic molecules
and pathogens. The disinfecting action is due to the presence of hypochlorous acid, HClO,
and chlorate(I) ion, OCl - formed by the reaction of chlorine with water.
Cl2(aq) + H2O(l)

HClO(aq) + H+(aq) + Cl– (aq) --- (1)

Hypochlorous acid ionises as a weak acid with dissociation constant of 3 x 10-8 moldm-3.
HClO(aq)

H+(aq) + OCl– (aq) --- (2)

The hypochlorous acid and chlorate(I) ions make up ‘free available chlorine’ (FAC). When
chlorine is added, FAC combines with the contaminants in the pool, called combined
available chlorine (CAC). The total available chlorine (TAC) is the sum of free available
chlorine (FAC) and combined available chlorine (CAC).
It is undesirable when CAC exceeds 0.2 ppm as chloroamines are produced. The removal
of chloroamines, known as breakpoint chlorination, is achieved by adding appropriate
amount of sodium hypochlorite, NaOCl, as follows:

Gallons of sodium hypochlorite needed to reach breakpoint chlorination
=
(a)

pool volume (in gallons) x 8.3 x combined available chlorine(ppm) x 1.0 x 10
1 000 000

Sodium hypochlorite (NaOCl) is a compound that can be effectively used for water
purification. It can be readily made with the use of caustic soda, NaOH and chlorine, at
cold temperatures.
(i) With the aid of a chemical equation, suggest what complication can be avoided
when this process is carried out in cold temperatures.
(ii) Using the data above, calculate the number of gallons of sodium hypochlorite
needed to reach breakpoint chlorination for a 120, 000 gallon pool given that
TAC = 1.5 ppm and FAC = 0.7 ppm respectively.
Leave your answer in two significant figures.

(b)

[4]

pH control is essential in the maintenance of the pool water and it was found that it
should be maintained at an optimum pH of 7.4. When sodium hypochlorite is added to
swimming pool, it increases the pH and often, acid is added to regulate it to the
optimum pH.
(i) Using the equations and any relevant information from the question, comment
on why pool waters have to be maintained at a pH of 7.4.
[You may consider the use of Le Chatelier’s Principle in your explanation.]
(ii) Calculate that the ratio of the concentration of OCl– to HClO when the pH of the
pool is 8.0.
(iii) Using your ratio found in (c)(ii) and taking the concentration of HOCl to be
x mol dm-3, what is the mass of HCl that should be added to 1 dm3 of swimming
pool water so that the pH can be brought back down to the optimum pH of 7.4.
Leave your answer in terms of x.
[7]
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(c)

Disinfection by chlorination can be detrimental to health as chlorine can react with
naturally occurring organic compounds found in the pool to produce disinfection
byproducts (DBPs). The most common DBPs are trihalomethanes (THMs).
(i)

State the type of reaction and the condition that optimises the formation of
THMs.

(ii)

Outline only the propagation step in the formation of trichloromethane, a type of
THM.

(iii)

The selectivity of the radical reactions can be predicted mathematically based
on a combination of an experimentally determined reactivity factor, Ri, and a
statistical factor, nHi.
In order to use the equation shown below, we need to look at our original alkane
and look at each H in turn to see what product it would give if it were to be
substituted.
The following formula and data can be used effectively to determine the
percentage yield of substituted halogenoalkanes for methane.

%

100
20

where %Pi = % yield of product ‘i’
nHi = number of H of type ‘i’
Ri = reactivity factor for type ‘i’

Methyl / 1o
2o
3o

Reactivity factors,
Ri
Br
Cl
1
1
82
3.9
1640
5.2

Using the information provided, deduce which is the predominant species when
methane undergoes free radical substitution with excess chlorine gas.
(iv)

Suggest a property of chlorine that allows it to act as a disinfectant in swimming
pools.
[6]

(d)

Chlorine stabilisers such as cyanuric acid are typically added to pools in hot climates
where the sun oxidises most of the chlorine in the pool, rendering it useless.
Cyanuric acid (relative molecular mass of 129) is found to have the following
composition by mass:
C, 28%; N, 33%; H, 2.3%; O, 37%
(i)

Determine the molecular formula of cyanuric acid.

(ii)

Suggest a possible displayed structure of cyanuric acid.
[3]

[Total : 20]
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4 Chromium is a transition element and is used widely industrially as it can exist in
variable oxidation states. In particular, oxides of chromium are useful precursors in
many chemical reactions.
Yellow solution
Reaction IV
(NH4)2Cr2O7

Reaction I

Na2Cr2O7 + S

Reaction
II

X
 Grey-green
anhydrous solid
 Insoluble in water
 Amphoteric in
nature

Reaction
III

Cr + Al2O3

Thermite
Reaction

(a)

Define the term transition element and suggest why chromium can exist in
variable oxidation states.
[2]

(b)

‘X is amphoteric yet insoluble in water’
With balanced chemical equations, including state symbols, explain the italicised
term and suggest why X is insoluble in water.
[4]

(c)

In reaction I, an exothermic reaction is initiated when ammonium dichromate(VI) is
heated. Two colourless and odourless gases are evolved leaving only solid
residue X, a grey-green powder.
By using oxidation numbers, and showing all your working, identify the two gases
evolved and construct a balanced equation for the decomposition.
[3]

(d)

In reaction II, sulfur is added to the reaction. X and a sulfur-containing product with
the oxidation state +6 is formed.
(i)

Suggest the role of sulfur.

(ii)

Write a balanced ionic equation, including state symbols, to illustrate
reaction II.
[2]
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(e)

(f)

In reaction III, the extraction of chromium involves a thermite reaction of X with
aluminium, which is a displacement reaction.
(i)

Write a thermochemical equation for the Thermite reaction.

(ii)

By quoting and using relevant E values from the Data Booklet, explain why
the extracted chromium metal dissolves in dilute sulfuric acid to give a blue
solution but turns green slowly even in the absence of air.
[5]

In reaction IV, describe and explain what happens when warm aqueous sodium
hydroxide is added to aqueous ammonium dichromate(VI) solution.
You should include suitable observations and balanced equations for any reaction
that occur.
[4]
[Total : 20]
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5 Haemoglobin in the blood carries oxygen from the respiratory organs to the rest of the body
(i.e. the tissues) where it releases the oxygen to burn nutrients to provide energy to power
the functions of the organism, and collects the resultant carbon dioxide to bring it back to
the respiratory organs to be dispensed from the organism.
(a)

With reference to the haemoglobin (Hb) molecule, describe what is meant by the term
quaternary structure of proteins.
[2]

(b)

One molecule of haemoglobin can bind up to four molecules of oxygen, according to
the following equation.
Hb (aq) + 4O2 (aq)

Hb(O2)4 (aq) ------(1)

Carbon monoxide reacts with haemoglobin in the same way as oxygen.
Hb (aq) + CO (aq)

HbCO (aq) ------(2)

(i)

Briefly explain how a haemoglobin molecule carries oxygen and why carbon
monoxide is toxic to the human body.

(ii)

Write an expression for Kc for reaction 1, stating its units.

(iii)

Experiments have shown that when the concentration of O2 (aq) is
7.6 x 10–6 mol dm-3, the concentrations of Hb and Hb(O2)4 are equal.
Use this information to calculate a value of Kc.

(c)

(iv)

Use your value of Kc in (b)(iii) to calculate the percentage of Hb converted to
Hb(O2)4 when the concentration of O2 (aq) is increased to 2.40 x 10–5 mol dm-3.

(v)

Briefly explain how a haemoglobin molecule carries oxygen and why carbon
monoxide is toxic to the human body as shown in equation 2.
[8]

In the formation of haemoglobin, the primary structures of the polypeptide chains of
haemoglobin are first formed from their constituent amino acids, eg lysine, serine and
alanine.

H2N

CH

COOH

CH3
Alanine (ala)

H2N

CH

COOH

CH2OH
Serine (ser)

H2N

CH

COOH

(CH2)4NH2
Lysine (lys)

In the presence of haem groups, these polypeptide chains spontaneously coalesce into
a haemoglobin molecule. By considering the chemical interactions involved at each
step, suggest what the signs of G, H and S would be for the overall process.
Explain your reasoning.
[3]
(d)

Proteins can be denatured using heavy metals ions such as Fe3+ (aq).
Explain how this denaturation occurs.
[1]
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(e)

The stability constant, Kstab, is an equilibrium constant for equilibrium that exists
between a transition metal ion surrounded by water molecule ligands and the same
transition metal ion surrounded by the ligands of another kind in a ligand displacement
reaction.
Some of the Kstab for iron-based complexes are listed in the table below.
Complex formed

Kstab of complex

Colour

[Fe(H2O)5(SCN)]2+

9.17 x 102

Deep Red

[Fe(H2O)5(F)]2+

2.40 x 105

Colourless

[FeCl4]–

8.00 x 10–1

Yellow

[Fe(CN)6]3–

4.08 x 1052

Orange

(i)

From the data above, suggest why the Kstab value for [Fe(CN)6]3– is extremely
large.

(ii)

Use the data in the table to predict what will be observed when a solution of
[Fe(H2O)5(SCN)]2+ is treated with sodium fluoride.

(iii)

Explain why [Fe(H2O)5(F)]2+ forms a colourless complex.

(iv)

In the presence of thiocyanate ions, [Fe(H2O)6]3+ is able to undergo ligand
exchange reaction as shown below:
[Fe(H2O)6]3+ (aq) + SCN– (aq)
(aq)
Yellow

[Fe(H2O)5(SCN)]2+ (aq) + H2O
Blood-red

Silver ions also react with thiocyanate ions to form a white precipitate, AgSCN.
State your observation when aqueous silver ions are added to the above
equilibrium and explain your answer.
[6]
[Total : 20]

END
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2013 H2 Chemistry Prelim Examinations Paper 3 Suggested Solutions
1

Phosphorus is the thirteenth element in the world to be discovered and due to this is
sometimes referred to as the Devil’s element. The reference is also made due to its
versatility in forming chemical species with explosive of toxic natures.
(a)

One example of a highly reactive phosphorus-containing ion is phosphonium, PH4+.
(i)

Write a balanced chemical equation for the reaction between phosphonium
iodide and potassium hydroxide to form phosphine, PH3.
PH4I + KOH  PH3 + KI + H2O

(ii)

Hence, suggest a suitable method of measuring the rate of reaction.
Volume of gas produced / Pressure increase

(iii)

Draw a ‘dot-and-cross’ diagram showing the electrons (outer shells only) in
the phosphonium ion, and use the VSEPR (valence shell electron pair
repulsion) theory to predict its shape.
You may find both a written description and a 3-dimensional sketch useful in
your answer.

There are 4 bond pairs of electrons around the P atom.
To minimise repulsion, the 4 electron pairs are directed to the corners of a
tetrahedron.
Shape of PH4+: tetrahedral
(iv)

The bond angle in ammonia is 107.8o.
Predict the H – P – H bond angle in phosphine and justify your answer.
[7]
H–P–H bond angle: any specific angle between 90o and 107.8o
N atom is more electronegative than P atom. The bond pair is pulled closer
towards the N atom. Bond pair-bond pair repulsion is greater in NH3. Hence,
the bond angle in PH3 is smaller than that in NH3.
FYI: Because PH3 is trigonal pyramidal in shape, the bond angle should also
be larger than that in a molecule with a trigonal bipyramidal shape. Hence,
bond angle in PH3 is larger than 90o.

(b) Although phosphorus is present in numerous harmful chemicals, it is a useful
feature in organophosphorus compounds. Ylides are a class of organophosphorus
compounds that are well-known for their role in the Wittig reaction. The synthesis
of methylpropene via the Wittig reaction is shown below.
O

CH3Br

C4H9Li
P

P

I

CH3

P

II

CH2

III

(i) Name the type of reaction that occurs in step I and outline the mechanism
for the reaction.
SN2

CH3

P

+

–
Br

H
P

C

Br

P

CH3

+ Br–

H H

(ii) Suggest why 2-bromo-2-methylpropane is not favourable to be used as a
reactant in step I.
Steric hindrance posed by the three phenyl groups on the P atom of

P

.
(iii) State the role of butyl lithium, C4H9Li, in step II.
C4H9Li acts as a base.
[5]

(c)

Two resonance structures exist to stabilise the ylide used in step III above.

P

CH2

P

CH2

In this step, tetrahydrofuran, THF, is used as an aprotic solvent – one that lacks an
acidic hydrogen.
(i) Explain why, unlike phosphorus, nitrogen cannot form organic compounds
similar to ylides.
Nitrogen is a period 2 element and does not have available, low-lying d
orbitals in its valence shell to accommodate electrons.
Hence, it cannot expand beyond the octet structure.
(ii) Explain why THF is a suitable solvent to employ in step III whereas water is
not.
[4]
Water is a protic solvent that can release H+ ions to protonate the negativelycharged C atom of the ylide, thus curbing the Wittig reaction.
An aprotic solvent like THF prevents neutralisation of the ylide.
(d) -carotene is a food colouring that can be extracted from the pigmentation found in
red-orange plants and fruits such as carrots. It can be synthesised using excess of
an aldehyde and a diylide, a compound with two equivalents of phosphorus in its
structure.

-carotene
Suggest the structures of the aldehyde and a symmetrical diylide with
6 stereoisomers that can be used to produce -carotene.
[2]

O

P

P

The 6 possible stereoismers
C-C-C
T-T-T
T-C-C
(Same as C-C-T)
T-T-C
(Same as C-T-T)
T-C-T
C-T-C
(e)

Compounds X and Y are isomers that can undergo the Wittig reaction with the
following ylide.

P

CH(CH3)

The products formed have the same molecular formula, C7H14, but only the product
formed from X displays stereoisomerism. X and Y both do not react with
ammonical silver nitrate.
Draw the structures of X and Y.
[2]
O

X:
O

Y:
[Total : 20]

2

(a)

Deuterium (symbol D or H) was discovered in 1931. Deuterium accounts for
approximately 0.0156% of all the naturally occurring hydrogen in the oceans,
while the most common isotope (hydrogen-1) accounts for more than 99.98%.
Chemically, deuterium behaves similarly to ordinary hydrogen.
(i)

On the same diagram, sketch how a beam of singly positively-charged
deuterium ions and a beam of hydrogen ions will behave in an electric
field.
In your diagram, indicate clearly the angle of deflection for each beam.
Diagram should show charged deuterium ion deflecting less than hydrogen
ion.
Deuterium ion and hydrogen ion must deflect in the same direction.
Since angle of deflection  e/m ratio:  of Deuterium ion is half of  of
hydrogen ion

(ii)

Suggest the difference in the melting point and thermal stability of DCl,
DBr and DI.
For melting point:
Number of electrons: DCl < DBr < DI
Extent of van der Waals’ forces of attraction: DCl < DBr < DI
Energy required to over come the VDW: DCl < DBr < DI
Melting point: DCl < DBr < DI

For thermal stability:
Bond length: DCl < DBr < DI
Energy required to overcome the covalent bond: DCl > DBr > DI
Thermal stability: DCl > DBr > DI
(iii)

Chloride and iodide ions are known to react differently with concentrated
deuterium sulfate, D2SO4.
For the reaction involving iodide, it was observed that the yield of DI was
significantly lower as compared to the yield of DCl for the reaction using
chloride. It was also noted that a foul rotten egg smell was detected for the
reaction involving the iodide.
With reference to the Data Booklet and with the aid of equations, explain
the above mentioned observations.
[10]

From the Data Booklet
Cl2 + 2e ⇌ 2Cl - +1.36V
I2 + 2e ⇌ 2I+0.54V
ɵ
E value of I is less positive, it is a stronger reducing agent as
compared to Cl- thus I- has the ability to reduce the sulfur to a lower
oxidation state
For chloride:
Cl ‐ + D2SO4  DSO4- + DCl
For iodide:
(1)
(2)

I- + D2SO4  DSO4- + DI
8DI + D2SO4  4I2 + D2S + 4D2O

The foul rotten egg smell was due to the release of D2S.
Reason for low yield of DI
The yield for DI is lower due to further reaction with concentrated D2SO4
Or
There are by-products in the reaction between I- and D2SO4 hence
affected the yield of DI.
(b)

Deuterium can replace the normal hydrogen in water molecules to form heavy
water, D2O. This difference increases the strength of water’s hydrogen-oxygen
bonds which make it more difficult to undergo electrolysis.
Some data between light water and heavy water are given below.
Property
Freezing point (oC)
Boiling point (oC)
Density at standard
condition (g/mL)

D2O
(Heavy water)
3.82
101.4
1.1056

H2O
(Light water)
0.00
100.0
0.9982

Heavy water and light water can be tested using their freezing points and boiling
points.
Suggest with reasoning, how a scientist can deploy another physical method to
differentiate the two types of water without the use of a temperature measuring
device.
[2]
Freeze the heavy water and light water separately.
Drop the heavy water ice cube and light water ice cube into a glass of light
water. Heavy water having a higher density than light water will sink in the
glass of light water.

(c)

During World War II, German scientists were known to conduct experiments
using heavy water.
(i)

With reference to the bond length data below, determine why it is more
difficult for heavy water, D2O, to undergo electrolysis process as compared
to light water, H2O.
Bond type
Cl–Cl
D–Cl
H–Cl

Bond length (m)
1.76 x 10-10
1.27 x 10-10
1.29 x 10-10

Using Cl-Cl, the atomic radius of Cl = (1.76 x 10-10) ÷ 2 = 8.8 x 10-11 m
Using the atomic radius of Cl and the bond length of D-Cl
Atomic radius of D = (1.27 x 10-10) – (8.8 x 10-11) = 3.9 x 10-11 m
Using the atomic radius of Cl and the bond length of D-Cl
Atomic radius of H = (1.27 x 10-10) – (8.8 x 10-11) = 4.11 x 10-11 m
Since the atomic radius of oxygen in D2O and H2O is constant,
The bond length of D-O in heavy water will be shorter than that of H-O
in light water.
OR
More energy will be required to overcome the stronger D-O bonds
and this it will be more difficult for heavy water to undergo electrolysis.

(ii)

Heavy water is processed via electrolysis with a concentrated potassium
hydroxide-light water mixture.
During the process, oxygen gas is produced at the anode and hydrogen
gas is produced at the cathode.
Write chemical equations for the reactions happening at the anode and
cathode and suggest how heavy water can be obtained from the mixture of
concentrated potassium hydroxide and light water.
Anode reactions:
Due to high concentration of OH-, selective discharge will occur.
4OH–  O2 + 2H2O + 4e–
When all OH– ions have completely reacted the light water molecules will
then react as follows:
2H2O  4H+ + 4e + O2
At the cathode, reduction of light water will occur:
2H2O + 2e  H2 + 2OH–
Ultimately due to the cathode and anode reactions, all light water will be
transformed to H2 gas and O2 gas which can be easily removed from
the solution. Heavy water can then be separated from the potassium
ions by distillation.

(iii)

Suggest why distillation is not effective as the initial stage of in separating
heavy water from the potassium hydroxide-light water mixture.
The boiling point of light water and heavy water is too close for distillation
to take place effectively.
[8]
[Total : 20]

3

Chlorine is often used as a disinfectant in swimming pools to remove organic molecules
and pathogens. The disinfecting action is due to the presence of hypochlorous acid,
HClO, and chlorate(I) ion, OCl - formed by the reaction of chlorine with water.
Cl2(aq) + H2O(l)

HClO(aq) + H+(aq) + Cl - (aq) -- (1)

Hypochlorous acid ionises as a weak acid with dissociation constant of 3 x 10-8 moldm-3.
HClO(aq)

H+(aq) + OCl - (aq) --- (2)

The hypochlorous acid and chlorate(I) ions make up ‘free available chlorine’ (FAC). When
chlorine is added, FAC combines with the contaminants in the pool, called combined
available chlorine (CAC). The total available chlorine (TAC) is the sum of free available
chlorine (FAC) and combined available chlorine (CAC).
It is undesirable when CAC exceeds 0.2 ppm as chloroamines are produced. The removal
of chloroamines, known as breakpoint chlorination, is achieved by adding appropriate
amount of sodium hypochlorite, NaOCl, as follows:

Gallons of sodium hypochlorite needed to reach breakpoint chlorination
=
(a)

pool volume (in gallons) x 8.3 x combined available chlorine(ppm) x 1.0 x 10
1 000 000

Sodium hypochlorite (NaOCl) is a compound that can be effectively used for water
purification. It can be readily made with the use of caustic soda, NaOH and chlorine,
at cold temperatures.
(i)

With the aid of a chemical equation, suggest what complication can be avoided
when this process is carried out in cold temperature..
In hot conditions, further disproportionation occurs where oxidation number of
Cl increases from +1 to + 5 in ClO3- and decreases from + 1 to -1 in Cl-, which
is undesirable.
6NaOH (aq) + 3Cl2 (g)  5NaCl (aq) + NaClO3 (aq) + 3H2O (l)

(ii)

Using the data above, calculate the number of gallons of sodium hypochlorite
needed to reach breakpoint chlorination for a 120, 000 gallon pool given that
TAC = 1.5 ppm and FAC = 0.7 ppm respectively.
Leave your answer in 2 significant figures.
[4]
TAC = FAC + CAC
1.5 = 0.7 + CAC
CAC = 0.8 ppm

Gallons of sodium hypocrite needed to reach breakpoint chlorination
pool volume (in gallons) x 8.3 x combined available chlorine x 1.0 x 10
=
1000000
120, 000x8.3x0.8x1.0 x10
=
1, 000, 000
 7.97
8.0 gallons

(b)

pH control is essential in the maintenance of the pool water and it was found that it
should be maintained at an optimum pH of 7.4. When sodium hypochlorite is added to
swimming pool, it increases the pH and often, acid is added to regulate it to the
optimum pH.
(i)

Using the equations and any relevant information from the question, comment
on why the pool waters have to be maintained at a pH of 7.4.
[You may consider the use of Le Chatelier’s Principle in your explanation.]
The pool water needs to maintain the ratio of [HClO] and [OCl-] for buffering
capacity at pH of 7.4.
By Le Chatelier’s Principle,
When pH is too alkaline, [H+] decreases and the position of equilibrium in (2) will
shift to right to produce more H+, [HClO] decreases and [OCl-] increases
When pH is too acidic, [H+] increases and the position of equilibrium in (2) will shift
to left to reduce the H+, [HClO] increases and [OCl-] decreases
A compromise of pH 7.4 is used.

(ii)

Calculate that the ratio of the concentration of OCl - to HClO when the pH of the
pool is at pH 8.0.

[ H  ][ClO  ]
Ka 
[ HClO]
3 108 

(108 )[OCl  ]
[ HOCl ]

[OCl  ]
 3.00
[ HOCl ]

(iii)

Using your ratio in (c)(ii) and taking the concentration of HOCl to be
x mol dm-3, what is the mass of HCl that should be added to 1 dm3 of swimming
pool water so that the pH can be brought back down to the optimum pH of 7.4.
Leaving your answer in term of x.
[7]
When acid is added: H+ + OCl-  HClO
From (c)(ii)
[HOCl] = x,
[OCl-] = 3 x
Let the [HCl] added be y
When H+ is added to the buffer solution,
7.4 = -lg 3 x 10-8 + lg

7.4 – 7.5229 = lg

0.7535 =

H+ + OCl-  HClO

[salt]new
[ HOCl ] new

3x  y
x y

3x  y
x y

y = 1.281x mol dm-3
y = 1.281x (36.5)
= 46.8 x g dm-3
(c)

Disinfection by chlorination can be detrimental to health as chlorine can react with
naturally occurring organic compounds found in the pool to produce disinfection
byproducts (DBPs). The most common DBPs are trihalomethanes (THMs).
(i)

State the type of reaction and the condition that optimises the formation of
THMs.
Free radical substitution and uv light

(ii)

Outline only the propagation step in the formation of trichloromethane, a type of
THM.
Propagation:
CH2 Cl 2 +
CH Cl 2  +

Cl 
Cl 2

 CH Cl 2 
+ HCl
 CH Cl 3 + Cl 

(iii)

The selectivity of the radical reactions can be predicted mathematically based
on a combination of an experimentally determined reactivity factor, Ri, and a
statistical factor, nHi.
In order to use the equation shown below, we need to look at our original alkane
and look at each H in turn to see what product it would give if it were to be
substituted.
The following formula and data can be used effectively to determine the
percentage yield of substituted halogenoalkanes for methane.

%

100
20

where %Pi = % yield of product ‘i’
nHi = number of H of type ‘i’
Ri = reactivity factor for type ‘i’

Methyl / 1o
2o
3o

Reactivity factors,
Ri
Br
Cl
1
1
82
3.9
1640
5.2

Using the information provided, deduce which is the predominant species when
methane undergoes free radical substitution with excess chlorine gas.
Type
methyl

Organic Cpd
H

nHi
4

Ri
1

3

1

2

3.9

1

5.2

H C H
H

1

0

H
H C Cl
H

2

0

H
H C Cl
Cl

3

0

H
Cl

C Cl
Cl

For monosubstituted methane = (4/20) x 100 = 20%
For disubstitututed methane= (3/20) x 100 = 15%
For tri-substituted methane = (7.8/20) x 100 = 39%
For tetra-substituted methane = (5.2/20) x 100 = 26%

(iv)

Trichloromethane is the predominant species as it forms the most stable radical.
Suggest a property of chlorine that allows it to act as a disinfectant in swimming pools.
As a strong oxidising agent, chlorine kills via the oxidation of organic molecules.
[Chlorine and its hydrolysis product hypochlorous acid are neutrally charged and
therefore easily penetrate the negatively charged surface of pathogens.]
[6]

(d)

Chlorine stabilizers such as cyanuric acid are typically added to pools in hot climates
where the sun oxidises most of the chlorine in the pool, rendering it useless.
Cyanuric acid is found to have the composition by mass of C, 28%; N, 33%; H, 2.3%;
O, 37% and a relative molecular mass of 129.
(i)

Determine the molecular formula of cyanuric acid.
Element

C

H

N

O

% mass

28

2.3

33

37

÷ by Ar

28
= 2.33
12

2.3

33
= 2.36
14

37
= 2.31
16

Ratio

1

1

1

1

Empirical formula = CHNO
Let molecular formula be (CHNO)n,
n(12+1+14+16) = 129
 n=3

Molecular formula = C3H3N3O3
(ii)

Suggest a possible displayed structure of cyanuric acid.
[3]

O
H

O

C
N

N

C

C
N

H

O

H
Cyanuric acid

[Total : 20]

4 Chromium is a transition element and is used widely industrially as it can exist in
variable oxidation states. In particular, oxides of chromium are useful precursors in
many chemical reactions.
Yellow solution
Reaction IV
(NH4)2Cr2O7

Reaction I
Reaction
II
Na2Cr2O7 + S

(a)

X
 Grey-green
anhydrous solid
 Insoluble in water
 Amphoteric in
nature

Reaction
III
Thermite
Reaction

Cr + Al2O3

Define the term transition element and suggest why chromium can exist in
variable oxidation states.
[2]
A transition element (or transition metal) is a d-block element that forms at least
one ion with incompletely filled d orbitals.
Chromium can exist in variable oxidation states
 3d and 4s orbitals are close in energies.
 Variable number of 4s and 3d electrons can be removed to form ions of similar
stability.

(b)

‘X is amphoteric yet insoluble in water’
With balanced chemical equations, including state symbols, explain the italicised
term and suggest why X is insoluble in water.
[4]
`
Cr2O3 (s) + 6HCl (aq)  2CrCl3(aq) + 3 H2O(l)
Forms Cr3+ (aq) ions.
Cr2O3 (s) + 3H2O(l) + 2NaOH(aq)  2NaCr(OH)4(aq)
It can react with both acid and bases.
(Cr2O3) does not dissolve in water because of its (extremely) high lattice energy.
(Important note: Since question mentioned anhydrous, the grey green solid must
be an oxide as the formation of hydroxide required OH- solution.
For your information Cr(OH)3 is amphoteric as well but not exceptable due to the
mention of anhydrous.)

(c)

In reaction I, an exothermic reaction is initiated when ammonium dichromate(VI) is
heated. Two colourless and odourless gases are evolved leaving only solid
residue X, a grey-green powder.
By using oxidation numbers, and showing all your working, identify the two gases
evolved and construct a balanced equation for the decomposition.
[3]
N2(g) and H2O(g)
(NH4)2Cr2O7

→

Cr2O3

[Oxid no: N(-3)Cr(+6)

+ N2 + 4H2O

Cr(+3)

N(0) ]

(Gases formed are colourless and odourless, so they cannot be NH3 or NO2. Since
oxidation state of Cr decreased from +6 to +3, oxidation state of the other element
must have increased. In the reactant, H has O.S. of +1 and cannot be oxidised
further. Hence, N could have been oxidised from -3 to 0 oxidation state, forming N2.
The other gas formed is H2O.)
(d)

In reaction II, sulfur is added to the reaction. X and a sulfur-containing product with
the oxidation state +6 is formed.
(i)

Suggest the role of sulfur.
Reducing agent

(ii)

Write a balanced ionic equation, including state symbols, to illustrate
reaction II.
[2]
Cr2O72- (aq) + S (s) → SO42- (aq) + Cr2O3 (s)

(e)

In reaction III, the extraction of chromium involves a thermite reaction of X with
aluminium, which is a displacement reaction.
(i)

Write a thermochemical equation for the Thermite reaction.
Cr2O3 (s) + 2Al (s)  2Cr (s) + Al2O3 (s)

(ii)

H<0

By quoting and using relevant E values from the Data Booklet, explain why
the extracted chromium metal dissolves in dilute sulfuric acid to give a blue
solution but turns green slowly even in the absence of air.
[5]
2+

Cr + e
Cr3+ + e
2H+ + 2e
Cr + 2H+  Cr2+ + H2
Ecell = +0.91 V > 0, feasible

Cr
Cr2+
H2

Eo / V
– 0.19
– 0.41
0.00

2Cr2+(aq) + 2 H+(aq)  2Cr3+(aq) + H2(g)
Ecell = +0.41 V > 0, feasible
The H+ acts as oxidising agent, oxidising the metal Cr to blue Cr2+ to the
green Cr3+ (or eqn).
Reaction is slow because of 2 positively-charged ions reacting.
(f)

In reaction IV, describe and explain what happens when warm aqueous sodium
hydroxide is added to aqueous ammonium dichromate(VI) solution.
You should include suitable observations and balanced equations for any reactions
that occur.
[4]
NH3 gas evolved turns moist red litmus blue and orange dichromate(VI), Cr2O72-,
solution turns yellow as chromate(VI), CrO42- is formed.
NH4+ + OHCr2O7

2-

→ NH3 +
-

+ 2OH

→

H2O

2CrO42-

+

H2O
Total 20 marks

5

Haemoglobin in the blood carries oxygen from the respiratory organs to the rest of the
body (i.e. the tissues) where it releases the oxygen to burn nutrients to provide energy to
power the functions of the organism, and collects the resultant carbon dioxide to bring it
back to the respiratory organs to be dispensed from the organism.
(a)

With reference to the haemoglobin (Hb) molecule, describe what is meant by the term
quaternary structure of proteins.
[2]
Quaternary structure of proteins consists of more than one polypeptide chain
coming together to form the complete protein maintained by the same forces that
are responsible for tertiary structure.
Haemoglobin consists of 4 polypeptide chains: 2 α-sub-units and 2 β-sub-units, with
each sub-unit being non-covalently bonded to a haem (iron) group.

(b)

One molecule of haemoglobin can bind up to four molecules of oxygen, according to
the following equation.
Hb (aq) + 4O2 (aq)

Hb(O2)4 (aq) ------(1)

Carbon monoxide reacts with haemoglobin in the same way as oxygen.
Hb (aq) + CO (aq)
(i)

HbCO (aq) ------(2)

Briefly explain how a haemoglobin molecule carries oxygen and why carbon
monoxide is toxic to the human body.
Iron found in haem group binds reversibly with oxygen to form
oxyhaemoglobin, which supplies oxygen to cells in the rest of the body.
Stronger ligands like CO bond irreversibly with haemoglobin and this
prevents the haemoglobin from carrying oxygen.

(ii)

Write an expression for Kc for reaction 1, stating its units.

KC 

(iii)

[ Hb(O2 )4 ]
[ Hb][O2 ]4

Units: mol-4 dm12
Experiments have shown that when the concentration of O2 (aq) is
7.6 x 10-6 mol dm-3, the concentrations of Hb and Hb(O2)4 are equal.
Use this information to calculate a value of Kc.
Since [Hb] = [Hb(O2)4]

KC 
KC 

(iv)

1
[O2 ]4
1

 7.6 10 

6 4

 3.00  10 20 mol 4 dm12

Use your value of Kc in (b)(iii) to calculate the percentage of Hb converted to

Hb(O2)4 when the concentration of O2 (aq) is increased to 2.40 x 10-5 mol dm-3.
[8]

[ Hb(O2 )4 ]
[ Hb][O2 ]4
[ Hb(O2 ) 4 ]
3.00 x1020 
[ Hb](2.40 x105 ) 4
[ Hb(O2 ) 4 ]
 99.53
[ Hb]
KC 

Hence, 99.5% of Hb is converted to Hb(O2)4.
(c)

In the formation of haemoglobin, the primary structures of the polypeptide chains of
haemoglobin are first formed from their constituent amino acids, eg lysine, serine and
alanine.
H2N

CH

COOH

CH3

Alanine (ala)

H2N

CH

COOH

H2N

CH

CH2OH

Serine (ser)

COOH

(CH2)4NH2

Lysine (lys)

In the presence of haem groups, these polypeptide chains spontaneously coalesce
into a haemoglobin molecule. By considering the chemical interactions involved at
each step, suggest what the signs of G, H and S would be for the overall process.
Explain your reasoning.
[3]
∆H should be negative because bonds are being formed during the formation of
secondary, tertiary and quaternary structure.
∆S should be negative as the degree of disorder is decreased as the chain coil or come
together.
∆G should be negative because the reaction is spontaneous.
(d)

Proteins can be denatured using heavy metals ions such as Fe3+ (aq).
Explain how this denaturation occurs.
[1]

Disrupt the original ionic bonds between charged R groups by forming new ionic
bonds with these charged R groups.
OR
Disrupt the disulfide bonds by forming bonds with the –S group of cysteine
residues.

(e)

The stability constant, Kstab, is an equilibrium constant for equilibrium that exists
between a transition metal ion surrounded by water molecule ligands and the same
transition metal ion surrounded by the ligands of another kind in a ligand
displacement reaction.
Some of the Kstab for iron-based complexes are listed in the table below.

(i)

Complex formed

Kstab of complex

Colour

[Fe(H2O)5(SCN)]2+

9.17 x 102

Deep Red

[Fe(H2O)5(F)]2+

2.40 x 105

Colourless

[FeCl4] -

8.00 x 10-1

Yellow

[Fe(CN)6]3-

4.08 x 1052

Orange

From the data above, suggest why the Kstab value for [Fe(CN)6]3- is extremely
large.
CN- is a very strong ligand, as a result forms very stable complex.

(ii)

Use the data in the table to predict what will be observed when a solution of
[Fe(H2O)5(SCN)]2+ is treated with sodium fluoride.
Since the Kstab for [Fe(H2O)5(F)]2+ is larger as compared to [Fe(H2O)5(SCN)]2+,
ligand exchange will happen and the colour changes from deep red to
colourless.

(iii)

Explain why [Fe(H2O)5(F)]2+ forms a colourless complex.
F- is a weak field ligand which caused E to be very small.
As a result the energy required to cause the d-d transition falls outside the visible
region of the electromagnetic spectrum.

(iv)

In the presence of thiocyanate ions, [Fe(H2O)6]3+ is able to undergo ligand exchange
reaction as shown below:
[Fe(H2O)6]3+ (aq) + SCN- (aq)
Yellow

[Fe(H2O)5(SCN)]2+ (aq) + H2O (aq)
Blood-red

Silver ions also react with thiocyanate ions to form a white precipitate, AgSCN.
State the observation when aqueous silver ions are added to the above equilibrium.
Explain your answer.
[6]
The intensity of red colour of the solution will decrease / solution changes from blood-red
to yellow.
Silver ions react with thiocyanate ions, causing the concentration of SCN- to decrease.
By Le Chatelier’s Principle, addition of aqueous silver ions will cause the position of
equilibrium to shift to the left to increase the concentration of SCN-.

Total 20 marks
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Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider to
be correct.

1

2

Which expression correctly defines the term relative atomic mass of an element?
A

the mass of 1 mole of atoms of an element divided by 6.02 × 1023

B

the mass of 1 atom of an element relative to the mass of

C

the average mass of 1 atom of an element relative to the mass of

D

the average mass of 1 mole of atoms of an element relative to the mass of a 12C atom

1
12

of a 12C atom
1
12

of a 12C atom

Use of the Data Booklet is relevant to this question.
Potassium manganate(VII), KMnO 4 , reacts with sodium cyanide, NaCN, in a molar ratio of
2:3 to form manganese(IV) oxide, MnO 2 .
Which of the following would be the carbon-containing product in this reaction?

H

A

H
C

C

3

B

C

O C N

O

O

D

N C C N

For which of the following pairs does species I have a smaller bond angle than species II?

I

II

A

NO 3 –

NO 2 –

B

SF 6

ClF 3

C

XeF 4

BrF 5

D

BrO 3 –

ClO 3 –

© Raffles Institution 2013

9647/01/S/13

[Turn Over

3
4

To produce decaffeinated coffee, pure liquid CO 2 is sometimes used to extract caffeine from
coffee beans.
O
H3C

CH3

C
N

C

C

C

N
C

N

O

H

N

CH3

caffeine
It was discovered that the solubility of caffeine greatly increased when a mixture of ethanol
and liquid CO 2 (ethanol−CO 2 mixture) was used.
Which interaction best explains why caffeine is more soluble in the ethanol−CO 2 mixture as
compared to liquid CO 2 ?
A
B
C
D
5

hydrogen bonding
dative covalent bonding
permanent dipole – permanent dipole interactions
instantaneous dipole – induced dipole interactions

For a fixed mass of an ideal gas, which of the following graphs does not have the same
general shape as the rest?
(ρ = density of the gas; M = molar mass of gas)

A

C

6

P

M
T

against T

B

PV against

P against ρ T

D

T
against V
P

ρ

When 1 mole of carbon dioxide gas solidifies as dry ice, 25.2 kJ of heat energy is evolved.
The sublimation temperature of carbon dioxide is −78.5 °C.
What is the entropy change when 132 g of carbon dioxide gas solidifies at this temperature?

A

−389 J K−1

B

−130 J K−1

C

+130 J K−1

D

+389 J K−1

© Raffles Institution 2013
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7

Given the following thermochemical data, calculate the standard enthalpy change of the
reaction, ∆H r .
∆Hr
CH3 C

8

CH2

CCH3 (g)

CH2 (g)

CHCH

Standard enthalpy change of combustion of CH 3 C≡CCH 3 (g)

= –2577 kJ mol–1

Standard enthalpy change of combustion of carbon

= –394 kJ mol–1

Standard enthalpy change of combustion of hydrogen

= –286 kJ mol–1

Standard enthalpy change of formation of CH 2 =CHCH=CH 2 (g)

= +110 kJ mol–1

A

−253 kJ mol−1

B

−33 kJ mol−1

C

+33 kJ mol−1

D

+253 kJ mol−1

Pentaamminechlorocobalt(III) ions and hydroxide ions react as follows:
[Co(NH 3 ) 5 Cl]2+(aq) + OH–(aq)

[Co(NH 3 ) 5 OH]2+(aq) + Cl–(aq)

The variation for the initial rate of reaction with the concentrations of the reactants was
investigated in three experiments.

experiment
1
2
3

[OH–]
/ mol dm–3
0.30
0.30
0.45

[Co(NH 3 ) 5 Cl2+]
/ mol dm–3
0.20
0.40
0.10

initial rate
/ mol dm–3 s–1
0.364
0.727
0.273

Based on the above data, which of the following statements is correct?
A

The rate of reaction is pH dependent.

B

The overall order of the reaction is one.

C

The units of the rate constant are mol–2 dm6 s–1.

D

The activation energy of the reaction is lowered by using a concentrated alkali.

© Raffles Institution 2013
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9

The reaction between acidified KI and aqueous H 2 O 2 involves the following steps:
H 2 O 2 + I–

H 2 O + OI–

slow

OI– + H+

HOI

fast

HOI + H+ + I–

I2 + H2O

fast

Which graph would be obtained?
A

+

[H ] / mol dm -3
[reactant]

0

C

B

rate

time
time/s
D

[H2O2] [I−]

time
10

[H+]

[H2O2] [I−]

rate

Methylamine, CH 3 NH 2 , is a weak base.
When 40 cm3 of 0.10 mol dm–3 HCl is added to 20 cm3 of 0.30 mol dm–3 CH 3 NH 2 , the pH of
the resulting solution obtained is 10.5.
Given K w = 1.00 × 10–14 mol2 dm–6, what is the pK b of methylamine, CH 3 NH 2 ?
A

3.20

B

3.50

C

5.20

D

10.5

© Raffles Institution 2013
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11
the

A solution consists of 0.10 mol dm–3 MgSO 4 and 0.10 mol dm–3 FeSO 4 . It is suggested that
metal ions can be separated as their hydroxides.
At 298 K, the solubility product of Mg(OH) 2 is 7.1 × 10–12 mol3 dm–9 and that of Fe(OH) 2 is
4.1 × 10–15 mol3 dm–9.
What would be the pH of the resultant solution when maximum separation has occurred?

12

A

7.05

B

8.93

C

10.1

D

13.4

Use of the Data Booklet is relevant to this question.
An electrochemical cell is set up as shown:

V
T = 298 K
salt bridge

Pt

Cu

Pb2+
Cu2+

Pb4+
[Pb4+] = [Pb2+] = 0.1 mol dm–3

[Cu2+] = 0.1 mol dm–3

Which statement about the e.m.f. of the above cell is correct?
A

The e.m.f of the cell is +1.35 V.

B

Addition of water to the Pb4+/Pb2+ half cell increases the e.m.f of the cell.

C

Decreasing the mass of the copper electrode decreases the e.m.f of the cell.

D

Addition of excess aqueous ammonia to the Cu2+/Cu cell increases the e.m.f of the cell.

© Raffles Institution 2013
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13

Use of the Data Booklet is relevant to this question.
A student carried out an experiment involving the electrolysis of aqueous copper(II) sulfate in
Cell I and aqueous sulfuric acid in Cell II.

A
A

B

C

Pt

Pt

Al

Cell I

D

Pt

Cell II

0.00417 moles of copper was deposited at electrode B after electrolysis.
Given that relative formula mass of Al 2 O 3 is 102.0, what is the maximum mass of Al 2 O 3
formed at electrode C?

14

A

0.142 g

B

0.426 g

C

0.639 g

D

0.851 g

Tetrachloromethane, CCl 4 , does not react with water under normal conditions, while silicon
tetrachloride, SiCl 4 , is completely hydrolysed by water to give SiO 2 and HCl.
Which statement best explains the differences in reactivity between CCl 4 and SiCl 4 ?

A

The C−Cl bond is stronger than the Si−Cl bond.

B

The Si−Cl bond is more polar than the C−Cl bond.

C

Silicon possesses low–lying empty d orbitals but not carbon.

D

SiCl 4 forms stronger van der Waals’ interactions with water than CCl 4 .

© Raffles Institution 2013
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The graph below shows the variation in the standard enthalpy change of vaporisation,
ΔH(vaporisation), for eight consecutive elements in the Periodic Table, all with atomic
number, Z ≤ 20.

Which statement is correct?

16

A

Element Q forms an oxide which is amphoteric.

B

Element R forms an oxide which is basic in aqueous solution.

C

Element V forms a chloride which is neutral in aqueous solution.

D

Element W forms a chloride which is basic in aqueous solution.

Lithium compounds behave in a similar way as magnesium compounds in that they produce
oxides when subjected to thermal decomposition.
1.0 mol of each of the following compounds is strongly heated and any gas produced is
collected at 150 °C and 1 atm.
Which compound is likely to give the largest volume of gas?
A

17

LiOH

B

LiNO 3

C

Mg(OH) 2

D

Mg(NO 3 ) 2

Which statement about the trends in the properties of the halogens is correct?
A

The volatility of halogens increases down the group.

B

The electronegativity of halogens increases down the group.

C

The reactivity of halogens with hydrogen decreases down the group.

D

The bond dissociation energy of halogens increases down the group.

© Raffles Institution 2013
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18

CuFL, a copper(II) complex, reacts with the anionic carboxylate group from a biological
receptor as shown in the reaction scheme below.

reaction I

N

+

COO

N

+ CuCl2

HN

COO

NH

+

HCl

+

CuCl

+

Cl

−

R'

O

R'

HO

Cu

R

R

CuFL complex

FL

reaction II

NO

N

+

COO

+ HCl

N
ON
HO

R'

R
FL-NO

What can be deduced from the above information?

A

FL is a bidentate ligand.

B

Reaction II is a redox reaction.

C

Copper(II) ions only form ionic bonds in the CuFL complex.

D

The colour of the equilibrium mixture is due to d–d transitions in CuCl.

© Raffles Institution 2013
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19

Use of the Data Booklet is relevant to this question.
Olympicene was conceived in March 2010 as a way to celebrate the 2012 London Olympics.
Its structure is shown below.
CB
CA
CD
CE

olympicene
Which statement is correct?

20

A

Olympicene is a planar molecule.

B

Olympicene has a molecular formula of C 18 H 12 .

C

The melting point of olympicene is lower than that of graphite.

D

The bond energies of the C A –C B bond and C D –C E bond are 350 kJ mol–1 and
610 kJ mol –1 respectively.

Compound X is an analogue of Ixabepilone which is an anticancer agent currently in clinical
development.
CH3

CH3

O
CH3

OH
CH3
CH3
CH3
CH3

HN
O

OH

O

compound X

Compound X was reacted with NaBH 4 in methanol.
O

ring remains unaltered.

In this reaction, the

What is the maximum number of stereoisomers in the product of this reaction?

A

27

© Raffles Institution 2013
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C
9647/01/S/13

29

D

210
[Turn Over

11
21

When an alkane E (C 7 H 16 ) is reacted with bromine under ultraviolet light, only three isomeric
monobromo compounds F, G and H with the formula C 7 H 15 Br are produced. Only compound
H is chiral.
What are the structures of E and H?

22

E

H

A

(CH 3 ) 3 CCH(CH 3 ) 2

(CH 3 ) 3 CCBr(CH 3 ) 2

B

CH3CH2CH(CH2CH3)2

CH3CHBrCH(CH2CH3)2

C

(CH3)2CHCH2CH(CH3)2

(CH3)2CHCHBrCH(CH3)2

D

(CH3)2CHCH(CH3)CH2CH3

(CH3)2CHCBr(CH3)CH2CH3

Refer to the reaction scheme below.
OH
step 1

O
O

M

step 2

O

HO
OH

ethanedial

O

OH
tartaric acid

step 3

Br

O

HO
OH
O

Br

Which of the following gives the correct reagent(s) and condition(s) for each step?

step 1

step 2

step 3

A

hot ethanolic KCN

hot dilute H 2 SO 4

NaBr, conc H 2 SO 4 , heat

B

hot ethanolic KCN

hot acidified KMnO 4

SOBr 2

C

cold HCN, trace KCN

hot dilute H 2 SO 4

NaBr, conc H 2 SO 4 , heat

D

cold HCN, trace KCN

hot acidified KMnO 4

SOBr 2

© Raffles Institution 2013
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23

24

Which one of the following sequences of reactions is expected to give the best yield for the
synthesis of 2-bromo-4-nitromethylbenzene from benzene?
A

alkylation, bromination, nitration

B

alkylation, nitration, bromination

C

nitration, alkylation, bromination

D

nitration, bromination, alkylation

Citral can be partially hydrogenated to form citronellal as shown:

partial
hydrogenation
O

O

citral

citronellal

Which of the following can be used to distinguish between citral and citronellal?

A

liquid bromine

B

cold neutral potassium manganate(VII)

C

Fehling’s solution

D

hot acidified potassium manganate(VII)

© Raffles Institution 2013
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25

A compound J, C 8 H 8 O 4 , undergoes the following reactions:
•
•
•

1 mole of J reacts completely with 2 moles of cold aqueous NaOH.
1 mole of J reacts completely with 2 moles of PCl 5 to give misty fumes.
J reacts with hot concentrated H 2 SO 4 to form a compound, C 8 H 6 O 3 .

Which of the following could be J?

OH

A

OH

B
O

OH
O

OH

OH

O

OH

C

O

HO

D
HO

HO

© Raffles Institution 2013
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26

Benzaldehyde undergoes a 3-step synthesis to form compound P as shown below.
Step 1:
O

O
+ CH3 C

C

−

OH

CH3

H

C

C

C

H

H

O

+ H2O

CH3

Step 2:
OH OH
C

C

C

H

H

O

CH3 + OsO4 + 2H2O

C

C

C

H

H

O

CH3

+ OsO2(OH)2

Step 3:
O-Na+ O-Na+

OH OH
C

C

C

H

H

O

CH3 + 2Na

C

C

C

H

H

O

CH3

+

H2

compound P
Which of the following describes the types of reactions taking place in each step?

Step 1

Step 2

Step 3

A

condensation

redox

redox

B

condensation

electrophilic addition

acid-base

C

addition

electrophilic addition

redox

D

addition

redox

acid-base

© Raffles Institution 2013
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27

A student carried out an experiment to study the ease of hydrolysis of a series of chlorinated
compounds, and recorded the observations based on the addition of acidified silver nitrate
solution.
Which of the following gives the expected results?

time taken for precipitate to appear
shortest

28

longest

A

C 6 H 5 Cl

CH 2 ClCONH 2

CH 3 COCl

COCl 2

B

CH2ClCONH2

C6H5Cl

COCl2

CH 3 COCl

C

CH 3 COCl

COCl2

C6H5Cl

CH 2 ClCONH 2

D

COCl 2

CH3COCl

CH2ClCONH2

C6H5Cl

Which of the following shows the given species arranged in order of increasing pK b values?

NO2

OCH3
CH2O

O

O

CH 3 CHClCOO–

I

29

A

I, III, IV, II

B

I, IV, III, II

C

II, III, IV, I

D

II, IV, III, I

II

III

IV

Benzylamine has the formula C 6 H 5 CH 2 NH 2 and is a common precursor in organic synthesis.
Which of the following statements about benzylamine is correct?
A

It decolourises aqueous Br 2 .

B

It can be produced by reduction of C 6 H 5 CH 2 CN.

C

It reacts with CH 3 COOH to form C 6 H 5 CH 2 NHCOCH 3 .

D

It reacts with excess CH 3 CH 2 Cl to form the compound, C 13 H 22 NCl.

© Raffles Institution 2013
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30

The table below gives some information pertaining to three amino acids.

amino acid

structure

isoelectric point

alanine (ala)

6.0

leucine (leu)

6.0

glutamic acid (glu)

3.2

A mixture of these three amino acids can be separated by electrophoresis.

Which of the following diagram shows the result of the separation of the amino acid
mixture at pH 5.0?

A

B
cathode

anode

leu ala

cathode

anode

glu

ala leu

C

glu

D
cathode

anode

glu
© Raffles Institution 2013
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).
The responses A to D should be selected on the basis of

A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
31

Use of the Data Booklet is relevant to this question.
M and N have the following features:
•
•

M has fewer unpaired electrons than N.
M is smaller than N.

Which of the following pairs of M and N possess these features?

32

M

N

1

S−

P−

2

Mg

Al

3

Zn2+

Cu+

When steam is passed over white hot coke, a mixture of combustible gases is obtained.

C(s) + H 2 O(g)

H 2 (g) + CO(g);

∆H = +131 kJ mol–1

When equilibrium has been established, which of the following correctly describes what would
happen if a proposed change is made to this system?

proposed change

value of K c

forward rate
constant

backward rate
constant

1

add catalyst

no change

increase

increase

2

add more C(s)

no change

increase

no change

3

increase temperature

increase

increase

decrease

© Raffles Institution 2013
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only is
correct

No other combination of statements is used as a correct response.

33

Phosphorus pentachloride, PCl 5 , is prepared from the chlorination of PCl 3 according to the
equation below.
PCl 3 (g) + Cl 2 (g)

PCl 5 (g);

∆H = −124 kJ mol−1

At a constant temperature and a total initial pressure of 2.4 atm, a 1 : 2 mixture of
PCl 3 and Cl 2 is allowed to reach equilibrium in a sealed vessel. The percentage yield is found
to be 40%.
Which of the following are correct?

34

1

PCl 5 has a trigonal bipyramidal shape.

2

The equilibrium constant, K p , is found to be 0.521 atm−1.

3

When the total volume of the vessel is increased, the percentage yield decreases.

The energy profile diagram of a reaction is shown below.

Which of the following reactions have the same energy profile shown above?

1

CH 3 CHO + HCN

2

(CH 3 ) 3 CBr + KOH

3

CH 3 I + NaOH

© Raffles Institution 2013
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
35

36

Which of the following statements about potassium iodide are correct?
1

When reacted with concentrated sulfuric acid, it gives pungent smelling gases and a
dark brown solution containing a yellow precipitate.

2

It can be formed when aqueous potassium hydroxide is added to iodine.

3

It is a weaker reducing agent than potassium chloride.

Refer to the reaction below.

CH3O

−

−
+

H

CH

CH2

CH3O

Br

H

+

CH

CH2 +

Br

methoxide

carbon K

Which of the following statements are correct?
1

The methoxide ion is the BrØnsted base.

2

The hybridisation of carbon K has changed from sp3 to sp2.

3

The reaction involves the breaking and formation of two σ bonds.

© Raffles Institution 2013
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
37

1 mole of compound N was boiled with aqueous sodium hydroxide, and the resulting reaction
mixture was shaken with an organic solvent.
Br
Aqueous layer
boil with
NaOH (aq)

separate with
organic solvent

CH3
Organic layer
O

C

NCHCH2CHCH3
H

Br

compound N

Which of the following statements are correct?
1

The compound in the organic layer has 4 stereoisomers.

2

The compound in the organic layer turns hot acidified K 2 Cr 2 O 7 from orange to green.

3

When the aqueous layer is treated with acidified AgNO 3 , 1 mole of cream precipitate
is obtained.

© Raffles Institution 2013
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
38

An organic compound L was subjected to prolonged heating with excess acidified potassium
manganate(VII). After the entire treatment, a dicarboxylic acid was amongst the products
found.
Which of the following could be L?

1

OH

2

3

O
OH

© Raffles Institution 2013
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
39

Triethylamine is a useful starting material for many organic reactions.

N
triethylamine

Which of the following statements about triethylamine are correct?

1

It will form an addition product with BF 3 .

2

It will form an amide with ethanoyl chloride.

3

It has a higher boiling point than hexylamine due to stronger hydrogen bonding.

© Raffles Institution 2013
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The responses A to D should be selected on the basis of
A

B

C

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

D
1 only is
correct

No other combination of statements is used as a correct response.
40

The titration curve of the protonated form of aspartic acid, H 3 N+CH(CH 2 COOH)COOH, is
shown. The pK a values associated with aspartic acid are 2.09, 3.86 and 9.82.

pH

Z•

7

Y •

X •

0

2.0

1.0

3.0

moles of OH– per mole of H3N+CH(CH2COOH)COOH
Which of the following statements are correct?
1

The pH at point Y is 6.84.

2

There is no net charge on the amino acid at point X.

3

Equal concentrations of H 3 N+CH(CH 2 COO–)COO– and H 2 NCH(CH 2 COO–)COO– are
present at pH 9.82.

– END OF PAPER –
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1

Planning (P)
The standard enthalpy change of isomerisation, ∆H οiso , measures the enthalpy change
when 1 mole of a cis–alkene isomerises to 1 mole of the corresponding trans–alkene
under standard conditions:
CH2CH3

CH3CH2
C
H

C
H

∆H οiso

H

CH3CH2
C

C

H

CH2CH3 (l)l
()
rans-ene
ext
h
3
trans–hex–3–ene

(l) (l)

ci s-hex-3-ene
cis–hex–3–ene

However, this enthalpy change cannot be measured directly by experiment.
A student decided to determine the standard enthalpy change of isomerisation of
cis–hex–3–ene to trans–hex–3–ene using their respective standard enthalpy changes
of combustion, ∆H οc . Both alkenes are volatile liquids at 298 K.
From his literature review, the student found the ∆H οc of cis–hex–3–ene to be
–3733 kJ mol–1. However, the ∆H οc of trans–hex–3–ene was not available.
(a)

Write a balanced equation, with state symbols, to describe the standard
enthalpy change of combustion, ∆H οc , of cis–hex–3–ene, C 6 H 12 .
………………………………………………………………………………………... [1]

(b)

To determine the standard enthalpy change of combustion of trans–hex–3–ene,
the student decided to conduct a flame calorimetric experiment. There are two
stages to this experiment:
Stage I
Calibration of calorimeter set-up (i.e. container and water).
In the experiment, the calorimeter set-up must first be calibrated by determining
its heat capacity, C, which is the amount of heat required to raise its
temperature by 1 K.
Stage II
Determination of the standard enthalpy change
trans–hex–3–ene using the calibrated calorimeter set-up.
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The student carried out the flame calorimetric experiment using a copper can.
Part of his results is shown below.
For cis–hex–3–ene:
mass of water
change in temperature of water
change in mass of spirit lamp with cis–hex–3–ene

(i)

=
=
=

250 g
5.0 °C
0.20 g

For trans–hex–3–ene:
mass of water
=
change in temperature of water
=
change in mass of spirit lamp with trans–hex–3–ene =

250 g
5.4 °C
0.22 g

Given that ∆H οc [cis–hex–3–ene] = –3733 kJ mol–1, calculate the heat
capacity, C, of the calorimeter set-up based on the above experimental
results. Show the units of C clearly.

heat capacity, C = ......................................
(ii)

Hence estimate a value for the standard enthalpy change of combustion
of trans–hex–3–ene, ∆H οc [trans–hex–3–ene].

∆H οc [trans–hex–3–ene] = ......................................
(iii)

Using results from (b)(i) and (b)(ii), calculate the standard enthalpy
change of isomerisation, ∆H οiso , of cis–hex–3–ene to trans–hex–3–ene.

∆H οiso [cis–hex–3–ene] = ......................................
[3]
© Raffles Institution 2013
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(c)

Using information from (b), write a plan which will allow you to estimate a value
for the standard enthalpy change of combustion of trans–hex–3–ene in your
school laboratory.
You are not given a copper can.
However, you may assume that you are provided with the following:
• cis–hex–3–ene (∆H οc = –3733 kJ mol–1)
• trans–hex–3–ene
• 250 cm3 beaker
• two spirit lamps with a 5 cm-wick each
• deionised water
• a lighter
• thermometer
• apparatus normally found in a school or college laboratory
Your plan should contain the following:
• a diagram of the experimental set-up
• appropriate quantities of chemicals and solutions
• all essential experimental details

………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
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………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………... [7]

(d)

Identify one potential safety hazard in this experiment and state how you would
minimise this risk.
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………... [1]
[Total: 12]
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2

Hydrazine, N 2 H 4 , is a colourless flammable liquid with an ammonia-like odour.
It boils at 114 °C, and gaseous hydrazine can decompose to form hydrogen and
nitrogen gases.
(a)

Draw the dot-and-cross diagram of N 2 H 4 .

………………………………………………………………………………………... [1]

(b)

State the hybridisation of the N atom and suggest what the H–N–H bond angle
is in N 2 H 4 .
hybridisation ……………

A graph of

bond angle ……………

[2]

pV
against p for N 2 (g) is given below.
nRT
N2

pV
nRT

ideal gas

1.0

p
(c)

On the axes above, sketch the corresponding graphs for H 2 (g) and N 2 H 4 (g).
………………………………………………………………………………………... [2]
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In a closed reaction vessel of 10 dm3 maintained at a temperature of 150 °C, gaseous
hydrazine decomposes into nitrogen and hydrogen. The system reaches equilibrium
with a total pressure of 1 atm. (Take 1 atm = 101 kPa.)
N 2 H 4 (g)



N 2 (g)

+

2H 2 (g)

The average M r of the equilibrium gas mixture in the 10 dm3 vessel is found to be 20.
(d)

Calculate the mass of the gaseous mixture inside the reaction vessel at the
given temperature and pressure.

mass of gaseous mixture = ................................... [2]
The average M r for this gas mixture can be expressed as
M r (average)
where χN
(e)

(i)

2 H4

χN2 H4 × M r (N 2 H 4 ) + χN2 × M r (N 2 ) + χH2 × M r (H 2 )

=

, χN and χH are the mole fractions of N 2 H 4 , N 2 and H 2 respectively.
2

2

Show that the degree of dissociation, α, under these conditions has a
value of 0.30.
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(ii)

Using (e)(i), calculate the partial pressure (in atm) of N 2 H 4 present at
equilibrium.
Hence calculate the value of the equilibrium constant, K p , of the system.
Show the units of K p clearly.

pN

2 H4

= ………….……… atm

K p = …………...………………
(iii)

What will be the effect on the degree of dissociation, α, at 300 °C, given
that the dissociation reaction of N 2 H 4 is highly exothermic?
…………………………………………………………………………………….
………………………………………………………………………………… [6]
[Total: 13]
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3

The following graph shows how the fraction, R, of an equilibrium mixture of a weak
acid, HF, and its conjugate base, F–, varies with pH.
Fraction, R, of
species in mixture
1

F–

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

HF

0
0

1

2

pH

3

4

5

6

7

R, is defined for HF and F– as follows:
RHF =

[HF]eqm

[HF]eqm +[F– ]eqm

;

RF– =

[F– ]eqm

[HF]eqm +[F– ]eqm

where ( [HF] eqm + [ F− ] eqm ) is the total concentration of all fluorine-containing species.
(a)

The graph shows that the fraction of HF decreases with increasing pH. By
applying Le Chatelier’s Principle to the following equilibrium,
HF(aq) ⇌ H+ (aq) + F–(aq),

explain why the fraction of HF decreases with increasing pH.
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………... [2]
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(b)

By considering the values of RHF and RF– at the intersection point of the two
curves, calculate the acid dissociation constant, K a , of HF. Show your working
clearly.

K a of HF = .............................................. [2]
(c)

An excess of a sparingly soluble salt, CaF 2 , was added to a beaker of water to
form a saturated solution.
CaF 2 (s) 
(i)

Ca2+(aq) + 2 F− (aq)



In the above system, [Ca2+] can be expressed in terms of [ F− ] by the
following equation:
[Ca2+] = a [F–]
State the value of a.

a = ...........................
The mixture was then acidified by adding H+(aq), establishing a second
equilibrium:
H+(aq) + F− (aq)  HF(aq)

(ii)

Explain how the [Ca2+] changes as H+ is added to the saturated solution
of CaF 2 .
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
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After acidification, it was found that the pH of the equilibrium mixture is 3.0 and
[HF(aq)] = 4.63 x 10–4 mol dm–3.
(iii)

By obtaining the values of RHF and RF– at pH 3.0 from the graph on
page 9, determine the value of

[F− (aq)]
.
[HF(aq)]

Hence calculate the [ F− ] at pH 3.0.

[F− (aq)]
=
[HF(aq)]
[ F− ] =

…...................……….

………..…...……………

(iv)

By considering your answers in (c)(i) and (c)(ii), express [Ca2+] at pH 3.0
in terms of [ F− ] and [HF] in the saturated solution.

(v)

Using your answers to (c)(iii) and (c)(iv), calculate the [Ca2+] at pH 3.0,
and hence determine the solubility product, K sp , of CaF 2 .

[Ca2+] = …………….….……………
K sp = …….……….………………
……………………………………….………………………………………..…… .. [7]
[Total: 11]
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4

The thermal decomposition of three solid anhydrous metal carbonates, XCO 3 , YCO 3
and ZCO 3 was investigated.
A pure 1.0 g sample of each carbonate was separately heated using the set-up shown
below.

strong heat

Ca(OH)2(aq)
Appropriate mass measurements were made, and the following observations were
noted during the experiment.
carbonate

(a)

observations

XCO 3

• white solid remains white
• white ppt observed with Ca(OH) 2 (aq) after some time

YCO 3

• white solid remains white
• no ppt observed with Ca(OH) 2 (aq)

ZCO 3

• white solid turns orange brown then black almost immediately
• white ppt observed in Ca(OH) 2 (aq) almost immediately

Write a balanced equation, with state symbols, for the formation of the white
precipitate in Ca(OH) 2 (aq).
………………………………………………………………………………………... [1]
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From the experiment, decomposition profiles of these metal carbonates were plotted.
Two of these plots are shown below.
mass of solid / g
(I)

1.0

(II)

0.5

0

time

It is known that these two plots correspond to those of magnesium carbonate and
barium carbonate.
(b)

(i)

Which metal carbonate is represented by plot (II)?
………………………………………

(ii)

With reference to your answer in (b)(i), explain the relative ease of
decomposition of these two carbonates.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….

(iii)

Give the electronic configuration of Mg2+ and explain why the ionic radius
of Mg2+ is smaller than the atomic radius of Mg.
electronic configuration of Mg2+ ……………………………………
explanation ……….……………………………………………………..……..
…………………………………………………………………………………….

…………………………………………………………………………………....……[6]
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For the boiling tube containing ZCO 3 , it was found that the total decrease in mass was
0.333 g.
(c)

Sketch as accurately as possible, on the axes given on page 13, the
decomposition profile for ZCO 3 . Show all relevant information and label your
sketch as “(III)”.
………………………………………………………………………………………... [1]

(d)

The black solid that finally remains has the formula Z 3 O 4 . This solid is the only
product containing Z.
From the experimental data, determine a value for the relative atomic mass of
Z, and hence suggest the identity of Z.

A r of Z = ….…………
identity of Z ….…………
………………………………………………………………………………………... [2]
[Total: 10]
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5

(a)

Benzyl iodide was once used by the French army as tear gas in World War I.
To synthesise benzyl iodide, one suggestion is to replace the chloride ion with
an iodide ion. This reaction occurs but it does not go to completion.
C 6 H 5 CH 2 Cl + I– 

C 6 H 5 CH 2 I + Cl–

By quoting relevant values from the Data Booklet, suggest an explanation in
terms of thermodynamics as to why this reaction does not go to completion.
Assume that the entropy change of this reaction is close to zero.
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………........
………………………………………………………………………………………... [2]

(b)

The Finkelstein reaction, discovered by the German chemist, Hans Finkelstein,
is used in the laboratory to synthesise benzyl iodide.
During the procedure, benzyl chloride is refluxed with sodium iodide using
propanone as a solvent.
C 6 H 5 CH 2 Cl + NaI 

C 6 H 5 CH 2 I + NaCl

In propanone, the reaction proceeds at a faster rate and to near completion.
Solid sodium chloride is produced as a by-product.

(i)

Propanone is a polar solvent.
O

propanone
Draw a diagram to show the interaction between a sodium ion and
a propanone molecule. State clearly the type of interaction involved.
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(ii)

The table below shows the solubility of sodium halides in propanone.
compound

mass (in g) per 100 g of propanone

NaCl

0.00042

NaI

28.0

Hence suggest a reason why the Finkelstein reaction goes to near
completion.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………....……[3]
(c)

Benzyl iodide is converted to its alcohol readily by heating with aqueous sodium
hydroxide.
C 6 H 5 CH 2 I + NaOH → C 6 H 5 CH 2 OH + NaI
The rate equation is rate = k [ C 6 H 5 CH 2 I ].
(i)

Describe the mechanism of this reaction. In your answer you should
show all charges and lone pairs and show the movement of electrons by
curly arrows.

(ii)

Explain why benzyl iodide undergoes a unimolecular reaction with
NaOH(aq) whereas (2–iodoethyl)benzene, C 6 H 5 CH 2 CH 2 I, undergoes a
bimolecular reaction with NaOH(aq).
…………………………………………………………………………………….
…………………………………………………………………………………….

…………………………………………………………………………………....……[5]
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(d)

Benzyl bromides are often used to form benzyl ethers (C 6 H 5 CH 2 –O–R), which
are known to be good protecting groups in multi-step organic syntheses. The
benzyl ethers formed will protect reactive functional groups from further
reactions. These protecting groups can subsequently be removed to recover the
originally unprotected functional groups.
The following illustrates a synthetic scheme in which a benzyl ether is acting as
the protecting group.

O-Na+

OH

O
CH2Br

NaH
I

II

P

III

O

O

IV
O-Na+

O-Na+

O

O

O-Na+

O

O
R

S

V

HBr

OH
OH
O
O

+

CH2Br

OH

T

(i)

Name the functional groups present in compound P.
……………..…………………………………………………
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(ii)
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State the role of NaH in step I.
……………..…………………………………………………

(iii)

State the reagents and conditions needed for steps III and IV.
step III …………………………………………………………
step IV …………………………………………………………

(iv)

In this synthesis, benzyl bromide was added to protect a particular
functional group in compound P from further reaction.
Identify this particular functional group in P and explain what would have
happened instead in the reaction scheme if this functional group was not
protected.
functional group in P .…………………………………………
explanation ..…………………………………………………...……………….
……………..………………………………………………………...……………
……………..………………………………………………………...……………
……………..………………………………………………………...……………
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(v)
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Intermediate R is reacted with H 2 SO 4 (aq) to form compound U.
OH

OH
OH

OH
O

O
O

O

OH

T

U

State how compound U can be distinguished from product T by a simple
chemical test, and draw the structure of the organic product that would be
produced during this test.
test ..…………………………………………………...………...……………….
observations ..………………………………………………...………………...
……………..………………………………………………………...……………

organic product
………………………………………………………………………………………... [8]
[Total: 18]
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(a)

Trioxanes are structures made up of three carbon atoms and three oxygen
atoms in a six-membered ring.
Compound A, of molecular formula C 3 H 6 O 3 , can form only one mono-bromo
derivative when reacted with Br 2 under light.
(i)

Draw the structural formula of trioxane, A.

There are three possible structural isomers of trioxane.
The other two trioxane structural isomers are known to be hypothetical
structures and cannot be isolated.
(ii)

Draw the structural formulae of the other two “trioxane” isomers.

(iii)

Suggest a reason why the above two “trioxane” isomers cannot be
isolated.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….

………………………………………………………………………………………... [4]
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(b)

In the Leuckart reaction, a carbonyl compound reacts with primary amines to
form substituted amines.
The first step of the reaction involves the nucleophilic addition of amines to a
carbonyl compound, forming an intermediate that can be reduced by methanoic
acid.
One example of the Leuckart reaction using methanal, HCHO, is shown as
follows.

NH2

+
H

O

H

H

C

N

C

H

OH

cyclohexylamine

H

Kbb = 3.3
3.3
ppK

−H2O

H
N

C
H

HCOOH

H
N
CH3

N -methylcyclohexylamine
(i)

Cyclohexylamine has a pK b value of 3.3.
Predict a pK b value for N-methylcyclohexylamine.
Briefly explain your prediction.
pK b .…………………………………………
explanation ..…………………………………………………...……………….
…………………………………………………………………………………….
…………………………………………………………………………………….
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(ii)

Draw the full structural formula of the organic product formed in the box
below when 1 mole of 2–propylamine reacts with 2 moles of methanal via
the Leuckart reaction.

NH2
2-propylamine

HCHO

Compound B

HCO2H
heat

HCHO
HCHO

HCO22HH
HCO
heat
heat

(iii)

When phenylamine undergoes the Leuckart reaction with methanal, the
yield of the product, N-methylphenylamine, is only 10.1%.
H

HCOOH
NH2

N

+ HCHO
heat

CH3
N -methylphenylamine

phenylamine

yield = 10.1%

Suggest a reason why the yield of N-methylphenylamine is poor.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
………………………………………………………………………………………... [4]
[Total: 8]
– END OF PAPER –
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Raffles Institution
2013 H2 Chemistry Preliminary Examinations Paper 2
(Suggested Solutions)
1
(a)

C 6 H 12 (l) + 9O 2 (g) → 6CO 2 (g) + 6H 2 O(l)

(b)(i)

Assuming no heat loss,
heat evolved from combustion = heat gained by calorimeter set-up
–∆H οc [cis–hex–3–ene] × amt of cis–hex–3–ene = C × temperature rise
– (–3733)(0.20 / 84.0) = C(5.0)
C = 1.7776 = 1.78 kJ K–1 (3 s.f.)

(b)(ii)

Assuming no heat loss,
heat evolved from combustion = heat gained by calorimeter set-up
–∆H οc [trans–hex–3–ene] × amt of trans–hex–3–ene = C × temperature rise
–∆H οc [trans–hex–3–ene] × (0.22 / 84.0) = (1.7776)(5.4)
∆H οc [trans–hex–3–ene] = –3665 = –3670 kJ mol–1 (3 s.f.)

(b)(iii)

∆H οiso = ∆H οc [cis–hex–3–ene] – ∆H οc [trans–hex–3–ene]
= –3733 – (–3665)
= –68.0 kJ mol–1

(c)

beaker

cap

spirit lamp containing
alkene to be burnt

Experimental set-up
1.

Fill up one spirit lamp with cis–hex–3–ene (to about 80% capacity), taking care
to avoid getting any cis–hex–3–ene on the outside surface of the lamp.

2.

Set up the apparatus as shown above, such that the beaker is about 2-3 cm from
the tip of the wick.
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Calibration of calorimeter set-up
3.

Using a 250 cm3 beaker, measure out 200 cm3 of water.

4.

Using an electronic weighing balance, weigh the mass of the spirit lamp filled with
cis–hex–3–ene. Record this mass.

5.

Using the thermometer, read the temperature of the water and record it.

6.

Use the lighter to light the lamp and place it under the beaker of water,
centering the flame under the bottom of the beaker and ensuring the flame is at
an approximately constant distance below it.

7.

Using the thermometer, carefully and gently stir the water.

8.

When the temperature has risen to about 5 °C, blow out (extinguish) the flame.

9.

Continue to stir the water, recording the highest temperature reached.

10. While the lamp is cooling, clean the soot off from the bottom of the beaker.
11. Re-weigh the spirit lamp when it has cooled to room temperature. Record this
mass.
12. Repeat Steps 3 to 11, using the same lamp after cleaning it. (For a more accurate
estimate of the heat capacity.)
Determining mass and temperature changes using trans–hex–3–ene
13. Repeat Step 1 by filling the other spirit lamp with trans–hex–3–ene.
14. Repeat Steps 3 to 11, using this new spirit lamp, recording the relevant masses
and temperatures.
15. For a more accurate estimate of the data, Step 14 can be repeated.
The value for the standard enthalpy change of combustion of trans–hex–3–ene can
then be found by similar calculations as shown in (b).
(d)

Hexenes are inflammable liquids and are hence a fire hazard.
Any of the following:
Containers of the hexenes should be covered and stored away, when not in use;
proper disposal of hexenes;
the wick should be lit away from any nearby hexenes.
Or
Hexenes are volatile and hence a health hazard, causing respiratory problems.
Experiment to be carried out in fume cupboard to avoid inhaling toxic vapour of hexene.

© Raffles Institution 2013
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2
H

••

× •×
•
•×
×
×•

(a)
H

N

N

××

(b)

sp3

H

•

H

;

107°

(c)
N2

pV
nRT

N2H4
H2

ideal gas

1.0

p

(d)

pV = nRT = (m/M)RT
(101 × 103)(10 × 10–3) = (m / 20)(8.31)(150 + 273)
m = 5.75 g

(e)(i)

Let the initial amt of N 2 H 4 be a.
N 2 H 4 (g)
initial amt / mol
eqm amt / mol

⇌

a
a(1−α)

N 2 (g)
0
aα

+

2H 2 (g)
0
2aα

Total amt of gases present at eqm
= a(1−α) + aα + 2aα = a(1+2α) mol
average M r
20
α

© Raffles Institution 2013

1−α
α
2α
M r (N 2 H 4 ) +
M r (N 2 ) +
M r (H 2 )
1 + 2α
1 + 2α
1 + 2α
α
1−α
2α
(32.0) +
(28.0) +
(2.0)
=
1 + 2α
1 + 2α
1 + 2α
=

= 0.30

9647/02/S/13
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(e)(ii)

1−α
1 − 0.3
=
=
(1) 0.4375atm = 0.438 atm
pT
(1 + 2α )
(1 + 0.6)
α
0.3
(1) 0.1875atm = 0.188 atm
=
pN2 χ=
=
pT
=
N 2 pT
(1 + 2α )
(1 + 0.6)
2α
2(0.3)
(1) 0.375atm
=
pH 2 χ=
=
pT
=
H 2 pT
(1 + 2α )
(1 + 0.6)
=
pN2 H 4 χ=
N 2 H 4 pT

=
KP

(e)(iii)

pN 2 p 2 H 2
(0.1875)(0.375) 2
=
= 6.03 × 10−2 atm 2
0.4375
pN 2 H 4

α will decrease.

© Raffles Institution 2013
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(a)

When pH increases, the concentration of H+ decreases.
By Le Chatelier’s Principle, the position of equilibrium shifts to the right to increase
the concentration of H+, causing the fraction of HF to decrease.

(b)

Since RHF = RF– = 0.5,
⇒ [HF] eqm = [Fˉ] eqm
⇒ buffer solution at maximum buffering capacity.

[F− ]
[HF]
⇒ 3.2 = pK a + lg 1
⇒ K a = 10–3.2 = 6.31 x 10–4 mol dm–3

pH = pK a + lg

(c)(i)

a=½

(c)(ii)

The addition of H+ causes the position of the equilibrium (2) to shift right, reducing [Fˉ] in
solution.
This, in turn, causes the position of equilibrium (1) to shift right, increasing [Ca2+] in
solution.

(c)(iii)

From the graph, at pH 3.0,
fraction of HF = 0.61

and

fraction of F– = 0.39

[F− (aq)] 0.39
= = 0.639
[HF(aq)] 0.61
At pH 3.0, [F–] = (0.639)(4.63 × 10 −4 ) =2.96 × 10 −4 mol dm−3
(c)(iv)

[Ca2+] = ½ ( [HF] + [Fˉ] )

(c)(v)

From (iii) and (iv),
[Ca2+] = 0.5 x (4.63 + 2.96) x 10–4 = 3.795 x 10–4 mol dm–3
K sp = [Ca2+][F–]2 = (3.795 x 10–4)(2.96 x 10–4)2 = 3.33 x 10–11 mol3 dm–9

© Raffles Institution 2013
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4
(a)

Ca(OH) 2 (aq) + CO 2 (g) → CaCO 3 (s) + H 2 O(l)

(b)(i)

MgCO 3

(b)(ii)

As shown by plot (II), MgCO 3 decomposes more readily than BaCO 3 .
Mg2+ is smaller than Ba2+ and has a higher charge density and polarising power.
Hence it distorts the electron cloud of the CO 3 2– anion, and weakens the carbonoxygen bond within the anion to a greater extent, resulting in MgCO 3 requiring less
energy for thermal decomposition and thus it decomposes more readily.

(b)(iii)

Mg2+: 1s2 2s2 2p6
Mg2+ has one less occupied principal quantum shell than that of its parent atom Mg.

(c)

mass of solid / g
(I)

1.0

(III)

0.667

(II)

0.5

0

(d)

time

Let the A r of Z be a.
3ZCO 3 ≡ Z 3 O 4 (i.e. 3 moles of ZCO 3 decomposes to give 1 mole of Z 3 O 4 )
amt of ZCO 3 = 3 × amt of Z 3 O 4
1.0 / (a + 12.0 + 3 × 16.0) = 3 × 0.667 / (3a + 4 × 16.0)
1 / (a + 60) = 2.001 / (3a + 64)
3a + 64 = 2.001a + 120.06
a = 56.1 (value is closest to 55.8)
Z is Fe.

© Raffles Institution 2013
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5
(a)

= +340 kJ mol–1
= +240 kJ mol–1

BE(C–Cl)
BE(C–I)

The energy given out by the C–I bond formed is insufficient to compensate for the
energy needed to break the C–Cl bond / the C–I bond formed is weaker than the C–Cl
bond broken, hence ∆H is endothermic.
Since ∆G ≈ ∆H > 0, the reaction is not feasible / does not go to completion.

δ+

(b)(i)

δ+

O
δ−

δ+

δ− O

O

δ−

Na+
O

δ+

δ−
O δ−

ion-dipole interactions
δ−

O

δ+

δ+
Note:
The above diagram shows what it actually looks like in 3-dimensional space i.e. Na+ is
surrounded by six propanone molecules.
Only one Na+ with one propanone molecule is needed for this answer.

(b)(ii)

NaCl is precipitated out as a solid.
By Le Chatelier’s Principle, [NaCl] is low and position of equilibrium shifts to the right
towards completion.

(c)(i)

Mechanism:

© Raffles Institution 2013
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Step 1: Formation of carbocation
C6H5
δ+

H

C6H5

slow (rds)
C

δ−

+ I-

C

H

H

H

I
trigonal planar carbocation intermediate

Step 2: Attack of OH- nucleophile
C6H5

+

-

OH

C6H5

f ast

C

C

H

H

H

H

OH

(c)(ii)

The C 6 H 5 CH 2 + carbocation is resonance stabilised as the π electron cloud of the
benzene ring can overlap with the empty p orbital of the carbocation.
For C 6 H 5 CH 2 CH 2 I, the carbocation is not resonance-stabilised. Hence, the reaction
proceeds by S N 2 mechanism instead.

(d)(i)

Secondary alcohol; alkene

(d)(ii)

As a base / proton acceptor to react with R–OH group.

(d)(iii)

Step III: KMnO 4 (aq), NaOH(aq), heat
Step IV: I 2 , NaOH(aq), heat

(d)(iv)

Secondary alcohol
The secondary alcohol will undergo oxidation in reaction III to form a methyl ketone,
which subsequently loses 1 carbon in the iodoform reaction in reaction IV.

(d)(v)

Test: Use 2,4-dintrophenylhydrazine
Observations: orange ppt formed for U and no orange ppt for T
OH
OH
O
O2N
N

N

NO2

H

© Raffles Institution 2013
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6

O

(a)(i)

O

(a)(ii)

O

O

O
O

O
O

O
(a)(iii)

(b)(i)

Weak O–O bond due to
repulsion of lone pairs of electrons on adjacent O atoms
repulsion of two δ– charges on adjacent O atoms.

OR

2 < any value < 3.3
The additional methyl group is electron-donating. Hence it increases the electron
density on N atom which allows it to coordinate to H+ more easily.

(b)(ii)

H

H

or
(b)(iii)

H

H H

C

C

H
H

C

N

H
C

H
H

H

C

H

OH

For phenylamine, lone pair on N is delocalised into the π electron cloud of the
benzene ring. Hence, the lone pair is less available for donation, and phenylamine acts
as a weak nucleophile.

© Raffles Institution 2013
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Answer any four questions.
Begin each question on a fresh sheet of paper.

1

Esters are sweet-smelling organic compounds that have been used as flavourings in food and
perfumes. For example, ethyl propanoate is an ester with pineapple-like smell.
(a)

Explain why the rate of the following reaction gradually increases at first and then
decreases.
CH 3 CH 2 COOCH 2 CH 3 + H 2 O → CH 3 CH 2 COOH + CH 3 CH 2 OH
ethyl propanoate
[2]

(b)

The kinetics of the hydrolysis of ethyl propanoate in the presence of aqueous sodium
hydroxide solution at T K was studied.
Two separate experiments were carried out with different concentrations of aqueous sodium
hydroxide solution. For each experiment, the concentration of ethyl propanoate was
determined at regular time intervals as the reaction progressed.
The graph on page 13 shows the results of Experiment 1 with [NaOH] = 2.0 mol dm−3.
The results of Experiment 2 with [NaOH] = 1.0 mol dm−3 are shown below.
Time
/ min
0
25
50
75
100
125

Experiment 2 with [NaOH] = 1.0 mol dm−3
[CH 3 CH 2 COOCH 2 CH 3 ] / mol dm−3
0.0200
0.0152
0.0115
0.0088
0.0067
0.0051

1

(i)

Using the same axes on page 13, plot the graph for Experiment 2.

3

(ii)

Use the two graphs to determine the order of reaction with respect to
CH 3 CH 2 CO 2 CH 2 CH 3 and to NaOH, showing your working clearly.

1

(iii)

Hence write the rate equation for the above reaction.

2

(iv)

Calculate the initial rate from Experiment 1, and use it, together with your rate
equation, to calculate the rate constant for the reaction.

1

(v)

In a third experiment, 0.0100 mol dm−3 of ethyl propanoate was reacted with
2.0 mol dm−3 of sodium hydroxide.
On the same axes given on page 13, sketch the graph expected for this experiment,
indicating clearly two half-lives.
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(vi)

The hydrolysis of ethyl propanoate by sodium hydroxide is known to occur as follows:
•

The first step involves a nucleophilic attack of the hydroxide ion on the carboxyl
carbon to form a tetrahedral intermediate.

•

The second step involves formation of a carbon–oxygen π bond and the leaving of
an ethoxide ion.

•

The third step involves the protonation of the ethoxide ion by propanoic acid.

Using curly arrows, describe the mechanism for the hydrolysis of ethyl propanoate by
sodium hydroxide.
[11]
(c)

The Claisen condensation of esters involves the formation of a new carbon-carbon bond
between two esters. The products are a keto-ester and an alcohol. The reaction takes place
in the presence of a strong base e.g. CH 3 O−.

O

O

O

O
+

+
OR

OR

OR

ROH

a keto-ester
(i)

The first step in Claisen condensation involves the strong base CH 3 O− removing an
α-hydrogen atom (i.e. the hydrogen atom bonded to the carbon atom next to the
carbonyl carbon atom) in an acid-base reaction as shown below.

O
H 3C

C

+

O

CH3O−

OR

H 2C

C

+

CH3OH

OR

α-hydrogen
Suggest a reason why the α-hydrogen atom of the ester is acidic.
(ii)

With reference to the acid-base reaction mentioned in (i), explain why each of the
following reactions does not take place in the presence of CH 3 O–.
(1) CH 3 CH 3 → –CH 2 CH 3
(2) CH 3 COOH → –CH 2 COOH

(iii)

Draw the structures of all the keto-esters formed when a mixture of CH 3 CO 2 CH 2 CH 3
and CH 3 CH 2 CO 2 CH 2 CH 3 undergo the Claisen condensation.

(iv)

Draw the structure of the reactant that can be used to prepare the following compound
by the Claisen condensation.

O

O
OCH3
[7]
[Total: 20]

[Turn over
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2

Nickel is a typical transition element in the d-block of the Periodic Table. It is commonly used as a
catalyst and as an alloying ingredient.
(a)

Explain why nickel is regarded as a transition element.
[1]

(b)

In an experiment to study the reaction between nickel and the metal ion, M2+(aq), an
electrochemical cell was set up using the Ni2+/Ni and M2+/M half-cells at 298 K.
During the experiment, the concentration of Ni2+ ions in the Ni2+/Ni half-cell was kept at
1.0 mol dm–3 but the concentration of M2+ ions in the M2+/M half-cell was changed. The
e.m.f. of the cell was measured with each change of solution in the M2+/M half-cell, and the
results obtained are tabulated below.
[M2+] / mol dm–3

10–1

10–2

10–3

10–4

10–5

10–6

e.m.f. / V

0.091

0.061

0.032

0.002

–0.028

–0.057

–1.0

–2.0

–3.0

–4.0

–5.0

–6.0

lg

[M2+]

(i)

Plot a graph of e.m.f. against lg [M2+].

(ii)

With the aid of the graph plotted and relevant data from the Data Booklet, determine
the standard electrode potential of the M2+/M half-cell.

(iii)

The above electrochemical cell is ‘dead’ when the overall cell reaction reaches
equilibrium. With the aid of the graph plotted, calculate the equilibrium constant, K c , for
the cell reaction shown below at 298 K.
Ni(s) + M2+(aq) ⇌ Ni2+(aq) + M(s)

(iv)

(c)

Using your answer from (ii) and relevant data from the Data Booklet, predict what
might be observed when a rod of metal M is dipped into an aqueous copper(II)
nitrate(V) solution.
[8]

Nickel forms many hydrated salts such as NiCl 2 .6H 2 O and NiSO 4 .7H 2 O. When some
NiCl 2 .6H 2 O is dissolved in water, a green solution containing [Ni(H 2 O) 6 ]2+ ions forms.
Addition of excess aqueous ammonia to this green solution results in a blue solution
containing [Ni(NH 3 ) 6 ]2+ ions.
(i)

State and explain whether the H–O–H bond angle in H 2 O in an isolated gaseous H 2 O
molecule is larger or smaller than that in the [Ni(H 2 O) 6 ]2+ ion.

(ii)

Explain briefly why the two nickel(II) ion-containing solutions have different colours.
[4]
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(d)

Nickel is able to form neutral complexes. One such complex, tetracarbonylnickel(0), Ni(CO) 4 ,
was first prepared in 1888 by passing carbon monoxide over finely divided nickel. This
complex is a colourless liquid at room temperature.
(i)

Draw the displayed formula of tetracarbonylnickel(0), showing clearly all the dative
covalent bonds.

(ii)

Define the term bond energy.

(iii)

With the aid of a labelled energy level diagram incorporating the data below, determine
the carbon–nickel bond energy in tetracarbonylnickel(0).
∆H / kJ mol−1
Enthalpy change of formation of liquid tetracarbonylnicke(0), ∆H 1

–636

Enthalpy change of formation of gaseous carbon monoxide, ∆H 2

–111

Enthalpy change of vapourisation of tetracarbonylnickel(0), ∆H 3

+29

Enthalpy change of atomisation of nickel, ∆H 4

+431
[7]
[Total: 20]

[Turn over

-6-

3

This question is mainly about the chemistry of inorganic elements and compounds.
(a)

Silicon, phosphorus and sulfur are Period 3 elements.
Arrange these three elements in order of decreasing melting point and account for the order
in terms of structure and bonding.
[4]

(b)

Compound A is an oxide of a Period 3 element and compound B is a chloride of another
Period 3 element.
In an experiment, A was dissolved in water to form a 100 cm3 solution of pH 13.70 at 298 K.
When B was next added, a white precipitate formed together with some steamy fumes
observed. The resultant solution was found to be acidic.

(c)

(i)

Identify A and hence calculate the amount of A used in the experiment.

(ii)

Identify B and write an equation, with state symbols, for the reaction between B and
water.
[4]

Halogens form many interhalogen compounds. Examples include iodine pentafluoride and
iodine monochloride.
(i)

Iodine pentafluoride (IF 5 ) is a liquid at room temperature. It can undergo self-ionisation
to give IF x + ions and pentagonal pyramidal IF y – ions.
Deduce the values of x and y. Hence predict, with reasoning, the shape of the IF x + ion.

(ii)

Iodine monochloride (ICl) reacts with alkenes in a way similar to the reaction between
Cl 2 and propene.
Describe the mechanism for the following reaction involving iodine monochloride.

I
ICl
OH

room temperature

O
[6]

(d)

Aqueous potassium iodide is added to a solution of bromine in hexane in a test-tube and the
mixture is shaken.
Describe and explain the observations in the above experiment.
[2]
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(e)

The reaction scheme below shows how a sample of anhydrous magnesium chloride is
converted into a solution containing compound F.

MgCl2(s)

AgNO3(aq)

filter

white
precipitate

solution E

F
colourless
solution

Upon analysis, F is found to contain the following percentage composition by mass:
Ag, 52.6%; Cl, 17.3%; N, 13.6%; C, 11.7%; H, 4.8%.
(i)

Determine the empirical formula of F and hence suggest a suitable identity for F.

(ii)

State the observation when dilute nitric acid is added to F and write a balanced
equation for this reaction.
[4]
[Total: 20]

[Turn over
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4

(a)

Chromite, FeO.Cr 2 O 3 , is the chief source of chromium. The reaction scheme below shows
the conversion of chromite into two chromium(III) complex ions in solutions A and B.
FeO.Cr2O3(s)
Step I

excess NaOH(aq)
with continuous flow of air

filter

filtrate
Na2CrO4(aq)
Step II

residue

HCl(aq)

Fe2O3(s)

heat

solution C
FeCl3 (aq)

acidification
followed by SO2(g)
Step III

solution A

solution B

excess
H2NCH2CH2NH2

(i)

With the aid of the Data Booklet, write a balanced equation for the reaction involving
Cr 2 O 3 in Step I.

(ii)

Identify the complex ion in A.

(iii)

Draw the structure of the complex ion in B, showing its shape.

(iv)

State the series of colour changes that occur in Step II.

(v)

Suggest a simple chemical test which can be used to distinguish between the cations
in solutions A and C.
[6]
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(b)

The compounds P and Q are isomers with the molecular formula C 9 H 8 O 2 .
P liberates carbon dioxide with sodium hydrogencarbonate but Q does not. Q reacts with
ammoniacal solution of silver nitrate to give R and a grey precipitate.
Upon oxidation with hot acidified potassium manganate(VII), 1 mole of P gives 2 moles of
carbon dioxide and 1 mole of benzoic acid while 1 mole of Q gives 1 mole of carbon dioxide
and 1 mole of a compound, C 8 H 6 O 5 .
P decolourises aqueous bromine in the dark to form S, C 9 H 9 O 3 Br while Q reacts with
aqueous bromine to form a white precipitate T, C 9 H 6 O 3 Br 4 .
P is reacted with a stoichiometric amount of aqueous potassium hydroxide and the resultant
solution is heated before it is added to T. The compound U that is formed has a molecular
formula of C 18 H 13 O 5 Br 3 .
Deduce the structures of all the lettered compounds (P to U) and explain the chemistry of
the reactions described.
[11]

(c)

A cyclic amide can be synthesised from compound J as shown below.

(i)

Draw the structure of L.

(ii)

A student suggests the use of hot, acidified potassium manganate(VII) as the
Step III
oxidising agent in Step II.
SOCl2
Explain why this choice of reagent is inappropriate and suggest a suitable alternative.
[3]
[Total: 20]

[Turn over
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5

Lingzhi (Ganoderma lucidum) is a medicinal mushroom that has been used in Chinese
medicines for more than 2000 years due to its numerous health benefits. It is rich in proteins
which enhance the immune system and polysaccharides such as β-glucans, which possess antitumour properties.
(a)

A peptide chain made of 10 amino acid residues, isolated from a protein in Lingzhi, can be
hydrolysed into the following tripeptides:
val-ser-gly, leu-gly-val, ser-gly-arg, val-ala-val, arg-asn-leu, ala-val-ser
Deduce the primary structure of this peptide chain.
[1]

(b)

The following table shows six α-amino acids found in a segment of a protein in Lingzhi.
α-amino acid
glutamic acid
lysine
valine
glutamine
phenylalanine
serine

formula of side chain (R in RCH(NH 2 )CO 2 H)
−CH 2 CH 2 CO 2 H
−(CH 2 ) 4 NH 2
−CH(CH 3 ) 2
−CH 2 CH 2 CONH 2
−CH 2 C 6 H 5
−CH 2 OH

Describe two types of side-chain interaction, illustrating your answer with suitable pairs of
amino acid residues from the table above.
[2]
(c)

The enthalpy change associated with the folding of a protein chain into its tertiary structure
is –585 kJ mol−1. The numerical value for the entropy change associated with this folding is
1740 J mol−1 K−1.
(i)

Explain whether the entropy change for this process is positive or negative.

(ii)

Hence calculate the Gibbs free energy change at 298 K for the folding of the protein
chain into its tertiary structure.

(iii)

A change in temperature can cause this tertiary protein structure to unfold. Determine
the temperature at which this protein structure begins to unfold, stating any
assumptions made.
[4]
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(d)

β-Glucans, isolated from Lingzhi, are made up of D-glucose molecules joined by β-glycosidic
linkages. The D-glucose molecules can exist as α- and β-forms.
Each β-glucose molecule is formed from the cyclisation of an open-chain glucose molecule
as shown below:
CH2OH
H

CH2OH
H

OH
OH

H

O
OH

O

OH

H

OH
H

OH

OH

H
H

OH

β-glucose

open-chain glucose

(i)

State the type of reaction involved in the cyclisation.

(ii)

In addition, the open-chain glucose molecule also cyclises to form an α-glucose
molecule as shown below.
CH2OH
H

O
OH

H

H

OH

OH
OH

H

α-glucose
Suggest why it is possible for open-chain glucose molecules to form both α- and βglucose molecules.
[2]
(e)

Both α-glucose and β-glucose are optically active compounds. A 1.0 mol dm−3 α-glucose
solution has an optical rotation angle of +113.4o while a 1.0 mol dm−3 β-glucose solution has
an optical rotation angle of +19.0o at 298 K.
These two forms of glucose can exist in equilibrium as shown below.
β-glucose(aq)

⇌

α-glucose(aq)

If an aqueous solution of either 1.0 mol dm−3 β-glucose or α-glucose is allowed to stand, the
optical rotation changes until it reaches +52.2o.
(i)

Calculate the mole fraction of β-glucose in the equilibrium mixture.

(ii)

Calculate the value of the equilibrium constant, K c , for the above reaction.
[3]

[Turn over
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(f)

Russula subnigricans is another species of mushroom found in China. Unlike Lingzhi which
has medicinal value, Russula subnigricans is highly poisonous. Ingestion of this mushroom
causes rapid breakdown of muscle fibres and can lead to death. Scientists recently isolated
the toxin T from this deadly mushroom (reported in Nature Chemical Biology, 2009).
T has a structure in which three of its four carbon atoms are in the same plane. It was
proposed that T could be synthesised from a nitrile as shown in the reaction scheme below.
CN
HCl(aq), heat
step I

step II

T
C4H4O2

Cl

(i)

Suggest a suitable structural formula for T.

(ii)

Hence suggest suitable reagent and condition for step I.
[2]

(g)

Phenylalanine is an α-amino acid with molecular formula, C 9 H 11 NO 2 . Unlike phenylalanine
which is amphoteric, compound U, an isomer of phenylalanine, is neutral.
NO2

compound U
(i)

Compound U can be converted into compound V shown below in three steps. Suggest
suitable reagents and conditions for this conversion.

Cl O
N
H
Cl
compound V
(ii)

One of the three steps in (g)(i) involves an electrophilic substitution reaction. Write a
balanced equation for this reaction.

(iii)

Explain why compound V is not basic despite the presence of a lone pair of electrons
on the nitrogen atom.

(iv)

Compound W is another isomer of phenylalanine. Part of its structure includes a nitro
group attached to a benzene ring. When reacted with chlorine in the presence of
ultraviolet light, W forms only two mono-chlorinated products in the molar ratio of 1:2.
Suggest a suitable structural formula for W.
[6]
[Total: 20]

Graph for Question 1(b)
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[CH3CH2CO2CH2CH3] / mol dm–3

Experiment 1
[NaOH] = 2.0 mol dm–3

time / min
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Question 1
The reaction involves autocatalysis where CH 3 CH 2 COOH (or H+ from the dissociation of
CH 3 CH 2 COOH) is the autocatalyst.

(a)

The rate of reaction gradually increases at first as the autocatalyst produced catalyses the
reaction. However, the rate decreases subsequently as the [CH 3 CH 2 COOCH 2 CH 3 ]
decreases.
(b)

(i)

Plotted the graph for Experiment 2.
• smooth curve with 6 correctly plotted points

(ii)

To find the order of reaction with respect to the ester.
Consider the graph for experiment 1.
1st t 1/2 = 31.0 min (with construction lines shown on the graph)
2nd t 1/2 = 32.0 min (with construction lines shown on the graph)
Since t 1/2 is constant, order of reaction with respect to ethyl propanoate = 1
Alternative answer
Can also use the graph for experiment 2 to find two t 1/2 values.
1st t 1/2 = 63.0 min (with construction lines shown on the graph)
2nd t 1/2 = 63.0 min (with construction lines shown on the graph)
Since t 1/2 is constant, order of reaction with respect to ethyl propanoate = 1
To find the order of reaction with respect to NaOH.
For experiment 1, initial rate = 0.010/24.0 = 4.17 x 10–4 mol dm–3 min–1
For experiment 2, initial rate = 0.010/48.0 = 2.08 x 10–4 mol dm–3 min–1
When [NaOH] is doubled, initial rate is also doubled (4.17x10-4/2.08x10-4 = 2).
Hence order of reaction with respect to NaOH = 1
Alternative answer
Consider the graph for experiment 2.
t 1/2 = 63.0 min
⇒ t 1/2 for experiment 2 = (2)(t 1/2 for experiment 1)
⇒ reaction rate is halved when [NaOH] is halved.
Hence order of reaction with respect to NaOH = 1

(iii)

Rate = k [CH 3 CH 2 CO 2 CH 2 CH 3 ] [NaOH]

(iv)

For experiment 1,
initial rate = 0.010/24.0 = 4.17 x 10–4 mol dm–3 min–1
initial [NaOH] = 2.0 mol dm–3
initial [CH 3 CH 2 CO 2 CH 2 CH 3 ] = 0.0200 mol dm–3
Hence k = 4.17 x 10–4/[(2.0)(0.0200)] = 0.0104 mol–1 dm3 min–1

(v)

Refer to the graph.
Sketch with correct co-ordinates and 2 half-lives.
Half-life = 31 to 32 min
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Question 1
(b)

(vi)

(c)

(i)

The conjugate base of the ester is stabilised as the negative charge can be dispersed by
delocalisation into the adjacent C=O group.
Note: Accept all sensible answers

(ii)
(1)

The conjugate base of ethane is unstable as the electron-donating methyl group will
intensify the negative charge.
Note: Accept all other sensible answers.

(ii)
(2)

The –COOH group of ethanoic acid is more acidic than the α-hydrogen atom.
Note: Accept all other sensible answers.

(iii)

O

O

O

O

OCH2CH3

O

OCH2CH3

O

O

O

OCH2CH3

(iv)

OCH2CH3

O
OCH3

CH3O
O
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Question 2
Nickel is regarded as a transition element because it is able to form at least one stable ion
(e.g. Ni2+) with a partially filled d-subshell.

(a)

Ni2+ 1s2 2s2 2p6 3s2 3p6 3d8
(b)

(i)

(ii)

Under standard conditions, [M2+] = 1.0 mol dm-3
⇒ lg [M2+] = lg 1.0 = 0
From the graph, when lg [M2+] = 0, e.m.f. = Eo cell = +0.12 V
Ni(s) + M2+(aq) → Ni2+(aq) + M(s)
Eo cell = Eo M2+/M – Eo Ni2+/Ni = Eo M2+/M – (– 0.25) = +0.12 V
Eo M2+/M = –0.13 V

(iii)

At equilibrium, E cell = 0 V
From the graph, when E cell = 0 V, lg [M2+] = –4.10
⇒ [M2+] = 10-4.10 = 7.943 x 10-5 mol dm-3
[Ni2+] = 1.0 mol dm-3
Kc =

(iv)

[Ni2+ ]
[M2+ ]

=

1.0

7.943 x 10−5

= 1.26 x 104

Reaction: Cu2+(aq) + M(s) → Cu(s) + M2+(aq)
Eo cell = 0.34 – (–0.13) = +0.47 V
Since Eo cell > 0, the reaction is feasible under standard conditions.
Any one of the following observations:
• blue solution of CuSO 4 fades
• pink deposit of Cu forms
• the rod of metal M dissolves
Assumption: M2+(aq) is colourless.
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Question 2
(c)

(i)

In both cases, there are 4 electron pairs around the central O atom giving rise to a
tetrahedral electron-pair geometry to minimize repulsion.
In the [Ni(H 2 O) 6 ]2+ ion, there are 3 bond pairs and 1 lone pair around the O atom. In the
isolated H 2 O molecule, there are 2 bond pairs and 2 lone pairs around the O atom.
Since the isolated H 2 O molecule has one more lone pair around the O atom and the
strength of electron-pair repulsion decreases in the following order:
lone pair–lone pair > lone pair–bond pair > bond pair–bond pair,
the H-O-H bond angle is smaller in the isolated H 2 O molecule.

(ii)

The two solutions have different colours despite containing the same nickel(II) ion because
of the presence of different ligands.
Both the H 2 O and NH 3 ligands split the five 3d-orbitals of the Ni2+ ion into two sets of slightly
different energy levels but to different extents.
Hence [Ni(H 2 O) 6 ]2+(aq) and [Ni(NH 3 ) 6 ]2+(aq) ions absorb different wavelengths of light from
the visible spectrum for d-d transitions (i.e. the promotion of electrons from the lower energy
d orbitals to the higher energy d orbitals). Consequently different colours, corresponding to
the complements of the different colours absorbed, are observed for the two different
complex ions.

(d)

(i)

(iii)

The bond energy of a X–Y bond is the average
amount of energy required to break 1 mole of the X–Y
bonds in the gaseous state to form X(g) and Y(g)
atoms.

(ii)

-1

Energy / kJ mol

Ni(g) + 4C(s) + 2O2(g)

H4

0

Energy / kJ mol-1

0

4 H2

Ni(s) + 4C(s) + 2O2(g)

Ni(s) + 4C(s) + 2O2(g)
Ni(g) + 4CO(g)

4 H2

H4

4 BE(C Ni)

Ni(g) + 4CO(g)
H1

H1

4 BE(C Ni)
Ni(s) + 4CO(g)

Ni(CO)4(g)
Ni(CO)4(l)

(d)

(iii)

H3

Ni(CO)4(g)
Ni(CO)4(l)

or
By Hess’ law, ∆H 1 = ∆H 4 + (4)(∆H 2 ) – 4 BE(C–Ni) – ∆H 3
–636 = +431 + (4)(–111) – 4 BE(C–Ni) – 29
4 BE(C–Ni) = 594
BE(C–Ni) = 594/4 = 148.5 = 149 kJ mol-1
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Question 3
Si > S 8 > P 4 or Si, S 8 , P 4

(a)

Si has a giant molecular structure. It has the highest melting point because a lot of heat
energy is required to break the extensive network of relatively strong Si–Si covalent bonds.
Both P and S have simple molecular structures, with P existing as non-polar P 4 molecules
and S existing as non-polar S 8 molecules.
S has a lower melting point than Si because less heat energy is needed to overcome the
weaker instantaneous dipole-induced dipole attractive forces among the S 8 molecules than
breaking the covalent bonds in Si.
P has the lowest melting point among the three elements because the instantaneous dipoleinduced dipole forces present are even weaker than those in S since the P 4 molecule has
fewer electrons and hence a smaller electron cloud size than that of the S 8 molecule.
(b)

(i)

A: Na 2 O
pH = 13.70
pOH = 14 – 13.70 = 0.30
[OH-] = 10-0.30 = 0.501 mol dm-3
Amount of NaOH = (0.100)(0.501) = 0.0501 mol
Na 2 O(s) + H 2 O(l) → 2NaOH(aq)
Amount of Na 2 O = (½)(0.0501) = 0.0251 mol

(c)

(ii)

B: SiCl 4
SiCl 4 (l) + 2H 2 O(l) → SiO 2 (s) + 4HCl(aq)
Or SiCl 4 (l) + 4H 2 O(l) → SiO 2 .2H 2 O(s) + 4HCl(aq)
Or SiCl 4 (l) + 4H 2 O(l) → Si(OH) 4 (s) + 4HCl(aq)

(i)

2 IF 5 ⇌ IF 4 + + IF 6 – ⇒ x = 4 and y = 6
Consider the IF 4 + ion.
Around the I atom, there are 5 electron pairs.
To minimise repulsion, the electron-pair geometry is trigonal bipyramidal.
Since there are 4 bond pairs and 1 lone pair, the shape of the IF 4 + ion is distorted
tetrahedral (or seesaw or sawhorse).

(ii)

The mechanism involved in the reaction is electrophilic addition.
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Question 3
Initially, the solution of Br 2 in hexane is red-brown in colour.

(d)

When KI(aq) is added and the mixture shaken, Br 2 goes to the aqueous layer and the
following redox reaction occurs:
Br 2 (aq) + 2I–(aq) → 2Br –(aq) + I 2 (aq)
The I 2 formed in the aqueous layer dissolves in the hexane layer. Consequently, a
violet/purple hexane layer above a colourless/pale yellow/yellow aqueous layer can be
observed in the test-tube.

(e)

(i)

Molar ratio of Ag : Cl : N : C : H =

52.6

:

17.3

:

13.6

:

11.7

:

4.8

108 35.5 14.0 12.0 1.0
= 0.487 : 0.487 : 0.971 : 0.975 : 4.8
= 1 : 1 : 2 : 2 : 10

Hence the empirical formula of F is AgClN 2 C 2 H 10 .
F is [Ag(CH 3 NH 2 ) 2 ]Cl.

(ii)

When dilute nitric acid is added to F, a white precipitate of AgCl forms and is insoluble
in excess dilute nitric acid.
[Ag(CH 3 NH 2 ) 2 ]Cl(aq) + 2HNO 3 (aq) → AgCl(s) + 2CH 3 NH 3 +(aq) + 2NO 3 -(aq)
Or
Ag(CH 3 NH 2 ) 2 ]+ + Cl- + 2H+(aq) → AgCl(s) + 2CH 3 NH 3 +(aq)

Question 4a
(a)

(i)

2Cr 2 O 3 (s) + 3O 2 (g) + 8OH-(aq) → 4CrO 4 2-(aq) + 4H 2 O(l)

(ii)

[Cr(H 2 O) 6 ]3+

(iii)

3+

H2
N

H2N
NH2
Cr

N
H2

•

NH2
H2N

diagram should indicate the octahedral shape

(iv)

From yellow to orange to green.

(v)

Test: Add NaOH(aq) dropwise till excess to each sample in a test-tube.
For the cation in A, a grey-green precipitate forms which is soluble in excess NaOH(aq) to
form a dark green solution.
For the cation in C, a red-brown precipitate forms which is insoluble in excess NaOH(aq).
Note: Accept all sensible answers
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Question 4b
Observation

Deduction

P and Q have
molecular formula
C9H8O2.
P gives CO 2 (g) upon
reaction with NaHCO 3
but not Q.

Both P and Q contain a benzene ring due to the relatively high C to H ratio.

Q reacts with
ammoniacal solution
of AgNO 3 to give R.

Q undergoes oxidation with Tollens’ reagent to give a grey precipitate of Ag
and R, a carboxylate salt.
⇒ Q is an aldehyde.

Upon oxidation with
hot acidified KMnO 4 ,
1 mole of P gives 2
moles of CO 2 and 1
mole of benzoic acid

Oxidation of side-chain occurs.
⇒ P contains a benzene ring with only 1 side chain.

P undergoes acid-base reaction with NaHCO 3 but not Q.
⇒ P is a carboxylic acid but Q is not a carboxylic acid.

Hence P can either be
CH

CH

COOH

or

C

COOH

CH2

Upon oxidation with
hot acidified KMnO 4 ,
1 mole of Q gives 1
mole of CO 2 and 1
mole of a compound,
C8H6O5.

Oxidation of C=C in Q occurs.
⇒ Q contains a C=CH 2 structural unit which is oxidised to give –COOH and
CO 2 .
Oxidation of –CHO in Q also occurs.
⇒ The oxidation product contains 2 –COOH groups.
With a molecular formula of C 8 H 6 O 5 , the oxidation product also has to contain
a phenolic –OH group. Hence the oxidation product contains a benzene ring
with 3 substituents: 2 –COOH groups and 1 –OH group.
⇒ Q contains a benzene ring with 3 substituents:
–CHO, –CH=CH 2 and –OH groups.

P decolourises
Br 2 (aq) in the dark to
form S, C 9 H 9 O 3 Br.
Q reacts with Br 2 (aq)
to form a white
precipitate T,
C 9 H 6 O 3 Br 4 .
P is reacted with a
stoichiometric amount
of KOH(aq).
T reacts with the
carboxylate salt to
give U, C 18 H 13 O 5 Br 3 .

P undergoes electrophilic addition.
⇒ P is an alkene or contains a C=C bond.
And S is a bromohydrin.
Q also undergoes electrophilic substitution.
⇒ Q is a phenol and its two substituents are at positions 3 & 5.
Q undergoes electrophilic addition
⇒ Q is an alkene or contains a C=C bond.
P undergoes acid-base reaction to give a carboxylate salt as a nucleophile.

T undergoes nucleophilic substitution to give an ester, U.
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Question 4b
(b)

Alternative answer for P:

Corresponding answer for U
OH
Br

C

COOH

HO

CH2

CH

CH2
Br

Br

O

C

C

O

CH2

CHO

Question 4c
(c)

(i)

CH2COOH

CH2NH2
L

(ii)

If hot, acidified potassium manganate(VII) is used, side chain oxidation occurs, resulting in
formation of benzene-1,2-dicarboxylic acid and the loss of the N atom. Hence the cyclic
amide cannot be formed.
Suitable alternative: I 2 (aq) and NaOH(aq), heat
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Question 5
val-ala-val-ser-gly-arg-asn-leu-gly-val

(a)

(b)

or

leu-gly-val-ala-val-ser-gly-arg-asn-leu

or

arg-asn-leu-gly-val-ala-val-ser-gly-arg

Any two of the following:
1. Hydrogen bonding between the side chains of serine and glutamine amino acid
residues.

2. Ionic interaction (or electrostatic forces of attraction between positively and negatively
charged groups) between the side chains of glutamic acid and lysine amino acid
residues.
ionic interaction
+

CH2CH2COO-

H 3N

CH2CH2CH2CH2

3. Van der Waals’ forces between non-polar side chains of valine and phenylalanine amino
acid residues.
van der Waals' forces

CH3

CH2

CH
CH3

-9-

Question 5
(c)

(i)

Entropy change is negative. This is because the protein chain folds into a tertiary
structure which is less disordered (or more ordered).

(ii)

∆G = −585 − (298)(−1740 x 10−3) = −66.5 kJ mol−1

(iii)

For the unfolding process, ∆H = +585 kJ mol-1
∆S = +1740/1000 = 1.74 kJ mol-1 K-1
For the unfolding process to be feasible, ∆G(unfolding) < 0
∆G(unfolding) = ∆H – T∆S < 0
T > ∆H/∆S
T > 585/1.74
T > 336 K
Hence the temperature at which unfolding begins is 336 K.
Note: At T = 336 K, the reaction is at equilibrium and unfolding has begun.
Reaction: folding of protein chain ⇌ unfolding of protein chain
Assumptions: ∆S and ∆H do not change with temperature.

(d)

(e)

(i)

Nucleophilic addition.

(ii)

The shape with respect to the carbonyl carbon (of the aldehyde) is trigonal planar. Hence
the carbonyl carbon atom can be attacked from either side of the plane by the lone pair on
the O atom of the alcohol group, forming both the α-glucose and β-glucose units.

(i)

Let the mole fraction of β-glucose be x.
Hence the mole fraction of α-glucose is (1 – x).
(19.0)(x) + (113.4) (1−x) = 52.2
94.4x = 61.2
x = 0.648

(ii)

(f)

(i)

Kc =
T:

[α−glucose ]
[β−glucose ]

=

(1 − 0.648)(1.0)
= 0.543
(0.648)(1.0)

CO2H

(ii)

Ethanolic KOH, heat (or reflux)
Or alcoholic KOH, heat
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Question 5
(g)

(i)

(i) Sn, conc. HCl, reflux
(ii) NaOH(aq)

NO2

NH2

Step 1
U
Step 2

Cl O

Cl2(aq)
room temperature

Cl

CH 3CH2COCl
room temperature

NH2

N
H

Step 3
Cl

Cl

(ii)

Cl
NH2

NH2 + 2 Cl2

+ 2 HCl

Cl

(iii)

Compound V is not basic because the lone pair of electrons on the nitrogen atom interacts
with the pi-electron cloud of the adjacent C=O bond and is delocalised, and hence not
available for co-ordination to a proton.
In addition, this lone pair of electrons also delocalises into the pi-electron cloud of the
benzene ring.

(iv)

W:

NO2

or

NO2

-11-

1

CHEM
MISTRY

96
647/01

Pape
er 1 Multip
ple Choic
ce
Wedn
nesday

mber 2013
3
25thh Septem

1 hour

Candid
dates answe
er on separrate paper.
Additio
onal materia
als: Multiple Choice A
Answer Shee
et
Data Booklet
B

READ
D THESE
E INSTRU
UCTIONS
S FIRST
Write in
n soft pencil.
Do nott use staples, paper clips, highligh
hters, glue or
o correction
n fluid.
Write yyour name, Civics Grroup and in
ndex numb
ber on the Answer Shheet in the
e spaces
provide
ed unless th
his has been done for yyou.
There are forty questions on
n this paperr. Answer all
a questions
s. For eachh question there
t
are
four po
ossible answ
wers A, B, C and D.
Choose the one you
y conside
er correct an
nd record your
y
choice in soft pen
ncil on the separate
s
Answe
er Sheet.
ctions on th
he Answer Sheet very
y carefully.
Read tthe instruc
wer will sco
ore one marrk. A mark will not be deducted fo
for a wrong answer.
Each ccorrect answ
Any rough working
g should be
e done in th is booklet.

This document cconsists of 20 printed pages.
p
9647/01/TJC Prelim 201
13

[Turn Over

2
Section A
For each question there are four possible answers, A, B, C and D. Choose the one you consider
to be correct.
1

In which pair do both atoms have the same number of unpaired electron in their ground
states?
A

2

3

Ca, Ni

B

Na, Sc

C

N, Fe

D

Fe, Cr

Silicon, phosphorus and sulfur are in Period 3. Which of the following statements best
explains why silicon (1s2 2s2 2p6 3s2 3p2) has a lower first ionisation energy than
phosphorus (1s2 2s2 2p6 3s2 3p3)?
A

Silicon has fewer electrons than phosphorus.

B

The 3p electrons of phosphorus do not experience inter-electronic repulsion.

C

The 3p electrons of phosphorus are further away from the nucleus.

D

Phosphorus has more protons than silicon.

Comproportionation is a chemical reaction where two reactants, each containing the same
element but with a different oxidation number, form a product in which the element involved
reaches the same oxidation number in the product.
1 mol of potassium iodide undergoes comproportionation with compound X to form 0.6 mol
of iodine. What could be the identity of compound X?
A

4

KIO2

B

IO2

C

KIO3

D

KIO4

A pure hydrocarbon was completely isolated from a fractional distillation column in a
refinery. When 10 cm3 of the hydrocarbon was burned in excess oxygen, the volume of the
mixture decreased by 30 cm3. On passing the resultant mixture through a solution of
sodium hydroxide, the volume further decreased by 30 cm3. All volumes were measured at
room temperature and pressure.
What is the formula of the hydrocarbon?
A

C2H6

9647/01/TJC Prelim 2013

B

C3H6

C

C3H8

D

C4H10
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3
5

6

2,4-dinitrophenylhydrazine (Brady’s reagent) is a common reagent used to qualitatively test
for carbonyl groups associated with aldehydes and ketones. What would you expect the
bond angles, x, y, and z to be, to the nearest 1 degrees, in the molecule of
2,4-dinitrophenylhydrazine?

x

y

z

A

107

120

120

B

107

107

109

C

109

120

120

D

120

107

120

Given the enthalpy change of the following reactions
Fe2O3(s) + 3CO(g)  2Fe(s) + 3CO2(g)

H = –26.8 kJ

FeO(s) + CO(g)  Fe(s) + CO2(g)

H = –16.5 kJ

Find the enthalpy change for the reaction below
Fe2O3(s) + CO(g)  2FeO(s) + CO2(g)
A

7

–59.8 kJ

–43.3 kJ

B

C

–10.3 kJ

D

+6.2 kJ

For a chemical reaction,
A



B

∆H = +67.0 kJ mol–1
∆S = –131 J K–1 mol–1

Which of the following statement is correct?
A

The reaction will be spontaneous when temperature is less than –511 K.

B

The reaction will be spontaneous when temperature is greater than –511 K.

C

The reaction will be spontaneous at any temperature.

D

The reaction will not be spontaneous at any temperature.
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8

Use of the Data Booklet is relevant to this question.

Pt electrode

The following values for the cell potential were determined as a change was
continuously made.
reading number
1
2
3
4

cell potential / V
0.770
0.980
1.064
1.093

….…

….…

20

1.330

What continuous change in the Fe3+/Fe2+ half-cell could produce these results?

9

A

Increasing the concentration of Fe2+ (aq) in the Fe3+/Fe2+ half-cell.

B

Replacing the Pt electrode with a Fe electrode.

C

Adding acidified potassium dichromate(VI) into the Fe3+/Fe2+ half-cell.

D

Increasing the concentration of H+ (aq) in the H+/H2 half-cell.

Molten solutions of AgNO3, Cu(NO3)2 and Cr(NO3)3 are arranged in series and is subjected
to a current of 2.0 A for 20 minutes. What is the relative amount of each metal formed?
A

Ag > Cu > Cr

B

Ag = Cu = Cr

C

Ag < Cu < Cr

D

Cu > Ag > Cr

9647/01/TJC Prelim 2013
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10

11

Chromium plating is applied by electrolysis to objects suspended in an acidified
dichromate (VI) solution. How long (in minutes) would it take to apply a chromium plating
0.2 mm thick to a car bumper with a surface area of 0.30 cm2 in an electrolytic cell carrying
a current of 10.0 A? (The density of chromium is 7.19 g/cm3)
A

0.800 minutes

B

2.70 minutes

C

8.10 minutes

D

48.0 minutes

Ammonia decomposes into hydrogen and nitrogen gas at high temperatures.
2NH3(g)

N2(g) + 3H2 (g)

Ammonia at pressure P was placed in an evacuated reactor which was maintained at
constant temperature. At equilibrium, the ratio of nitrogen to ammonia was found to be 1:3.
What is the equilibrium constant, Kp, for the reaction?
A

12

3P2

B

75P2

C

P2
3

D

3P 2
25

0.1 mol of benzoic acid was dissolved in 500 cm3 of water. The pH of the solution was
found to be 2.6. Which of the following should be added to the solution to form a buffer of
maximum buffering capacity?
(pKa of benzoic acid is 4.2)

13

A

0.1 mol of NaOH

B

0.05 mol of NaOH

C

0.1 mol of HCl

D

0.05 mol of HCl

An excess of silver sulfate was shaken in a solution of sodium sulfate of concentration
X mol dm-3 and allowed to reach equilibrium. The undissolved silver sulfate was filtered off
and the concentration of silver in the solution was found to be Y mol dm-3.
What is the Ksp of silver sulfate?
A

(X+

Y
) (Y)2
2
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B

(

Y
) (Y)2
2

C

(X+Y) (2Y)2

D

(X) (Y)2
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The reaction between NO and O2 to give NO2 is exothermic and proceeds by the following
two steps.
Step 1: NO + O2

OONO

Step 2: NO + OONO  2NO2

Energy

A

Energy

It was found that Step 1 is the slow step. Which diagram could represent the reaction
pathway diagram for the reaction?

B

Progress of reaction

Energy

C

Energy

Progress of reaction

D

Progress of reaction

15

Progress of reaction

The reaction between substances A and B is found to follow the rate equation.
Rate = k[A]m[B]
Where k is the rate constant and has units of mol–2dm6s–1.
Two experiments to study the kinetics of this reaction were carried out and the data
obtained are tabulated below:
Experiment

Initial [A] / mol dm–3

Initial [B] / mol dm–3

Initial rate / mol dm–3 s–1

1

0.040

0.080

S

2

0.020

y

½S

What is the value of y in experiment 2?
A

0.020

9647/01/TJC Prelim 2013

B

0.040

C

0.160

D

0.320
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16

Three elements, J, K, L have physical properties as shown.
Substance

Melting point of
element / oC

Solubility of oxide
in water

Electrical conductivity of
chloride in liquid state

J

112

Soluble

Nil

K

650

Insoluble

Good

L

98

Soluble

Good

What could be the identities of J, K and L?

17

J

K

L

A

P

Na

Al

B

S

Mg

Na

C

Na

Si

Pb

D

Si

P

Mg

The following shows the reaction of Fe ions with various reagents.
Reagent P
2+

Reagent Q
3+

Fe

Fe

Deep red solution

CN–
X
Reagent R
Dark (Prussian) blue colour
Fe7(CN)18
Suggest the identities for reagents P, Q and R.
Reagent P

Reagent Q

Reagent R

A

Cl2

CNS–

Fe3+

B

Cl2

NaOH

Fe2+

C

SO2

NaOH

Fe2+

D

SO2

CNS–

Fe3+
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18

A 5.00 g sample of an anhydrous Group II metal nitrate loses 2.55 g in mass on strong
heating.
Which metal is present?

19

A

Calcium

B

Strontium

C

Barium

D

Radium

Lactic acid, also known as milk acid, is a chemical compound that plays a role in various
biochemical processes. Lactic acid can be synthesized from propene in a 3-step process.

Which of the following will give the highest yield of lactic acid?

20

Step 1

Step 2

Step 3

A

Br2(g), room temp

NaOH(aq), warm

Cr2O72- / H+, warm

B

Br2(aq), room temp

Cr2O72- / H+, warm

NaOH(aq), warm

C

MnO4- / H+, cold

Cr2O72- / H+, warm

H2 / Pt, room temp

D

MnO4- / OH-, cold

Cr2O72- / H+, warm

LiAlH4, room temp

Compound X is a derivative of Psilocin, the active compound found in “magic mushroom”
that causes hallucinations.

Compound X
Which of the following statement is not correct about compound X?
A

1 mol of compound X can react with up to 3 mol of ethanoyl chloride.

B

1 mol of compound X can react with up to 3 mol of hydrogen bromide.

C

1 mol of compound X can react with up to 2 mol of aqueous bromine.

D

1 mol of compound X can react with up to 1 mol of sodium metal.
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Consider the following reaction:

O
F3C

OH

NH3
CF3

Step I

F3C

Step II

CF
NH2 3

F3C

CF3

hexafluoroacetone imine

intermediate

hexafluoroacetone

NH

POCl33,, heat
POCl

Which of the following statement is not correct about the reaction?

22

A

NH3 acts as a nucleophile in Step I.

B

POCl3 acts as a dehydrating agent in Step II.

C

The reaction intermediate contains only one sp3 hybridised carbon atom.

D

The reaction intermediate can be used to synthesise C(CF3)2(NH2)2 in less than 3
steps.

Phosgene, COCl2, is a highly toxic compound that is formed when trichloromethane, CHCl3,
is left exposed to the atmosphere.
Below is a reaction scheme that involves trichloromethane and phosgene:
CHCl3

COCl2

COCl(OH)

CO2 + HCl

Which of the following type of reaction is not being observed in the reaction scheme?

23

A

Oxidation

B

Elimination

C

Electrophilic addition

D

Nucleophilic substitution

Which of the following reagents and conditions can be used to distinguish the pair of
compounds in each set?
Compound 1

Compound 2

Reagent and condition

A

C6H5OH

C6H5NH2

Br2(aq), room temperature

B

CH3CH2COCHI2

CH3CH(OH)CH2CH3

I2(aq), NaOH(aq), warm

C

C6H5COCl

C6H5COBr

AgNO3(aq), room temperature

D

C6H5CH2CH3

CH3CH=CH2

KMnO4(aq), H2SO4(aq), heat under reflux
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Values of the acid dissociation constants, Ka, for some weak acids are given below:
Ka / mol dm–3

Acid

1.3 x 10–10

OH

H2CO3

4.5 x 10–7

CH3CO2H

1.8 x 10–5

A sample of phenyl ethanoate, C6H5OCOCH3, was heated under reflux with an excess of
NaOH(aq).
Excess CO2 was subsequently bubbled through the mixture.
Which of the following would be found in the resultant mixture?

25

A

Phenol and ethanoic acid

B

Sodium phenoxide and sodium ethanoate

C

Sodium phenoxide and ethanoic acid

D

Phenol and sodium ethanoate

Orsellinic acid is found in lichens which are composite organisms consisting of fungus and
a photosynthetic partner.

Orsellinic acid
0.1 mol of orsellinic acid was reacted with excess Na2CO3(aq) and the gaseous product
formed was passed through a bottle of excess concentrated NaOH.
What is the increase in mass in the bottle of concentrated NaOH?
A

2.2 g

B

4.4 g

C

6.6 g

D

13.2 g
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N-methyl-D-aspartic acid is a neuroprotective agent used in the treatment of strokes and
epilepsy while aspartic acid is an essential amino acid found in human.

N-methyl-D-aspartic acid

Aspartic acid

What is the number of dipeptides that could possibly be formed between N-methyl-Daspartic acid and aspartic acid?
A

27

1

B

2

C

3

D

4

"Helix breakers" are amino acids that disrupt the regularity of the α-helical backbone
conformation in a protein. These amino acids often also cause breakages or deformations
in -pleated sheets as well.
Which of the following amino acids is likely to be a “helix breaker”?

28

A

B

C

D

What are the type of bonds responsible for the formation of -pleated sheets in a protein?
A

Peptide bonds between the individual amino acid units.

B

Hydrogen bonds between the side chains of a polypeptide chain.

C

Van der Waals forces between the side chains of a polypeptide chain.

D

Hydrogen bonds between the peptide groups of two extended polypeptide chains.
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Consider the following amino acids found in proteins and their associated pKa values.

Amino acid

Relative
molecular
mass
pKa values

Aspartic acid

Lysine

133

146

1.88, 3.65 and 9.60

2.18, 8.95 and 10.53

Which of the following statements is correct in a gel electrophoresis separation of the two
amino acids?
A

At pH = 6, aspartic acid would migrate faster towards cathode than lysine would
towards anode.

B

At pH = 6, aspartic acid would migrate slower towards anode than lysine would
towards cathode.

C

At pH = 9, the major form of aspartic acid would be

At pH = 9, the major form of aspartic acid would be

D

At pH = 9, the major form of lysine would be
At pH = 9, the major form of lysine would be
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What is the total number of stereoisomers for the major product when the following
compound is heated under reflux with ethanolic sodium hydroxide?

A

0
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Section B
For each o
of the questtions in this section, on
ne or more of
o the 3 num
mbered stattements 1 to
o 3 may be
correct.
Decide wh
hether each
h of the statements is or is not co
orrect. (You
u may find it helpful to
o put a tickk
against the
e statementts which you
u consider tto be correc
ct.)
The responses A to D should be selected o n the basis of
A

B

C

D

1,2 an
nd 3
are
e
corre
ect

1 and 2
only are
e
correct

2 and 3
only are
correct

1 only
is
ccorrect

No other ccombination
n of stateme
ents is used as a correc
ct response
e.
31

Hae
emoglobin has a quaternary
q
structure with fou
ur globularr protein subunits.
Eacch subunit of
o haemoglo
obin has an embedded
d heme grou
up which coontains one iron atom
thatt can bind one
o oxygen molecule.
The
e diagram below
b
show
ws the hem
me group held
h
in a heterocyclic
h
c ring, know
wn as the
porp
phyrin.

Note
e that the fo
our N atoms
s and the Fe
e ion are planar.
Whiich of the fo
ollowing des
scriptions o
of the bonds
s are present betweenn Fe and the
e N-atoms
in th
he porphyrin
n ring?
1

Ion-dipole
e interaction
ns

2

Ionic bon
nds

3

Co-ordina
ate bonds
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The responses A to D should be selected o n the basis of
A

B

C

D

1,2 an
nd 3
are
e
corre
ect

1 and 2
only are
e
correct

2 and 3
only are
correct

1 only
is
ccorrect

No other ccombination
n of stateme
ents is used as a correc
ct response
e.
32

Whiich one of the followin
ng graphs sshare the same
s
general shape aas seen in the graph
belo
ow, accordin
ng to ideal gas
g law for a fixed mas
ss of gas att temperatu re T in Kelv
vins?

y

x

1

VT against T2 (at constant P)

2

P againstt T/V (at constant V)

3

PV again
nst T
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The responses A to D should be selected on the basis of
A

B

C

D

1,2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only
is
correct

No other combination of statements is used as a correct response.
33

The graph below shows how the percentage of oxygen gas in the equilibrium mixture
shown below varies with temperature at pressures P1 and P2.
4HCl(g) + O2(g)

2Cl2(g) + 2H2O(g)

Percentage of
O2 in equilibrium
mixture

P2
P1

Temperature
Which of the following statements about the reaction are correct?

34

1

The pressure P1 is larger than P2.

2

The forward reaction is exothermic.

3

Addition of an inert gas into the system will not cause the graph to shift.

Use of the Data Booklet is relevant in this question.
Cracking is the process whereby complex organic molecules are broken down into simpler
molecules such as light hydrocarbons. Gasoline, used as a fuel in automobiles, is often
vapour cracked to produce more valuable products such as butane in the petrol-chemical
industry.
C8H18(g)  C4H8(g) + C4H10(g)
Which statements about the above reaction are true?
1

The reaction is an endothermic reaction.

2

The reaction becomes spontaneous at higher temperatures.

3

The enthalpy change of the reaction can be determined from only the standard
enthalpy change of combustions of C8H18, C4H8 and C4H10.
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The responses A to D should be selected on the basis of
A

B

C

D

1,2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only
is
correct

No other combination of statements is used as a correct response.
35

Which of the following graphs about hydrogen halides are correct?
Vapour Pressure of HX
x
x

1

x

x
HF

HCl HBr

HI

Decomposition temperature of HX
x

x

x

2

x

HF

HCl HBr

HI

Enthalpy change of formation
HF
3

HCl HBr

0

HI
x

x
x
x
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The responses A to D should be selected on the basis of
A

B

C

D

1,2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only
is
correct

No other combination of statements is used as a correct response.
36

Transition metal, M forms complexes with two different ligands J and L. The visible spectra
of solutions of transition metal complex, A, [MJ6]3+, and B, [ML6]3+, are shown in the
diagram below.
The absorbance of a solution at a particular wavelength is proportional to the concentration
of the ion responsible for the absorption. Solution C contains transition metal M with equal
proportions of ligands J and L.
Colours and energies of light at various wavelengths
Wavelength / nm

Colour

400

Violet

450

Blue

500

Green

600

Yellow

650

Red

C

Which of the following statements are correct about complexes A and B?

37

1

Complex A is red while complex B is blue.

2

A has larger energy gap between the d-orbitals.

3

L forms a stronger bond with metal M compared to J.

Ionone is a sweet-smelling compound found in violets.

Which of the following statements are true about the product formed from reacting ionone
with excess lithium aluminium hydride?
1

It contains 1 chiral carbon atom.

2

It can turn an acidified solution of potassium dichromate(VI) green.

3

It has 4 stereoisomers.
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The responses A to D should be selected on the basis of
A

B

C

D

1,2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only
is
correct

No other combination of statements is used as a correct response.
38

Chloramphenicol is an antibiotic secreted by bacteria.
O
O2N

CH

CH

NHCCHCl2

OH

CH2OH

What deductions can be made about the reactions of chloramphenicol?

39

1

1 mol of chloramphenicol reacts with Na metal to form 2 g of gas.

2

It can react with 2,4–dinitrophenylhydrazine.

3

Effervescence is observed when Na2CO3(aq) is added to it.

Benzocaine is often used as a local anaesthetic to relieve pain caused by sunburn.

Which of the following steps may be involved in the synthesis of benzocaine starting from
benzene?
1

Electrophilic substitution with chloromethane.

2

Reduction using tin and concentrated hydrochloric acid.

3

Condensation using methanol.
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The responses A to D should be selected on the basis of
A

B

C

D

1,2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only
is
correct

No other combination of statements is used as a correct response.
40

Which of the following products would be formed when compound P below reacts with PCl5
at room temperature?

Compound P

Cl
1

2

COCl

3

Cl

Cl
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Planning (P)
Scientists in the 1970s have discovered that the reduction of cyclic anhydrides using sodium
borohydride (NaBH4) is more convenient and versatile method than lithium aluminium hydride
(LiAlH4). γ-butyrolactone, a pro-drug to GHB, can be synthesized from its starting cyclic anhydride
using NaBH4, as shown in the diagram below.

(a)

A research student wishes to synthesize γ-butyrolactone to determine the enthalpy change
of combustion of γ-butyrolactone. Professor Hamilton pointed out to him that the product
synthesized has to be purified before further use.
This is because in the preparation of crude γ-butyrolactone, sodium borohydride was added
in excess to ensure maximum yield in synthesizing γ-butyrolactone. After the reaction is
complete, the excess sodium borohydride is decomposed by acidifying the reaction mixture
to pH 6 or below (slowly and while stirring) using excess 6 mol dm-3 aqueous hydrochloric
acid. Hydrogen gas is evolved during this process as the excess sodium borohydride
decomposes.
The purification of crude γ-butyrolactone involves performing a liquid-liquid extraction
initially using a separating funnel seen in Figure 1 below, before final purification of the
product by recrystallization or distillation.

Figure 1: Liquid-liquid extraction using a separating funnel
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(i)

Which of the following two organic solvents would be a good choice to dissolve crude
γ-butyrolactone to perform a liquid-liquid extraction? Explain your answer.

(ii)

One common mistake when performing a liquid-liquid extraction is to mix-up the
layers and hence the organic product would be lost in the discarded layer.
Using the following data in the table,
Solvent

Density (g cm-3)

Benzene

0.877

Diethyl ether

0.713

Water

1.000

Identify if the organic solvent identified in (i) would be the upper or lower layer?
Explain your answer.

(iii)

The experimental procedures of the purification of crude γ-butyrolactone via liquidliquid extraction is described below:
1. Dissolve the crude γ-butyrolactone in 30 cm3 of the organic solvent.
2. Cool the flask in an ice bath and then add 20 cm3 of 6 mol dm-3 hydrochloric
acid dropwise, while stirring, to quench the reaction.
3. Place the reaction mixture in a separating funnel and separate the aqueous
layer from the organic layer. Reject the aqueous layer.
4. Add about half its volume of chemical reagent A. Shake the reaction mixture
in the separating funnel cautiously, releasing the pressure at intervals.
5. Transfer the organic layer into a conical flask and add some chemical
reagent B. Filter off chemical reagent B and evaporate the solvent at room
temperature.
State the identities of chemical reagents A and B, explaining the role each plays in
the experimental procedures 4 and 5.
[5]
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Chemical reagent A:

Chemical reagent B:

(b)

The following e
experimenta
al set-up can be used to design a
an experime
ent to deterrmine the
enthalpy change
e of combusstion of γ-bu
utyrolactone
e.

Cop
pper
Calorrimeter

γ-butyrollactone

You are to plan
n a step-byy-step metho
od to deterrmine the enthalpy cha
ange of com
mbustion,
Hc, under labo
oratory cond
ditions, of γ -butyrolacttone. You sshould use the
t apparattus in the
diagram above and any apparatus req
quired that iss normally fo
ound in a scchool labora
atory.
hould cover the followin
ng points:
Yourr method sh
1
1. appropriiate quantities to be use
ed in the exxperimental proceduress
2
2. how the raw data iss to be recorrded
3
3. how thiss data is to b
be processe
ed to determ
mine the enthalpy chan
nge of comb
bustion of
γ -butyro
olactone
Give
en:
1
1) Specific heat capaccity of coppe
er calorimete
er = 0.385 J g−1 K−1
2
2) 4.2 J of heat is need
ded to raise
e the temperrature of 1 ccm3 (1 g) of water by 1 oC.
[5]
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Experimental Procedures:

Recording of raw data:

Analysis of raw data:
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(c)

Upon analysis of his raw data, the research student obtained a value less than the literature
value of -2010 kJ mol-1.
(i)

Other than heat loss to the surrounding, suggest another reason to explain his
observation, explaining your answer clearly.
[2]

[Total: 12]
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ut the appliccations of so
olubility in n
nutrition and
d pharmaceu
utics.
2 This quesstion is abou
(a)

Vita
amins are a
an important part of da
aily nutrition. Vitamins ssoluble in lip
pids are able to be
stored within tthe body, bu
ut water-soluble vitamiins are not stored and need repla
acement
ery day. The
e structures of two vitam
mins are shown below.
eve

amin A
Vita

Vitamin C

In tterms of stru
ucture and bonding,
b
disscuss wheth
her vitaminss A and C ccan be store
ed in the
bod
dy or need d
daily replace
ement. You may assum
me lipids to be non-pola
ar solvents.

[5]
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Proteins are necessary in the human diet, as they are an important source of amino
acids via digestion. Amino acids are generally soluble in water and crucial to many
biological processes in the body. At varying pH, the net charge of a protein molecule is
the arithmetic average of all charges, and each protein has an isoelectric point. This
isoelectric point is dependent on the exact amino acid sequence and the number of
acidic and basic R-groups present in it.
(i)

In terms of structure and bonding, explain why amino acids are generally soluble
in water.

(ii)

With reference to an amino acid, explain what is meant by the term isoelectric
point.

(iii)

Proteins tend to coagulate near to or at their respective isoelectric points. For
instance, in milk, casein (a type of protein) clumps together and precipitates as it
reaches its isoelectric point of 4.6 and forms curd. However, proteins generally
do not coagulate at extreme pH, remaining soluble and discrete. Explain this
phenomenon with reference to the casein in milk at a pH of 4.6 and 1.

[6]
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Calcium is best known for its role in bone health. It is common to increase calcium
intake by consuming calcium supplements, which usually contain calcium carbonate
extracted from oyster shells. However, calcium citrate is an increasingly common
replacement for calcium carbonate, because calcium citrate does not have any reaction
with stomach acid that would cause discomfort, unlike calcium carbonate.
(i)

Suggest a reason why consumption of calcium carbonate causes discomfort in
the stomach.

(ii)

Calcium is absorbed only in the intestines and when it is a free aqueous Ca2+ ion.
The upper part of the small intestines has a pH of about 4 to 5 due to the
presence of some stomach acid, and the pH increases throughout until about 8
to 9 at the end of the small intestines.
Deduce how the absorption of calcium will likely vary with pH.

[3]
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(d)

In p
pharmaceuttics, an imp
portant aspe
ect of a dru
ug is how it is absorbe
ed into the h
human
bod
dy, which iss related to its lipophiliccity, i.e. its ability to dissolve in n
non-polar so
olvents
succh as lipids. Lipophilicitty of a comp
pound can be measure
ed by its log
gP value, which
w
is
deffined as:
[solu
ute]octanol

logP = log10(

[solu
ute]water

)

Octtanol is considered non-polar an
nd is immisscible with water. Usu
ually, in orrder to
calcculate logP
P, a compo
ound (solute) is disso
olved in an
n octanol-w
water mixturre and
sha
aken vigorou
usly, after which
w
its con
ncentration in each laye
er is determ
mined.
Ibuprofen and oxymorpho
one are bo
oth analgesics, i.e. painkillers. Th
he following
g table
ntains data about
a
these
e two drugs.
con
ibuprofen

oxymorp
phone

Re
elative
olecular
mo
mass

206

301
1

So
olubility
in water

1 mg cm-33

250 mg
g cm-3

?

0.98

Sttructure

log
gP

(i)

experiment where a mixture comp
prising 100 ccm3 of octanol and 100
0 cm3 of
In an e
water was shaken with ibuprrofen, it wass found that a total of 30.3
3
g of ib
buprofen
mixture.
dissolvved in the m
Using this inform
mation and tthe data givven above, determine the logP value for
ibupro
ofen.

logP
P value of ib
buprofen: ....................................................
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(ii)

Drugs meant for topical use, i.e. applied onto the skin, need to have high skin
permeability. One pathway of delivery of the drug requires it to penetrate the lipid
matrix beneath the skin, for which a higher degree of lipophilicity is necessary.
Using the logP value calculated in (d)(i) and the data given above, state and
explain whether ibuprofen or oxymorphone is more suitable for topical use.

(iii)

Deduce how a high pH may affect the logP of ibuprofen.

[6]
[Total: 20]
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3 (a)

Use of Data Booklet is relevant to this question.
Ethanol undergoes oxidation with acidified dichromate(VI) under different conditions to
produce different products. The oxidation state of the carbon atoms in ethanol are indicated
below.
Product 1
Acidified
dichromate(VI)

Product 2
After
2 hours

CH3CH2OH
-3
-1

(i)

Draw the structures of the possible products formed. Label the oxidation states of
all the carbon atoms in your structures.

(ii)

In an experiment, it was found that 0.2 mol of acidified dichromate(VI) reacted with
0.3 mol of ethanol. Using your answer in (a)(i), deduce the product formed from
the reaction.

(iii)

Hence, construct a balanced ionic equation for the reaction in (a)(ii).

[4]
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(b)

Isotopes are first founded by J. J Thompson in 1913. Variation of isotopes of carbon,
nitrogen and oxygen has a wide range of application. One use is the use of isotope tracers
to determine structures.
(i)

Oxygen-18,18O, which is an isotope of the naturally occurring oxygen-16,16O, is
one such isotope used as a tracer for organic compounds.
The table below shows the relative abundance of the oxygen isotopes.
Relative Isotopic Mass

Abundance

16

99.757

17

0.038

18

0.205

Calculate the relative atomic mass of oxygen. Leave your answers to 3 decimal
places.

(ii)

Would you expect the atomic radius of 16O and 18O to differ? ...........................
Explain.
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(iii)

In order to study the mechanism of organic reactions, tracer studies using isotopes
can be used. 18O in water can be used to understand the hydrolysis of esters.
Draw the structures of the two products formed when methylpropanoate is
hydrolysed with H218O in an acidic medium. Label the 18O isotope clearly.

(iv)

Draw all the possible structural isomers of esters with the same molecular formula
as methylpropanoate.

[4]
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Ketene is a reactive compound that undergoes addition reaction as shown below

H

HO
C

O + H2O

C

C

H

O

CH3

Compound F is an ester formed via a two-step process.

H

Step 1:

C

O + HCN

C

E

H
H

Step 2:

E

+

C

C

O

H

F
(C5H5NO2)

The first step involves an addition reaction to form the cyanohydrin intermediate.
Suggest the structure of compound E and F.
Compound E

Compound F

[2]
[Total: 10]
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4 (a)

When heated in chlorine, aluminium and phosphorous form chlorides.
Describe the reactions, if any, of the chlorides with water, suggesting the pH of the
resulting solution and writing equations where appropriate.
[5]

(b)

There is said to be a diagonal relationship between elements of the second and third
periods of the Periodic Table exemplified by beryllium and aluminium where they exhibit
similar chemical properties.
Using the diagonal relationship between beryllium and aluminium, describe, with the aid of
an equation, what would be observed when a few drops of water is added to solid BeCl2.
[2]

9647/02/TJC Prelim 2013

[Turn Over

For
Examiner’s
Use

17
For
Examiner’s
Use

(c)

(d)

Boron and silicon also show a diagonal relationship. For example, both BCl3 and SiCl4 are
readily hydrolysed by water.
(i)

By analogy with the reaction of SiCl4, suggest a balanced equation for the
hydrolysis of BCl3.

(ii)

Explain why BCl3 can undergo hydrolysis like SiCl4.

[2]

Another pair of elements that show diagonal relationship is nitrogen and sulfur. One of the
most readily prepared sulfur nitrides is S4N4, which can be made by passing dry NH3(g) into
a solution of SCl2 in an organic solvent.
The reactants react in a ratio of 8 : 3, and sulfur and ammonium chloride are produced.
(i)

Construct a balanced equation for this reaction.
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he shape off the molecu
ule of S4N4 is
i described
d as follows.
Th
* The four N atoms are in a plane.
* All the N attoms have a
an octet con
nfiguration.
* There are ttwo S atomss above the
e plane, and two S atom
ms below the
e plane.
* All the S attoms are in equivalent environmen
e
nt to each otther.
* The
T single lines repressent the atom
m that are b
bonded to ea
ach other. These
T
do no
ot
ds between tthose atomss.
necessarilyy represent ssingle bond

(iii)

Using tthe informattion given about
a
the strructure of S4N4, draw th
he pi bonds in the
diagram
m above.

(iii)

State th
he oxidation
n state of S in S4N4.
oxidatio
on state of S in S4N4: ...........................

(iv))

Constrruct a suita
able energyy cycle to calculate
c
th
he average
e S-N bond
d energy
in S4N4, using the following
g data.
Hf(S
S4N4) = +46
60 kJ mol-1

Hat (ssulfur) = +27
79 kJ mol-1

Hat (n
nitrogen) = +497 kJ mo
ol-1
(S-S) bond
b
energy in S4N4 = +204 kJ mo
ol-1
[6]
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[Total: 15]
5 Citraconic acid is one of several isomeric carboxylic acids obtained from citric acid. Studies
showed that citraconic acid was involved in vitamin B12 synthesis.

(a)

Citraconic acid can be converted into citramalic acid by the following scheme:

Stage I

Stage II
O
H

Citraconic acid

H
C

C
3
H
C

citramalic acid

Compound J

Stage III
SOCl2(pyridine)
reflux

Compound K

LiAlH4 in
dry ether
room temp

Compound L

(i) State the functional groups present in citramalic acid.
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(ii) State the reagents and conditions needed for Stages I, II and III.
Reagents and Conditions
Stage I

Stage II

Stage III
(iii) Draw the structures of the organic compounds K and L in the boxes in the scheme.
(iv) Name and describe the mechanism involved in Stage II.

(v) In view of the mechanism describe in (iv), explain if the citramalic acid formed in
Stage II is optically active.
[12]
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(b) Mesaconic acid is a stereoisomer of citraconic acid.
(i)

Draw the displayed structure of mesaconic acid.

(ii)

Suggest a simple test to differentiate between citraconic acid and mesaconic acid.
Explain the basis of your test.
[3]

[Total: 15]

End of Paper
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TJC Paper 2 Answers
1

Planning (P)
(i)

Which of the following two organic solvents would be a good choice to dissolve crude
γ-butyrolactone to perform a liquid-liquid extraction? Explain your answer.

 Diethyl ether
γ-butyrolactone is polar with the presence of electronegative O atom and is
able to form permanent dipole-permanent dipole interactions (pd-pd) with polar
diethyl ether
(ii)

One common mistake when performing a liquid-liquid extraction is to mix-up the
layers and hence the organic product would be lost in the discarded layer.
Using the following data in the table,
Solvent

Density (g cm-3)

Benzene

0.877

Diethyl ether

0.713

Water

1.000

Identify if the organic solvent identified in (i) would be the upper or lower layer?
Explain your answer.
 Upper layer.
Diethyl ether is less dense ( = 0.713 g cm–3) than water ( = 1.000 g cm–3).
Therefore, diethyl ether will be the upper layer and water will be the bottom
layer.
(iii)

The experimental procedures of the purification of crude γ-butyrolactone via liquidliquid extraction is described below:
1. Dissolve the crude γ-butyrolactone in 30 cm3 of the organic solvent.
2. Cool the flask in an ice bath and then add 20 cm3 of 6 mol dm–3 hydrochloric
acid dropwise, while stirring, to quench the reaction.
3. Place the reaction mixture in a separating funnel and separate the aqueous
layer from the organic layer. Reject the aqueous layer.
4. Add about half its volume of chemical reagent A. Shake the reaction mixture
in the separating funnel cautiously, releasing the pressure at intervals.
5. Transfer the organic layer into a conical flask and add some chemical
reagent B. Filter off chemical reagent B and evaporate the solvent at room
temperature.
State the identities of chemical reagents A and B, explaining the role each plays in
9647/02/TJC Prelim 2013
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the experrimental pro
ocedures 4 and
a 5.
[5]
Chemical reagent A:


Chem
mical reage
ent A – aqueous sodiu
um carbona
ate

It is to react
r
with excess aq
queous hydrochloric acid present to que
ench the
reaction. Carbon d
dioxide will be relea
ased and itt is essen
ntial to rele
ease the
pressure
e to preve
ent building
g up of th
he internal pressure in the se
eparating
funnel.
Chemical reagent B:


Chem
mical reage
ent B – anhydrous Mg
gSO4/ NaSO
O4/ CaCl2/ CaSO
C
4.

It is to dry
d the orga
anic layer containing
g γ-butyrola
actone by rremoving ttraces of
water.
(b)

experimenta
al set-up can be used to design a
an experime
ent to deterrmine the
The following e
e of combusstion of γ-bu
utyrolactone
e.
enthalpy change

Cop
pper
Calorrimeter

γ-butyrollactone

n a step-byy-step metho
od to deterrmine the enthalpy cha
ange of com
mbustion,
You are to plan
Hc, under labo
oratory cond
ditions, of γ -butyrolacttone. You sshould use the
t apparattus in the
diagram above and any apparatus req
quired that iss normally fo
ound in a scchool labora
atory.
Yourr method sh
hould cover the followin
ng points:
1
1. appropriiate quantities to be use
ed in the exxperimental proceduress
2
2. how the raw data iss to be recorrded
3
3. how thiss data is to b
be processe
ed to determ
mine the enthalpy chan
nge of comb
bustion of
γ -butyro
olactone
Give
en:
1
1) Specific heat capaccity of coppe
er calorimete
er = 0.385 J g−1 K−1
2
2) 4.2 J of heat is need
ded to raise
e the temperrature of 1 ccm3 (1 g) of water by 1 oC.
[5]
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Experimental Procedures:
Experimental procedures:
1. Weigh the empty copper calorimeter using an electronic balance.
2. Using a burette, add 50.00 cm3 of distilled water into the calorimeter. Cover it
with a lid and place a thermometer in it. Clamp the flask at a suitable height so
that the spirit burner can be placed below easily.
3. Record the initial temperature of the distilled water.
4. Fill the spirit burner with γ-butyrolactone
5. Weigh the spirit burner (and lid) containing γ-butyrolactone and record the
mass.
6. Place the spirit burner about 1 cm under the copper calorimeter, and light the
wick. After observing that the temperature has risen for 10 C [fixed
temperature rise], record the final temperature and extinguish the flame.
7. Cool the experimental set-up and reweigh the spirit burner and cap.
8. Calculate the mass of γ-butyrolactone used.
Recording of raw data:
Processing of raw data:
Mass of calorimeter / g

m1

Mass of spirit burner before combustion / g

m2

Mass of spirit burner after combustion / g

m3

Mass of γ-butyrolactone used for combustion / g

(m2 - m3)

Initial temperature of water / C

T1

Final temperature of water / C

T2

Analysis of raw data:
Mr of γ-butyrolactone = 4(12) + 6 + 2(16) = 86
Quantity of heat produced in combustion = heat absorbed by the water + heat
absorbed by the copper calorimeter
Q = [50 x 4.2 x (T2 - T1)] + [m1 x 0.385 x (T2 – T1)] J

∆

.

.

J mol–1

● logical, coherent steps/measurements that would lead to fruitful results
● appropriate choice of apparatus
● tables with clear headings and units
● calculation of quantity of heat produced during combustion
9647/02/TJC Prelim 2013
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● calculation of Hc
(c)

Upon analysis of his raw data, the research student obtained a value less than the literature
value of –2010 kJ mol–1.
(i)

Other than heat loss to the surrounding, suggest another reason to explain his
observation, explaining your answer clearly.
[2]
 Combustion of the crude γ-butyrolactone could be incomplete.
Reason: The draught shield used for minimising heat loss to the surrounding could
have blocked the constant air supply, resulting in incomplete combustion and lesser
amount of heat evolved from the incomplete combustion.
OR
Some of the γ-butyrolactone may have vaporised.
Reason: This would result in a smaller final total mass of spirit burner and γbutyrolactone measured. Thus the mass of γ-butyrolactone combusted determined (m2
– m3 calculated) is larger than actual values, and a less exothermic Hc would be
calculated.
[Total: 12]
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ut the appliccations of so
olubility in n
nutrition and
d pharmaceu
utics.
2 This quesstion is abou
(a)

Vita
amins are a
an important part of da
aily nutrition. Vitamins ssoluble in lip
pids are able to be
stored within tthe body, bu
ut water-soluble vitamiins are not stored and need repla
acement
ery day. The
e structures of two vitam
mins are shown below.
eve

amin A
Vita

Vitamin C

In tterms of stru
ucture and bonding,
b
disscuss wheth
her vitaminss A and C ccan be store
ed in the
bod
dy or need d
daily replace
ement. You may assum
me lipids to be non-pola
ar solvents.
●Viitamin C ne
eeds daily replacemen
r
nt while vittamin A can
n be stored
d in the bod
dy.
●●B
Both vitam
mins are simple cova
alent/discre
ete molecules. Vitamiin A has hydrogen
h
bon
nding but m
mainly van der Waals
s’ forces be
etween its m
molecules due to a la
arge alkyl
gro
oup bonded
d to the –O
OH, while Viitamin C ha
as mainly h
hydrogen bonding
b
bettween its
mo
olecules due to many –OH group
ps in the mo
olecule.
●Viitamin C is water-solu
uble as it is
s capable o
of forming multiple
m
hy
ydrogen bo
onds with
watter, and the
e energy re
eleased fro
om the hyd
drogen bonds formed between vitamin
v
C
and
d water is e
enough to overcome the hydrog
gen bonds between v
vitamin C m
molecules
and
d between w
water mole
ecules.
●Viitamin A is
s soluble in
n lipids as
s it is capa
able of form
ming stron
ng van der Waals’
forc
ces of attrraction with
h lipids (no
on-polar), a
and the en
nergy released from tthe van
derr Waals’ forrces forme
ed between vitamin A and fat is e
enough to overcome
o
tthe van
derr Waals’ forrces betwe
een vitamin
n A moleculles and bettween lipid molecules
s.
[5]
(b)

Pro
oteins are n
necessary in
n the huma
an diet, as they are an
n importantt source of amino
acid
ds via dige
estion. Amin
no acids arre generallyy soluble in
n water and
d crucial to many
biological proccesses in the body. At varying pH,, the net charge of a protein molecule is
the arithmetic average off all charge
es, and eacch protein h
has an isoe
electric point. This
isoe
electric poin
nt is depen
ndent on the exact am
mino acid se
equence an
nd the num
mber of
acid
dic and bassic R-groupss present in it.
(i)

In term
ms of structure and bon
nding, expla
ain why amino acids arre generally soluble
in watter.
●Amin
no acids e
exist as zw
witterions, and are h
held in a crystalline lattice
through ionic bo
onds.
●The energy re
eleased wh
hen ion-dip
pole interac
ctions are formed b
between
zwitte
erions and water is enough to
o overcome
e the ionic
c bonds b
between
zwitte
erions and the hydrog
gen bonds between w
water molec
cules.
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(ii)

With reference to an amino acid, explain what is meant by the term isoelectric
point.
●It is the pH at which an amino acid exists as electrically neutral
zwitterions.

(iii)

Proteins tend to coagulate near to or at their respective isoelectric points. For
instance, in milk, casein (a type of protein) clumps together and precipitates as it
reaches its isoelectric point of 4.6 and forms curd. However, proteins generally
do not coagulate at extreme pH, remaining soluble and discrete. Explain this
phenomenon with reference to the casein in milk at a pH of 4.6 and 1.
●At pH of 4.6, there is no net charge on casein because there is an equal
number of positively charged and negatively charged R-groups.
●Many ionic bonds will be formed between oppositely charged R-groups
belonging to different casein strands, and coagulation occurs.
●However, at a pH of 1, it is extremely acidic, and all / most of the R-groups
will be protonated. The net charge on casein will become very positive.
There is electrostatic repulsion between casein strands, and they do not
coagulate.
[6]

(c)

Calcium is best known for its role in bone health. It is common to increase calcium
intake by consuming calcium supplements, which usually contain calcium carbonate
extracted from oyster shells. However, calcium citrate is an increasingly common
replacement for calcium carbonate, because calcium citrate does not have any reaction
with stomach acid that would cause discomfort, unlike calcium carbonate.
(i)

Suggest a reason why consumption of calcium carbonate causes discomfort in
the stomach.
●The reaction of acid on calcium carbonate would produce carbon dioxide
gas, causing bloating.
OR The heat released from the reaction of acid on calcium carbonate may
cause pain.
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(ii)

Calciu
um is absorb
bed only in the intestine
es and whe
en it is a free
e aqueous Ca
C 2+ ion.
The u
upper part o
of the sma
all intestiness has a pH
H of about 4 to 5 due
e to the
presen
nce of some stomach acid, and th
he pH incre
eases throug
ghout until about 8
to 9 att the end of the small in
ntestines.
Deducce how the a
absorption o
of calcium w
will likely vary with pH.
●The absorption
n of calcium
m is likely h
highest at tthe start wh
hen the pH
H is low,
and absorption d
decreases with increa
asing pH.
●Whe
en the pH iincreases, there is an
n increase in the con
ncentration
n of the
hydro
oxide ion. Precipita
ation of calcium hydroxide increase
es and
absorrption decrreases as th
here are les
ss free aqu
ueous Ca2+ ions.
[3]

(d)

In p
pharmaceuttics, an imp
portant aspe
ect of a dru
ug is how it is absorbe
ed into the h
human
bod
dy, which iss related to its lipophiliccity, i.e. its ability to dissolve in n
non-polar so
olvents
succh as lipids. Lipophilicitty of a comp
pound can be measure
ed by its log
gP value, w
which is
deffined as:
[solu
ute]octanol

logP = log10(

[solu
ute]water

)

Octtanol is considered non-polar an
nd is immisscible with water. Usu
ually, in orrder to
calcculate logP
P, a compo
ound (solute) is disso
olved in an
n octanol-w
water mixturre and
sha
aken vigorou
usly, after which
w
its con
ncentration in each laye
er is determ
mined.
Ibuprofen and oxymorpho
one are bo
oth analgesics, i.e. painkillers. Th
he following
g table
ntains data about
a
these
e two drugs.
con
ibuprofen

oxymorp
phone

Re
elative
olecular
mo
mass

206

301
1

So
olubility
in water

1 mg cm-33

250 mg
g cm-3

?

0.98

Sttructure

log
gP
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(i)

In an experiment where a mixture comprising 100 cm3 of octanol and 100 cm3 of
water was shaken with ibuprofen, it was found that a total of 30.3 g of ibuprofen
dissolved in the mixture.
Using this information and the data given above, determine the logP value for
ibuprofen.
Mass of ibuprofen dissolved in 100 cm3 water

= 0.001 x 100 = 0.100 g

3

Mass of ibuprofen dissolved in 100 cm octanol = 30.3 – 0.100 = ●30.2 g
logP = log10(

[ibuprofen]octanol
[ibuprofen]water

)

= log10(

.
.
.

)

.

= ●2.48
logP value of ibuprofen: ....................................................
(ii)

Drugs meant for topical use, i.e. applied onto the skin, need to have high skin
permeability. One pathway of delivery of the drug requires it to penetrate the lipid
matrix beneath the skin, for which a higher degree of lipophilicity is necessary.
Using the logP value calculated in (d)(i) and the data given above, state and
explain whether ibuprofen or oxymorphone is more suitable for topical use.
Answers for this part question will be marked based on candidate’s answer
for (d)(i). (ECF was given, as long as the higher logP value was selected.)
●Ibuprofen is more suitable.
●A higher degree of lipophilicity means that it is more soluble in non-polar
solvents (lipids) compared to water. Hence the drug with the higher logP is
more suitable.

(iii)

Deduce how a high pH may affect the logP of ibuprofen.
●A high pH will deprotonate ibuprofen and cause it to become an anion.
●This increases its solubility in water and cause [ibuprofen]water to increase
and [ibuprofen]octanol to decrease. Hence logP value will decrease.
[6]
[Total: 20]
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3 (a)

Use of Data Booklet is relevant to this question.
Ethanol undergoes oxidation with acidified dichromate(VI) under different conditions to
produce different products. The oxidation state of the carbon atoms in ethanol are indicated
below.
Product 1
Acidified
dichromate(VI)

Product 2
After
2 hours

CH3CH2OH
-3
-1

3

Use of Data Booklet is relevant to this question.

(a)

Ethanol undergoes oxidation with acidified dichromate(VI) under different conditions to
produce different products. The oxidation state of the carbon atoms in ethanol are
indicated below.
Product 1

Acidified
dichromate(VI)

O

After
2 hours

Product 2
O

C

CH3CH2OH

H

C
CH3

+1
-3

-3

HO

CH3

+3

-3

-1
● 1 mark for both structures
● 1 mark for all 4 O.S. states of C that are clearly labeled

(i)

Draw the structures of the possible products formed. Label the oxidation states of
all the carbon atoms in your structures.

(ii)

In an experiment, it was found that 0.2 mol of acidified dichromate(VI) reacted with
0.3 mol of ethanol. Using your answer in (a)(i), deduce the product formed from
the reaction.
Cr2O72- + 14H+ + 6e- 2Cr3+ + 7H2O
2Cr2O72- ≡ 3CH3CH2OH
3 mol of CH3CH2OH lose 12 mol of electrons
1 mol of CH3CH2OH lose 4 mol of electrons
O.S. of C of product = +3
● Hence the product formed is CH3COOH
9647/02/TJC Prelim 2013
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Hence, construct a balanced ionic equation for the reaction in (a)(ii).
CH3CH2OH + H2O  CH3COOH + 4H++ 4e- x 3
Cr2O72- + 14H+ + 6e- 2Cr3+ + 7H2O
2Cr2O72-+28H++3CH3CH2OH

x2

+3H2O 3CH3COOH+12H++ 4Cr3++ 14H2O

●2Cr2O72-+ 16H++ 3CH3CH2OH 3CH3COOH + 4Cr3++ 11H2O
[4]
(b)

Isotopes are first founded by J. J Thompson in 1913. Variation of isotopes of carbon,
nitrogen and oxygen has a wide range of application. One use is the use of isotope tracers
to determine structures.
(i)

Oxygen-18,18O, which is an isotope of the naturally occurring oxygen-16,16O, is
one such isotope used as a tracer for organic compounds.
The table below shows the relative abundance of the oxygen isotopes.
Relative Isotopic Mass

Abundance

16

99.757

17

0.038

18

0.205

Calculate the relative atomic mass of oxygen. Leave your answers to 3 decimal
places.
.

●relative atomic mass of oxygen =

.

.

.
(ii)

Would you expect the atomic radius of 16O and 18O to differ? ....No.......................
Explain.
●Isotopes have same number of electrons and protons and different number
of neutrons. Since both are isoelectronic and the nuclear charge (no. of
protons) is the same, the atomic radius of both atoms should be the same.
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(iii)

In order to study the mechanism of organic reactions, tracer studies using isotopes
can be used. 18O in water can be used to understand the hydrolysis of esters.
Draw the structures of the two products formed when methylpropanoate is
hydrolysed with H218O in an acidic medium. Label the 18O isotope clearly.

O
18

●

(iv)

CH3CH2

C

O

H

CH3OH

Draw all the possible structural isomers of esters with the same molecular formula
as methylpropanoate.
O

O

●H

C

O

O
H

C

CH3

CH2CH2CH3

C

O

CH2CH3

CH3
O

C

CH3

H

[4]

(c)

Ketene is a reactive compound that undergoes addition reaction as shown below

H

HO
C

O + H2O

C

C

H

O

CH3

Compound F is an ester formed via a two-step process.

H

Step 1:

C

O + HCN

C

E

H
H

Step 2:

E

+

C

C

O

H
9647/02/TJC Prelim 2013
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The first step involves an addition reaction to form the cyanohydrin intermediate.
Suggest the structure of compound E and F.
Compound E
H

H

OH
C

●H

Compound F

H

C

C
H

CN

O
C
H

O
C

●

CN

C
H

[2]
[Total: 10]
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4 (a)

When heated in chlorine, aluminium and phosphorous form chlorides.
Describe the reactions, if any, of the chlorides with water, suggesting the pH of the
resulting solution and writing equations where appropriate.
[5]

AlCl3 undergoes hydration in water and dissolves to give an aqueous solution.
AlCl3 + 6H2O

[Al(H2O)6]3+ + 3Cl-

Hydrolysis also occurs due to the high charge density of Al3+ ions. It polarizes the water
molecule and weakens the O-H bond of water making it easier for a H+ ion to leave the
water molecule. An acidic solution of pH = 3 is obtained.
[Al(H2O)6]3+

[Al(H2O)5OH]2+ + H+

PCl5 undergoes hydrolysis due to energetically accessible vacant 3d orbitals for dative
bonding with water. It forms strongly acidic solution, pH = 1
PCl5 + 4H2O

H3PO4 + 5HCl

 Both pH values correct (1m)
(b)

There is said to be a diagonal relationship between elements of the second and third
periods of the Periodic Table exemplified by beryllium and aluminium where they exhibit
similar chemical properties.
Using the diagonal relationship between beryllium and aluminium, describe, with the aid of
an equation, what would be observed when a few drops of water is added to solid BeCl2.
[2]

Vigorous reaction with white fumes of HCl observed.
BeCl2 + 2H2O

(c)

Be(OH)2 + 2HCl

Boron and silicon also show a diagonal relationship. For example, both BCl3 and SiCl4 are
readily hydrolysed by water.
(i)

By analogy with the reaction of SiCl4, suggest a balanced equation for the
hydrolysis of BCl3.
BCl3 + 3H2O

(ii)

B(OH)3 + 3HCl

Explain why BCl3 can undergo hydrolysis like SiCl4.

[2]

The B atom in BCl3 has vacant 2p orbital to accept the lone pair of electrons
from oxygen of water to form a dative bond. Thus BCl3 can undergo
hydrolysis.
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(d)

Ano
other pair off elements tthat show diagonal rela
ationship is nitrogen and sulfur. On
ne of the
most readily prrepared sulffur nitrides is
i S4N4, whiich can be m
made by passing dry NH3(g) into
a so
olution of SCl2 in an orrganic solve
ent.
The
e reactants react in a ra
atio of 8 : 3, and sulfur and ammon
nium chlorid
de are produ
uced.
(i))

Constrruct a balancced equatio
on for this re
eaction.
6SCl2 + 16NH3

2S + 12NH4Cll + S4N4

he shape off the molecu
ule of S4N4 is
i described
d as follows.
Th
* The four N atoms are in a plane.
* All the N attoms have a
an octet con
nfiguration.
e plane, and two S atom
ms below the
e plane.
* There are ttwo S atomss above the
* All the S attoms are in equivalent environmen
e
nt to each otther.
* The
T single lines repressent the atom
ms that are bonded to each
e
other. These do not
n
necessarilyy represent ssingle bond
ds between tthose atomss.

(iii)

Using tthe informattion given about
a
the strructure of S4N4, draw th
he pi bonds in the
diagram
m above.


(iii)

State th
he oxidation
n state of S in S4N4.
oxidatio
on state of S in S4N4: ...........................
Oxida
ation state : +3
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Construct a suitable energy cycle to calculate the average S-N bond energy in
S4N4, using the following data.
Hf(S4N4) = +460 kJ mol-1
Hat(sulfur) = +279 kJ mol-1
Hat(nitrogen) = +497 kJ mol-1
(S-S) bond energy in S4N4 = +204 kJ mol-1
[6]
+460
4S(s)

+

2N2(g)

S4N4(s)

+4(279) + 4(497)

2(S-S) + 8(S-N)

4S(g)

+

4N(g)

Using Hess’ Law,
460 = 4(279) + 4(497) + 2(S-S) + 8(S-N)
460 = 4(279) + 4(497) + 2(–204) – 8(S-N)
Average S-N bond energy = 280 kJ mol-1
 cycle
[Total: 15]
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5 Citraconic acid is one of several isomeric carboxylic acids obtained from citric acid. Studies
showed that citraconic acid was involved in vitamin B12 synthesis.

(a)

Citraaconic acid can be converted into citramalic acid by the following scheme:

Stage II

Stage I
O
H

Citraconic acid

H
C

C
3
H
C

citramalic acid

Compound J

Stage III
SOCl2(pyridine)
reflux



LiAlH4 in
dry ether
room temp



Compound K

Compound L

(i) State the functional groups present in citramalic acid.

Carboxylic acid and tertiary alcohol
(ii) State the reagents and conditions needed for Stages I, II and III.
Reagents and Conditions
Stage I

HCl(g), room temperature

Stage II

NaOH(aq), reflux, followed by H2SO4(aq)

9647/02/TJC Prelim 2013

[Turn Over

C
O

O
C

For
Examiner’s
Use

17
For
Examiner’s
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PCl5(s), cold

Stage III

(iii) Draw the structures of the organic compounds K and L in the boxes in the scheme.
(iv) Name and describe the mechanism involved in Stage II.

Name of mechanism: Nucleophilic substitution (SN1)

-

+ Cl-

+

Step 1:

Step 2:
(v) In view of the mechanism describe in (iv), explain if the citramalic acid formed in
Stage II is optically active.
[12]
 Citramalic acid formed from Stage II is a racemic mixture, hence it is
optically inactive.
 The positively-charged carbon atom has a trigonal planar shape, thus, the
nucleophile, OH– ion, can attack from either the top or bottom of the plane
with equal probabilities, resulting in the formation of equal amount of
each enantiomer.
Since equal amount of each enantiomers are formed, a racemic mixture
which is optically inactive is formed.
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(b) Mesaconic acid is a stereoisomer of citraconic acid.
Draw the displayed structure of mesaconic acid.

(i)


(ii)

Suggest a simple test to differentiate between citraconic acid and mesaconic acid.
Explain the basis of your test.
[3]



Melting point test
Due to the presence of intra-molecular hydrogen bonding, the cis-isomer
will have a lower melting point.
[Total: 15]
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Answer any four questions.
1

(a)

Describe and explain the trend observed in the ease of thermal decomposition of the
nitrates of the Group II elements magnesium to barium. Write an equation for any
reaction that occurs.
[3]

(b)

An alloy of aluminium and magnesium is used in boat-building. A 1.75 g sample of the
alloy was dissolved in the minimum volume of 4 mol dm-3 hydrochloric acid and the
solution was then made alkaline by the addition of aqueous sodium hydroxide until no
further reaction occurred. The resultant mixture was filtered and the residue, A, rinsed
with distilled water, all washings being added to the filtrate, B. After drying, 0.18 g of A
was obtained. Carbon dioxide was passed into B and a white solid, C, which contained
aluminium, was collected. Heating C to constant mass gave a residue of mass 3.16 g.
(i) Write ionic equations for the reactions that occur when sodium hydroxide is added
to the solution as described above.
(ii) Explain, using relevant equation(s), the formation of C when carbon dioxide is
passed into B.
(iii) Determine the percentage composition by mass of the alloy.

(c)

[7]

Ozone mixed with oxygen is fairly stable but rapidly decomposes in the presence of a
silver catalyst as shown in the equation below.
2O3

3O2

Silver was added to a 800 cm3 sample of a mixture of oxygen and ozone. Below is a
table showing the increase in volume of the mixture and volume of ozone at the
respective time intervals.
Time/s

0

200

440

900

1500

1800

Volume of
mixture/cm3

800

805

810

815

818

819

Volume of
ozone/cm3

38

28

18

8

0

(i) Given that the bond angle of ozone is 116.80, draw the dot and cross diagram of
the ozone molecule.
(ii) Calculate the volume of ozone in the mixture at t = 1500 s.
(iii) By means of a suitable graph, determine the order for the decomposition of ozone.
(iv) Calculate a value for the rate constant and write the rate equation.
(v) Use the concept of activation energy, together with an appropriate sketch of the
Boltzmann distribution, to explain how silver affects the rate of decomposition.
[10]
[Total: 20]
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(a)

Haemoglobin is the iron-containing oxygen-transport metalloprotein in the red blood cells
of all vertebrates. Structurally, haemoglobin consists of 4 polypeptide sub-units fitted
together to form a compact, globular structure which is soluble in water. Each sub-unit is
bonded to a haem group. Approximately 70% of each sub-unit is incorporated into helices.
The -sub-unit of haemoglobin is made up of 141 amino acids, 8 of which are listed
below.
Amino acid

Formula of side chain
(R in RCH(NH2)CO2H)

Number of amino acid
residue per -sub-unit.

leucine

18

valine

13

lysine

11

serine

11

histidine

10

phenylalanine

7

glutamic acid

4

cysteine

1

(i) Explain what is meant by the term primary structure of a protein, clearly stating the
types of interactions involved.
(ii) With the aid of a diagram, describe the secondary structure of the sub-units in
haemoglobin, showing clearly how the structure is held in place.
(iii) Explain why there is an absence of disulfide bonds within the -sub-unit.
(iv) The affinity of haemoglobin for oxygen decreases when the pH of the solution is
decreased. This is due to the presence of the histidine residue in the sub-units.
Suggest a reason for this.
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Haemoglobin binds to oxygen as shown in the equation below:
Hb + 4O2

Hb(O2)4

(v) Using this equation, explain why haemoglobin binds to oxygen in the lungs and
releases oxygen in the tissues in the body.
[10]
(b)

Lysine is an amino acid found in haemoglobin. It is not synthesised by the human body
and hence must be ingested as lysine or lysine-containing proteins.
There are three pKa values associated with lysine: 2.15, 9.16 and 10.67.
(i) Assign each of the pKa values to the specific functional groups in lysine, explaining
the reasons for your choice.
(ii) Given that the isoelectric point is the average of two relevant pKa values, calculate
the isoelectric point for lysine and draw the structure of the major species present
in a solution of lysine at that point.
[5]

(c)

Carbon
monoxide
displaces
oxygen
from
oxyhaemoglobin
to
produce
carboxyhaemoglobin. The reaction of carbon monoxide with oxyhaemoglobin can be
represented by the equation below.
Hb(O2)(aq) + CO(aq)

Hb(CO)(aq) + O2(aq)

The concentration of a gas A in an aqueous solution depends on the partial pressure of
the gas in contact with the solution. This can be obtained from Henry’s Law given as:
PA = k H x C
Where PA
kH
C

= partial pressure of gas A
= Henry’s Constant for gas A
= Concentration of gas A in water

The Henry’s Constant for oxygen and carbon monoxide are given below
Gas

Henry’s Constant
/ dm3 atm mol-1

O2

769

CO

1052

To determine the equilibrium constant of the reaction between oxyhaemoglobin and
carbon monoxide, a small amount of oxyhaemoglobin in water is exposed to air at
1 atmospheric pressure containing 3% carbon monoxide. After some time, the
concentration of oxyhaemoglobin decreased to

1
of the original concentration.
24

The concentration of carbon monoxide and oxygen in the air remains constant.
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(i) Using Henry’s Law, calculate the concentrations of oxygen and carbon monoxide
in the solution.
(You may assume that air contains 20% oxygen)
(ii) Write an expression for the equilibrium constant, Kc, for the reaction between
oxyhaemoglobin and carbon monoxide. Calculate the value of Kc.
(iii) The toxic effects of carbon monoxide poisoning begin to show when 10% of the
oxyhaemoglobin has been converted to carboxyhaemoglobin.
Calculate the percentage of carbon monoxide in air at atmospheric pressure that
will cause this to happen.
[5]
[Total: 20]
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A fuel cell is an electrochemical cell that converts a fuel into an electrical current. The direct
oxidation of alcohols in a fuel cell has been proven to be an efficient method of obtaining
electrical energy.
(a)

The diagram below illustrates the functional parts of a direct-ethanol fuel cell (DEFC).
External circuit
H2O
Heat

CO2

H2SO4(aq)

C2H5OH
H2O

O2

(i) Write the ion-electron half-equations for the reactions which take place at the
electrodes of the DEFC, and hence an overall equation for the cell reaction.
(ii) The cell is capable of producing an e.m.f. of 1.61 V. By using suitable data from
the Data Booklet, suggest a value for the Eθ of the CO2/C2H5OH electrode
reaction.
(iii) The first alcohol to be used successfully in a fuel cell was not ethanol but
methanol. Suggest a possible advantage of using ethanol compared to methanol
as fuel.
[5]
(b)

In an attempt to coat a heart-shaped pendant with copper in the laboratory, a researcher
connected the DEFC to an electrolytic cell as shown below.
DEFC

crude copper metal

heart-shaped pendant

1.00 mol dm3 CuSO4(aq)
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(i) Calculate the volume of CO2(g) produced by the DEFC when 31.75 g of copper
metal was plated onto the pendant at room conditions.
(ii) The total time taken for the 31.75 g of copper to be plated was 8 hours. Calculate
the current produced by the DEFC.
[4]
(c)

The carbon dioxide produced by DEFC is collected to produce carbonated drinks after
purification. Carbon dioxide can be collected in metal cylinders. One such cylinder has
an internal volume of 2.5 dm3, and contains 2.3 kg of carbon dioxide.
(i) Calculate the amount of carbon dioxide (in moles) in the cylinder.
(ii) Calculate the pressure (in pascals) the carbon dioxide would exert inside the
cylinder at room temperature (298 K).
(iii) In fact, the pressure inside the cylinder is 4.8 x 107 Pa under these conditions.
Explain why this value differs from the pressure you calculated in (ii).
[4]

(d)

Research was done on an organic compound, D, which is believed to be a better fuel
than ethanol. D has a molecular formula of C3H6O3N2. D is a neutral compound and
displays geometric isomerism. D did not react with Br2 but produced white fumes when
treated with PCl5. When D was refluxed with NaOH(aq), it produced E, C2H8O2N2. E has
two chiral centres, but E does not display optical isomerism. E readily dissolves in
HCl(aq). When E was first warmed with acidified potassium dichromate(VI), and then
warmed with NaOH(aq), NH3(g) and F were produced. When F, Na2C2O4, was treated
with hot acidified KMnO4, F produced CO2 and H2O.
(i) Identify and draw the structural formulae of compounds D, E and F, and explain
the reactions involved.
(ii) Explain why D can exhibit geometric isomerism and draw the pair of geometric
isomers.
(iii) Draw a three-dimensional structure of E, label each of the two chiral carbon atoms
with an asterisk and explain why E does not display optical isomerism.
[7]
[Total: 20]
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(a)

Describe one physical property of transition metals in which they differ from a typical s–
block metal such as calcium.
[1]

(b)

Explain the following observations with relevant information from the Data Booklet:
I

A yellow-green gas is observed when MnO2 is added to concentrated HCl.

II

Chromium dissolves in dilute sulfuric acid to give a gas and a blue solution which
turns green upon standing.

Identify all coloured compounds and write balanced equations for all reactions.
(c)

[5]

(i) Write a balanced equation to illustrate the overall ligand exchange process when
excess dilute aqueous ammonia is added to a solution containing Cu2+(aq) to give
a deep blue solution.
State the co-ordination number of the complex responsible for the deep blue
colour.
Two possible mechanisms used for describing ligand exchange reactions involving
transition metal complexes are dissociative and associative.
Some characteristics of dissociative and associative mechanisms are as described:
Dissociative
 An intermediate is formed.
 Coordination number of the intermediate is lower than that of the initial complex.
 Example:
ML5
+ X
Step 1:
ML5X
Step 2:
ML5 + Y
ML5Y
Associative
 Example:
ML5X

+

Y

ML5XY

ML5Y

+

X

where M represents a transition metal ion; X and Y represent ligands
(ii) The dissociative and associative mechanisms are often described to be
analogous to typical organic mechanisms.
Suggest an organic mechanism that dissociative and associative mechanisms
each resemble.
(iii) The ligand exchange process described in (c)(i) is believed to occur with the
stepwise replacement by ammonia ligands following the dissociative mechanism.
Describe the mechanism when one molecule of ammonia ligand reacts with one
Cu2+(aq) ion. In your answer, show all ligands present, relevant lone pairs of
electrons and curly arrows showing the movement of electrons.
[5]
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(d)

Compound G has been used as a monomer for obtaining ordered structures of
polyamides in the mimicry of protein synthesis in living organisms.
Consider the synthesis of Compound G:
CH2CN

H2 / Ni

CH2CH2NH2

Step 1

Step 2

conc. H2SO4,
conc. HNO3, heat;
followed by
NaOH(aq)

CH2CH2NH2

O 2N

Step 3

CH2CH2NH2

H2N

Step 4

1 mol of
CH3Cl

Compound G
(C9H14N2)
(i) The starting material can be synthesised from C6H5CH2OH.
Suggest a synthesis route from C6H5CH2OH to C6H5CH2CN.
(ii) Suggest the reagents and conditions you would use in step 3.
(iii) State the role of the transition metal, nickel, in step 1 and briefly explain why it is
able to perform this role.
(iv) Draw the displayed formula of compound G and explain its formation.
(v) Compound G is chiral. Illustrate the enantiomers of compound G using a suitable
diagram.
[9]
[Total: 20]
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(a)

(i) Suggest a reagent needed to prepare hydrogen chloride from sodium chloride
crystals.
Write an equation and state the observation for the reaction.
(ii) Explain the suitability of synthesizing hydrogen iodide from sodium iodide crystals
using the method in (i), writing relevant equation(s), if any.
[4]

(b)

(i) Propene reacts readily with hydrogen iodide.
Name the type of reaction and describe the mechanism of the reaction, including
curly arrows to show the movement of electrons, and all charges.
(ii) 1-chloropropene also reacts with hydrogen iodide. However, it is less reactive
compared to propene.
Suggest two possible reasons for this observation. Give the structural formula of
the product formed.
[6]

(c)

Two aromatic halogen-containing organic compounds, both with the molecular formula
C10H13OCl, undergo chemical reactions to identify their structures. The results of the
tests are shown below:
Compound J

Compound K

2 chiral centres

1 chiral centre

Observations
Reagent
I

Sodium metal

II

Aqueous bromine

III

Heat with aqueous alkaline iodine

IV

Heat with sodium hydroxide,

Compound J

Compound K

Effervescence

Effervescence

White ppt formed

No reaction

No reaction

No reaction

Forms C10H14O2

No reaction

Solution turns
green

Solution remains
orange

Yellow precipitate
formed

No reaction

followed by acidified potassium
dichromate(VI).
V

Aqueous alkaline iodine with the
organic product formed from (IV).

Deduce the structures of compounds J and K.
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(d)

When iodic acid, HIO3, was heated to 240 oC, the acid dehydrated with no change in
oxidation state to form a white crystalline solid of iodine pentoxide, I2O5. When steam
was passed through white-hot carbon, a mixture of two gaseous products was formed.
H2O(g) + C(s)  CO(g) + H2(g)
The gaseous mixture was cooled to room temperature and an excess of I2O5 crystals
was placed in V cm3 of the gaseous mixture. Black crystals were formed and the volume
of gas remained the same. The black crystals reacted with 16.60 cm3 of 0.05 mol dm-3
sodium thiosulfate.
(i) Explain why the volume of gas remained the same.
(ii) Calculate the total volume, V cm3, of the gaseous mixture used for the reaction. [4]
[Total: 20]
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9647 TJC H2 Chemistry Prelim P3 Answers:
1

(a)

 M(NO3)2(s) → MO(s) + 2NO2(g) + ½O2(g)
 Charge density of the cation decreases down the group as charge of cation is
constant and ionic radius increases.
 Polarising power of the cation decreases resulting in less distortion of the electron
cloud of the NO3- ion, and the N-O covalent bond is weakened to a smaller extent.
Therefore, ease of thermal decomposition decreases down the group.

(b)

(i) 


(ii) 


Mg2+(aq) + 2OH-(aq)

→

Al3+(aq) + 3OH-(aq)
Al(OH)3 + OH-(aq)

→
→

Mg(OH)2(s)
A
Al(OH)3(s)
Al(OH)4-(aq)
B

When carbon dioxide is passed into Q, the following reaction occurs.
CO2(g) + OH-(aq)
→
HCO3- (aq)
The concentration of OH- decreases, causing the position of the equilibrium
below to shift to the left according to Le Chatelier’s principle. Thus Al(OH)3
(white solid C) is precipitated.
Al(OH)4-(aq)
Al(OH)3 + OH-(aq)

Or
 Carbon dioxide is an acidic gas, and there will be an acid/base reaction with
the Al(OH)4- complex to form salt and water.


CO2(g) + Al(OH)4-(aq)

→

or 2CO2(g) + 2Al(OH)4-(aq)

→

(iii) Residue A is Mg(OH)2.
Mass of Mg

% by mass Mg

HCO3-(aq) + Al(OH)3(s)
C
2HCO3-(aq) + Al2O3(s) + 3H2O(l)
C

= 24.3/58.3 x 0.18 = 0.0750 g
= 0.075/1.75 x 100% = 4.29 %

After heating to constant mass, the residue is Al2O3(s).

Mass of Al
= 54/102 x 3.16 = 1.67 g
% by mass Al
= 1.67/1.75 x 100% = 95.4%
(c)

(i) 

(ii)

2O3

3O2

9647/03/TJC Prelim 2013
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At t = 0 s, vol. of O3 = 38 cm3 and vol. of O2 = 762 cm3
At t = 1500 s, let vol. of O3 = (38 – y) cm3 and vol. of O2 = (3y/2 + 762) cm3
(38 – y) + (3y/2 + 762)
y

= 818
= 36.0

 Volume of O3 = 38 – 36 = 2.00 cm3
(iii) Plot of Volume of O3 vs time. (correct labeling of axes, plotting of points)




Both half-lives are constant = 400 s (indicate at least 2 t1/2 on graph)
Therefore, the reaction is first order with respect to ozone.

(iv) k = ln2 / t1/2
k = 1.73 x 10-3 s-1
Rate = k[O3]
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(v) 

A catalyst provides alternative pathway of lower activation energy, which is
the minimum amount of energy the particles must collide with for reaction to
take place.



The number of molecules having energy greater than or equal to activation
energy increases, resulting in an increase in frequency of effective collisions
and the rate of decomposition.


[Total: 20]
2

(a)

(i) 


The primary structure of a protein refers to the number and sequence of
amino acids in the polypeptide chains.
The amino acids are bonded by peptide bonds in the polypeptide chain.

(ii) 

The -helix takes the shape of an extended spiral spring that is held in
place by hydrogen bonds between the -C=O of each amino acid the –NH of
the amino acid 4 amino acids away.



The hydrophobic R groups of the amino acid point out of the helix and are
perpendicular to the main axis of the helix.
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Drawing of alpha helix with hydrogen bond:

Hydrogen Bond

(iii)



(iv)

 When the pH is decreased, the histidine residue can be protonated. This
causes ionic bonds to form between the positively charged –R group of the
histidine residue and negatively charged –R groups on other amino acid
residues in the polypeptide chain.

The formation of a disulphide bond requires 2 cysteine residues within the
polypeptide chain but the -sub-unit only has one.

 This results in a change in the conformation and folding of the sub-units
which decreases the affinity that haemoglobin has on oxygen.
(v)  In the lungs, the concentration of O2 is high. By Le Chatelier’s principle, the
position of equilibrium for the reaction shift to the right causing oxygen to bind
to haemoglobin and increasing the concentration of oxyhaemoglobin.
 Oxyhaemoglobin travels to the tissues in the body where the concentration of
O2 is low. By Le Chatelier’s principle the position of equilibrium for the
reaction shift left, releasing oxygen to the surrounding tissues.
(b)

(i) 

–COOH group in lysine is a carboxylic acid group and thus has the lowest
pKa value of 2.15. The –CO2H group can deprotonate easily as the
carboxylate ion is stable as the negative charge can be delocalised over the
2 O atoms.



–NH3+ group on the -carbon is a stronger acid than the –NH3+ group at the
end of the carbon chain. The –NH3+ group on the -carbon is closer to the
electron withdrawing –COOH group and experiences a stronger inductive
effect, the N–H bond is more polarised and a proton is lost more readily.



Hence the –NH2 group on the -carbon has a pKa of 9.16 and the –NH2
group at the end of the carbon chain, being the strongest base, has a pKa of
10.67.

9647/03/TJC Prelim 2013

5

(9.16  10.67)
2
Isoelectric point occurs at pH = 9.92 (i.e.
)

(ii)



(c)

0.2  1
Concentration of O2 in solution = 769 = 2.60 x 10–4 mol dm–3
0.03  1
Concentration of CO in solution = 1052 = 2.85 x 10–5 mol dm–3

(i)



(ii) Let initial concentration of Hb(O2) = n mol dm-3
Hb(O2)(aq) + CO(aq)
Initial
conc. /
mol dm–3
Change in
conc. /
mol dm–3

n

0

23n
– 24

23n
+ 24

Equil conc.
/ mol dm–3

●

●

Kc

Hb(CO)(aq) + O2(aq)

n
24

23n
24

[Hb(CO)][O 2 ]
= [Hb(O 2 )][CO]
 23n 
-4
 2.60  10

24


 n 
-5
  2.85  10
24

= 









= 210

(iii) At toxic levels of carbon monoxide,

[Hb(CO)] 10
[Hb(O2 )] = 90
[Hb(CO)][O 2 ]
K = [Hb(O 2 )][CO]
c

(10)(2.60  10 -4 )
(90)[CO]
210 =
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[CO] = 1.38 x 10-7 mol dm–3
PCO = 1052 x (1.38 x 10–7)
= 1.45 x 10–4 atm



0.000145
 100
1
Percentage of CO in air to cause toxicity =
= 0.0145 %
[Total: 20]

3

(a)

(i)

(ii) ●

●

Anode: C2H5OH + 3H2O → 2CO2 + 12H+ + 12eCathode: 4H+ + O2 + 4e- → 2H2O

●

Overall: C2H5OH + 3O2 → 2CO2 + 3H2O

●

EθO2/H2O

=

+1.23 V

Eθcell
=
EθO2/H2O - EθCO2/C2H5OH
1.61
=
1.23 - EθCO2/C2H5OH
θ
E CO2/C2H5OH = -0.38 V

(iii) ● Ethanol is more energy-efficient than methanol.
Or
● Ethanol can be obtained in great quantity (or easily obtained) from a
fermentation process.
(b)

(i)

Number of moles of copper deposited
Since Cu
Number of moles of electrons passed

=
≡
=

0.5 mol
2 mol of e1 mol

●

Since CO2
Number of moles of CO2 produced
Volume of CO2 produced

≡
=
=
=

6 mol of e1/6 mol
1/6 x 24 000
4000 cm3

●

(ii) Since number of moles of electrons passed =
Amount of charge passed
=
Q
96500 =
I
(c)

=
It
I x 8 x 60 x 60
=
3.35 A

(i) Amount of carbon dioxide

(ii)

PV =
P

nRT
=
=
=

1 mol
96500 c

●

●
=
=

2300/44
52.27 mol

nRT/V
(52.27 x 8.31 x 298)/(2.5 x 10-3)
5.18 x 107 Pa
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(d)

(iii) ●

The calculation in (ii) assumes that CO2 behaves ideally i.e. there are no
forces of attraction between the molecules.

●

However, due to the van der Waals’ forces of attraction between the CO2
molecules, this resulted in the molecules colliding against the cylinder wall
with a smaller force. As a result, the pressure of the gas is smaller than
expected.

(i) 

D has both O and N atoms but is neutral  D is neither a carboxylic acid nor
an amine, and is likely an amide. (insufficient to just state the D is neither
acidic nor basic, nor to only suggest that D is likely an amide with stating
what are impossible.)
D gives white fumes with PCl5  D contains alcohol group (incomplete if
student only mentions –OH group)
D does not react with Br2  D does not contain >C=C< bond (or not an
alkene)
D exhibits geometric isomerism but is not an alkene  D is a cyclic
structure.
E readily dissolves in HCl(aq)  E is basic, i.e. E is an amine.







•

•

D

E

•
Na+

Na+
(ii) 

1 – 2 •  1 mark
3 – 4 •  2 marks
5 – 6 •  3 marks
7 – 8 •  4 marks
F

Due to the presence of a ring structure, there is restricted rotation about the
C-C bond bearing the 2 –OH groups. There are two different groups on each
of those two adjacent carbon atoms. Thus, D can exhibit geometrical
isomerism.

9647/03/TJC Prelim 2013
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(iii)

*
Plane of symmetry

*

Although E has 2 chiral centres, it has a plane of symmetry within the molecule.
As such, E will not display optical isomerism.
[Total: 20]
4

(a)

●Transition metals have higher melting points than typical s-block metals due to
availability of 3d and 4s electrons, smaller metallic radius and closely packed structures
for stronger metallic bonds.
(Other physical properties with adequate explanations are acceptable.)

(b)

For I:
From Data Booklet:
E(MnO2/Mn2+) = + 1.23 V ; E(Cl2/Cl–) = + 1.36 V
With a higher [Cl–] from concentrated HCl, value of E(Cl2/Cl–) decreases to be
less positive than +1.23 V.
Also due to the higher [H+], value of E(MnO2/Mn2+) becomes more positive.
Ecell = E(MnO2/Mn2+) – E(Cl2/Cl–) > 0 and MnO2 will reduce to Mn2+ while Cl–
will oxidise to yellow-green Cl2 gas.
Equation:

MnO2 + 2HCl + 2H+

2H2O + Cl2 + Mn2+

For II:
From Data Booklet:
E(H+/H2) = 0.00 V ; E(Cr2+/Cr) = –0.91 V ;
E(Cr3+/Cr2+) = –0.41 V ; E(O2/H2O) = +1.23 V
When Cr is dissolved in sulfuric acid, Cr will be oxidised to blue Cr2+(aq) and H+
is reduced to H2 gas (acid–metal reaction).
Ecell = 0.00 – (–0.91) = + 0.91 V > 0
Thus reaction is energetically feasible.
When left to stand, Cr2+(aq) is oxidised by O2 to form green Cr3+(aq) and O2 is
reduced to H2O.
Ecell = +1.23 – (–0.41) = + 1.64 V > 0
Thus reaction is energetically feasible.
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Equations:
O2

Cr + 2H+
+ 4Cr
+ 4H+
2+

H2 + Cr2+
2H2O + 4Cr3+

●● 3 balanced equations / ● 1–2 balanced equation(s)
● 3 correct identities
●● Quoting of data from Data Booklet and explanations (accept explanation if student
explains by comparing E qualitatively instead of calculating Ecell. e.g. E(Cr2+/Cr) less
positive than E(H+/H2), thus Cr can be oxidised Cr2+)
(c)

(i) ● Equation: [Cu(H2O)6]2+ + 4NH3
● Coordination number: 6

[Cu(H2O)2(NH3)4]2+ + 2H2O

(ii) ●Dissociative: SN1(unimolecular nucleophilic substitution)
Associative: SN2 (bimolecular nucleophilic substitution)
(iii)

H2O

+

+

(d)

(i)
C6H5CH2OH

●PCl5(s)
● C6H5CH2Cl
cold /
room temperature

● ethanolic (or alcoholic)
NaCN
C6H5CH2CN
heat under reflux

(ii) ●Step 3: Sn, concentrated HCl, heat; followed by NaOH(aq) (room temperature)
(iii) ● Ni acts as a heterogeneous catalyst. Ni has partially filled d subshell. (vacant
orbitals can act as electron acceptors; filled orbitals can act as electron
donors)
(iv) ● Drawing the displayed formula of the compound G:
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●The electron density around N atom in primary amine group is higher than
the electron density around N atom in phenylamine group*. The lone pair of
electrons on N atom in the primary amine group is more available for
nucleophilic attacks, making the primary amine group more nucleophilic and
the primary amine group undergoes nucleophilic substitution with CH3Cl.
(*as the lone pair of electrons around N in phenylamine group can delocalise
into the benzene ring)
(v) (N atom in the secondary amine group is sp3 hybridised with three different
substituent groups and a lone pair of electrons)
● Indicate chiral N
● Illustration of the two enantiomers:

*

*

mirror plane
[Total: 20]
5

(a)

(i) ● Use concentrated H2SO4. NaCl reacts with concentrated H2SO4 to give
steamy white fumes of HCl gas.
● NaCl + H2SO4  HCl + NaHSO4
(ii) ● Not suitable because reducing power of HI > HCl. HI is easily oxidised by
conc H2SO4 to form I2. Yield of HI is very poor.
NaI + H2SO4  HI + NaHSO4
8HI + H2SO4 4I2 + H2S + 4H2O

●

(i) ●Electrophilic Addition
H

H

CH3

CH3

slow
C

H

C

H  H

C
H

H

–
++I I

C
H

 I
H
H

CH3
C

H

H
I

C

CH3

fast
H

H

C
H

● Equations, structure of the carbocation
● arrows, partial charges and fast slow step
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(ii) ● Cl is withdrawing and reduces the electron density on the >C=C< hence the
electrophile is less attracted to the >C=C<.
● Carbocation formed is relatively unstable as the electron withdrawing chlorine
atom intensifies the positive charge on the carbocation, hence it is less likely
to be formed.

H

●
(c)

Cl

CH3

C

C

H

I

H

● Reaction I: Both gives H2 with Na metal  Both have –OH groups. As the molecular
formula of J and K is C10H13OCl, both are either alcohols or phenols.
(Note: carboxylic acids are not accepted)

 Reaction II: J forms white ppt with aq Br2, while K does not. Hence, J is a phenol and
K does not contain a phenol functional group.
● Reaction III: Both do not react with aqueous alkaline iodine hence do not contain
OH
C

CH3
H

(Note:
is not accepted as Reaction I and II has already shown that –OH
group is present in C10H13OCl.)
● Reaction IV: J heated with NaOH undergoes nucleophilic substitution reaction where
Cl is substituted with –OH, hence J is a halogenoalkane. K has no reaction with
NaOH. Hence Cl not substitutedCl directly bonding on benzene ring (halogenoarenes
are present).
● K is not oxidized by dichromate hence contains a tertiary alcohol. Product of
hydrolysis of J is oxidized by dichromate hence contains a primary or secondary
alcohol, thus J contains a primary or secondary halogenoalkane.
● Reaction V: Product of oxidation of J formed from (IV) gives yellow ppt with aqueous

alkaline iodine hence contains

.

OH
C

(Note:
of J)

CH3
H

not accepted because Reaction V involves product of oxidation
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●J

●K
OH

H

Cl

OH

CH3
C

CH3
CH3

C

H

C
CH2CH3

Cl

(Different positions of substituents on the benzene ring are acceptable.)
(c)

(i)

I2O5 + 5CO  5CO2 + I2
● 5 mol of CO reacts with I2O5 to form 5 mol of CO2 and solid I2 thus there is no
change in the volume of gas.
OR CO reacts to form the same number of moles of CO2. Total number of moles
of gas remains the same hence total volume of gas remains the same.

(ii)

I 2 + 2S2O32- 2 I - + S4O62●No of moles of I2

= ½ x Number of moles of Na2S2O3

I 2O5 + 5CO  5CO2 + I 2
● No of moles of CO required
Volume of CO used =
●Total volume of gaseous mixture, V = 49.8 x 2 = 99.6 cm3
[Total: 20]
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Anglo Chinese Junior College
Chemistry
H2 P1
2
Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider
to be correct.
1

10 cm3 of a hydrocarbon was mixed with 100 cm3 of oxygen gas which was in
excess. After explosion and cooling, the gaseous mixture occupied a volume of
80 cm3. After absorption by aqueous potassium hydroxide, the volume
decreased to 50 cm3.
What is the formula of the unknown hydrocarbon?

2

A

C3H6

B

C3H8

C

C4H8

D

C4H10

Ethanenitrile, CH3CN was boiled with NaOH and the NH3 gas evolved was
passed into 50 cm3 of 1.00 mol dm-3 of HCl. The excess acid required 26.00
cm3 of 1.00 mol dm-3 NaOH solution for complete neutralisation.
What was the mass of ethanenitrile used?

3

A

0.492 g

B

0.984 g

C

1.07 g

D

1.97 g

For a given mass of an ideal gas, which one of the following graphs displays a
different shape from the rest?
A

PV against V (at constant T)

B

PV against P (at constant T)

C

V
against T (at constant P)
T

D

1
against T (at constant P)
density
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4

Xofigo®, containing the radioactive isotope, 223
88 Ra , had received United States
FDA approval for the treatment of cancer in patients.

223
88 Ra

decays to give only

an element X and a high energy α-particle ( 42 He ); the latter targets the cancer
cells.
223
4
88 Ra  X + 2 He
What is the number of neutrons present in element X?

5

A

86

B

133

C

135

D

219

Phosphorus oxides exist in many different intermediate forms.
O
P

O

O
O

O

P
O

P

O
O

O

P

O

P

O
O
O

P
O

O

O

P

O
P

O

O

P4O9

P4O10

Two forms of phosphorus oxides, P4O9 and P4O10, are shown above.
Which one of the following statements is true?

A

The phosphorus atoms of both oxides can act as ligands.

B

The phosphorus atoms of both oxides have the same oxidation state.

C

The phosphorus atoms of both oxides do not have lone pair of electrons

D

The phosphorus atoms of both oxides have electron pairs that are
arranged in tetrahedral shape.
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7

Which statement about AlCl3 is correct?

A

AlCl3 is pyramidal.

B

AlCl3 has a higher melting point than Al2O3.

C

Al2Cl6 dimer contains two co-ordinate bonds.

D

AlCl3 catalyst acts as an electron pair donor in the acylation of benzene.

Consider the equation: 2SO2(g) + O2(g) → 2SO3(g)
where ∆H = -199 kJ mol-1 and ∆S = -190 J K-1 mol-1.
Which of the following statements is correct?

8

A

As the reaction proceeds, the system becomes more disorderly.

B

The products are energetically less stable than the reactants.

C

As temperature increases, the change in Gibbs free energy becomes
more negative.

D

The reaction is spontaneous under standard conditions.

Consider the mechanism of the hydrolysis of 2-methyl-2-bromopropane (RBr)
by hydroxide ion below:
Step 1: RBr  R+ + Br Step 2: R+ + OH-  ROH

(slow)
(fast)

Which one of the following correctly represents the units for the rate constant of
this reaction?

A

mol dm-3 s-1

B

mol-1 dm3 s

C

mol-1 dm3 s-1

D

s-1

© ACJC 2013
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9

Swimming pool water can be kept free of harmful bacteria by adding aqueous
sodium chlorate(I), NaOCl. This reacts with water to produce HOCl molecules
which kill bacteria.
OCl–(aq) + H2O(l)
OH–(aq) + HOCl(aq)
In bright sunshine, the OCl– ion is broken down by ultra-violet light.
uv light
OCl–(aq)
Cl–(aq) + ½O2(g)
Which method would maintain the highest concentration of HOCl(aq)?

10

A

acidify the pool water

B

add a solution of chloride ions

C

add a solution of hydroxide ions

D

bubble air through the water

To prepare 'deionised' water, tap water containing ions, including chloride ions,
is passed through a column of resin that helps to remove the ions present.
If the concentration of chloride ions in the water that leaves the column is high
enough to cause the precipitation of silver chloride when 1 cm3 of the water is
added to 1 cm3 of 1 mol dm-3 silver nitrate solution, the water is no longer
considered 'deionised' and hence, the resin in the column has to be replaced.
What is the maximum allowed concentration of chloride ions that can be
present in the water that leaves the column?
[Solubility product of silver chloride : 1.8 x 10-10 mol2 dm-6]

A

1.8 x 10-10 mol dm-3

B

3.6 x 10-10 mol dm-3

C

7.2 x 10-10 mol dm-3

D

1.8 x 10-11 mol dm-3
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The pH range and colour changes for two acid-base indicators are given below:
Indicator

Colour in acidic solution

pH range

Colour in basic solution

P

violet

3.0-5.0

red

Q

yellow

5.7-7.6

blue

Which solution will appear red in P and yellow in Q?

12

A

0.1 mol dm-3 of HCl

B

0.1 mol dm-3 of NaOH

C

0.1 mol dm-3 of CH3COOH (Ka= 1.8 x 10-5 mol dm-3)

D

0.1 mol dm-3 of HX (Ka= 2.5 x 10-10 mol dm-3)

The use of Data Booklet is relevant to this question.
A cell is set up as shown:
Cd(s) | Cd2+(aq) || Ag+(aq) | Ag(s)
The following values for the cell potential were determined as a change was
continuously made.
Readings
Cell potential/ V
1
1.200
2
1.081
3
1.064
Which one of the following changes was made?

A

adding a reagent to the solution that complex with Ag+(aq)

B

increasing concentration of Ag+(aq)

C

increasing the surface area of the cadmium immersed in the solution

D

adding equal amount of water to both half-cells

© ACJC 2013

9647/01/Prelim/13

[Turn over

7
13

When a large current was passed through an electrolyte containing
chromium(III) ions, there was a simultaneous liberation at the cathode, x mol
of chromium and y dm3 of hydrogen (measured at r.t.p.).
How many moles of electrons were passed through the solution?

14

A

x+y

B

x + y/24

C

3x + y/24

D

3x + y/12

A hydrocarbon, when heated with excess hot acidified concentrated KMnO4
produces HO2CCH2CH2CH2COCH2CH3.
Which one of the structures cannot be the hydrocarbon?

A

CH2CHCH2CH2CH2C(CH2CH3)CH2

B

C

D

© ACJC 2013
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Limonene, a main odour constituent of citrus fruits, is added to cleaning
products such as hand cleansers to give a lemon-orange fragrance.

Which of the following about limonene is correct?

16

A

It exhibits cis and trans isomerism.

B

It reacts with acidified concentrated K2Cr2O7 to give a colourless and
odourless gas.

C

It reacts with H2 in nickel to form an alkane with formula C9H18.

D

It reacts with Br2 in organic solvent to form a product with 4 chiral
carbons.

Compound R is heated in a sealed tube with ammonia, whereas compound S
is reacted with hydrogen in the presence of catalyst. Both reactions give the
same product.
Which are the structures of R and S?

R

S

A

C6H5Br

C6H5CN

B

CH3CH(Br)CH3

CH3CH(CN)CH3

C

CH3CH2CH2Br

CH3CH2CN

D

CH3CH(Br)CH3

CH3CH2CN
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T, U and V are three different 4–carbon compounds. T and U react together to
form an ester. V reacts with T to give the same ester but much less readily
when compared to U.
Which of the following could be T?

18

A

butanoic acid

B

butanone

C

butan-2-ol

D

butanoyl chloride

Which sequence shows the correct order of decreasing ease of hydrolysis?

A

CH3CH2COCl > CH3CH2Cl > CH2=CHCl

B

CH3CH2Cl > CH3CH2Br > CH3CH2I

C

D

19

2-methylpropan-1-ol can be converted into 2-methylpropan-2-ol in two steps.
CH 3

CH 3

Step 1

Step 2
CH 3

CH3

CH 3

OH
OH

Which one of the following sequences may be used for the conversion?

Step 1

Step 2

A

alcoholic KCN

dilute H2SO4, heat under reflux

B

concentrated H2SO4

cold alkaline KMnO4

C

Al2O3 with heating

H2O with H3PO4 at high temperature and
pressure

D

alcoholic NaOH

H2O with H3PO4 at high temperature and
pressure
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20

One of the earliest biotechnological processes, developed by Weizmann in
1911, was the conversion of starch into propanone and butan-1-ol.
Which reagent could be used to confirm the presence of propanone in a
propanone / butan-1-ol mixture?

21

A

AgNO3(aq) with an excess of NH3(aq)

B

I2 in NaOH(aq)

C

Acidified K2Cr2O7(aq)

D

Na

Ethanal can react with ammonia as shown.
CH3CHO + NH3  CH3CH(OH)NH2
Which type of chemical reaction takes place?

22

A

addition – elimination

B

electrophilic addition

C

free-radical addition

D

nucleophilic addition

Which reaction does not produce benzoic acid?

A

the hydrolysis of C6H5CO2CH2CH3

B

the hydrolysis of C6H5CN

C

the oxidation of C6H5CH3

D

the oxidation of C6H5OH

© ACJC 2013

9647/01/Prelim/13

[Turn over

11

23

MCPA and 2,4-D are two widely-used selective weedkillers.

Which reagent will distinguish MCPA from 2,4-D?

24

A

PCl5

B

acidified AgNO3(aq)

C

hot acidified KMnO4(aq)

D

hot acidified K2Cr2O7(aq)

Which of the following statements is true about the pH of an aqueous solution
of the following compounds at 25 oC?

X

Y

Z

A

pH = 7

pH = 7

pH = 7

B

pH > 7

pH = 7

pH < 7

C

pH < 7

pH = 7

pH < 7

D

pH > 7

pH > 7

pH > 7
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Which one of the following statements is false about these two amino acid
molecules?

.
Glutamic Acid

26

Ornithine

A

The maximum number of possible compounds with 1 CONH bond
formed from one glutamic acid molecule and one ornithine molecule is 5.

B

Both amino acids are likely to be found on the outer surface of a large
globular protein molecule.

C

Both can be separated from each other by electrophoresis.

D

Isoelectric point of glutamic acid is higher than that of ornithine.

Silicon tetrachloride reacts with moist ethoxyethane to produce silicon
oxochloride. When 0.10 g of the oxochlorides was reacted with water, all the
chlorine atoms were converted into chloride ions, and produced 0.303 g of
silver chloride was precipitated when an excess of aqueous silver nitrate was
added.
What is the correct formula of the silicon oxochloride?

A

Si2OCl6

B

Si3OCl6

C

Si2O2Cl8

D

Si3O2Cl8
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A student was given a sample of strontium carbonate that was mixed with
strontium nitrate. He carried out two separate experiments using the same
mass of the solid mixture.
Experiment 1: The sample was heated strongly to constant mass and the
volume of gas evolved was found to be 200 cm3.
Experiment 2: Excess dilute sulfuric acid was added to the sample and volume
of gas evolved was found to be 75 cm3.
All volumes were measured at the same temperature and pressure.
What is the mole ratio of strontium carbonate to strontium nitrate in the
sample?

28

A

3:2

B

3:5

C

6:5

D

9:5

When the salt CsIyCl is heated, iodine vapour was evolved leaving behind
caesium chloride. The iodine evolved requires 22.4 cm3 of 0.100 mol dm-3 of
aqueous sodium thiosulfate for complete reaction. The solution of the residue in
water requires 11.2 cm3 of 0.100 mol dm-3 aqueous silver nitrate for complete
precipitation of silver chloride.
Determine the formula of the salt.

A

Cs(ICl)

B

Cs(I2Cl)

C

Cs(ICl)2

D

Cs(I2Cl)2
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Cisplatin, Pt(NH3)2Cl2, is an anti-cancer drug. Carboplatin is similar to Cisplatin
except for the presence of a bidentate dicarboxylate ligand.
O
O

H3 N
Pt
H 3N

O
O

Carboplatin
What is the oxidation number of platinum in each of these substances?

A
B
C
D

30

Cisplatin
+2
+2
+4
+4

Carboplatin
+2
+4
+2
+4

When concentrated hydrochloric acid is added to a solution of cobalt(II)
chloride, the solution turns blue:
[CoCl4]2- + 6H2O
[Co(H2O)6]2+ + 4Clpink
blue
When the solution is cooled with ice, it becomes pinker and less blue in colour.
Which of the following statements about the reaction is not true?

A

The forward reaction is endothermic.

B

The stability constant of [CoCl4]2- decreases when temperature is
lowered.

C

When the equilibrium mixture is heated, it will turn more blue.

D

When [CoCl4]2- changes into [Co(H2O)6]2+, the oxidation number of the
cobalt changes.
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3
may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick
against the statements that you consider to be correct).
The responses A to D should be selected on the basis of

A

B

C

D

1, 2 and 3
are
correct

1 and 2
only are
correct

2 and 3
only are
correct

1 only
is
correct

No other combination of statements is used as a correct response.

31

When two liquids are mixed, heat may be evolved if intermolecular bonds
formed are stronger than those broken, even if there is no chemical reaction.
Which pairs of liquids, when mixed, will not give out heat?

32

1

CHCl3 and C6H14

2

CCl4 and CH3OH

3

CHCl3 and (CH3)2CO

The standard enthalpy changes of formation of four compounds are given
below:

Hof/

kJ mol

-1

C2 H4
+50

C2H6
-85

C4H8
-10

C4H10
-125

Which of the following reactions are exothermic?

1

C4H8 + H2 → C4H10

2

C2H4 + C2H6 → C4H10

3

2C2H6 → C4H10 + H2
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34

Which of the following statements are correct for all three halogens, chlorine,
bromine and iodine?

1

Their enthalpy change of formation becomes less exothermic.

2

They all react with aqueous sodium hydroxide to form oxo-anions.

3

They all form hydrides that are strong acids in aqueous solution.

When copper is electroplated with silver, a solution containing both silver nitrate
and potassium cyanide, KCN, is used. The process involves the sequence
shown below.
Stage 1

[Ag(CN)2]-

Ag+(aq)

Stage 2

Ag

Which of the following statements are true of this sequence?

1

The cyanide ion reduces the concentration of the aqueous silver ions.

2

Both stages 1 and 2 involve a change in oxidation number.

3

The copper object will be the anode.
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In an enzyme-catalysed reaction, the rate is affected by the concentration of
substrate as shown in the graph below.

The steps that are common to most enzyme-catalysed reactions are
enzyme + substrate
enzyme-substrate complex
enzyme-substrate complex  enzyme + product

(fast)
(slow)

Which of the following conclusions can be drawn?

1

When [substrate] is low, the reaction is first order with respect to the
substrate.

2

When [substrate] is high, the reaction is zero order with respect to the
substrate.

3

© ACJC 2013
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36

Which of the following statements are correct with regards to the compound K
shown below?
OH
CH3

O

CH3

Compound K

37

1

1 mole of K reacts with excess gaseous HBr to yield a major product with
7 chiral centres.

2

1 mole of K reacts with hot acidified KMnO4 to give a tribasic carboxylic
acid as one of the products.

3

1 mole of K reacts with 4 moles of H2 in the presence of nickel catalyst to
yield a saturated compound.

Which reactions about phenol are examples of electrophilic substitution?

1

Br

Br2(aq)
Br

OH

OH
Br

2
Cl N2

OH



OH

N
HO

3

NaOH
O

OH

© ACJC 2013
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38

Phthalimide has the structural formula as shown below:

Which of the following statements about phthalimide are true?

39

1

It can react with boiling aqueous NaOH with the evolution of NH3.

2

It can react with LiAlH4 in dry ether to give a cyclic secondary amine.

3

It can react with boiling dilute HCl to yield an amino acid.

Mevalonic acid is an intermediate in the biosynthesis of cholesterol.

Which of the following statements are true?

1

It shows optical
manganate(VII).

2

It can undergo intramolecular esterification to produce this cyclic ester.

3

It is less likely to produce this cyclic ester due to high ring strain in ester.

© ACJC 2013

activity

after

oxidation

9647/01/Prelim/13

with

hot

potassium

[Turn over

20
40

During the Contact process, sulfur dioxide is converted to sulfur trioxide as
shown by the equation below.
2SO (g) + O (g) ⇌ 2SO (g)
2

2

3

∆H = −197 kJ mol

−1

The following graph shows how the concentration of the three gases changed
when a series of changes was made.

Which conclusions can be drawn from this information?

1

At 20 minute, the numerical value of the equilibrium constant, K , is 1.56.

2

At 20 minute, the pressure of the system was increased by reducing the
volume.

3

At 10 minute, some sulfur dioxide gas was removed from the system.

c

END OF PAPER
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Anglo Chinese Junior College
Chemistry
H2 P1
1
2
3
4
5
6
7
8
9
10

B
B
D
B
D
C
D
D
A
C

11
12
13
14
15
16
17
18
19
20

D
A
D
B
D
C
C
A
C
B

21
22
23
24
25
26
27
28
29
30

D
D
D
B
D
A
A
B
A
D

31
32
33
34
35
36
37
38
39
40

B
B
C
D
B
C
B
B
C
B

Anglo Chinese Junior College
Chemistry
H2 P2
1

2

The Grignard reagent, R1-MgBr, can be made by reaction between alkyl bromide and
magnesium. In a Grignard reaction, the Grignard reagent may be added to a carbonyl
compound for the formation of an alcohol. This reaction is useful for the formation of
carbon–carbon bonds.

For
Examiner’s
use

R1Br + Mg → R1-MgBr

(a)

The above reaction between the Grignard reagent and ketone can give a yield
of about 80 %. You are required to prepare 4 g of 2-methylpropan-2-ol.
(i)

Identify the alkyl bromide and ketone required to synthesise
2-methylpropan-2-ol.

……………………………………………………………………………………
[1]
(ii)

Assuming that the alkyl bromide can be completely converted into the
Grignard reagent, determine the mass of each reactant in (a)(i) needed
to prepare the desired amount of the pure organic product.

[2]
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(iii)

Similar to the lithium aluminium hydride, the Grignard reagent is rapidly
destroyed by water and air.

For
Examiner’s
use

Give a suitable solvent and the condition required for the solvent in the
synthesis of the Grignard reagent.

…………………………………………………………………………………….
[1]
(b)

The Grignard reagent was first prepared by adding an appropriate mass of
magnesium to an appropriate mass of alkyl bromide dissolved in an
appropriate volume of solvent. The mixture was then heated under reflux for
about 30 minutes.
After cooling the reaction mixture which now contains the prepared Grignard
reagent, a fixed amount of ketone was then slowly added dropwise to it with
intermittent swirling and warming.
(i)

You are provided with the following apparatus: two-necked round bottom
flask, condenser, heating mantle and dropping funnel.
Draw a suitable set-up using the glassware provided for conducting the
above experiment.

[2]
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(ii)

Write a step-by-step procedure on how you would prepare 4 g of the
pure 2-methylpropan-2-ol using provided magnesium as well as the
suggested alkyl bromide and ketone from your answers in (a)(i) bearing
in mind that the yield in such a procedure is about 80 %.

For
Examiner’s
use

Your plan should:
 show how the quantities of reactants calculated in a(ii) are used;
 show that the mass of magnesium used is in excess for complete
conversion of the alkyl bromide to the Grignard reagent;
 use an appropriate volume of the solvent from your answer in
a(iii);
 ensure that the reactions are conducted under the appropriate
condition.
……………………………………………………………………………….……
…………………………………………………………………………………….
………………………………………………………………………………….…
………………………………………………………………………………….…
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
………………………………………………………………………………….…
………………………………………………………………………………….…
………………………………………………………………………………….…
………………………………………………………………………………….…
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………….………
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
© ACJC 2013
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…………………………………………………………………………………….
……………………………………………………………………………...........

For
Examiner’s
use

………………………………………………………………………………….…
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………....
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
[5]
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(c)

Excess unreacted magnesium in the reaction mixture could be destroyed by
addition of sulfuric acid. Give a safety precaution, with reason, which you would
take to perform the above step.

For
Examiner’s
use

..............................................................................................................................
……………………………………………………………………………………….…..
[1]
[Total: 12 marks]
2

The graph for the second ionisation energies of Period 3 elements is given below:
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
0

B
(a)

(i)

C

D

E

F

G

H

J

State the electronic configuration of element D and deduce the group
which element D belongs to.
…………………………………………………………………………….………
…………………………………………………………………………………….
[2]
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(ii)

The figure below shows the melting points of six consecutive elements in
the periodic table.

For
Examiner’s
use

Explain in terms of structure and bonding the variation in melting points
of the elements.

Temperature/ oC

Si

Al

S
P

Cl

Ar

………………………………………………………………………………….…
………………………………………………………………………………….…
…………………………………………………………………………………….
…………………………………………………………………………………….
……………………………............................................................................
……………………………………………………………………………………
……………………………………………………………………………………
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………...
………………………………………………………………………………….…
…………………………………………………………………………………….
[4]
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(b)

For
Examiner’s
use

Draw the dot and cross diagram for the compound SiCl4.

[1]
(c)

Silicon tetrachloride is a liquid at room temperature, phosphorous (V) chloride,
however exist as an ionic solid due to the presence of the ions [PCl4]+ and
[PCl6]-.
(i)

Draw the structures of the cation, [PCl4]+ and anion, [PCl6]-. State the
shapes of the two ions.

[3]
(ii)

Silicon tetrachloride reacts readily with water but carbon tetrachloride
does not hydrolyse readily. Explain.
…………………………………………………………………………………….
…………………………………………………………………………………….
[1]

(iii)

Suggest another physical property that is different between silicon
tetrachloride and phosphorous (V) chloride.
…………………………………………………………………………………….
…………………………………………………………………………………….
[1]
[Total: 12 marks]
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3

(a)

(i)

Compound M, shown below, reacts with hydrogen bromide. Describe the
mechanism for the reaction.

H

(ii)

H

H

OH

C

C

C

For
Examiner’s
use

O

Compound M can be chemically converted into compound N, shown
below:
H H O

H C C C OH
H OH
Compound N, is found in muscle tissues as lactic acid and is optically
active whereas when it is chemically synthesised it is optically inactive.
Explain.
……………………………………………………………………………………
………………………………………………………………………………..…..
…………………………………………………………………………………….
…………………………………………………………………………………….
[4]
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(b)

(i)

The flow scheme below concerns the reactions of compound N. Draw
the structures of the organic compounds P to U in the boxes provided.

For
Examiner’s
use

2,4-dinitrophenylhydrazine

Compound Q
Step I

H
H C
PCl5

Compound R

H O
C

heat

C OH

H OH
Compound N

trace
conc H2SO4

Compound P
C6H8O4
Step II
Compound S
1 equivalent
conc NH3
heat

+

CHI3

Compound U
Compound T
(ii)

State the reagents and conditions for Step I and Step II.

Step I: ……………………………………………………………………………

Step II: …………………………………………..............................................

[8]
[Total: 12 marks]
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4

Suggest how the following compounds could be distinguished from each other by
chemical tests. For each test, state the reagents and conditions you would use, the
observations you would make with each compound undergoing the test and write
balanced equations for the reactions.
(a)

For
Examiner’s
use

CHO

OH

and
HO

HO

OCH 3

COCH2CH3

(b)

CH=C

CONH2

CH2OH

CH=C

CH2OH

and

H2N

NH2

H2N

[6]
[Total: 6 marks]
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5

(a)

(i)

Explain why magnesium gives the nitride Mg3N2 in addition to its oxide
when burned in air.

For
Examiner’s
use

…………………………………………………………………………………….
………………………………………………………………………………….…
…………………………………………………………………………………….
…………………………………………………………………………………….
[1]
(ii)

A 1.00 g sample of the powder obtained from burning magnesium in air
was boiled with water. It produced a hydroxide and ammonia. The
ammonia that was evolved neutralised 12.0 cm3 of 0.5 mol dm3
hydrochloric acid.
Write an equation for the action of water on magnesium nitride. Hence
calculate the percentage of magnesium nitride in the sample.

[3]
(iii)

Suggest a suitable indicator to use for the titration of NH3(aq) with
HCl(aq) in (a)(ii).

…………………………………………………………………………………….
[1]
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(b)

(i)

Two glass bulbs are connected by a glass tube with a valve. One bulb
has a volume of 600 cm3 and contains NH3(g) at 41.3 kPa. The other
bulb has a volume of 400 cm3 and contains HCl(g) at 31.0 kPa.

For
Examiner’s
use

After opening the valve, what will be the equilibrium pressure if
temperature is kept constant at 25C throughout the whole process?

[3]
(ii)

Predict whether the actual pressure will be higher or lower than the
calculated value in (b)(i). Explain.
…………………………………………………………………………………….
…………………………………………………………………………………….
[1]

(c)

Describe and explain the trend in the thermal stabilities of the nitrates of Group
II elements from Mg to Ba. Write a general equation for the reaction that occurs
on heating.
……………………………………………………………………………………….…..
……………………………………………………………………………………………
……………………………………………………………………………………….…..
…………………………………………………………………………………….……..
……………………………………………………………………………………………
…………………………………………………………………………………….……..
……………………………………………………………………………………….…..
[3]
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(d)

Explain why beryllium oxide is amphoteric.
…………………………………………………………………………………………..
[1]

For
Examiner’s
use

[Total: 13 marks]
6

(a)

When a person exercises, the process known as “cell respiration” provides the
body with the energy needed. During this process, glucose is ‘burnt’ in the
reaction which is similar to the following complete combustion of glucose.
C6H12O6 (s) + 6O2 (g)  6CO2 (g) + 6H2O (l)
(i)

The ignition temperature of glucose is approximately 800 oC. Suggest
how the combustion of glucose occurs inside our bodies, where the
average body temperature is only 37 oC.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….

(ii)

A person exercising uses energy at an average rate of 240 kJ per hour.
Using the data given below, construct an energy cycle to calculate the
enthalpy change of combustion of glucose. Hence, calculate the mass of
glucose that has to undergo combustion to provide this energy for one
hour.
∆Hfo CO2 (g) = -393 kJ mol-1
∆Hfo H2O (l) = -285 kJ mol-1
∆Hfo C6H12O6 (s) = -1248 kJ mol-1

[6]
© ACJC 2013
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For
Examiner’s
use

(b)

Paracetamol is used as pain killer.
(i)

After paracetamol is refluxed with aqueous sodium hydroxide, draw the
products of the resulting mixture.

(ii)

Aspirin which has the following structure

COOH
OCOCH3

is also used to relieve pain. Boiling point of aspirin is lower than
paracetamol. Suggest why this is so.
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
…………………………………………………………………………………….
……………………………………………………………………………….……
…………………………………………………………………………………….
…………………………………………………………………………………….
[4]
[Total: 10 marks]
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7

Read through the account of the experiment below and answer the questions that
follow.

For
Examiner’s
use

Test I:
X is a white salt. It decomposes readily on heating to give a colourless odourless gas,
which gives white precipitate with limewater, and a white residue.
Test II:
A saturated solution of X (sparingly soluble) gives a yellow precipitate with aqueous
silver nitrate, which dissolves in dilute aqueous ammonia to give a colourless
solution.
Test III:
When solution X is treated with dilute nitric acid, followed by aqueous silver nitrate, it
gives no precipitate.
Test IV:
A solution of X gives a white precipitate with aqueous sodium hydroxide, which
remains insoluble in excess aqueous sodium hydroxide.
Test V:
When solution X is treated with aqueous ammonia, it gives no precipitate.
(a)

Identify the cation and anion in salt X.
…………………………………………………………………………………………..
[2]

(b)

Write equations, with state symbols, for all the reactions in Test I and Test II.

[4]
(c)

Why is there no precipitate in Test III?
……………………………………………………………………………………………
……………………………………………………………………………………………
[1]
[Total: 7 marks]
- End of Paper -
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Anglo Chinese Junior College
Chemistry
1

1

The Grignard reagent, R1-MgBr, can be made by reaction between alkyl bromide and
magnesium. In a Grignard reaction, the Grignard reagent may be added to a carbonyl
compound for the formation of an alcohol. This reaction is useful for the formation of
carbon–carbon bonds.
R1Br + Mg → R1-MgBr

(a)

The above reaction between the Grignard reagent and ketone can give a yield
of about 80 %. You are required to prepare 4 g of 2-methylpropan-2-ol.
(i)

Identify the alkyl bromide and ketone required to synthesise
2-methylpropan-2-ol.

[1]

Bromomethane/ Methylbromide and propanone
(ii)

Assuming that the alkyl bromide can be completely converted into the
Grignard reagent, determine the mass of each reactant in (a)(i) needed
to prepare the desired amount of the pure organic product.

[2]

Mass of product based on 100% yield = 100 x 4 = 5 g
80
5
= 0.0676 mol
nproduct =
(3  15  12  16  1)
[Assuming both are limiting reagents]
Mass of methyl bromide = 0.0676 x 94.9 = 6.41 g
Mass of propanone = 0.0676 x 58.0 = 3.92 g
(iii)

Similar to the lithium aluminium hydride, the Grignard reagent is rapidly
destroyed by water and air.

[1]

Give a suitable solvent and the condition required for the solvent in the
synthesis of the Grignard reagent.
Anhydrous/Dry diethyl ether

(b)

The Grignard reagent was first prepared by adding an appropriate mass of
magnesium to an appropriate mass of alkyl bromide dissolved in an
appropriate volume of solvent. The mixture was then heated under reflux for
about 30 minutes.
After cooling the reaction mixture which now contains the prepared Grignard
reagent, a fixed amount of ketone was then slowly added dropwise to it with
intermittent swirling and warming.
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(i)

You are provided with the following apparatus: two-necked round bottom
flask, condenser, heating mantle and dropping funnel.

[2]

Draw a suitable set-up using the glassware provided for conducting the
above experiment.
The drawing should include:
+ A two-necked round bottom flask with a condenser and dropping
funnel; The condenser should be connected to a water supply with
correct connection.
+ A heating mantle should be placed under the round bottomed flask.

Water out

Water in

Heating mantle
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(ii)

Write a step-by-step procedure on how you would prepare 4 g of the
pure 2-methylpropan-2-ol using provided magnesium as well as the
suggested alkyl bromide and ketone from your answers in (a)(i) bearing
in mind that the yield in such a procedure is about 80 %.

[5]

Your plan should:
 show how the quantities of reactants calculated in a(ii) are used;
 show that the mass of magnesium used is in excess for complete
conversion of the alkyl bromide to the Grignard reagent;
 use an appropriate volume of the solvent from your answer in
a(iii);
 ensure that the reactions are conducted under the appropriate
condition.
Mass of magnesium required = 0.0676 x 24.3 = 1.64 g
Step 1: Weigh, using a weighing balance, 6.41 g of methyl bromide, 3.92
g of propanone and 2 g of magnesium (excess).
Step 2: Add both 6.41 g of methyl bromide and 2 g of magnesium
reagents to the 50 ml of anhydrous diethyl ether in the two-necked
round bottom flask.
Step 3: Heat the reaction mixture and allow the mixture to reflux gently
for 30 minutes. Cool the reaction mixture to room temperature.
Step 4: Add the 3.92 g of propanone dropwise to the Grignard reagent
at room temperature from the dropping funnel. Warm and swirl the
mixture intermittently.
(Students were not expected to give details on the follow-up reaction of
adding dilute acid to form the 2-methyl-propan-2-ol, the extraction with
diethyl ether and purification by recrystallization after extraction.)
(c)

Excess unreacted magnesium in the reaction mixture could be destroyed by
addition of sulfuric acid. Give a safety precaution, with reason, which you would
take to perform the above step.

[1]

Add the dilute acid drop wise. The mixture will foam out of the flask if the acid
is added too quickly.

[Total: 12 marks]
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2

The graph for the second ionisation energies of Period 3 elements is given below:
5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
0

(a)

B
(i)

C

D

E

F

H

G

J

State the electronic configuration of element D and deduce the group [2]
which element D belongs to.
1s22s22p63s23p1
D belongs to group III.

(ii)

The figure below shows the melting points of six consecutive elements in
the periodic table.

[4]

Explain in terms of structure and bonding the variation in melting points
of the elements.
Temperature/ oC

Si

Al

S
Cl
P
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- Aluminium has giant metallic structure, Large amount of energy is
required to overcome the strong electrostatic attraction between the
positive metal cations and free electron cloud in the giant metallic lattice.
- Silicon has giant covalent structure, Large amount of energy is required
to break the strong covalent bonds between the Si atoms in the giant
molecular structure.
- P4,S8 and Cl2 has simple covalent structures, Lesser energy is required
to break the weaker Van der Waals’ (VDW) forces between the discrete
molecules (for P4, S8 and Cl2) or atoms (for Ar) in the simple molecular
(or atomic) structure.
- Strength of VDW forces increases with size of the molecule or atom,
therefore melting points of S8 > P4 >Cl2. Larger molecules have more
electrons in the electron cloud and this electron cloud is more easily
distorted.
(b)

Draw the dot and cross diagram for the compound SiCl4.

[1]

xx
x x
Cl
xx x x x xx
x
Cl x Si x Cl x
x
xx x
xx x
x x
Cl
x xx x
(c)

Silicon tetrachloride is a liquid at room temperature, phosphorous (V) chloride,
however exist as an ionic solid due to the presence of the ions [PCl4]+ and
[PCl6]-.
(i)

Draw the structures of the cation, [PCl4]+ and anion, [PCl6]-. State the [3]
shapes of the two ions.

Cl

Cl
Cl

P
Cl

Cl
Cl

Cl

Cl
Cl

Cl

Tetrahedral
(ii)

P

octahedral

Silicon tetrachloride reacts readily with water but carbon tetrachloride [1]
does not hydrolyse readily. Explain.
Si has low-lying, vacant 3d-orbitals available for dative bonding with
water molecules.

(iii)

Suggest another physical property that is different between silicon [1]
tetrachloride and phosphorous (V) chloride.
PCl5 is able to conduct electricity when dissolved in polar solvents where
it does not react but not SiCl4.
[Total: 12 marks]
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3

(a)

(i)

Compound M, shown below, reacts with hydrogen bromide. Describe the
mechanism for the reaction.

H

H

H

OH

C

C

C

O

Electrophilic Addition

H

H

H

OH

C

C

C

O

+

δ+
H

δBr

slow
H

H

H

OH

C

C

C

+

O

+

Br-

H

H

H

H

OH

C

C

C

+

O

+

Br-

f ast

H

H

Or
(ii)

H

H

OH

C

C

C

Br

H

H

H

H

OH

C

C

C

H

Br

O

O

was accepted as the product.

Compound M can be chemically converted into compound N, shown
below:
H H O

H C C C OH
H OH
Compound N, is found in muscle tissues as lactic acid and is optically
active whereas when it is chemically synthesised it is optically inactive.
Explain.
Lactic acid contains a chiral carbon: CH3C*H(OH)COOH and exists as
two optical isomers.
Only one optical isomer of lactic acid is found naturally in muscle
tissues which rotates plane-polarised light and is optically active. When
lactic acid is chemically synthesised, a racemic mixture is obtained

[4]
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(b)

(i)

The flow scheme below concerns the reactions of compound N. Draw
the structures of the organic compounds P to U in the boxes provided.
CH3

O

CH3

C

C

2,4-dinitrophenylhydrazine

O

N

NH

COOH

C

NO2

OH

Compound Q

NO2

Step I

H
H C

H O
C

C OH

H

H

Cl

C

C

C

H

Cl

H

heat
H3C

H OH
Compound N

PCl5

H

Compound R

trace
conc H2SO4

O

C

O

C

C
O

O

C
CH3

O

H

Compound P
C6H8O4

Step II

Compound S
1 equivalent
conc NH3
heat

H

Na +O-

H

H

NH 2

C

C

C

H

Cl

O

O

C

C

O-Na+

+

CHI3

O

Compound U

Compound T
(ii)

State the reagents and conditions for Step I and Step II.
Step I: K2Cr2O7, dilute H2SO4, heat
Step II: I2, NaOH(aq) & warm
[8]
[Total: 12 marks]

© ACJC 2013

9647/02/Prelim/13

[Turn over

8
4

Suggest how the following compounds could be distinguished from each other by
chemical tests. For each test, state the reagents and conditions you would use, the
observations you would make with each compound undergoing the test and write
balanced equations for the reactions.
(a)

[6]

CHO

OH

and
HO

HO

OCH 3

COCH2CH3

Reagents: aq. soln of diamminesilver(I) ion, [Ag(NH3)2]+ / Tollen’s Reagent
Condition: warm
CHO

HO

Silver

mirror

obtained

OCH3

for

and

no

silver

mirror

for

OH

HO
COCH2CH3
COO-

CHO

HO

HO

OCH3

+

-

+ 2[Ag(NH3)2] + 3OH 

OCH3

+ 2Ag + 4NH3 + 2H2O

OR Acidified Cr2O72- or acidified MnO4- and heat
CHO

HO

Orange Cr2O72- turns green or Purple MnO4- decolorises for
Orange dichromate remains or purple manganate remains for

OCH3

OH

HO
COCH 2CH3
CHO

COOH

HO

HO
OCH3
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(b)

CH=C

CONH2

CH=C

CH2OH

NH2

CH2OH

H2N

H2N

Reagent: NaOH(aq)
Condition: heat
CH=C

CONH 2

CH 2OH
H2N

With compound
red litmus blue.

, NH3(g) is evolved which turns moist
CH=C

NH2

CH 2OH
H2N

.

No NH3(g) is evolved with compound
CH=C

CONH 2

CH=C

CH 2OH

COO - Na+

CH 2OH

H2N

H2N

+ NaOH



+ NH3

[Total: 6 marks]
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(a)

(i)

Explain why magnesium gives the nitride Mg3N2 in addition to its oxide
when burned in air.

[1]

The large amount of energy released from the reaction between Mg
and O2 helps to break the strong NN triple bond. This facilitates the
formation of Mg3N2.
(ii)

A 1.00 g sample of the powder obtained from burning magnesium in air
was boiled with water. It produced a hydroxide and ammonia. The
ammonia that was evolved neutralised 12.0 cm3 of 0.5 mol dm3
hydrochloric acid.
Write an equation for the action of water on magnesium nitride. Hence
calculate the percentage of magnesium nitride in the sample.

[3]

Mg3N2 + 6H2O  3Mg(OH)2 +2NH3
NH3 + HCl  NH4Cl
Amount of NH3 liberated
= Amount of HCl used
= (0.012)(0.5)
= 0.006 mol
Amount of Mg3N2 = 0.006 ÷ 2 = 0.003 mol
Mass of Mg3N2 = (0.003)((100.9) = 0.303g
Percentage by mass of Mg3N2 in sample
= 0.303 ÷ 1 x 100%
= 30.3%
(iii)

Suggest a suitable indicator to use for the titration of NH3(aq) with
HCl(aq) in (a)(ii).

[1]

(Screened) Methyl Orange / Methyl Red
(b)

(i)

Two glass bulbs are connected by a glass tube with a valve. One bulb
has a volume of 600 cm3 and contains NH3(g) at 41.3 kPa. The other
bulb has a volume of 400 cm3 and contains HCl(g) at 31.0 kPa.

[3]

After opening the valve, what will be the equilibrium pressure if
temperature is kept constant at 25C throughout the whole process?
For Bulb 1, PV = nRT
(41,300)(600 / 1,000,000) = (n)(8.31)(298)
n = 0.0100
For Bulb 2, PV = nRT
(31,000)(400 / 1,000,000) = (n)(8.31)(298)
n = 0.00500
NH3(g) + HCl(g)  NH4Cl(s)
Amount of Excess NH3(g) = 0.0100 – 0.005 = 0.005 mol
PV = nRT
P (600 + 400) / 1,000,000 = (0.005)(8.31)(298)
P = 12.4 kPa
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(ii)

Predict whether the actual pressure will be higher or lower than the
calculated value in (b)(i). Explain.

[1]

Actual pressure will be lower than calculated one, because there is
significant hydrogen bond between NH3(g) molecules.
(c)

Describe and explain the trend in the thermal stabilities of the nitrates of Group
II elements from Mg to Ba. Write a general equation for the reaction that occurs
on heating.

[3]

M(NO3)2(s)  MO(s) + 2NO2(g) + ½O2(g)
where M is Mg, Ca, Sr or Ba.
Down Group II, thermal stability increases.
Down Group II, cationic size increases though they have same charge of +2.
Hence charge density and polarising power decrease.
Electron cloud of nitrate ion is less polarised. The NO bond is less weakened.
It requires more energy to decompose nitrate down the group.
(d)

Explain why beryllium oxide is amphoteric.

[1]

The oxide has ionic bond with covalent character.
[Total: 13 marks]
6

(a)

When a person exercises, the process known as “cell respiration” provides the
body with the energy needed. During this process, glucose is ‘burnt’ in the
reaction which is similar to the following complete combustion of glucose.

[6]

C6H12O6 (s) + 6O2 (g)  6CO2 (g) + 6H2O (l)
(i) The ignition temperature of glucose is approximately 800 oC. Suggest
how the combustion of glucose occurs inside our bodies, where the
average body temperature is only 37 oC.
There are biological catalysts/enzymes in our body that provides an
alternative reaction pathway which lowers activation energy of the
reaction and allows the oxidation of glucose to occur at a lower
temperature.
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(ii)

A person exercising uses energy at an average rate of 240 kJ per hour.
Using the data given below, construct an energy cycle to calculate the
enthalpy change of combustion of glucose. Hence, calculate the mass of
glucose that has to undergo combustion to provide this energy for one
hour.
∆Hfo CO2 (g) = -393 kJ mol-1
∆Hfo H2O (l) = -285 kJ mol-1
∆Hfo C6H12O6 (s) = -1248 kJ mol-1
C6H12O6 (s) + 6O2 (g)  6CO2 (g) + 6H2O(l)

6C (s) + 9 O2 (g) + 6H2 (g)
∆H = -393 x 6 + (-285) x 6 – (-1248)
= -2820 kJ mol-1
No. of moles of glucose that undergoes complete combustion
= 240 / 2820 = 0.0851
Mass of glucose = 0.0851 x (6x12+12+6x16) = 15.3g
[4]

(b)

Paracetamol is used as pain killer.
(i)

After paracetamol is refluxed with aqueous sodium hydroxide, draw the
products of the resulting mixture.
CH3COO-Na+

NH2

O-Na+
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(ii)

Aspirin which has the following structure

COOH
OCOCH3

is also used to relieve pain. Boiling point of aspirin is lower than
paracetamol. Suggest why this is so.
Intramolecular hydrogen bonds exist between –COOH and –OCOCH3
group due to proximity in distance. Hence, intermolecular hydrogen
bonding between aspirin molecules is less extensive as compared to
between paracetamol molecules. Less energy is needed to overcome
the hydrogen bonding between aspirin molecules and therefore lower
boiling point.
[Total: 10 marks]
7

Read through the account of the experiment below and answer the questions that
follow.
Test I:
X is a white salt. It decomposes readily on heating to give a colourless odourless gas,
which gives white precipitate with limewater, and a white residue.
Test II:
A saturated solution of X (sparingly soluble) gives a yellow precipitate with aqueous
silver nitrate, which dissolves in dilute aqueous ammonia to give a colourless
solution.
Test III:
When solution X is treated with dilute nitric acid, followed by aqueous silver nitrate, it
gives no precipitate.
Test IV:
A solution of X gives a white precipitate with aqueous sodium hydroxide, which
remains insoluble in excess aqueous sodium hydroxide.
Test V:
When solution X is treated with aqueous ammonia, it gives no precipitate.

(a)

Identify the cation and anion in salt X.

[2]

Ca2+ and CO32-
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(b)

Write equations, with state symbols, for all the reactions in Test I and Test II.

[4]

Expt I:
CaCO3 (s) → CO2 (g) + CaO (s)
CO2 (g) + Ca(OH)2 (aq) → CaCO3 (s) + H2O (l)
Expt II:
CO32- (aq) + 2Ag+ (aq) → Ag2CO3 (s)
Ag+ (aq) + 2NH3 (aq)
[Ag(NH3)2]+ (aq)
(c)

Why is there no precipitate in Test III?

[1]

The nitric acid reacted with the carbonate in solution X such that the Ionic
Product of Ag2CO3 is lower than the Ksp of Ag2CO3 and no precipitate is
formed.
[Total: 7 marks]

© ACJC 2013

9647/02/Prelim/13

[Turn over

Anglo Chinese Junior College
Chemistry
H2 P3

2

Answer any four questions.

1

(a)

Liquid bromine is added to propenyl ethanoate CH2=CHCH2OCOCH3 in presence
of concentrated ethanoic acid which acts as a solvent, slowly enough for the
reaction to be followed by usual laboratory techniques. The following results were
obtained at 25 oC.
Experiment
Number
1
2
3

[propenyl
ethanoate]/mol dm-3
4.0 x 10-2
6.0 x 10-2
4.0 x 10-2

[Br2]/mol dm-3

Rate/ mol dm-3 s-1

2.0 x 10-2
2.0 x 10-2
4.0 x 10-2

1.29 x 10-3
1.94 x 10-3
5.16 x 10-3

(i)

Write the equation for the addition of bromine to propenyl ethanoate

(ii)

Deduce the order of reaction with respect to propenyl ethanoate and
bromine and hence write the rate equation for the reaction.

(iii)

Estimate how long it would take for 1% of ester to react in Experiment
Number 3.

(iv)

Experiment Number 1 was repeated with 2.0 x 10-2 mol dm-3 bromine under
the same experimental condition, but using 4.0 x 10-2 mol dm-3
CH2=CHCHClOCOCH3 instead. Would you expect any change to the rate?
Suggest a reason for this change if any.

(v)

What would be the product if water were to be used as a solvent instead of
concentrated ethanoic acid?

(vi)

Would you expect the rate of reaction to be slower or faster if aqueous
bromine were to react with propenyl ethanoate? Suggest a reason.
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(b)

In an experiment, 50.0 cm3 of aqueous magnesium chloride were titrated with [10]
1.00 mol dm-3 sodium hydroxide. The pH of the solution changed as shown in the
diagram below.
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(i)

Calculate the initial concentration of magnesium chloride.

(ii)

When 10.0 cm3 of NaOH have been added, calculate the
(a) hydroxide ion concentration
(b) hydrated magnesium ion concentration
Hence, calculate the solubility product of magnesium hydroxide.

(iii)

Suggest how, if at all, the pH of a saturated solution of Mg(OH)2 would
change if the temperature were to be increased given that Ksp of Mg(OH)2
decreases with increasing temperature.

(iv)

By means of an equation, explain why initial pH of graph starts at 6.

[Total: 20 marks]
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2

(a)

(b)

A cycloalkane, C5H10, gives only two mono-brominated products (ignoring any
stereoisomers) with Br2 under uv light.
(i)

Give the structural formulae of the cycloalkane and the two monobrominated products formed.

(ii)

Suggest the ratio in which the two mono-brominated products will be
formed.

[3]

Cyclopentane is an isomer of the cycloalkane identified in (a)(i). It can be used to [7]
synthesise a cyanohydrin.
Br 2

Br

step I

step II

O

W
uv light
step III
OH
CN

(c)

(i)

Step I is a first order reaction. Write a balanced equation for the reaction,
stating suitable reagents and conditions required. Hence, state the rate
equation of the reaction.

(ii)

State the reagents and conditions required in step III. Describe the
mechanism involved.

Aluminium is obtained from electrolysis of aluminium oxide which is mainly from
the mining the mineral bauxite. Bauxite contains only 30 to 54% aluminium oxide
and the rest being other solid impurities. Hence, bauxite must be purified prior to
electrolysis. The Bayer process is the principal industrial means of
refining bauxite to produce pure aluminium oxide.
(i)

In order to separate aluminium oxide from the other solid impurities in
bauxite, it is digested by washing with a hot solution of sodium hydroxide
under pressure followed by filtration in the Bayer process. Write a balanced
equation with state symbols for the chemical reaction above.

(ii)

In the subsequent step of the Bayer process, the above solution is cooled
and treated by bubbling carbon dioxide into it, through which a solid
is precipitated. When heated to a high temperature, this solid decomposes
to aluminium oxide, giving off water vapour in the process. Identify the solid
and write a balanced equation with state symbols for its formation.

(iii)

The purified bauxite ore of aluminium oxide is continuously fed into the
electrolysis process and cryolite is added to lower the melting point and
dissolve the ore.
Write half-equations for the reactions at the cathode and anode during
electrolysis.
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(iv)

Aluminium cannot be produced by the electrolysis of an aqueous aluminium
salt. Instead, a molten aluminium salt could be used. In the Hall–Héroult
process, aluminium oxide is dissolved in molten cryolite, Na3AlF6 and
electrolysed.
Explain
 why it is not feasible to obtain aluminium by the electrolysis of the
aqueous aluminium salt;
 why cryolite is added in the electrolysis of aluminium oxide.

(v)

A proposed aluminium plant is expected to consume 1.00 x 108 kg of
bauxite per year. Assuming that the bauxite contains 54 % of aluminium
oxide, calculate the mass of aluminium produced and the total amount of
charge (in C) that flows through the electrolytic cell per year.
[Total: 20 marks]
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(a)

For most aldehydes and ketones, the most stable structural isomer has a C=O
bond and this is called the keto form. The enol form of the aldehyde or ketone is
derived from the keto form by transfer of a hydrogen atom and it has a C=C bond
with an OH substituent. This interconversion between the keto and enol forms is
called keto-enol tautomerism. At normal room conditions the keto form is the
predominant form at equilibrium suggesting that the keto form is the more stable
form.

[2]

Using bond energy data from the data booklet, calculate the energy change for
the above interconversion and hence explain why the equilibrium lies heavily
towards the keto form.

(b)

The above conversions can be catalysed by an acid which involves protonation
of oxygen atom of the C=O bond followed by loss of H+ from the α-position as
shown in the mechanism below

[7]

Equilibrium 1
Equilibrium 2
The first equilibrium step in the above mechanism can be written in a simplified
form as given below:

…Equilibrium 1

(i)

Given that all the equilibriums concerned are in a homogeneous system,
write the Ka expressions for the acid dissociation of H3O+, and (CH3)2C=OH+

(ii)

Hence, by combining the two expressions, obtain the Kc expression for
equilibrium 1.

(iii)

Given that the pKa of H3O+ is -1.7 and the pKa of (CH3)2C=OH+ is -7.2,
calculate the Kc for the above equilibrium.
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(c)

(iv)

Given that ∆Go = -RT ln K, calculate the Gibbs Free energy change for the
above equilibrium.

(v)

Based on your answers to the values of ∆Go and Kc, comment on the
relative stability of the keto form versus the enol form.

It has been observed that the enol form of 1,3-dicarbonyl compounds are
unusually stable and hence the equilibrium lies more towards the enol form as in
the case of pentane-2,4-dione. It is also observed that the percentage of the enol
form increases as the solvent used is changed from a polar solvent to a non polar
solvent.

(i)

By comparing the structures of the enol form of pentane-2,4-dione with its
keto form , suggest a reason for the increased stability of the enol form in
pentane-2,4-dione.

(ii)

Another enol form of pentane-2,4-dione, as shown below can also be
drawn.

[5]

Can this enol form likely to be formed also? Explain.
(iii)

(d)

Explain why the keto form is favoured with polar solvents.

A hydrocarbon, P, of molecular mass 132, contains 90.91% by mass of carbon. It
does not react with cold aqueous potassium manganate (VII). However, P with
hot acidified potassium manganate (VII) yields Q, with the molecular formula,
C8H6O4. One mole of Q reacts exactly with one mole of Na2CO3 giving off a
colourless gas. Heating Q to about 250 oC yields a neutral compound, R, with a
molecular formula of C8H4O3. Reaction of R with one molar equivalent of ethanol
forms a compound that is both an ester and an acid. Deduce with reasoning the
structural formulae of P, Q and R. Write appropriate balanced equations where
relevant.
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4

(a)

(i)

Write the full electronic configuration for Cu+ and Cu2+ ions.

[1]

(ii)

Explain why Cu+(aq) is colourless whereas Cu2+(aq) is coloured.

[2]

(iii)

Describe what is seen when dilute NH3(aq) is added slowly to CuSO4(aq)
until in excess. Write balanced equations for the reactions.

[4]

(iv)

Describe what is seen (including intermediate colour) when concentrated
HCl(aq) is added to CuSO4(aq). Write balanced equation for the reaction.

[2]

(v)

Describe what is seen when KI(aq) is added to CuSO4(aq). Write balanced
equation for the reaction.

[2]

(vi)

Copper(I) oxide is the brick-red precipitate formed when Fehling’s solution
oxidises an aldehyde. When dilute H2SO4(aq) is added to this oxide, a
brown solid and a blue solution is formed.
[3]



Explain this observation with appropriate E values from the Data Booklet.
Write balanced equation for the reaction of this oxide with the acid. State
the two types of reactions occurring here.
(b)

Vanadium is the only element that has four successive oxidation states that are all
stable in aqueous solution.

[5]

Colours of vanadium ions are given as follows.
Specie
Colour

V2+(aq)
Violet

V3+(aq)
Green

VO2+(aq)
Blue

VO2+(aq) or VO3(aq)
Yellow

By selecting appropriate E values from the Data Booklet, describe and explain
the series of colour changes when (NH4)2Ce(NO3)6(aq) is added slowly to
VCl2(aq). Write balanced equations for all reactions.
Reduction electrode potential for Ce4+(aq) / Ce3+(aq) is +1.61V.
Colours of Ce4+(aq) and Ce3+(aq) are yellow and colourless respectively.
It is given that solid NH4VO3 dissolves in dilute H2SO4(aq) to give a yellow
solution.
VO3 + 2H+
(c)

VO2+ + H2O

In the reaction between S2O82(aq) and I(aq), Fe3+(aq) could be used as a
homogeneous catalyst. If [Fe(CN)6]3(aq) is used instead of Fe3+(aq), explain
whether [Fe(CN)6]3(aq) will still act as a catalyst.

[1]

[Total: 20 marks]
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(a)

Oxytocin and vasopressin are two rather small polypeptides with strikingly
similar structures. In spite of the similarity of their amino acid sequences, these
two polypeptides have quite different physiological effects. Oxytocin occurs only
in the female of a species and stimulates uterine contractions during childbirth.
Vasopressin occurs in males and females; it causes contraction of peripheral
blood vessels and an increase in blood pressure. Its major function, however, is
as an antidiuretic; physiologists often refer to vasopressin as an antidiuretic
hormone.

leu
O

O

H
N

H2N

O

gly

asn

N
H

O
N

NH
O

S

NH2
O

H
N

cys

pro

NH2

gln
O

O

S

HN

cys

O

O

H
N

H2N

[7]

oxytocin
N
H

Ile

O
OH

arg
HN

tyr
NH2

NH
NH2
O

O

H
N

H2N

gly

O

N
H

O
N

asn

cys

NH
O

S

pro

NH2

O

O

S

HN
H
N

cys
H2 N

vasopressin

O

H
N

gln

O

O
N
H

O

phe
tyr

OH

(i)

Apart from the peptide bond in oxytocin, state two other functional groups
in oxytocin.

(ii)

State the name of the linkage that is highlighted in the two structures
above which is common in both polypeptides.

(iii)

Oxytocin and vasopressin has different primary structures, where oxytocin
has leucine, vasopressin has arginine, and where oxytocin has
isoleucine, vasopressin has phenylalanine. State the type of interactions
arginine and phenylalanine are able to form in maintaining the tertiary
structure of proteins.
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(iv)

The melting points of leucine, along with two other compounds, are given
in the table below.
Compound

Mr

Melting
Point/oC

Leucine
1,7-Heptanediamine
Heptanoic acid

131
130
130

293
25
-7

Explain the difference in melting points between
I Leucine and 1,7-Heptanediamine and,
II 1,7-Heptanediamine and Heptanoic acid .
(b)

Denaturation is a process in which proteins lose the quaternary structure,
tertiary structure and secondary structure which is present in their native state,
by application of some external stress or compound such as a strong acid or
base.

[2]

A classic example of denaturing in proteins comes from egg whites, which are
largely egg albumins in water. Fresh from the eggs, egg whites are transparent
and liquid. Cooking the thermally unstable whites turns them opaque, forming an
interconnected solid mass.
Considering the types of R group interactions that are affected during the
denaturation of proteins, explain the following phenomena, highlighting the
changes in the bonds that lead to denaturation.
I Casein is the predominant protein found in milk. The conversion of milk to
cheese involves the addition of the Lactobacillus bacterium which produces
lactic acid.
II Alcohol (ethanol) solutions are used as disinfectants on the skin as it can
penetrate the bacterial cell wall and denature the proteins inside the cell. The
part of the protein molecule which is affected by the ethanol added is as follows:
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(c)

Compound A, C8H10O2, when treated with dilute nitric acid, gives compound B,
C8H9NO4. Compound A also reacts with aqueous bromine to form compound C
with molecular formula, C8H7O2Br3

[11]

Treatment of compound B with tin in concentrated hydrochloric acid, followed by
treatment with hot aqueous sodium hydroxide gives compound D, C8H10NO2Na.
Compound D turns hot acidified potassium dichromate solution green and forms
compound E, C8H9NO3. 1 mole of compound E reacts with 2 moles of aqueous
sodium hydroxide.
Treatment of compound E with phosphorus pentachloride gives a compound F,
C8H7NO2.
Suggest structures for A–F and give an account of the chemistry involved.
[Total: 20 marks]
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ACJC Chemistry Prelim Paper 3 Suggested Solution
1

(a)

(i)

CH2=CHCH2OCOCH3 + Br2  CH2BrCHBrCH2OCOCH3

(ii)

Compare Expt No. 1 and 2, [Br2] constant, when [propenyl ethanoate]
increases by 1.5 times, rate increases by 1.5 times.
Order of reaction with respect to propenyl ethanoate is 1
Compare Expt No. 1 and 3, [propenyl ethanoate] constant, when [Br2]
doubles, rate increases by 4 times.
Order of reaction with respect to bromine is 2
Rate = k[Br2]2[propenyl ethanoate]

(iii)

1% of ester = 1/100 x 4.0 x 10-2 = 4.0 x 10-4 mol dm-3
Time taken = (4.0 x 10-4) / (5.16 x 10-3) = 0.0775 s (assume constant rate)

(iv)

Chlorine is electron-withdrawing; hence will lower the electron density on
the carbon-carbon double bond, hence less susceptible to electrophiles.
Rate is expected to be slower.
OR
Chlorine is electron-withdrawing, hence makes the carbocation
intermediate less stable as positive charge on carbocation is more
intensified. Thus rate is expected to be slower.

(v)

CH2BrCHOHCH2OCOCH3 / CH2OHCHBrCH2OCOCH3

(vi)

Rate of reaction would be faster.
Water is more polar than ethanoic acid. It can form ion-dipole interaction
with carbocation, hence stabilize it. Activation energy would be lowered.
OR

(b)

(i)

Rate of reaction would be slower.
Water dilutes the concentration of Br2. Since rate depends on concentration
of Br2 and concentration of Br2 is decreased, rate is expected to be slower.
From the graph, 20 cm3 of NaOH reacted with MgCl2.
No. of moles of NaOH in 20 cm3 = 1.00 x 20/1000 = 0.02 mol
MgCl2 + 2NaOH  2NaCl + Mg(OH)2
No. of moles of MgCl2 that reacted with NaOH = 0.02/2 = 0.01 mol
Initial concentration of MgCl2 = 0.01/(50/1000) = 0.200 mol dm-3

(ii)

pH = 9
[H+] = 10-9 mol dm-3
[OH-] = 10-5 mol dm-3
No. of moles of Mg2+ = 0.01/2 = 0.005 mol
[Mg2+] = 0.00500/(60/1000) = 0.0833 mol dm-3
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Ksp of Mg(OH)2 = [Mg2+] [OH-]2 = (0.0833) (10-5)2
= 8.33 x 10-12 mol3 dm-9
(iii)

Solubility decreases with increasing temperature
Less OH- needed to reach Ksp.
pH would be less than 9.

(iv)

Mg2+ has high charge density and can polarize H2O molecules slightly,
weakening the O-H bond in water.
Mg(H2O)6 2+ (aq)

2

(a)

Mg(H2O)5 (OH)+ (aq) + H+ (aq)

(i)

Two mono-brominated products:

(b)

(ii)
(i)

(ignore stereoisomers)
Ratio of the above products = 6:4 = 3:2
Step I is a first order reaction. Write a balanced equation for the reaction, stating
suitable reagents and conditions required. Hence, state the rate equation of the
reaction.

Br

OH

+ NaOH

(ii)



+ NaBr

aq NaOH & heat under reflux or heat
rate = k[C5H9Br]
Step III: HCN in the presence of traces of NaCN or NaOH & 10C - 20C
Mechanism: Nucleophilic Addition
ss+

CN

O

-
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OH

CN
O-:

2

(c)





H

CN

fast

CN

+ -:CN

(i)

Al2O3 (s) + 2NaOH (aq) + 3H2O (l) → 2NaAl(OH)4 (aq)
Or
Al2O3 (s) + 2OH- (aq) + 3H2O (l) → 2Al(OH)4- (aq)

(ii)

Aluminium hydroxide Al(OH)3
2NaAl(OH)4 (aq) + CO2 (g) → 2 Al(OH)3 (s) + Na2CO3 (aq) + H2O (l)
Or
2Al(OH)4- (aq) + CO2 (g) → 2 Al(OH)3 (s) + CO32- (aq) + H2O (l)
[Accept Al(OH)4- (aq) + CO2 (g) → Al(OH)3 (s) + HCO3- (aq)]

(iii)

Cathode: Al3+ + 3e → Al
Anode: 2O2- → O2 + 4e

(iv)

Water is reduced preferentially over Al3+.
Cryolite is added form a mixture which melts at a lower temperature.

(v)

Mass of aluminium oxide in bauxite = 54/100 x 1.00 x 108
= 5.40 x 107 kg
Amount of aluminium = 2 x {5.40 x 1010 / [2(27) + 3(16)] }
= 1.05 x 109 mol
Mass of aluminium = 1.05 x 109 x 27 = 2.86 x 1010 g = 2.86 x 107 kg
Amount of electrons required = 1.05 x 109 x 3 = 3.15 x 109 mol
Q = 3.15 x 109 x 96500 = 3.04 x 1014 C
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5
3

(a)
Bonds broken = 740 + 410 +350 = +1500 kJ mol-1
Bonds formed = 460 + 610 + 360 = +1430 kJ mol-1
∆Hr = 1500 – 1430 = +70 kJ mol-1
(b)

Ka (H3O+) = [H+] [H2O] / [H3O+] and
Ka ((CH3)2C=OH+) = [H+] [(CH3)2C=O] / [(CH3)2C=OH+]

(i)

(ii)



Kc =

(iii)

Kc = (101.7 / 107.2) = 10-5.5 = 3.16 x 10-6

(iv)

∆Go = - 8.31 x 298 x ln (10-5.5) = + 31361 J mol-1 = + 31.4 kJ mol-1

(v)

Kc value is very small indicating that the keto form is predominant in
the overall equilibrium
Also ∆Go is very positive indicating that the enol form is not energetically
favourable.

(c)

(i)

Enol form is stabilised by intra-molecular hydrogen bonding OR
Conjugation of the C=O bond with the C=C bond also contributes to the
stability.
No / less likely
No conjugation between the C=O bond with the C=C bond.

(ii)

(iii)

(d)

Keto form participates in dipole-dipole interaction or hydrogen bond
formation with polar solvents which suppresses intra-molecular hydrogen
bonding
In a non polar solvent, the enol form becomes more stable through
intramolecular hydrogen bonding





MF = C10H12
P has no alkene functional group or C=C
Q has 2 –COOH groups
R is an acid derivative since it is neutral
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6

O

OH

+ 11[O]

+ 2CO2 + 3H2O
OH

O
O

O

OH
O

+ H2O

OH

O

O
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4

(a)

(i)

Cu+ 1s2 2s2 2p6 3s2 3p6 3d10
Cu2+ 1s2 2s2 2p6 3s2 3p6 3d9

7
(ii)

2+

For Cu (aq), the d-orbitals are not completely filled with electrons. An
electron from a lower energy level can be excited to higher energy level when
light is absorbed (d-d* electron transition). Light not absorbed is seen as colour
of complex ion.
For Cu+(aq), the d-orbitals are completely filled with electrons. Hence d-d*
electron transition is not possible. Complex ion appears colourless.

(iii)

NH3(aq) + H2O(l)  NH4+(aq) + OH(aq)
[Cu(H2O)6]2+(aq) + 2OH(aq)  Cu(OH)2(s) + 6H2O(l)
When NH3(aq) is added slowly, blue ppt of Cu(OH)2 is formed.
Cu(OH)2(s) + 4NH3(aq) + 2H2O(l)
[Cu(NH3)4(H2O)2]2+(aq) + 2OH(aq)
or Cu(OH)2(s) + 4NH3(aq)
[Cu(NH3)4]2+(aq) + 2OH(aq)
2+
or Cu (s) + 4NH3(aq)
[Cu(NH3)4]2+(aq)
When NH3(aq) is added in excess, blue ppt dissolves and a deep blue solution
is formed.

(iv)

[Cu(H2O)6]2+(aq) + 4Cl(aq)
[CuCl4]2(aq) + 6H2O(l)
or Cu2+(aq) + 4Cl(aq)
[CuCl4]2(aq)
When HCl(aq) is added, an intermediate green colour is observed because blue
[Cu(H2O)6]2+(aq) is mixed with yellow [CuCl4]2(aq). Final colour of solution is
greenish-yellow.

(v)

2Cu2+(aq) + 4I(aq)  2CuI(s) + I2(s) .
When KI(aq) is added, CuI white ppt is formed in I2 brown solution.

(vi)

Cu+ + e
Cu
+0.52V
Cu2+ + e
Cu+
+0.15V
Overall: 2Cu+  Cu2+ + Cu
Ecell = +0.52 – (+0.15) = +0.37V
Since Ecell > 0 Volt, the reaction is thermodynamically feasible.
Equation: Cu2O(s) + H2SO4(aq)  Cu(s) + CuSO4(aq) + H2O(l)
Acid-Base and Disproportionation

(b)

V2+ + Ce4+  V3+ + Ce3+
Ecell = +1.61 + (+0.26) = +1.87V
Since Ecell > 0 Volt, the reaction is thermodynamically feasible.
Violet V2+(aq) solution becomes green V3+(aq) solution.
V3+ + Ce4+ + H2O  VO2+ + Ce3+ + 2H+
Ecell = +1.61 + (0.34) = +1.27V
Since Ecell > 0 Volt, the reaction is thermodynamically feasible.
Green V3+(aq) solution becomes blue VO2+(aq) solution.
VO2+ + Ce4+ + H2O  VO2+ + Ce3+ + 2H+
Ecell = +1.61 + (1.00) = +0.61V
Since Ecell > 0 Volt, the reaction is thermodynamically feasible.
Blue VO2+(aq) solution becomes yellow VO2+(aq) solution.
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8
(c)

5

(a)

[Fe(CN)6]3(aq) will not be a catalyst because it is thermodynamically not feasible
(Ecell = +0.36 – 0.54 = –0.18V).
Or
This is because [Fe(CN)6]3(aq) is negatively charged just like I. Hence it will be
repelled by S2O82(aq) as well. It is kinetically not quite feasible.

(i)

Primary amine, tertiary amine, phenol, primary amide

(ii)

Disulfide

(iii)

Arginine forms hydrogen bonds or ionic bonds
Phenylalanine forms van der waals

(iv)

I. Leucine has a much higher melting point than 1,7-Heptanediamine because the
electrostatic attractions (ionic bond) in the crystal lattice of the zwitterionic form
is stronger than the intermolecular hydrogen bonding between 1,7Heptanediamine molecules.
II. 1,7-Heptanediamine has a higher melting point than Heptanoic acid
. Both have hydrogen bonds between their molecules and similar Mr (similar
strength of VDW). However, 1,7-Heptanediamine can form more extensive
hydrogen bonds than Heptanoic acid

(b)

(i)

I: Lactic acid dissociates to give H ions, thus lowering the pH, The H+ ions
protonate the negatively charged –COO- R groups, thus disrupts the ionic bonds
in the protein

II Ethanol forms hydrogen bonds with the –OH groups in the R groups, hence
disrupts the intermolecular hydrogen bonds.

(c)
OH

OH

Br

Br

OH

CH2OH

CH2OH
CH2OH

A:
O-Na+

B:

NO2

Br

C:
HO

HO

CH2OH

COOH

NH
D: NH2
E:
1 mark for each correct structure
2

F:

N
H

O

Accept also, -amine group at position 2 for structures B, D, E , F
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9
OH
ONa

OH

CH2 OH

B:

NH 2

NH 2

NO2

D

CH2 OH

COOH

E

OH
H
N
C

O

F:

Deductions


A, reacts with dilute nitric acid to give B, A contains phenol or A undergoes
mononitration to give B by the dilute HNO3



A reacts with aqueoues bromine to form C,  C is 2,4,6- trisubstituted or A is
1,3 disubstituted or A contains phenol



B is reduced by Sn/conc HCl to D –NO2 group in B is reduced to –NH2 and
phenol in B is coverted to sodium phenoxide in D



D undergoes oxidation with acidified dichromate to form carboxylic acid,
primary alcohol present in D, or D is oxidised to form carboxylic acid in E, and
phenoxide in D is acidified to phenol in E.



Compound E reacts with 2 moles of sodium hydroxide.presence of 2 acidic
groups in E or (both phenol and carboxylic acid)



E, C8H9NO3, is converted to G, The carboxyl group, –CO2H, in E is converted
into an acyl chloride, –COCl,by PCl5.



The amine then undergoes internal nucleophilic substitution),with loss of Cl–,
to yield the cyclic amide F  Hence, the carboxymethyl group, –CH2CO2H,
must be adjacent to amine – NH2 group in A to enable ring formation
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Tampines Junior College
Chemistry
H2 P1

1

TPJC 2013 H2 Chemistry

Section A

For each question there are four possible answers, A, B, C and D. Choose the one
you consider to be correct.
1

Use of the Data Booklet is relevant to this question.
How many molecules are present in 1 cm3 of oxygen gas under room
conditions?

2

A

1 x 24000
6.02 x 1023

B

1 x 6.02 x 1023
24000

C

6.02 x 1023 x 24000
1 x 1000

D

1 x 6.02 x 1023 x 32

10 cm3 of 0.2 mol dm-3 K2XO4 completely reacts with 40 cm3 of 0.1 mol dm-3
iron(II) sulfate solution.
If Fe2+ is oxidised to Fe3+ by K2XO4, what is the final oxidation state of X?
A

3

B

+3

C

+4

D

+5

Which of the following ions would undergo the greatest deflection in an
electric field?
A

4

+2

16

O2+

B

16

O18O+

C

16

O18O2+

D

Which of the following consists of species which are all planar?
A

CO32– , SO32– and benzene

B Al2Cl6 , SOCl2 and methanal
C NO3– , XeF4 and ethanal
D BCl3 , ICl4– and chlorobenzene

18

O2+

5

The value of pV is plotted against p at the same temperature for four gases,
where p is the pressure and V is the volume of the gas.
pV
Gas 4

Gas 3
Gas 2

Gas 1

p
Which of the following represent the possible identities of Gases 1 to 4?

6

Gas 1

Gas 2

Gas 3

Gas 4

A

Ne

CH3F

HF

H2O

B

Ne

HF

CH3F

H2O

C

HF

H2O

CH3F

Ne

D

H2O

HF

CH3F

Ne

The table gives the successive ionisation energies for an element X.

Ionisation
energy/ kJmol-1

1st

2nd

3rd

4th

5th

6th

950

1800

2700

4800

6000

12300

What could be the formula of the chloride of X?
A
7

XCl

B

C

XCl2

D

XCl3

XCl4

The table shows the charge and radius of each of the six ions.
ion
radius/nm

J+
0.14

L+
0.18

M2+
0.15

X-

Y-

Z2-

0.14

0.18

0.15

The ionic solids JX, LY, and MZ have the same lattice type.
What is the order of their lattice energies starting from the most exothermic
first?
A

JX, MZ, LY

B

LY, JX, MZ

C

MZ, JX, LY

D

MZ, LY, JX

8

Dinitrogen oxide, N=N=O, burns in ethyne, H‒C≡C‒H, in the gaseous phase
to produce water vapour, carbon dioxide and nitrogen gases as the only
products.
5 N2O(g) + C2H2(g)  H2O(g) + 2 CO2(g) + 5 N2(g)

H = -1668 kJ mol-1

Assuming N=N bond energy in dinitrogen oxide is +418 kJ mol-1, what is the
nitrogen-oxygen bond energy in dinitrogen oxide in kJ mol-1?
A
9

382

B

594

C

686

D

1350

Which of the following statements about the spontaneity of the gas-phase
reaction shown is true at 25 °C?
2 O=N–Cl(g)  2 N=O(g) + Cl2(g)

10

A

The reaction cannot be spontaneous.

B

The reaction will be spontaneous regardless of the magnitude of H
and S.

C

The reaction will be spontaneous only if the magnitude of H is large
enough to overcome the unfavorable entropy change.

D

The reaction will be spontaneous only if the magnitude of S is large
enough to overcome the unfavorable enthalpy change.

Iodine-131 is a radioactive isotope with a half-life of 8 days. Given that
radioactive decay is a first-order reaction, what fraction of the isotope would
remain after 80 days?
A

11

1
20

B

1
160

C

1
2

D

1
2

Which is the correct statement about the following reaction?
M(s)
P(g) + Q(g)
R(g) ∆H < 0
A Both the rate constant and equilibrium constant will increase with
increasing temperature.
B The solid M will lower the activation energy of both forward and
backward reactions.
C Increasing temperature will lower the activation energy resulting only in a
greater fraction of R molecules with energy greater than activation
energy.
D The activation energy of the forward reaction is equal to the activation
energy of the backward reaction.
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12

The reacction betwe
een NO and
d F2 was sttudied by mixing
m
the two gases
s:
2NO(g) + F2(g) ⇌ 2 NOF(g)

∆H < 0

At differe
ent times during
d
the e
experimen
nt, various changes w
were made
e to the
condition
ns inside th
he reaction
n vessel. The
T changes in conccentrations
s of the
three com
mpounds in
n the equillibrium mix
xture with time
t
are givven by the
e graph
below:

Which off the following statem
ments is corrrect?
e was a de
ecrease in volume of the reactio
on vessel aat 10.0 min
n.
A There
e was an in
ncrease in volume off the reaction vessel at 7.5 min.
B There
e was an in
ncrease in temperatu
ure at 10.0 min.
C There
a
at 7
7.5 min.
D A cattalyst was added
13

The value
e of the ion
nic productt of water, Kw, varies with temp erature.
tempera
ature / oC
0
1
10
2
25

Kw / mol2 dm–6
0.1 × 10–14
0.3 × 10–14
1.0 × 10–14

What can
n be deduc
ced from th
his information?
A

Molarr concentra
ation of H+ ions decre
eases with
h decreasee in temperrature.

B

ases by a factor of 10 from 0 C to
The ionic product of watter decrea
25 C
C.

C

The association
a
n of waterr molecules by hydro
ogen bondding increa
ases as
temperature inc
creases.

D

Wate
er is no long
ger a neutrral liquid at temperattures below
w 25 C.

14

The graph shows th
he change in pH whe
en ethanoic
c acid is grradually ad
dded to
3
-3
10 cm off 0.10 mol dm sodiu
um hydroxiide. An ind
dicator is ussed to dete
ermine
the end-p
point for the
e titration.

Which of the followiing contain
ns the corre
ect concen
ntration of eethanoic acid
a
and indicator used for
f the titra
ation?

15

A
B

0.05 mol dm-3 ethanoic
e
accid, screen
ned methyl orange
-3
0.05 mol dm ethanoic
e
a
acid, pheno
olphthalein

C

0.10 mol dm-3 ethanoic
e
a
acid, screen
ned methyl orange

D

0.10 mol dm-3 ethanoic
e
a
acid, pheno
olphthalein

Use of the Data Boo
oklet is rele
levant to th
his question
n.
In many areas, tap
p water be
ecomes slightly acidic due to ddissolved carbon
dioxide.
By consid
dering the relevant EƟ values, which metal will b e least lik
kely to
dissolve in
i tap wate
er containin
ng carbon dioxide?
A

16

lead

B

zinc

C

iron

D

magn
nesium

When a quantity
q
off electricityy was pass
sed throug
gh molten vanadium oxide,
5.63 g off vanadium
m and 2.67
7 g of oxyg
gen were produced
p
aat the electrodes.
What is th
he formula
a of vanadiu
um oxide?
?
A

VO3

B

VO

C

V2O3

TPJC
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17

Phosphorus is an element in the third period, Na to Ar, of the Periodic Table.
What is true for phosphorus and none of the other elements in this period?

18

19

A

Phosphorus has the highest melting point of the elements in this period.

B

Phosphorus is the only element in this period that forms two acidic
oxides.

C

Phosphorus is the only element in this period with exactly four atoms in
its molecule.

D

Phosphorus is the only element in this period whose chlorides react with
water to form acidic solutions.

Which of the following statements about Group II elements from Mg to Ba is
incorrect?
A

The melting point of the oxides increases down the group.

B

The reactivity of the elements with chlorine gas increases down the
group.

C

The decomposition temperature of the nitrates increases down the
group.

D

The volume of gases formed per gram of carbonate decomposed
decreases down the group.

The equations for three reactions are given below:
Cl2 (g) + H2S (g) → 2HCl (g) + S (s)
SO2 (g) + 2H2S (g) → 2H2O (l) + 3S (s)
Cl2 (g) + 2H2O (l) + SO2 (g) → 2HCl (aq) + H2SO4 (aq)
Which is the correct order of strength of the three reacting gases as oxidising
agents?
Strongest

Weakest

A

Chlorine

Sulfur dioxide

Hydrogen sulfide

B

Chlorine

Hydrogen sulfide

Sulfur dioxide

C

Hydrogen sulfide

Sulfur dioxide

Chlorine

D

Sulfur dioxide

Hydrogen sulfide

Chlorine

20

21

What is the number of sp2 and sp3 carbon atoms in the structure given
below?

sp2

sp3

A

1

2

B

7

2

C

6

1

D

2

1

Chlorofluorocarbons (CFCs) are commonly used as aerosols, propellants
and refrigerants. However in the stratosphere, CFCs can damage the ozone
layer through a radical chain reaction.
In which sequence are the following compounds listed in increasing order
of their ability to destroy ozone?
H

F

C

C

F

Cl

H

H

A

F

B

F

<

Cl

C

<

Cl

C

F

Cl

F

C

Cl

F

Cl

C

C

D

F

F

C

C

Cl

Cl

Cl

C

C

Cl

Cl

Cl

F

Cl

H

F

C

C

C

C

Cl

Cl

Cl

Cl

F

F

<

<

Cl

F

H

F

<

F

C

<

Cl

F

F

Cl Cl
H

F

F

<

Cl

F

Cl

C

C

Cl

Cl
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F

C

C

Cl

Cl

<

F

C

F

F

H
F

F

Cl

F
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22

What is the total number of possible geometric isomers formed when the
following compound is heated with ethanolic KOH?

A
23

2

B

4

C

6

D

8

Hydrobromic acid reacts with ethene to form bromoethane. Which of the
following is the best description of the organic intermediate?
A It contains carbon, hydrogen and bromine.
B It is a free radical.
C It is positively charged.
D Its structure is planar.

24

2,4–D and MCPA are two common selective weed killers.

Which one of the following reagents can be used to distinguish between
them?
A sodium metal
B phosphorus pentachloride
C hot concentrated potassium manganate(VII)
D hot acidified potassium dichromate
25

Which reagent is suitable for use in separating a mixture of methylbenzene
and phenylamine by physical means?
A

aqueous sodium hydroxide

B

bromine liquid

C

dilute hydrochloric acid

D

ethanoyl chloride

26

2

Deuterium, D, is an isotope of hydrogen, 1 H .
Which of the following reactions yields a stable organic compound
containing deuterium?
A

heat

B

CH3COOD

C

D

27

The drug Fexofenadine is used to treat runny nose and itchy eyes without
causing drowsiness. A synthesis of Fexofenadine is shown below:

Which of the following reactions does not occur in this process?
A reduction
B nucleophilic addition
C electrophilic substitution

D

TPJC_2013_9647_P1
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28

29

Which sequence shows the compounds in order of increasing pKb values?
A

CH3CONH2 < C6H5NH2 < CH3NH2 < CH3NHCH3

B

CH3NH2 < CH3NHCH3 < C6H5NH2 < CH3CONH2

C

CH3CONH2 < CH3NHCH3 < CH3NH2 < C6H5NH2

D

CH3NHCH3 < CH3NH2 < C6H5NH2 < CH3CONH2

A food chemist wants to create the odour of green apples for a product. An
ester with this odour has the formula C2H5CO2CH(CH3)2. In which of the
following will the substances react together to produce this ester?
A C2H5OH and (CH3)2CHCOOH
B CH3COOH and CH3CH(OH)CH2CH3
C C2H5COOH and C2H5CH2OH
D C2H5COOH and (CH3)2CHOH

30

The amino acid, lysine has 3 pKa values of 2.15, 9.16 and 10.67. Lysine
residues are present in the enzyme, lysozyme.

Which of the following structures shows lysine in its most stable state when
a sample of lysozyme is hydrolysed and the solution is subsequently
adjusted to pH=7?
A

C

B

D

Section B
For each of the questions in this section, one or more of the three numbered
statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to
put a tick against the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
31

32

Which physical properties are due to hydrogen bonding between molecules?
1

Water has a higher boiling point than H2S.

2

Ice floats on water.

3

The H–O–H bond angle in water is approximately 104o.

In an experiment, 2 moles of SO2 and 3 moles of O2 were allowed to react
and reach equilibrium in a 1 dm3 vessel at two different temperatures.
2SO2(g) + O2(g) ⇌ 2SO3(g)
The following results were obtained:
temperature / C
200
300

equilibrium yield of SO3 / mol
1.2
0.8

What can you deduce about the reaction from the results?
1

It is an exothermic reaction.

2

The equilibrium constant at 200 C is 0.94 mol1 dm3.

3

The backward reaction is favoured at lower temperature.
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
33

Which of the following solution’s pH will not change significantly when some
acid is added?
1

20 cm3 of 0.100 mol dm־3 ethanoic acid mixed with 15 cm3 of 0.100
mol dm-3 aqueous sodium hydroxide

2

20 cm3 of 0.100 mol dm־3 aqueous ammonia mixed with 15 cm3 of
0.100 mol dm-3 ammonium chloride solution
O

3

OH
3

3

20 cm of 0.100 mol dm ־phenylalanine,

34

35

NH2

solution

Which of the following properties increases with an increase in the atomic
number of the elements in Group II of the Periodic Table?
1

Reducing power of the elements

2

Magnitude of the enthalpy change of hydration of the metal ions

3

Covalent character in the compounds of the elements

X, Y and Z are elements in the same period of the Periodic Table. The oxide
of X is amphoteric, the oxide of Y is basic and the oxide of Z is acidic.
What is the correct order of trend for these elements?
1

Proton number: Y < X < Z

2

Atomic radius: Z < X < Y

3

Melting point:

X<Z<Y

The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
36

Which graph(s) show the correct trend for the physical property stated?
Bond length
in HX

1
HCl HBr HI

2

Boiling point
of hydrogen
halides

HCl HBr HI
Boiling point
of halogens

3
Cl2

37

Br2

I2

Which of the following compounds form a single organic product when
reacted with hot acidified potassium manganate (VII)?
1

CH3-CH=CH2

2

(CH3)2C=C(CH3)2

3

HO-CH2-CHO

TPJC_2013_9647_P1
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The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
38

The diagram shows some laboratory apparatus:

Which preparation(s) could this apparatus be used for?

2

Bromoethane, from ethanol, sodium bromide and concentrated sulfuric
acid.
Ethanoic acid, from ethanol, sodium dichromate(VI) and sulfuric acid.

3

1,2–dibromoethane, from bromine and ethene.

1

39

Safranal is a component of the yellow dye in saffron.

CH3

CH3 O
H
CH3

Safranal
Which of the following description(s) about safranal are correct?
1

It reacts with KCN in acid at 10 to 20 oC.

2

It reacts with Fehling’s solution.

3

It has all atoms lying on the same plane.

The responses A to D should be selected on the basis of
A
1, 2 and 3 are
correct

B
1 and 2 only are
correct

C
2 and 3 only are
correct

D
1 only is correct

No other combination of statements is used as a correct response.
40

The following shows part of a protein structure.

Which of the following types of interaction is responsible for maintaining the
tertiary structure of the protein shown above?
1

van der Waals’ forces

2

hydrogen bond

3

disulfide bridge
End of Paper

Answer Key
1
B
11
B
21
A
31
B

2
C
12
A
22
B
32
B

3
A
13
A
23
C
33
A

4
D
14
B
24
D
34
D

5
D
15
A
25
C
35
B

6
C
16
C
26
C
36
D
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7
C
17
C
27
B
37
B

8
C
18
A
28
D
38
B

9
D
19
A
29
D
39
B

10
D
20
B
30
B
40
B
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Tampines Junior College
Chemistry
H2 P2
1

Planning (P)
Chlorine gas, when bubbled into hot dilute aqueous potassium hydroxide, produces
a solution containing potassium chlorate(V) and potassium chloride.
(a) Write a balanced equation for the reaction between chlorine and potassium
hydroxide.
……………………………………………………………………………………………
[1]
Evaporation of the resulting solution gives a white solid which is a mixture of
potassium chlorate(V) and potassium chloride.
Pure potassium chloride can be separated from this mixture by a process known as
fractional crystallisation. In this process, the substances are separated based on
their difference in solubility.
The solubility of a solid is defined as:
‘The mass of solid that will dissolve in and just saturate 100 g of solvent (water).’

(b)

Most solids become more soluble as temperature increases.
Table 1 below shows the solubility of potassium chlorate(V) and potassium
chloride over a range of temperature.
temperature / oC

10

solubility of potassium chlorate(V),
5.0
KClO3,
/ g per 100 g of H2O
solubility of potassium chloride,
31.0
KCl,
/ g per 100 g of H2O

20

30

40

60

80

100

7.0

10.5

14.0

24.5

38.5

57.0

34.0

37.0

40.0

45.5

51.1

56.7

Table 1
Plot the data in Table 1 on the grid on the next page and draw the solubility
curves for each substance.
Label the solubility curves clearly.
[3]
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555

550

445

solubility / g per 100 g H2O

440

335

330

225

220

15

10

5

10

200

30

40

50

60
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emperature
e / oC
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(c)

In the process of fractional crystallisation, the solid mixture is first dissolved in
heated solvent to obtain a solution.
The resultant solution is then carefully cooled to a selected temperature to enable
one solid to crystallise while ensuring the other solid remains dissolved in the
solution.
Starting with a solid that contains 16.4 g of potassium chlorate(V) and 50.0 g of
potassium chloride, you are required to use the solubility curves from (b) to plan
a fractional crystallisation that will give you a sample of potassium chloride,
free from potassium chlorate(V).
You may assume that all of the solid should be dissolved in 100 g of water
at the start of the separation.
(i)

(ii)

From the graph in (b), obtain the minimum temperature to which the solution
must be heated in order to dissolve all of the 16.4 g of potassium chlorate(V)
and 50.0 g of potassium chloride.
Temperature to which the solution must be heated : …………….. oC
Write a plan to obtain a maximum amount of potassium chloride, KCl, free
from potassium chlorate(V), KClO3 , from the mixture that contains 16.4 g of
potassium chlorate(V) and 50.0 g of potassium chloride .
You may assume that you are provided with the apparatus normally found in
a school or college laboratory.
Your plan should include:
• the essential details of the general fractional crystallisation procedure,
including the capacity of apparatus used (where relevant)
• the temperature to which the solution is to be cooled and the
justifications for your choice (reference to the graph in (b) is required)
• a precautionary step you would take to improve the purity of the
potassium chloride sample crystals that are obtained
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[Turn over
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………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[5]

(d)

With reference to the graph in (b), calculate the mass of potassium chloride, KCl,
you would expect to recover.

[2]
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(e)

How could you check the purity of the sample of potassium chloride that has
been obtained?
……………………………………………………………………………………………
……………………………………………………………………………………………
[1]
[Total: 12]

2

The following table lists the standard enthalpy changes of combustion, ∆Hco, of some
monohydric alcohols.
alcohol
∆ HcƟ / kJ mol−1
methanol
−715
ethanol
−1367
propan-1-ol
butan-1-ol
−2671
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(a)

Write an equation to represent the standard enthalpy change of combustion of
propan-1-ol.
…………………………………………………………………………..…………..…. [1]

(b)

(i)

The difference in the standard enthalpy change of combustion of methanol
and ethanol is −652 kJ mol−1. By considering the structures of the two
alcohols, suggest the significance of this difference.
……………………………………………………………………………………….
……………………………………………………………………………………….

(ii)

Hence suggest a value of ∆Hco for propan-1-ol.
∆Hco for propan-1-ol = ……………. kJ mol1

(iii)

Given ∆Hfo (H2O(l)) = 286 kJ mol1 and ∆Hfo (CO2(g)) = 394 kJ mol1
calculate the standard enthalpy change of formation of propan-1-ol,
∆Hfo (CH3CH2CH2OH(l)).

[4]
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(c)
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Draw a labelled diagram to show the interactions between ethanol molecules.

[2]
[Total: 7]

3

(a)

A student electrolyses a solution of brine (concentrated aqueous sodium
chloride) using platinum electrodes. She ensures that the solution is continually
stirred at a temperature of not more than 40oC.
It was found that as electrolysis proceeds, sodium chlorate(I), NaClO, is formed
in the electrolyte.
(i)

(ii)

Suggest equations for the reactions occuring at the anode and cathode.
anode:

…………………………………………………………………………

cathode:

………………………………………………………………………….

Write a suitable equation which shows how the NaClO could have been
formed.
……………………………………………………………………………………….
[3]

[Turn over
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(b)

Sodium chlorate(I), NaClO, which is found in household cleaning products, is
usually manufactured from chlorine gas.
When gaseous phosphorous (V) chloride is heated to 473 K in a closed
container, the following equilibrium involving chlorine gas is established:
PCl5 (g)

⇌ PCl3 (g) + Cl2 (g)

∆H > 0

By using Le Chatelier’s principle, predict and explain the effect of an increase in
temperature on the above equilibrium.
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………..…………
[2]
(c)

When sodium thiosulfate is reacted separately with chlorine and iodine, different
products are formed.
4Cl2 + Na2S2O3 + 5H2O
I2 + 2Na2S2O3
(i)



2NaHSO4 + 8HCl

 Na2S4O6 + 2NaI

With reference to the change in oxidation state of sulfur in the reactions,
deduce the relative oxidising strengths of chlorine and iodine.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
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(ii)

Use the following data, and data from the Data Booklet, to suggest the
sulfur containing species that will be formed when bromine reacts with
sodium thiosulfate.
S4O62‒ + 2e‒ ⇌ 2 S2O32‒

Eo = +0.09 V

4SO2 + 4H+ + 6e‒ ⇌ S4O62‒ + 2H2O

Eo = +0.51 V

SO42‒ + 4H+ + 2e‒ ⇌ SO2 + 2H2O

Eo = +0.17 V

………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………..…………………………………………………………….
…………………………………………………………………………………......
[4]
[Total: 9]
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4

Chromium is a typical transition element. Many of its compounds are intensely
coloured.
(a)

Write the electronic configuration for the chromium atom and chromium (III) ion.
Cr

: ………………………………………

Cr3+ : ………………………………………
(b)

[2]

A reaction scheme involving chromium compounds is shown below:
Cr2O72
A

SO2

[Cr(H2O)6]3+
B

..
..
H2NCH2CH2NH2

Step 1

C

Step 2

The reaction in Step 2, which occurs spontaneously, involves 3 moles of the
ligand reacting with 1 mole of B to form C.
(i)

Explain why chromium compounds are coloured.
…………………………………………………………………………………….…
…….…………………………………………………………………………………
…………………………………………………………………………………….…
……….………………………………………………………………………………
…………………………………………………………………………………….…
…………………………………………………………………………………….…
……………………………………………………………..……………….……..…
……………………………………………………………………………………….
…………………………………………………………………………………….…

(ii)

What type of reaction occurs in Step 1?
……………………………………………..

(iii)

Name the type of bond formed between the metal ion and the ligand in
Step 2.
……………………………………………..

(iv)

Write an equation for the reaction in Step 2.
……………………………………………………………………………………….

TPJC_2013_9647_P2

For
Examiners’
Use

11
(v)

By considering the spontaneity of the reaction, together with the equation
in (b)(iv), deduce the signs of ∆S, ∆H and ∆G for the reaction in Step 2.
……………………………………………………………………………………..
.…………………………………………………………………………………….
……………………………………………………………………………………..
……………………………………………………………………………………..
……………………………………………………………………………………..
……………………………………………………………………………………..
[9]

(c)

Silver chromate(VI) is a chromium containing compound which has applications
in the field of photography.
The solubility product of Ag2CrO4 at 25oC is 1.12 x 10−12 mol3 dm−9.
(i)

Write an expression for the solubility product, Ksp, of Ag2CrO4.
Ksp of Ag2CrO4 = ………………………………..

(ii)

Calculate the solubility, in mol dm−3, of Ag2CrO4, at 25 oC.

(iii)

Concentrated aqueous silver nitrate is added dropwise to 0.010 mol dm−3
potassium chromate(VI).
What is the concentration, in mol dm−3 of silver ions when the first trace of
precipitate appears?

[3]
[Total: 14]
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5

Compound X is a disubstituted aromatic compound with the molecular formula
C8H9O2N and contains 2 functional groups.
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Further investigations about compound X were conducted and the data about the
reactions of X is shown in the table.
reaction
reagent
1
NaOH at room
temperature
2
HCl at room
temperature
3
NaOH under reflux
followed by careful
acidification

result
colourless solution formed
no reaction
two products were formed; one product had
Mr of 152 and while the other was a gas that
turned red litmus blue

4

Na

colourless gas evolved;
white solid formed which is soluble in polar
solvents

5

Br2 (aq) in excess

Br2 is decolourised;
white solid formed with Mr = 308.8

Based on the information in the table and in this question, answer the following.
Name the functional group that both reaction 1 and 5 show to be present
(a) (i)
in X.
…………………………………………
(ii)

Name the functional group present in X based on the results obtained in
both reactions 2 and 3. Explain your answer using either reaction 2 or 3.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[3]

(b)

Deduce the molecular formula of the white solid formed in reaction 5.

[1]
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(c)
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Draw a possible structural formula for the organic product in reaction 3.

[1]
(d)

(i)

Use the given information, together with your answers in parts (a) to (c) ,
draw the structural formula of X.

(ii)

Explain clearly why you have placed each of the two functional groups in
their particular positions.
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………..…………………………………………….
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[3]
[Total: 8]
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Hydrocarbons are economically important chemicals due to their role as the world’s
main source of fuel, and as starting materials for the synthesis of many useful organic
compounds.
(a)

The table below gives the boiling point of three organic compounds of similar
molecular mass.
Organic Compound

Structural Formula

Mr

Boiling point/ oC

hexane

CH3CH2CH2CH2CH2CH3

86.0

68

2-methylpentane

CH3CH(CH3)CH2CH2CH3

86.0

60

pentan-2-ol

CH3CH(OH)CH2CH2CH3

88.0

120

Explain the difference in boiling point between
(i)

hexane and 2-methylpentane
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………..…………………………………………….
………………………………………………………………………………………

(ii)

2-methylpentane and pentan-2-ol
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………..…………………………………………….
………………………………………………………………………………………
[4]

(b)

Alkenes of low molecular mass can be produced via the catalytic cracking of long
chain hydrocarbons.
In the presence of suitable reagents, but-2-ene can react to produce alcohols
such as butan-2-ol and butan-2,3-diol.
I

butan-2-ol
but-2-ene

II

butan-2,3-diol
TPJC_2013_9647_P2
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(i)

Suggest suitable reagents and conditions for the conversion of but-2-ene to
butan-2-ol

……………………………………………………………

butan-2,3-diol

……………………………………………………………

Butan-2-ol exhibits optical isomerism. However, the product obtained from step I
does not rotate plane polarised light.
(ii)

Draw structural formulae to illustrate the optical isomers of butan-2-ol.

(iii)

Suggest why the butan-2-ol obtained in step I does not rotate plane
polarised light.
………………………………………………………………………………………
………………………………………………………………………………………

The effect of plane polarised light on butan-2,3-diol was investigated.
Three different types of butan-2,3-diol molecules were identified.



(iv)

Molecule A rotated plane polarised light to the left.
Molecule B rotated plane polarised light to the right.
Molecule C had no effect on plane polarised light.

Suggest an explanation for the above observations made for molecules A
and C.
Molecule

Explanation

A

C

[Turn over
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(v)

Suggest the ratio in which molecules of A, B and C are formed.
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Ratio of A: B: C ………………………………………………………
[7]
(c)

The following reaction scheme shows how but-2-ene can be used to synthesize a
cyclic diester, G.

III

D

H2SO4(aq), heat

IV

F

V
VI

E

G
(i)

(ii)

Suggest suitable reagents and conditions for steps III, IV and VI.
Step III

…………………………………………………

Step IV

…………………………………………………

Step VI

…………………………………………………

State the type of reaction occurring in step V.
………………………………………

(iii)

Suggest the structures of compounds D and F.
D

F

TPJC_2013_9647_P2
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(iv)

Give the structural formula of the organic products formed when E is
warmed with a solution of iodine and potassium hydroxide.

(v)

But-1-ene is an isomer of but-2-ene.

For
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Describe a chemical test that would enable you to distinguish between
but-1-ene and but-2-ene.
Your answer should include the reagents and conditions for the test as
well as relevant observations. Write balanced equations for any reaction
that occurs.

[11]
[Total: 22]

----- End of Paper -----
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Planning (P)
Chlorine gas, when bubbled into hot dilute aqueous potassium hydroxide, produces
a solution containing potassium chlorate(V) and potassium chloride.
(a) Write a balanced equation for the reaction between chlorine and potassium
hydroxide.
6KOH + 3Cl2  KClO3 + 5KCl + 3H2O
……………………………………………………………………………………………
[1]
Evaporation of the resulting solution gives a white solid which is a mixture of
potassium chlorate(V) and potassium chloride.
Pure potassium chloride can be separated from this mixture by a process known as
fractional crystallisation. In this process, the substances are separated based on
their difference in solubility.
The solubility of a solid is defined as:
‘The mass of solid that will dissolve in and just saturate 100 g of solvent (water).’

(b)

Most solids become more soluble as temperature increases.
Table 1 below shows the solubility of potassium chlorate(V) and potassium
chloride over a range of temperature.
temperature / oC

10

solubility of potassium chlorate(V),
5.0
KClO3,
/ g per 100 g of H2O
solubility of potassium chloride,
31.0
KCl,
/ g per 100 g of H2O

20

30

40

60

80

100

7.0

10.5

14.0

24.5

38.5

57.0

34.0

37.0

40.0

45.5

51.1

56.7

Table 1
Plot the data in Table 1 on the grid on the next page and draw the solubility
curves for each substance.
Label the solubility curves clearly.
[3]

This document consists of 17 printed pages.
TPJC_2013_9647_P2

[Turn over

2
For
Exa
aminers’
Use

660

KCl

x
•

555

KClO3
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•
•

225

x
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(c)

In the process of fractional crystallisation, the solid mixture is first dissolved in
heated solvent to obtain a solution.
The resultant solution is then carefully cooled to a selected temperature to enable
one solid to crystallise while ensuring the other solid remains dissolved in the
solution.
Starting with a solid that contains 16.4 g of potassium chlorate(V) and 50.0 g of
potassium chloride, you are required to use the solubility curves from (a) to plan
a fractional crystallisation that will give you a sample of potassium chloride,
free from potassium chlorate(V).
You may assume that all of the solid should be dissolved in 100 g of water
at the start of the separation.
(i)

(ii)

From the graph in (b), obtain the minimum temperature to which the solution
must be heated in order to dissolve all of the 16.4 g of potassium chlorate(V)
and 50.0 g of potassium chloride.
77.0  1.0 oC
Temperature to which the solution must be heated : ……………..
Write a plan to obtain a maximum amount of potassium chloride, KCl, free
from potassium chlorate(V), KClO3 , from the mixture that contains 16.4 g of
potassium chlorate(V) and 50.0 g of potassium chloride .
You may assume that you are provided with the apparatus normally found in
a school or college laboratory.
Your plan should include:
• the essential details of the general fractional crystallisation procedure,
including the capacity of apparatus used (where relevant)
• the temperature to which the solution is to be cooled and the
justifications for your choice (reference to the graph in (b) is required)
• a precautionary step you would take to improve the purity of the
potassium chloride sample crystals that are obtained
1) Place the solid mixture into a 250 cm3 conical flask, add 100 g of water and heat
………………………………………………………………………………………
to about 80oC (temp from part (i) in a water bath.

………………………………………………………………………………………
2) Cool the solution to 45oC in a water bath.
3) Filter the mixture to obtain the KCl crystals in the residue.
………………………………………………………………………………………
To maintain the solution at 45oC during the filtration process and minimise
………………………………………………………………………………………
crystallization of KClO3 , the filter paper, funnel and conical flask should be rinsed

………………………………………………………………………………………
with water (or alcohol) of the same temperature (or slightly higher).
………………………………………………………………………………………
o
Justification for choice of 45 C:

………………………………………………………………………………………
From the graph in (a), in order to ensure that all 16.4 g of KClO3 remains dissolved,
the temperature should not be below 45.0oC. [Working line shown on graph.]

………………………………………………………………………………………
 general procedure includes: dissolving/cooling/filtration
………………………………………………………………………………………
 appropriate choice of apparatus (conical flask with capacity stated (accept 150

………………………………………………………………………………………
cm3 capacity; choice of water bath to maintain temperature rather than direct
heating)

………………………………………………………………………………………
 due regard for reliability: maintains temperature during filtration by rinsing filtration
apparatus with warm solvent
………………………………………………………………………………………

Justification and choice of temperature :
 construction lines shown on graph for temperature value / value read correctly [Turn over
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………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
………………………………………………………………………………………
[5]

(d)

(e)

With reference to the graphs in (b), calculate the mass of potassium chloride,
KCl, you would expect to recover.
From the graph, at 45oC, mass of KCl still dissolved = 41.0 g
[Construction lines shown on graph.]

[1]

Therefore, mass of KCl recovered = 50.0 – 41.0 = 9.0 g

[1]

How could you check the purity of the sample of potassium chloride that has
been obtained?
……………………………………………………………………………………………
If the sample melts at a fixed melting point (of KCl), it is pure.
[1]
……………………………………………………………………………………………
[1]

2

The following table lists the standard enthalpy changes of combustion, ∆Hco, of some
monohydric alcohols.
alcohol
∆ HcƟ / kJ mol−1
methanol
−715
ethanol
−1367
propan-1-ol
butan-1-ol
−2671
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(a)

Write an equation to represent the standard enthalpy change of combustion of
propan-1-ol.
CH3CH2CH2OH (l) + 9/2 O2(g)  3CO2(g) + 4H2O(l)
…………………………………………………………………………..…………..….
[1]

(b)

(i)

The difference in the standard enthalpy change of combustion of methanol
and ethanol is −652 kJ mol−1. By considering the structures of the two
alcohols, suggest the significance of this difference.
It is the enthalpy change of combustion of a –CH2− group.
……………………………………………………………………………………….
……………………………………………………………………………………….

(ii)

Hence suggest a value of ∆Hco for propan-1-ol.
2019
∆Hco for propan-1-ol = …………….
kJ mol1

(iii)

Given ∆Hfo (H2O(l)) = 286 kJ mol1 and ∆Hfo (CO2(g)) = 394 kJ mol1
calculate the standard enthalpy change of formation of propan-1-ol,
∆Hfo (CH3CH2CH2OH(l)).
∆Hco (CH3CH2CH2OH (l)) = 3∆Hfo (CO2(g)) + 4∆Hfo (H2O(l)) – ∆Hfo (CH3CH2CH2OH(l))
2019 = [3(394) + 4(286)] – ∆Hfo (CH3CH2CH2OH(l))
∆Hfo (CH3CH2CH2OH(l)) = 307 kJ mol1

[4]
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(c)

Draw a labelled diagram to show the interactions between ethanol molecules.
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O
..

H

..

O



hydrogen bond
H

[2]
[Total: 7 marks]

3

(a)

A student electrolyses a solution of brine (concentrated aqueous sodium
chloride) using platinum electrodes. She ensures that the solution is continually
stirred at a temperature of not more than 40oC.
It was found that as electrolysis proceeds, sodium chlorate(I), NaClO, is formed
in the electrolyte.
(i)

(ii)

Suggest equations for the reactions occuring at the anode and cathode.
anode:

2Cl−  Cl2 + 2e−
…………………………………………………………………………

cathode:

2H2O + 2e− H2 + 2OH−
………………………………………………………………………….

Write a suitable equation which shows how the NaClO could have been
formed.
Cl2 + 2NaOH  NaClO + NaCl + H2O
……………………………………………………………………………………….
[3]
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(b)

Sodium chlorate(I), NaClO, which is found in household cleaning products, is
usually manufactured from chlorine gas.
When gaseous phosphorous (V) chloride is heated to 473 K in a closed
container, the following equilibrium involving chlorine gas is established:
PCl5 (g)

⇌ PCl3 (g) + Cl2 (g)

∆H = > 0

By using Le Chatelier’s principle, predict and explain the effect of an increase in
temperature on the above equilibrium.
………………………………………………………………………………………………
 By LCP, when temperature increases, the system favours an endothermic
………………………………………………………………………………………………
reaction in order to reduce the temperature.
 Since the forward reaction is endothermic, the equilibrium shifts right.
………………………………………………………………………………………………
………………………………………………………………………………………………
…………………………………………………………………………………..…………
[2]
(c)

When sodium thiosulfate is reacted separately with chlorine and iodine, different
products are formed.
4Cl2 + Na2S2O3 + 5H2O
I2 + 2Na2S2O3
(i)



2NaHSO4 + 8HCl

 Na2S4O6 + 2NaI

With reference to the change in oxidation state of sulfur in the reactions,
deduce the relative oxidising strengths of chlorine and iodine.
………………………………………………………………………………………
 In the reaction with Cl2, the oxidation state of S has increased from +2 in
………………………………………………………………………………………
S2O32− to +6 in HSO4− .
………………………………………………………………………………………
 In the reaction with I2, the oxidation state of S has increased from +2 in S2O32−
………………………………………………………………………………………
to +2.5 in S4O62− .
………………………………………………………………………………………
 Since Cl2 has caused a greater increase in oxidation state of the sulphur, Cl2 is
a stronger oxidising agent than iodine.
………………………………………………………………………………………
………………………………………………………………………………………

[Turn over
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(ii)

Use the following data, and data from the Data Booklet, to suggest the
sulfur containing species that will be formed when bromine reacts with
sodium thiosulfate.
S4O62‒ + 2e‒ ⇌ 2 S2O32‒

Eo = +0.09 V

4SO2 + 4H+ + 6e‒ ⇌ S4O62‒ + 2H2O

Eo = +0.51 V

SO42‒ + 4H+ + 2e‒ ⇌ SO2 + 2H2O

Eo = +0.17 V

………………………………………………………………………………………
For Br2 to oxidise S2O32− to S4O62–, Eocell = +1.07  0.09 = +0.98 V
………………………………………………………………………………………
For Br2 to further oxidise S4O62– to SO2, Eocell = +1.07 + (0.51) = +0.56 V.
Once SO2 has been formed, for Br2 to further oxidise SO2 to SO42, Eocell = +1.07
………………………………………………………………………………………
0.17 = 0.90 V
………………………………………………………………………………………
Since all the Eocell > 0, the reactions are expected to be feasible.
………………………………………………………………………………………
Therefore the final product is: SO42− or HSO4−
………………………………………………………………………………………
………………………………………………………………………………………
………………………..…………………………………………………………….
…………………………………………………………………………………......
[4]
[Total: 9]
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4

Chromium is a typical transition element. Many of its compounds are intensely
coloured.
(a)

Write the electronic configuration for the chromium atom and chromium (III) ion.
Cr

1s22s22p63s23p63d54s1
: ………………………………………

1s22s22p63s23p63d3
Cr3+ : ………………………………………
(b)

[2]

A reaction scheme involving chromium compounds is shown below:
Cr2O72
A

SO2

[Cr(H2O)6]3+
B

..
..
H2NCH2CH2NH2

Step 1

C

Step 2

The reaction in Step 2, which occurs spontaneously, involves 3 moles of the
ligand reacting with 1 mole of B to form C.
(i)

Explain why chromium compounds are coloured.
…………………………………………………………………………………….…
 The five d orbitals of an isolated transition metal gaseous atom have the same
energy. The presence of ligands in transition metal compounds causes the
…….…………………………………………………………………………………
splitting of energy levels of the d orbitals in the transition metal ion into two or
…………………………………………………………………………………….…
more groups, with an energy gap (ΔE) between them.
……….………………………………………………………………………………
 Electrons in a lower energy d-orbital can jump to a higher energy level by
…………………………………………………………………………………….…
absorbing light energy. This process is known as dd electronic transition.
 The observed colour is the complement of the colour absorbed.
…………………………………………………………………………………….…
……………………………………………………………..……………….……..…
……………………………………………………………………………………….
…………………………………………………………………………………….…

(ii)

What type of reaction occurs in Step 1?
reduction
……………………………………………..

(iii)

Name the type of bond formed between the metal ion and the ligand in
Step 2.
dative (or co-ordinate) bond
……………………………………………..

(iv)

Write an equation for the reaction in Step 2.
[Cr(H2O)6]3+ + 3 H2NCH2CH2NH2 ⇌ [Cr(H2NCH2CH2NH2)3] 3+ + 6H2O
……………………………………………………………………………………….

[Turn over
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(v)

By considering the spontaneity of the reaction, together with the equation
in (b)(iv), deduce the signs of ∆S, ∆H and ∆G for the reaction in Step 2.
……………………………………………………………………………………..
 There is an increase in entropy when the above equilibrium shifts right as six
.…………………………………………………………………………………….
molecules of H2O are released from the complex, therefore S will be positive.
 H will be negative because the bonds that are being formed between the
……………………………………………………………………………………..
ligand and the Cr3+ion are stronger than those that are being broken.
……………………………………………………………………………………..
(or H2NCH2CH2NH2 forms stronger bonds with Cr3+ than those formed by
water.)
……………………………………………………………………………………..
 G will be negative because the reaction is described as being spontaneous.
……………………………………………………………………………………..
[9]

(c)

Silver chromate(VI) is a chromium containing compound which has applications
in the field of photography.
The solubility product of Ag2CrO4 at 25oC is 1.12 x 10−12 mol3 dm−9.
(i)

Write an expression for the solubility product, Ksp, of Ag2CrO4.
[Ag+]2[CrO42−]
K of Ag CrO = ………………………………..
sp

(ii)

2

4

Calculate the solubility, in mol dm−3, of Ag2CrO4, at 25 oC.
Let the solubility be x mol dm−3
Ksp = (2x)2(x)
4x3 = 1.12 x 10−12
x = 6.54 x 10−5
Solubility = 6.54 x 10−5 mol dm−3

(iii)

Concentrated aqueous silver nitrate is added dropwise to 0.010 mol dm−3
potassium chromate(VI).
What is the concentration, in mol dm−3 of silver ions when the first trace of
precipitate appears?
Let the required [Ag+] be y mol dm−3
Ksp = (y)2(0.010)
y = 1.06 x 10−5
[Ag+] = 1.06 x 10−5 mol dm−3

[3]
[Total: 14]
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Compound X is a disubstituted aromatic compound with the molecular formula
C8H9O2N and contains 2 functional groups.
Further investigations about compound X were conducted and the data about the
reactions of X is shown in the table.
reaction
reagent
1
NaOH at room
temperature
2
HCl at room
temperature
3
NaOH under reflux
followed by careful
acidification

result
colourless solution formed
no reaction
two products were formed; one product had
Mr of 152 and while the other was a gas that
turned red litmus blue

4

Na

colourless gas evolved;
white solid formed which is soluble in polar
solvents

5

Br2 (aq) in excess

Br2 is decolourised;
white solid formed with Mr = 308.8

Based on the information in the table and in this question, answer the following.
Name the functional group that both reaction 1 and 5 show to be present
(a) (i)
in X.
phenol
………………………………………
(ii)

Name the functional group present in X based on the results obtained in
both reactions 2 and 3. Explain your answer using either reaction 2 or 3.
Primary amide (or amide).
………………………………………………………………………………………
X was unreactive towards a strong acid (HCl). Hence, the functional group is
………………………………………………………………………………………
amide and not amine as amines are basic and will react with HCl (or amides are
neutral).
………………………………………………………………………………………
OR
………………………………………………………………………………………
X contains a primary amide and when subjected to base hydrolysis, it formed
ammonia which turned red litmus blue.
[3]

(b)

Deduce the molecular formula of the white solid formed in reaction 5.
C8H7O2NBr2
(to support with comment about difference in Mr indicating incorporation of 2
Br atoms)
[1]
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Draw a possible structural formula for the organic product in reaction 3.
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OH
OH
CH2COOH

or
CH2COOH

[1]
(d)

(i)

Use the given information, together with your answers in parts (a) to (c) ,
draw the structural formula of X.
OH
OH
CH2CONH2

or
CH2CONH2

(ii)

Explain clearly why you have placed each of the two functional groups in
their particular positions.
………………………………………………………………………………………
The –OH functional group is 2,4-directing in the reaction wtih bromine.
………………………………………………………………………………………
Since only 2 Br atoms are introduced in reaction 5, the 4th position (or 2nd position)
………………………………………………………………………………………
with respect to –OH functional group has to be occupied by the other (amide)
functional group in X.
………………………………………..…………………………………………….
………………………………………………………………………………………
………………………………………………………………………………………
[3]
[Total: 8]
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Hydrocarbons are economically important chemicals due to their role as the world’s
main source of fuel, and as starting materials for the synthesis of many useful organic
compounds.
(a)

The table below gives the boiling point of three organic compounds of similar
molecular mass.
Organic Compound

Structural Formula

Mr

Boiling point/ oC

hexane

CH3CH2CH2CH2CH2CH3

86.0

68

2-methylpentane

CH3CH(CH3)CH2CH2CH3

86.0

60

pentan-2-ol

CH3CH(OH)CH2CH2CH3

88.0

120

Explain the difference in boiling point between
(i)

hexane and 2-methylpentane
 Hexane molecules are more elongated, and have greater surface area for
………………………………………………………………………………………
interaction between molecules than 2-methylpentane molecules.
………………………………………………………………………………………
 Stronger induced dipole-dipole attraction between hexane molecules than 2methylpentane, resulting in more energy required to separate hexane
………………………………………………………………………………………
molecules (or overcome the intermolecular forces).
………………………………………..…………………………………………….
………………………………………………………………………………………

(ii)

2-methylpentane and pentan-2-ol
 The main intermolecular interaction between pentan-2-ol molecules is hydrogen
………………………………………………………………………………………
bonding, while that between 2-methylpentane molecules is induced dipole –
………………………………………………………………………………………
induced dipole attraction.
 Since hydrogen bonding is stronger than induced dipole – induced dipole
………………………………………………………………………………………
attraction, more energy is required to break the stronger hydrogen bonding
………………………………………..…………………………………………….
between pentan-2-ol molecules, resulting in a higher boiling point.
………………………………………………………………………………………
[4]

(b)

Alkenes of low molecular mass can be produced via the catalytic cracking of long
chain hydrocarbons.
In the presence of suitable reagents, but-2-ene can react to produce alcohols
such as butan-2-ol and butan-2,3-diol.
I

butan-2-ol
but-2-ene

II

butan-2,3-diol
[Turn over
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(i)

Suggest suitable reagents and conditions for the conversion of but-2-ene to
butan-2-ol
butan-2,3-diol

cold
concentrated H2SO4,followed by adding water and warm
……………………………………………………………
OR steam with H3PO4 catalyst at 300oC, 70 atm
cold
alkaline KMnO4
……………………………………………………………

Butan-2-ol exhibits optical isomerism. However, the product obtained from step I
does not rotate plane polarised light.
(ii)

Draw structural formulae to illustrate the optical isomers of butan-2-ol.

CH2CH3

CH2CH3

C

H

C
CH3

H

H3C

OH
(iii)

OH

[1]

Suggest why the butan-2-ol obtained in step I does not rotate plane
polarised light.
A racemic mixture containing an equal proportion of the two optical isomers of
………………………………………………………………………………………
butan-2-ol is obtained, and hence does not rotate plane polarised light.
………………………………………………………………………………………

The effect of plane polarised light on butan-2,3-diol was investigated.
Three different types of butan-2,3-diol molecules were identified.



(iv)

Molecule A rotated plane polarised light to the left.
Molecule B rotated plane polarised light to the right.
Molecule C had no effect on plane polarised light.

Suggest an explanation for the above observations made for molecules A
and C.
Molecule

For
Examiners’
Use

Explanation

A

The arrangement of groups at both chiral carbons is such that plane
polarised light is rotated to the left. Hence, the overall effect is that plane
polarised light is rotated to the left.

C

The arrangement of groups at the chiral carbons is such that plane
polarised light is rotated to the right at one chiral carbon, but rotated to the
left at the other chiral carbon.
The rotation of light to the right exactly cancels that to the left, resulting in
no rotation overall. (Or extent of rotation is equal for both carbons)
TPJC_2013_9647_P2
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Suggest the ratio in which molecules of A, B and C are formed.
1:1:2
Ratio of A: B: C ………………………………………………………
[7]

(c)

The following reaction scheme shows how but-2-ene can be used to synthesize a
cyclic diester, G.

III

D

H2SO4(aq), heat

IV

F

V
VI

E

G
(i)

Suggest suitable reagents and conditions for steps III, IV and VI.
Step III
Step IV
Step VI

(ii)

aqueous bromine, (r.t.p)
…………………………………………………
alcoholic KCN, reflux
…………………………………………………
concentrated H2SO4, reflux
…………………………………………………

State the type of reaction occurring in step V.
(acid) hydrolysis
………………………………………

(iii)

Suggest the structures of compounds D and F.
D

F

COOH

Br

OH

OH

[Turn over
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(iv)

Give the structural formula of the organic products formed when E is
warmed with a solution of iodine and potassium hydroxide.
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CN
CHI3
COO–K+

(v)

But-1-ene is an isomer of but-2-ene.
Describe a chemical test that would enable you to distinguish between
but-1-ene and but-2-ene.
Your answer should include the reagents and conditions for the test as
well as relevant observations. Write balanced equations for any reaction
that occurs.
Test: Add acidified KMnO4 and heat.
Observations:
 But-1-ene:
 But-2-ene:

Purple KMnO4 decolourised, and effervescence observed.
Purple KMnO4 decolourised. (no effervescence)

Equations:
 But-1-ene:
 But-2-ene:

CH3CH2CH=CH2 + 5 [O]  CH3CH2COOH + CO2 + H2O
CH3CH= CHCH3 + 4 [O]  2 CH3COOH

[11]
[Total: 22]

----- End of Paper -----
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Answer any four questions. Each question has a total of 20 marks.
1

Hydrolysis involves the cleavage of chemical bonds on reaction with water. It is
often used in the synthesis of important chemical intermediates.

(a)

The rate of the hydrolysis of bromoalkanes with aqueous potassium
hydroxide depends upon the chemical structure of the bromoalkane.
(i)

Explain what is meant by the rate of a chemical reaction.

The table below shows the results of a series of hydrolysis experiments
that was carried out using different concentrations of the bromoalkane,
C4H9Br, and aqueous KOH.
experiment
I
II
III
(ii)

initial [C4H9Br] /
mol dm‒3
0.10
0.15
0.20

initial [KOH] /
mol dm‒3
0.10
0.10
0.20

initial rate/
mol dm‒3 s‒1
0.024
0.036
0.048

Use the given data to deduce the order of reaction with respect to
each of the two reactants in the hydrolysis reaction, showing how
you arrive at your answers.

(iii) Hence, write the rate equation for the reaction and state the units of
the rate constant.
(iv) Given that the bromoalkane is achiral, use your answer in (a)(iii) to
suggest a possible structural formula for the bromoalkane.
Hence, propose a mechanism for the hydrolysis of the bromoalkane
in aqueous potassium hydroxide that is consistent with the rate
equation.
(v)

How would you expect the rate of hydrolysis to change if the
bromoalkane was replaced by an iodoalkane of similar structure?
Explain your answer with the use of suitable values from the Data
Booklet.

(vi) In a separate experiment, the bromoalkane from (a)(iv) is treated
with alcoholic KOH. State the type of reaction that occurs and give
the structural formula of the organic product formed.
[12]
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(b)

Consider the reaction scheme below.

+ HOOCCH2CH(OH)CH2Cl

AlCl3

O
C

Step I

Cl

OH

Cl

Step II

O
C
Cl

Cl

Cl

compound T
(i)

State the type of reaction in Step I.

(ii)

State the reagent(s) and condition(s) required for Step II.

(iii) Explain the difference in the reactivities of the 3 chlorine atoms in
compound T.

(c)

[5]

The structure of lovastin is given below.

lovastin
Draw the structure of the products formed when lovastin reacts with hot,
aqueous sodium hydroxide.

TPJC_2013_9647_P3
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(d)

The structures be
elow show
w small sections of the polymers –
polyhydroxxybutyrate
e and polyyethene. Both
B
polymers are used in the
manufactu
ure of films
s for packa
aging.

n
Polyhydro
roxybutyra
ate

polyetthene
5
( n > 500)

Unlike polyethene, polyhydrox
p
xybutyrate degrades
s within 4 weeks in
S
an
n explanatio
on for this..
landfills. Suggest

[1]

[Total:
[
20]
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2

This question is about magnesium and its compounds.
(a)

Magnesium hydroxide can be used as a fire-retardant as it is able to
decompose upon heating at 332°C according to the following equation:
∆H r

Mg(OH)2 (s)

H2O (g) + MgO (s)

standard enthalpy change of
atomisation of magnesium

+ 147 kJ mol-1

1st electron affinity of oxygen

‒ 142 kJ mol-1

2nd electron affinity of oxygen

+ 844 kJ mol-1

lattice energy of magnesium oxide

‒ 3920 kJ mol-1

standard enthalpy change of
formation of water

‒ 289 kJ mol-1

standard enthalpy change of
vaporisation of water

+ 22.3 kJ mol-1

standard enthalpy change of
formation of magnesium hydroxide

‒ 927 kJ mol-1

(i)

Explain the difference between the first and second ionisation
energies of magnesium.

(ii)

Suggest why the second electron affinity of oxygen is endothermic.

(iii) Using information from the table above, together with relevant data
from the Data Booklet, draw a fully labelled energy level diagram
and calculate the standard enthalpy change of formation of solid
magnesium oxide.
(iv) Using your answer in (a)(iii) and relevant values provided in the
table above, calculate ∆H r, the enthalpy change for the thermal
decomposition of solid magnesium hydroxide. State an assumption
made in your calculations.
(v)

By considering your answer in (a)(iv), suggest how magnesium
hydroxide functions as a fire-retardant.

TPJC_2013_9647_P3
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(vi) Barium hydroxide undergoes a thermal decomposition reaction
similar to that of magnesium hydroxide.
By quoting suitable data from the Data Booklet, deduce whether
barium hydroxide will decompose at a higher or lower temperature
than magnesium hydroxide. Explain your answer clearly.
(b)

[13]

A magnesium-hydrogen peroxide fuel cell has been developed to power
undersea vehicles.
The following diagram is a simplified representation of the cell.

V

salt bridge

Pt (s)

Mg (s)

H2O2 (aq),
+
H (aq)

Mg2+ (aq)

Volume of solution = 10.0 dm3

Volume of solution = 10.0 dm3

The energy derived from this fuel cell depends on the concentration of
H2O2 used.
A 25.0 cm3 sample of the aqueous hydrogen peroxide solution was taken
from the cell and its concentration was estimated by titration with
1.50 mol dm-3 aqueous potassium iodide.
The Ecell was measured against a standard hydrogen electrode as
aqueous potassium iodide was added.

TPJC_2013_9647_P3
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The following graph was obtained:

Ecell / V

0

Volume of KI added / cm3
15.00 30.00 45.00

(i)

Write a balanced equation for the reaction between potassium
iodide and acidified H2O2.

(ii)

Calculate the concentration of hydrogen peroxide in the 25.0 cm3
sample.

(iii) Determine the minimum mass of Mg metal required at the anode in
the fuel cell to fully utilise the hydrogen peroxide present in the cell
shown on page 5.
(iv) Suggest why calcium is not a suitable replacement for magnesium in
this fuel cell set-up.
(v)

Fuel cells are increasingly being used to produce energy.
Suggest two environmental disadvantages of using the conventional
internal combustion engine found in cars compared to the
magnesium-hydrogen peroxide fuel cell.

[7]

[Total: 20]

TPJC_2013_9647_P3

[Turn Over

7

3

Pharmaceutical drugs such as aspirin and triflusal, have been found to prevent
heart attacks and strokes. The active ingredients in aspirin and triflusal are the
monobasic acids, HA1 and HA2, respectively.
The structures and pKa values of both acids are shown in the table below.
Compound

pKa
4.80

HA1
3.00

F F F
HA2
(a)

(b)

(i)

State and explain how the acidities of compounds HA1 and HA2 may
compare with each other.

(ii)

Calculate the pH of a 0.20 mol dm-3 solution of compound HA1.

[5]

Aspirin has been found to cause stomach irritation in some people. In
such cases, alternative forms of the drug have been prescribed. These
alternative forms contain a buffer system of HA1 and its sodium salt.
(i)

Explain what is meant by the term, buffer solution.

(ii)

Calculate the pH of a buffer solution containing 20.00 cm3 of 0.20
mol dm-3 HA1 mixed with 20.00 cm3 of 0.25 mol dm-3 of its sodium
salt.

(iii) Calculate the pH when 5.00 cm3 of 0.10 mol dm-3 HCl is added to
the buffer solution in b(ii).

TPJC_2013_9647_P3
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(c)

Ibuprofen is a pharmaceutical drug that is manufactured for a similar
purpose as aspirin, which is to relieve minor aches and pains.
Ibuprofen can be synthesised according to the following reaction scheme.
NH2OH
step I
step II

step III

Ibuprofen
(i)

Suggest the type of reaction in step I and step II.

(ii)

Suggest the reagents and conditions for step III.

(iii) Ibuprofen is sparingly soluble in water. Suggest an inorganic reagent
that could be added to Ibuprofen to increase its solubility.
(d)

[4]

Compound C is used in the synthesis of a common local anesthetic drug,
D.
When compound C (C8H8NOCl) is reacted with hot aqueous sodium
hydroxide, compound E (C6H7N) and a sodium salt of acid F are formed.
E reacts with chlorine water to give a tri-substituted organic product.

C reacts with alcoholic

under pressure, in the last

stage of synthesis of the drug, to give D.
Deduce the structures of C to F, explaining the reactions that occur.

[6]
[Total: 20]
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4

Transition elements such as iron and cobalt and their compounds have an
important role in industry as catalysts.
(a)

The reaction between iodide and peroxodisulfate ions is an example of a
reaction that is catalysed by iron(II) ions, Fe2+.
2 I– (aq) + S2O8 2– (aq)  I2 (aq) + 2 SO4 2– (aq)

(i)

The role of iron(II) ions here is described as a homogeneous
catalyst. Explain what is meant by the term homogeneous catalyst.

(ii)

Suggest a reason why the reaction
peroxodisulfate ions requires a catalyst.

(iii)

Besides iron(II) ions, cobalt(II) ions are also suitable catalysts for the
above reaction.
With reference to relevant Eo values in the Data Booklet, describe
how Co2+ ions are able to catalyse the reaction between iodide and
peroxodisulfate. Write equations where appropriate.

between

iodide

and

(iv) The reaction pathway diagram for the uncatalysed reaction is given
below.
energy
I− + S2O82−
I2 + SO42−
progress of reaction
Copy the diagram and draw, on the same axes, a possible reaction
pathway diagram for the catalysed reaction.

(b)

[7]

The rate of a reaction can also be increased by increasing the
temperature. By means of the Maxwell-Boltzmann distribution of
molecular energies, explain how an increase in temperature leads to an
increase in reaction rate.
[3]
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(c)

Another characteristic feature of the chemistry of transition elements is
their tendency to form complexes.
When aqueous cobalt(III) chloride reacts with ammonia under various
conditions, compounds containing different cobalt complexes can be
formed.
Two of such compounds, X and Y, have the same formula CoCl3(NH3)4. A
third compound, Z, has the formula CoCl3(NH3)5.


When treated with aqueous silver nitrate, both X and Y each form 1
mole of a white precipitate per mole of the compound whereas Z
forms 2 moles of the white precipitate.



Although the cobalt complex ion in X and Y have the same formula,
the complex ion in X does not have a net dipole moment whereas the
ion in Y has a net dipole moment.

(i)

Identify the white precipitate that forms when X, Y and Z are treated
with aqueous silver nitrate.

(ii)

Suggest the formulae of the cobalt complex ions in X and in Z.

(iii) Suggest a structure for each of the cobalt complex ion in X and in Y
which may be used to explain the presence or absence of a net
dipole moment.
[5]
(d)

Biological catalysts such as enzymes also play an important role in
industries such as food production. An example is the enzyme, Chymosin,
which is used in the manufacture of cheese.
Chymosin is a protein molecule comprising more than 300 amino acid
residues. Some of the amino acids found in Chymosin are shown below.
amino acid
aspartic acid
leucine
serine
threonine
valine
lysine

formula of side chain
(R in RCH(NH2)CO2H)
CH2COOH
CH2CH(CH3)2
CH2OH
CH(OH)CH3
CH(CH3)2
CH2CH2CH2CH2NH2

TPJC_2013_9647_P3
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(i)

With reference to relevant amino acids from the table on page 10,
describe two forms of interaction that might be responsible for
maintaining the tertiary structure of Chymosin. Illustrate your answer
with suitable pairs of amino acids from the table on page 10.

(ii)

It has been found that Chymosin loses its activity under conditions of
extreme pH.
With reference to the amino acid residues present in Chymosin,
explain how conditions of extreme high pH leads to this loss of
activity.
[5]
[Total: 20]
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5

Chlorine is an important element for the chemical industry. In nature, chlorine is
seldom found in its elemental form, but mostly as chlorides and chlorine oxides.
(a)

Describe and explain what you would see when solid sodium chloride and
solid phosphorus pentachloride are separately added to an aqueous
solution containing a few drops of Universal Indicator.
Write an equation for any reaction that occurs.

(b)

[3]

Sulfur dichloride, SCl2, is formed from the chlorination of elemental sulfur.
It is a cherry-red liquid at room temperature and pressure, and has a
boiling point of 59oC.
(i)

Draw a dot-and-cross diagram showing the valence electrons in
SCl2, and use the VSEPR Theory to predict the shape of SCl2.

(ii)

Assuming ideal gas behaviour, determine the volume occupied by a
sample of 1.50 g of SCl2 at 80oC and 1 atm.

(iii) The actual volume occupied by the 1.50 g sample of SCl2 is smaller
than that determined in b(ii). Suggest an explanation for this
observation.
(c)

[5]

Sulfur dichloride can further react with sulfur dioxide and chlorine to form
thionyl chloride, SOCl2, according to the equation:
SCl2(g) + SO2(g) + Cl2(g) ⇌ 2 SOCl2(g)

Reaction I

When an equimolar mixture of SO2, Cl2, and SCl2 at an initial total
pressure of 108 atm was allowed to reach equilibrium at 80oC, the partial
pressure of SOCl2 is found to be 55.2 atm.
(i)

Write an expression for Kp for Reaction I, stating its units.

(ii)

Determine the equilibrium partial pressure of SO2, Cl2, and SCl2.

(iii) Hence, determine a value for the equilibrium constant, Kp of the
reaction.

TPJC_2013_9647_P3
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(d)

Chlorine is used extensively in organic addition and substitution reactions.
The following reaction scheme shows how an aliphatic compound A,
C8H14Cl2, can be converted to the monocyclic compound B, and
subsequently to the bicyclic product C.

C8H14Cl2

NH3

Cl2
(– HCl)

A

B

C

(i)

Compound A exhibits geometric isomerism. Draw and label clearly
the isomers of compound A.

(ii)

State and explain the difference in basic strength between ammonia
and compound B.

(iii) The reaction of compound B with chlorine gas begins with the
electrophilic attack of chlorine on the alkene functional group.
Describe the two-step mechanism for formation of the bicyclic
product C from compound B.

[7]

[Total: 20]

---End of Paper---
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2013 JC2 Prelim P3 Answers for Exchange
Hydrolysis involves the cleavage of chemical bonds on reaction with water. It is
1
often used in the synthesis of important chemical intermediates.

(a)

The rate of the hydrolysis of bromoalkanes with aqueous potassium
hydroxide depends upon the chemical structure of the bromoalkane.
(i)

Explain what is meant by the rate of a chemical reaction.
The change in the concentration of a product or reactant with time.

The table below shows the results of a series of hydrolysis experiments
that was carried out using different concentrations of the bromoalkane,
C4H9Br, and aqueous KOH.
experiment
I
II
III
(ii)

initial [C4H9Br] /
mol dm‒3
0.10
0.15
0.20

initial [KOH] /
mol dm‒3
0.10
0.10
0.20

initial rate/
mol dm‒3 s‒1
0.024
0.036
0.048

Use the given data to deduce the order of reaction with respect to
each of the two reactants in the hydrolysis reaction, showing how
you arrive at your answers.
rate = k[C4H9Br]m[KOH]n
Exp II / Exp I: (0.036/0.024) = (0.15/0.10)m  m = 1
Exp III / Exp I: (0.048/0.024) = (0.20/0.1)1(0.20/0.10)n  n = 0

(iii) Hence, write the rate equation for the reaction and state the units of
the rate constant.
rate = k[C4H9Br]1,

units for k = s-1

(iv) Given that the bromoalkane is achiral, use your answer in (a)(iii) to
suggest a possible structural formula for the bromoalkane.
Hence, propose a mechanism for the hydrolysis of the bromoalkane
in aqueous potassium hydroxide that is consistent with the rate
equation.

2
Nucleophilic substitution (SN1)
(CH3)3CBr

(v)

How would you expect the rate of hydrolysis to change if the
bromoalkane was replaced by an iodoalkane of similar structure?
Explain your answer with the use of suitable values from the Data
Booklet.
The rate will increase.
The bond energy of C-I (240 kJ/mol) is smaller than C-Br
(280 kJ/mol). Hence, the C-I bond is easier to break.

(vi) In a separate experiment, the bromoalkane from (a)(iv) is treated
with alcoholic KOH. State the type of reaction that occurs and give
the structural formula of the organic product formed.
Elimination
(CH3)2C=CH2

[12]

3
(b)

Consider the reaction scheme below.

+ HOOCCH2CH(OH)CH2Cl

AlCl3

O
C

Step I

Cl

OH

Cl

Step II

O
C
Cl

Cl

Cl

compound T
(i)

State the type of reaction in Step I.
Electrophillic substitution

(ii)

State the reagent(s) and condition(s) required for Step II.
PCl3 or PCl5 or SOCl2 , r.t.p

(iii) Explain the difference in the reactivities of the 3 chlorine atoms in
compound T.
Cl bonded to the benzene ring is the most unreactive due to the
overlapping of its p-orbital with π-electron cloud of the benzene ring.
(Or lone pair of electrons on Cl is delocalized into the benzene
ring.)
Hence, the C-Cl bond is very strong and not easily broken.
-The δ+ C of the acyl chloride is bonded to two electronegative
atoms (– Cl & O) while the δ+ C of chloroalkane is bonded to only 1
electronegative atom (-Cl).
- Acyl chloride is most susceptible to nucleophilic attack because of
the relatively bigger partial positive charge on the C atom compared
to the C atom of the chloroalkane.
[5]

OH

4
(c)

The structture of lova
astin is give
en below.

lo
ovastin
Draw the structure of
o the prod
ducts form
med when lovastin
l
re acts with hot,
h
s
hyd
droxide.
aqueous sodium
O
-

O

OH

HO

O

OH
H 3C

-

CH3
CH
C 3

CH
C 3

(d)

[2]

O

The structures be
elow show
w small sections of the polymers –
polyhydroxxybutyrate
e and polyyethene. Both
B
polymers are used in the
manufactu
ure of films
s for packa
aging.

n
Polyhydro
roxybutyra
ate

polyethene
5
( n > 500)

Unlike polyethene, polyhydrox
p
xybutyrate degrades
s within 4 weeks in
landfills. Suggest
S
an
n explanatio
on for this..
polyhydroxxybutyrate
e comprisess ester link
ks which ca
an be hydrrolysed /
broken witth weak ac
cids or alka
alis.

[1]
[Total:
[
20]
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2

This question is about magnesium and its compounds.
(a)

Magnesium hydroxide can be used as a fire-retardant as it is able to
decompose upon heating at 332°C according to the following equation:
Mg(OH)2 (s)

∆H r

H2O (g) + MgO (s)

Enthalpy change
/ kJ mol-1
Standard enthalpy change of atomisation of
magnesium

147

1st electron affinity of oxygen

-142

2nd electron affinity of oxygen

844

Lattice energy of magnesium oxide

-3920

Standard enthalpy change of formation of water

-289

Latent heat of vaporization of water

22.3

Standard enthalpy change of formation of
magnesium hydroxide

-927

(i)

Explain the difference between the first and second ionisation
energies of magnesium.
The second ionisation energy is more endothermic than the first.
The first electron is removed from a neutral atom whereas the
second electron is removed from a positively charged ion. The latter
has greater attraction for the valence electrons so more energy
required to remove the next electron.
OR
Nuclear charge remains same whilst no. of electrons decreases.
Remaining electrons held more tightly, more energy required to
remove the next electron.

6

(ii)

Suggest why the second electron affinity of oxygen is endothermic.
Repulsion occurs as the next electron is added to an ion which is
already negatively charged.

(iii) Using relevant values from the table above and the Data Booklet,
draw a fully labeled energy level diagram to find the standard
enthalpy change of formation of magnesium oxide.
Energy/ kJ mol-1
Mg2+(g) + O2-(g)
st

2+

-

Mg (g) + O(g) + 2 e

2+
Mg (g) + ½ O2(g) + 2 e

nd

1 and 2 electron
affinity of oxygen = 702
½ BE of oxygen
= 0.5 x 496 = 248

st

nd

1 and 2 ionization
energy of magnesium
= 736 + 1450 = 2186

∆Hθlattice (MgO)
= -3920

Mg(g) + ½ O2(g)
0

Mg(s) + ½ O2(g)

∆H

θ
at

of Mg = 147

θ

∆H f of MgO

MgO(s)

∆Hθf of MgO = 147 + 2186 + 248 + 702 -3920
= - 637 kJ mol-1

(iv)

Using your answer in (a)(iii) and relevant values provided in the
table above, calculate ∆H r, enthalpy change for the thermal
decomposition of magnesium hydroxide. State any assumptions
made in your calculations.
Assuming standard enthalpy change of formation of water,
magnesium oxide and magnesium hydroxide are constant with
temperature.
∆Hr = -637 – 289 + 22.3 - (-927) = 23.3 kJ mol-1

(v)

By considering your answer in (a)(iv), suggest how magnesium
hydroxide functions as a fire-retardant.
Endothermic thermal decomposition reaction absorbs energy from
the fire.

7

(vi) Barium hydroxide undergoes a thermal decomposition reaction
similar to that of magnesium hydroxide.
By quoting suitable data from the Data Booklet, deduce whether
barium hydroxide will decompose at a higher or lower temperature
than magnesium hydroxide. Explain your answer clearly.
Ionic radii of Mg2+ : 0.065nm ; Ba2+ : 0.135nm
(Same charge but) Larger radii of Ba2+ compared to Mg2+, thus lower
charge density. Ba2+ has lower polarising power, leading to less
distortion of the hydroxide electron cloud. (The O-H bond in barium
hydroxide is weakened to a smaller extent than in magnesium
hydroxide.)
Thus, barium hydroxide will decompose at a higher temperature
than magnesium hydroxide.
[13]
(b)

A magnesium-hydrogen peroxide fuel cell has been developed to power
undersea vehicles.
The following diagram is a simplified representation of the cell.
external circuit

salt bridge

Pt (s)

H2O2 (aq),
+
H (aq)
Volume of solution = 10.0 dm3

Mg (s)

2+

Mg

(aq)

Volume of solution = 10.0 dm3

The energy derived from this fuel cell depends on the concentration of
H2O2 used.
A 25.0 cm3 sample of the aqueous hydrogen peroxide solution was taken
from the cell and its concentration was estimated by titration with
1.50 mol dm-3 aqueous potassium iodide.
The Ecell was measured against a standard hydrogen electrode as
aqueous potassium iodide was added. The following graph was obtained:

8
Ecell / V

0

(i)

Volume of KI added / cm3
15.00 30.00 45.00

Write a balanced equation for the reaction between potassium
iodide and acidified H2O2.
H2O2 + 2H+ + 2 I− → 2H2O + I2

(ii)

Calculate the concentration of hydrogen peroxide in the 25.0 cm3 of
sample.
Equivalence volume of KI = 30.00 cm3
Amount of KI = 1.5 x 30 /1000 = 0.0450 mol
2KI ≡ H2O2
Amount of H2O2 = 0.0450 / 2 = 0.0225 mol
Concentration of H2O2 = (0.0225) / (25/ 1000) = 0.900 mol dm-3

(iii) Determine the minimum mass of Mg metal required at the anode in
the fuel cell to fully utilise the hydrogen peroxide present in the cell
shown above.
Amount of H2O2 in set-up = 0.900 x 10.0 = 9.00 mol
Mg ≡ H2O2
Mass of Mg required = 9.00 x 24.3 = 219 g (3.s.f.)

(iv) Suggest why calcium is not a suitable replacement for magnesium in
this fuel cell set-up.
Calcium will react with water so it cannot be used as a fuel in this
set-up.

9

(v)

Fuel cells are increasingly being used to produce energy.
Suggest two environmental disadvantages of using the conventional
internal combustion engine found in cars compared to the
magnesium-hydrogen peroxide fuel cell.
− Car engine produces air pollutants such as
 Carbon monoxide from incomplete combustion: prevents
haemoglobin in the blood from transporting oxygen
 Oxides of nitrogen or sulfur dioxide: Respiratory irritant
leading to respiratory tract infections
or leading to acid rain, ozone depletion for oxides of N.
− Car engine produces greenhouse gases e.g. carbon dioxide
 Leading to global warming
*Any two points
[7]
[Total: 20]

3

Pharmaceutical drugs such as aspirin and triflusal, have been found to prevent
heart attacks or strokes. The active ingredients in aspirin and triflusal are the
monobasic acids, HA1 and HA2, respectively.
The pKa values of both acids are shown in the table below.
Compound

pKa
4.80

HA1
3.00

F

F

F
HA2

10

(a)

(i)

State and explain how the acidities of compounds HA1 and HA2
compare with each other.
HA2 is more acidic than HA1 as it has a lower pKa value.
HA2 has an additional electron withdrawing –CF3 group which
stabilizes its corresponding anion (or conjugate base) by dispersing
the negative charge on the anion.
The anion of HA2 is more stable than the anion of HA1. Hence, HA2
has a greater extent of dissociation than HA1.

(ii)

Calculate the pH of a 0.20 mol dm-3 solution of compound HA1.
Ka = [H+][A1-] / [HA1]
= [H+]2 / 0.20 ; assume acid dissociation is negligible & [H+] = [A-]
10-4.8 = [H+]2 / 0.20
[H+] = 1.78 x 10-3
pH =

2.75

[5]

Aspirin has been found to cause stomach irritation in some people.
In such cases, alternative forms of the drug have been prescribed.
These alternative forms contain a buffer system of HA1 and its
sodium salt.
(b)

(i)

Explain what is meant by a buffer solution.
A buffer solution is one that resists changes in pH when a small
amount of acid or base is added.

(ii)

Calculate the pH of a buffer solution containing 20.00 cm3 of 0.20
mol dm-3 HA1 mixed with 20.00 cm3 of 0.25 mol dm-3 of its sodium
salt.
[Salt] = 0.25 x (20/40) = 0.125 mol dm-3
[HA1] = 0.20 x (20/40) = 0.100 mol dm-3
pH = pKa + lg[salt]/[HA1]
= 4.8 + lg (0.125 / 0.100)
= 4.90

(iii) Calculate the pH when 5.00 cm3 of 0.10 mol dm-3 HCl is added to
the buffer solution in b(ii).
A1- + HCl  HA1 + Cl[salt] new = [(0.25 x 0.02) – (0.005 x 0.10)] / 0.045 =0.100
[acid] new = [(0.20 x 0.02) + (0.005 x 0.10)] / 0.045= 0.100

[5]
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pH = pKa + lg [salt]/[acid]
= 4.8 + 0
= 4.8
Ibuprofen is a pharmaceutical drug that is manufactured for a similar
purpose as aspirin, which is to relieve minor aches and pains.

(c)

Ibuprofen can be synthesised according to the following reaction
scheme.
NH2OH
Step I
Step II

Step III

Ibuprofen
(i)

Suggest the type of reaction in step I and step II.
Step I : condensation or addition-elimination
Step II: elimination

(ii)

Suggest the reagents and conditions for step III.
H2SO4 (aq) or HCl (aq) , heat or reflux

(iii) Ibuprofen is sparingly soluble in water. Suggest an inorganic reagent
that could be added to Ibuprofen to increase its solubility.
Any reactive metal (Group I or Group II) or base.
[4]
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(d)

Compound C is used in the synthesis of a common local anesthetic
drug, D.
When compound C (C8H8NOCl) is reacted with hot aqueous sodium
hydroxide, compound E (C6H7N) and a sodium salt of acid F are
formed. E reacts with chlorine water to give a tri-substituted organic
product.

C reacts with alcoholic

under pressure, in the last

stage of synthesis of the drug, to give D.
Deduce the structures of C to F, explaining the reactions that occur.

[6]

Structures C - F :
NH2

NHCCH2Cl

HOCH2COOH

O
C

E

F

NHCCH2N
O
D
Explanations:
Evidence

Deduction

C (C8H8NOCl) is reacted with
hot aqueous sodium
hydroxide

C undergoes base hydrolysis with NaOH
(aq)
C contains an amide functional group.
(phenylamine and HO-CH2COO-Na+ are
formed.)

E reacts with chlorine water

E undergoes electrophilic substitution
with chlorine water to give C6H4Cl3N; E
is phenylamine.

C reacts with alcoholic

C undergoes nucleophilic substitution
with diethylamine to give D ; C must
contain a halogenoalkane functional
group.

under pressure
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4

The transition elements such as iron and cobalt and their compounds have an
important role in industry as catalysts.
(a)

The reaction between iodide and peroxodisulfate ions is an example of a
reaction that is catalysed by iron(II) ions, Fe2+.
2 I– (aq) + S2O8 2– (aq)  I2 (aq) + 2 SO4 2– (aq)

(i)

The role of iron(II) ions here is described as a homogeneous
catalyst. Explain what is meant by the term homogeneous catalyst.
A homogeneous catalyst is a substance which is in the same phase
(or state) as the reactants and increases the reaction rate while itself
remaining chemically unchanged at the end of the reaction.

(ii)

Suggest a reason why the reaction
peroxodisulfate ions requires a catalyst.

between

iodide

and

As both iodide and peroxodisulfate ions are anions, repulsion
between the anions will cause the activation energy to be high,
leading to a slow reaction rate.
(iii)

Besides iron(II) ions, cobalt(II) ions are also suitable catalysts for the
above reaction.
With reference to relevant Eo values in the Data Booklet, describe
how Co2+ ions are able to catalyse the reaction between iodide and
peroxodisulfate. Write equations where appropriate.
Using the following Data from the Data Booklet,
I2 + 2e–
⇌ 2I−
2–
–
S2O8 + 2e ⇌ 2SO42–
Co3+ + e–
⇌ Co2+

Eo = +0.54 V
Eo = +2.01 V
Eo = +1.82 V

Co2+ first reduces S2O82– while itself is oxidised to Co3+:
2Co2+ + S2O82–  2Co3+ + 2SO42–
Eocell = +2.01 – (+1.82) = +0.19V > 0  reaction is feasible.
Co3+ then oxidises I− and is itself reduced to give Co2+:
2Co3+ + 2I –  2Co2+ + I 2
(regenerated)
o

E

cell

= +1.82 – (+0.54) = +1.28V > 0  reaction is feasible.
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(iv) The reaction pathway diagram for the uncatalysed reaction is given
below.
energy
I− + S2O82−
I2 + SO42−
progress of reaction
Copy the diagram and draw, on the same axes, a possible reaction
pathway diagram for the catalysed reaction.
energy
I- + SO42−

I− + S2O82−
I2 + SO42−
progress of reaction
[7]

(b)

The rate of a reaction can also be increased by increasing the
temperature. By means of the Maxwell-Boltzmann distribution of
molecular energies, explain how the increase in temperature leads to an
increase in reaction rate.
Fraction or
Number of
molecules

Number of molecules
with energy  Ea at T1
Number of molecules
with energy  Ea at T2

T2 > T1
T1
T2

Ea

Kinetic Energy

[3]
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(c)

When temperature increases, kinetic energy of reactant particles
increases.
The Boltzmann distribution shows that the number of reactant
particles with energy greater than or equal to Ea increases.
Frequency of effective collisions increases.
Hence, rate of reaction increases.
Another characteristic feature of the chemistry of transition elements is
their tendency to form complexes.
When aqueous cobalt(III) chloride reacts with ammonia under various
conditions, compounds containing different cobalt complexes can be
formed.
Two of such compounds containing the cobalt complexes, X and Y, have
the same formula CoCl3(NH3)4. A third compound, Z, has the formula
CoCl3(NH3)5.


When treated with aqueous silver nitrate, both X and Y each form 1
mole of a white precipitate per mole of the compound whereas Z
forms 2 moles of the white precipitate.



Although the cobalt complex ion in X and Y have the same formula,
the complex ion in X does not have a dipole moment whereas the ion
in Y has a dipole moment.

(i)
(ii)

Identify the white precipitate that forms when X, Y and Z are treated
with aqueous silver nitrate.
Answer: AgCl
Suggest the formulae of the cobalt complex ions in X and in Z.
X : [Co(NH3)4(Cl)2]+

(iii)

Z : [Co(NH3)5(Cl)]2+

Suggest a structure for the cobalt complex ion in X and in Y which
may be used to explain the presence or absence of a dipole
moment.

Co

Co

Y

X

[5]
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(d)

Besides the use of transition elements and their compounds as catalysts,
biological catalysts such as enzymes are also used in industries such as
in food production. Coagulating agents used in the manufacture of cheese
include the enzyme Chymosin.
Chymosin is a protein molecule comprising more than 300 amino acids.
Some of the amino acids found in Chymosin are shown below.
amino acid
aspartic acid
leucine
serine
threonine
valine
lysine
(i)

formula of side chain
(R in RCH(NH2)CO2H)
CH2COOH
CH2CH(CH3)2
CH2OH
CH(OH)CH3
CH(CH3)2
CH2CH2CH2CH2NH2

With reference to relevant amino acids from the table above,
describe two forms of interaction that might be responsible for
maintaining the tertiary structure of Chymosin. Illustrate your answer
with suitable pairs of amino acids from the table above.
Any 2 of the following:
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(ii)

It has been found that Chymosin loses its activity under conditions of
extreme pH.
With reference to the amino acid residues present in Chymosin,
explain how conditions of extreme high pH leads to this loss of
activity.
Extreme high pH changes deprotonate the ionic R groups such as
CH2CH2CH2CH2NH3+ and so destroy the ionic bonds
(interactions) which help to stabilise the tertiary structure.
As a result, the protein structure is altered (protein is denatured)
and the enzyme loses its activity.
[5]

5

Chlorine is an important element for the chemical industry. In nature, chlorine is
seldom found in its elemental form, but mostly as chlorides and chlorine oxides.
(a)

Describe and explain what you would see when solid sodium chloride and
solid phosphorus pentachloride are separately added to an aqueous
solution containing a few drops of Universal Indicator.
Write an equation for any reaction that occurs.




(b)

Solid NaCl dissolves in water to give a neutral solution, and the
Universal Indicator remains green.
Solid PCl5 reacts/ hydrolyse [not dissolve] in water to produce an
acidic solution of HCl and/or H3PO4, which turns the Universal
Indicator red.
PCl5 + 4 H2O  H3PO4 + 5 HCl

Sulfur dichloride, SCl2, is formed from the chlorination of elemental sulfur.
It is a cherry-red liquid at room temperature and pressure, and has a
boiling point of 59oC.
(i)

Draw a dot-and-cross diagram showing the valence electrons in
SCl2, and use the VSEPR Theory to predict the shape of SCl2.

S
Cl


Cl

There are 2 bond pairs and 2 lone pairs of electrons around the
central S atom. By VSEPR Theory, the electron pairs will arrange
themselves as far apart as possible. Hence, the shape of SCl2 is
bent.

[3]
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(ii)

Assuming ideal gas behaviour, determine the volume occupied by a
sample of 1.50 g of SCl2 at 80oC and 1 atm.
Using the general gas equation, pV = nRT,
1.50
(8.31)(273  80)
103.1

(1.01  10 5 )V 

 V = 4.23 x 10–4 m3 (or = 423 cm3)
(iii) The actual volume occupied by the 1.50 g sample of SCl2 is smaller
than that determined in b(ii). Suggest an explanation for this
observation.


(c)

[5]

The calculation in (b)(ii) is based on ideal gases having negligible
intermolecular interaction. However, there is significant attraction
between SCl2 molecules, which results in the molecules being
held closer together, resulting in a smaller volume.

Sulfur dichloride can further react with sulfur dioxide and chlorine to form
thionyl chloride, SOCl2, according to the equation:
SCl2(g) + SO2(g) + Cl2(g) ⇌ 2 SOCl2(g)

Reaction I

When an equimolar mixture of SO2, Cl2, and SCl2 at an initial total
pressure of 108 atm was allowed to reach equilibrium at 80oC, the partial
pressure of SOCl2 is found to be 55.2 atm.
(i)

Write an expression for Kp for Reaction I, stating its units.

p 

 p  p  p  atm
2

Kp

SOCl2

SCl2

(ii)

SO 2

-1

Cl2

Determine the equilibrium partial pressure of SO2, Cl2, and SCl2.
SCl2(g) + SO2(g) + Cl2(g) ⇌ 2 SOCl2(g)
Initial pressure
/atm

108
 36
3

108
 36
3

108
 36
3

0

Change in
pressure /atm

-½ (55.2)

-½ (55.2)

-½ (55.2)

+ 55.2

8.4

8.4

8.4

55.2

Pressure at
Eqlm /atm

(iii) Hence, determine a value for the equilibrium constant, Kp of the
reaction.

[5]
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At 500K, K p 

(d)

55.2 2
= 5.14 atm–1
8.48.48.4

Chlorine is used extensively in organic addition and substitution reactions.
The following reaction scheme shows how an aliphatic compound A,
C8H14Cl2, can be converted to the monocyclic compound B, and
subsequently to the bicyclic product C.
NH3

C8H14Cl2

Cl2
(– HCl)
Cl

A
(i)

B

C

Compound A exhibits geometric isomerism. Draw and label clearly
the isomers of compound A.
cis isomer

trans isomer
Cl

Cl

Cl

H
H

H

(ii)

Cl

H

State and explain the difference in basic strength between ammonia
and compound B.




In compound B, there are 2 electron donating alkyl groups that
increases the electron density on the N atom.
This causes the lone pair of electron on N atom (of compound B)
to be more readily available on accepting a proton.
Hence, compound B is a stronger base than ammonia.

(iii) The reaction of compound B with chlorine gas begins with the
electrophilic attack of chlorine on the alkene functional group.
Describe the two-step mechanism for formation of the bicyclic
product C from compound B.

+ –
+ Cl – Cl





+
Cl

+ HCl
Cl

+

: Cl–

[7]
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2
Section A

For each question there are four possible answers, A, B, C, and D. Choose the one you
consider to be correct and shade your choice on the answer sheet provided.
1

Use of the Data Booklet is relevant to this question.
How many electrons have to be removed to ionise 1.0 × 10−6 mol of Ne atoms to Ne+ ions
in a neon advertising tube?

2

3

A

6.02  1023
1.0  106

B

1.0 × 10−6 × 6.02 × 1023

C

1.0  106  6.02  1023
20.2

D

1.0  106  6.02  1023
9.65  104

Which factor helps to explain why the first ionisation energies of the Group I elements
decrease from lithium to sodium to potassium to rubidium?
A

The nuclear charge of the elements increases.

B

The outer electrons are in an ‘s’ subshell.

C

The repulsion between spin-paired electrons increases.

D

The shielding effect of the inner shells increases.

A sample of m g of an organic compound is vaporised in a gas syringe and occupies
V cm3 at T K and p atm.
What is the relative molecular mass, Mr, of the compound?
A

Mr 

m  22400  T
p  V  273

B

Mr 

m  22400  (T  273)
p V  273

C

Mr 

m  22400  273  p
V T

D

Mr 

m  22400  273  p
V  (T  273)
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3
4

The application of pressure can cause a gas to liquefy because the gas molecules are
pushed together such that intermolecular forces become significant. The molecules can no
longer move freely and the gas condenses into a liquid.
Gases can only be liquefied by pressure alone if their temperature is below their ‘critical
temperature’, TC. Above the critical temperature, no amount of pressure will liquefy a gas.
Methane gas, ammonia gas and steam have similar relative molecular mass.
What is the order of their critical temperatures?
highest

5

lowest

A

methane

ammonia

steam

B

methane

steam

ammonia

C

ammonia

steam

methane

D

steam

ammonia

methane

Which type of structure, present in ceramics, explains why these materials are strong?
A

ionic

B

layer

C

giant molecular

D

metallic
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Pllants appea
ar green du
ue to the pre
esence of chlorophyll.
c
There are several clo
osely related
ch
hlorophylls and
a the dia
agram show
ws a simplified version of one. Thee various diifferent side
egrroups are all shown as R.

No
ote that the
e four N atom
ms and the Mg ion are planar.
W
Which of the
e descriptions of the b
bonds betwe
een Mg and the numbbered N ato
oms is mosst
likkely to be co
orrect?
N atoms numberred
1 and 3

2 and 4

A

co
o-ordinate

ionic

B

co
o-ordinate



C

ionic

o-ordinate
co

D



o-ordinate
co
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The standard enthalpy changes for three reactions are given by the equations:
Ho = 394 kJ mol1
Ho = 286 kJ mol1
Ho = 1938 kJ mol1

C(s) + O2(g)  CO2(g)
H2(g) + ½O2(g)  H2O(l)
C3H4(g) + 4O2(g)  3CO2(g) + 2H2O(l)

What is the standard enthalpy change for the following reaction?
3C(s) + 2H2(g)  C3H4(g)

8

A

1258 kJ mol1

B

+1258 kJ mol1

C

184 kJ mol1

D

+184 kJ mol1

Sulfur exists in two allotropic forms, monoclinic sulfur and rhombic sulfur.
At temperatures below 93 °C, monoclinic sulfur changes into rhombic sulfur.
Data for each form of sulfur are given in the table.
Hfo / kJ mol1

Sfo / J K−1 mol1

monoclinic

+0.30

32.6

rhombic

0

31.7

What is the expression for Go, in J mol1, for the formation of the rhombic sulfur from
monoclinic sulfur at 90 °C?

9

A

Go = −0.30 – 363(−0.9)

B

Go = −0.30 – 90(+0.9)

C

Go = −300 – 90(+0.9)

D

Go = −300 – 363(−0.9)

Each of the following equilibria is subjected to two changes done separately.
(i)
(ii)

pressure is reduced at constant temperature
temperature is increased at constant pressure

For which of the following equilibria will both of these changes result in an increase in the
proportion of products?

⇌

A

H2(g) + I2(g)

B

2NO(g) + O2(g)

C

CaCO3(s)

D

4NH3(g) + 5O2(g)

⇌

2HI(g)

⇌

2NO2(g)

CaO(s) + CO2(g)

⇌

4NO(g) + 6H2O(g)

H > 0
H < 0
H > 0
H < 0
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A mixture of steam
s
and carbon mon
noxide will form
f
an equ
uilbirum mixxture as sho
own by the
eq
quation.
H2O(g) + CO(g)

⇌

H2(g) + CO2(g)

If 1.0 mol off steam and 1.0 mol of carbon monoxide are allowedd to reach equilibrium
m,
33
3.3% of the resulting mixture
m
is ca
arbon dioxid
de.
W
What is the value
v
of the equilibrium
m constant, Kp?
4.0

A

11

B

2.0

C

1.0

D

0.25

Different Bolttzmann disttributions arre shown in the diagram
ms.
diagra
am 1

diagrram 2
X

P

Y
Q

In diagram 1,, one curve P or Q corrresponds to
o a tempera
ature higherr than that of
o the other
cu
urve.
In diagram 2, one line X or Y corre
esponds to the activatio
on energy ffor a catalysed reaction
an
nd the other line corrresponds to the actiivation ene
ergy of thee same rea
action when
un
ncatalysed.
W
Which combiination gives the correcct curve and
d line?
higher
tem
mperature

prresence of
catalyst

A

P

X

B

P

Y

C

Q

X

D

Q

Y
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Although beryllium and aluminium are in different groups in the Periodic Table, they exhibit
similar chemical properties due to the diagonal relationship.
Which property of beryllium compounds is not likely to be correct?

13

A

The charge density of Be2+ is similar to that of Al3+.

B

Beryllium chloride dissolves in water to form a neutral solution.

C

Beryllium chloride exists as a simple molecular compound.

D

Beryllium chloride can form a dimer.

The graph below shows the variation in the boiling points for eight consecutive elements in
the Periodic Table, all with atomic numbers from 10 to 20. The letters do not represent any
element in the Periodic Table.

Which of the following can be deduced from the graph above?

14

A

Element E and boron are in the same group.

B

Element K does not conduct electricity.

C

Element G can exist in two allotropic forms.

D

Element H has a smaller atomic radius than I.

Which compound is not a product of the reaction between an oxide of a third period
element and water?
A

NaOH

B

H3PO4

C

H2SO4

9647 / YJC / 2013 / JC2 Preliminary Examination / Paper 1
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In the gravimetric analysis of a mixture of Group II salts, an excess of dilute hydrochloric
acid was added. A colourless gas was evolved together with a clear solution.
Which of the following pair of compounds could not be present in the mixture?

16

17

A

MgCO3 and MgSO4

B

MgSO4 and CaCO3

C

CaCO3 and Ba(NO3)2

D

CaCO3 and BaSO4

Which of the following decreases down Group II?
A

magnitude of the enthalpy change of hydration of the cations

B

thermal decomposition temperature of the nitrates

C

pH of the oxides in water

D

reducing power of the elements

The number of moles of chlorine that react with 1 mole of U is twice the number of moles of
chlorine that react with 1 mole of V.
3 students proposed the following identities of U and V.
U

V

student 1

Mg(s)

Na(s)

student 2

H2(g)

KBr(aq)

student 3

cold NaOH(aq)

hot NaOH(aq)

Which of the following statements is true?
A

Only student 1 is correct.

B

Only student 1 & 2 are correct.

C

Only student 2 & 3 are correct.

D

Only student 3 is correct.
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In which of the following reactions will the affected carbon atom change from being sp2
hybridised to sp3 hybridised?
A

NH2 + Br2

B

19

NaBr, c. H2SO4

C

CH3CH(OH)CH2CH3

D

CH3COCH2CH3 + HCN

heat
trace NaOH
cold

What is the total possible number of structural and stereoisomers of the formula C3H5Br
that are non-cyclic?
2

A

20

alcoholic
NaOH

CH3CHBrCH2CH3

3

B

4

C

5

D

An alkyne undergoes hydration in a similar mechanism as an alkene. However, the
formation of an enol is unstable and would undergo rearrangement to form a carbonyl
compound as shown below.
OH H
hydration
R

C

C

H

R

alkyne

C

C

O

H

C

C

rearrangement

H

R

enol

H

H

Which of the following product will not be formed when the corresponding alkyne
undergoes hydration?
alkyne

product
O

A

H

C

C

B

H 3C

C

C

H 3C

C

H

H

C

CH3

O
C

H

H

C

CH2CH3

O
C

H

H3C

C

CH3

O

D

H 3C

C

C

CH 3

H3C

C

CH2CH3
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21

It has bee
en estimated that for every
y atom of
o chlorinee generate
ed from a
flu
uorohalogen
noalkane in
n the stratossphere, one
e hundred thousand m
molecules off ozone ma
ay
be
e destroyed
d.
W
Which statem
ment about chlorine ato
oms gives an
a explanation of this?
They achieve high
h activation energies by
y absorbing
g ultraviolet radiation.

B

They are regenera
ated in a ch ain propaga
ation reactio
on with ozo ne.

C

They re
emove oxyg
gen from the
e ozone-oxy
ygen equilib
brium.

D

They in
nitiate the io
onisation of oxygen mo
olecules.

A possible mechanism
m
for
f the hydro
olysis of 2-b
bromopropa
ane is show
wn below.
H3C
H

C

Br

slow
w

H3
H CH
C+

+ Br-

CH3

H3C
H CH3
C + + :OH-

H3C
H

C

OH

H3C

CH3

W
Which diagra
am represen
nts the reacction profile for this reaction?
B

energy

energy

A

reaction path
p

reaction path

D

energy

C

energy

22

A

reaction pa
ath

reaction path
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A mixture is made by adding together one mole of sodium hydroxide, one mole of phenol,
C6H5OH, and one mole of hexan-1-ol, C6H13OH, each solute being in aqueous solution.
Which organic species are present in this final solution?

24

A

mainly C6H5OH and C6H13OH

B

mainly C6H13OH and C6H5O−Na+

C

mainly C6H5OH and C6H13O−Na+

D

approximately equal quantities of C6H5OH, C6H5O−Na+, C6H13OH and C6H13O−Na+

The reaction scheme below gives product Z.
O
LiAlH4
in dry ether

Br2(l)

Y

Z

Which of the following is the most likely structure for Z?
A

B
O

O

Br

Br

C

D

O

O

Br
Br

25

Br

The table shows the results of simple tests on a compound Q.
reagents

observations

2,4-dinitrophenylhydrazine

orange ppt

Tollen’s reagent

no ppt

aqueous alkaline iodine

yellow ppt

From the results of the tests, what could Q be?
A

CH3CHO

B

CH3CH2CHO

C

CH3CH(OH)CH3

D

CH3COCH3
9647 / YJC / 2013 / JC2 Preliminary Examination / Paper 1
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Calcium ethanoate produces propanone when heated as shown in the equation below.
(CH3CO2)2Ca  CaCO3 + (CH3)2CO
When this reaction is carried out by heating a 1 : 1 molar mixture of calcium propanoate,
(CH3CH2CO2)2Ca, and calcium methanoate, (HCO2)2Ca, a mixture of three carbonyl
compounds is produced.
Which of the following carbonyl compounds is not formed?

27

A

HCHO

B

CH3CH2CHO

C

CH3CH2COCH3

D

CH3CH2COCH2CH3

Isopentyl acetate, CH3CO2CH2CH2CH(CH3)2, is a colourless liquid used as banana
flavouring in fruit sweets. It can be prepared by reacting an excess of ethanoic acid with
isopentyl alcohol in the presence of concentrated sulfuric acid.
(CH3)2CHCH2CH2OH + CH3COOH ⇌ (CH3)2CHCH2CH2OCOCH3 + H2O
Which of the following steps are involved in the purification of the product?
I.
II.
III.
IV.
A

28

adding anhydrous calcium chloride
distillation
separation of liquids using a separating funnel
shaking the mixture with NaHCO3
B

I, II, III

C

II, III, IV

I, II, IV

D

I, II, III, IV

Which of the following shows the correct reagents and conditions to produce the desired
product?

OCOCH3 (l)

NaBH4

B

in ether

O

C

CH3COCl(l)

OH (l)

A

H3C

C

( l)

PCl5(aq)

O
H3C

C

OH
H

D

H

H

C

C

H

H

( l)
Cl

Cl

KOH
ethanol
heat

H

H

H

C

C

H

H

OH
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GABA is a neuro-transmitter released by red algae which encourages shellfish larvae to
settle on the ocean bed.
H2NCH2CH2CH2CO2H
GABA
In what way does GABA differ from amino acids obtained by the hydrolysis of protein?

30

A

It does not form a zwitterion.

B

It is not soluble in water.

C

It is not a 2-aminocarboxylic acid.

D

It does not form a polyamide linkage.

A form of blindness is curable by replacing the lens of the eye. The lens is held in place by
proteins. Part of the protein structure is shown below.
D

B
R1
C

C

H

O

A

H

H

N

C

C

R2 O

H

R3

N

C

C

H

O

C

Before the lens is removed, the protein structure is weakened by injecting an enzyme into
the eye which hydrolyses some of the peptide linkages.
Which labelled part of the protein structure will be hydrolysed by the enzyme?
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Section B
For each of the questions in this section, one or more of the three numbered
statements 1 to 3 may be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to
pick a tick against the statements that you consider to be correct).
The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3 are
correct

1 and 2 only
are correct

2 and 3 only
are correct

1 only is
correct

No other combination of statements is used as a correct response.

31

32

Which statements about relative molecular mass are correct?
1

It is the sum of the relative atomic masses of all the atoms within the molecule.

2

It is the ratio of the average mass of a molecule to the mass of a 12C atom.

3

It is the ratio of the mass of 1 mol of molecules to the mass of 1 mol of 1H atoms.

In which of the following conversions does the oxidation number of nitrogen change by
two?
1

NH2OH  NH3

2

N2  NO

3

NO2  HNO3
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The graph shows the results of an investigation of the initial rate of hydrolysis maltose by
the enzyme amylase. In the experiments, the initial concentration of maltose was varied
but that of amylase was kept constant.

initial
reaction
rate

[maltose]

0

Which conclusions can be deduced from these results?

34

35

1

When [maltose] is low, the rate is first order with respect to [maltose].

2

When [maltose] is high, the rate is independent of [maltose].

3

When [maltose] is high, the rate is independent of [amylase].

Which set of solutions below gives a buffer solution when they are mixed?
1

50 cm3 of 0.1 mol dm3 CH3COOH and 50 cm3 of 0.1 mol dm3 CH3COONa

2

50 cm3 of 0.1 mol dm3 CH3COOH and 25 cm3 of 0.1 mol dm3 NaOH

3

50 cm3 of 0.1 mol dm3 C6H5COONa and 25 cm3 of 0.1 mol dm3 HCl

Hydroxyapatite, a basic calcium phosphorus, Ca(OH)2·3Ca3(PO4)2, is the mineral found in
bone. In older people, calcium ions can be lost from the hydroxyapatite, weakening the
bone structure. In such cases, strontium salts are administered to strengthen the bone. The
strontium ions replace the lost calcium ions in the hydroxyapatite.
[numerical value of Ksp: Ca(OH)2, 5.2 x 106; Sr(OH)2, 1.46 x 101]
Which statements are correct?
1

Strontium ions are nearly the same size as calcium ions and so may easily replace
them in the hydroxyapatite.

2

Strontium hydroxide is less soluble than calcium hydroxide and so will precipitate
better in the bone structure.

3

There is ionic, covalent and metallic bonding in hydroxyapatite which gives it
strength.
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The responses A to D should be selected on the basis of
A

B

C

D

1, 2 and 3 are
correct

1 and 2 only
are correct

2 and 3 only
are correct

1 only is
correct

No other combination of statements is used as a correct response.

36

Zirconium has an atomic number of 40.
Which zirconium compounds are likely to exist?

37

1

Zr2O7

2

ZrOF2

3

[Zr(NH3)6]Cl3

The diagram shows the structure of a catalytic converter as fitted into the exhaust system
of a car. Harmful gases are converted into carbon dioxide, nitrogen and water vapour.

Which reactions between the stated compounds could take place on the surface of the
catalyst?
1

hydrocarbons + oxides of nitrogen  carbon dioxide + water + nitrogen

2

carbon monoxide + oxides of nitrogen  carbon dioxide + nitrogen

3

carbon monoxide + hydrocarbon  carbon dioxide + water
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Ammonia reacts with excess bromoethane when heated in alcoholic medium to form a
quaternary ammonium salt in four steps.
NH 3

C 2H 5Br

C 2H 5NH 2

C 2H 5Br

(C 2H 5) 2NH

C 2H 5Br

(C 2H 5) 3N

C 2H 5Br

(C 2H 5) 4N + Br-

Which of the following statements about the reaction is correct?

39

1

In each step, the attacking nucleophile is a stronger nucleophile than that in the
previous step.

2

In each step, the reaction is slower than the previous step due to increased steric
hindrance.

3

In each step, an intermediate with a sp2 hybridised carbon atom is formed.

Deuterium, D, is an isotope of hydrogen, 12 H .
Which compound can be formed by the addition of D2 to another molecule, in the presence
of a platinum catalyst?
D

1

40

CH3CD2ND2

OD

D

2

D

3

Dexon is a synthetic polymer that is routinely used to stitch wounds together during
surgery. It is broken down into smaller molecules over three to six months. Patients,
therefore do not need to undergo a second surgery to remove the stitches.
O

O

OCH2COCH2C

n

Dexon

Which statements explain Dexon’s suitability for this function?
1

Dexon can be hydrolysed in the body.

2

Dexon is broken down slowly due to its large size.

3

The small molecules produced are water soluble.

~ END OF PAPER ~
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Planning (P)
Squaric acid, C4H2O4, also called quadratic acid, is a dibasic organic acid that has four
carbon atoms bonded together to approximately form a square.
O

HO

O

OH

When an aqueous solution of squaric acid is added to a solution of sodium hydroxide, the
temperature of the resultant solution increases, as the neutralisation reaction is exothermic.
A student was given a solution, FA1, containing squaric acid. She was asked to determine
the enthalpy change of neutralisation when a solution, FA2, containing 2.0 mol dm−3 of
sodium hydroxide was reacted with squaric acid of approximately the same concentration.
She decided to carry out a series of experiments, where different volumes of FA1 and FA2,
which together gave a total volume of 100 cm3, were reacted. The temperature change, ∆T,
determined from each experiment would be plotted against the volume of FA1 used.
After carrying out a number of trial experiments, she found that for a typical experiment, the
temperature of the resultant solution rose from the ambient room temperature of 29 °C to
35 °C. She correctly decided that the thermometer with divisions of 1 °C that she was using
was inappropriate, and she asked her tutor for a more appropriate one.
(a)

Write a balanced equation to represent the enthalpy change of neutralisation between
squaric acid and sodium hydroxide.

[1]
(b)

Explain briefly why the thermometer with 1 °C divisions that the student had used for
the trial experiments was not appropriate.

[1]
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Write a plan for one of the experiments of the series that the student will carry out.
You may assume that you are provided with the following.
o
o
o
o

FA1 and FA2 solutions having the concentrations given above
200 cm3 styrofoam cup with lid
thermometer with divisions of 0.2 °C
the apparatus normally found in a school or college laboratory

Your plan should contain the following.
o
o

essential details, including appropriate quantities of the solutions used, and
procedures to minimise experimental errors
a description of how the initial and final temperatures of the reaction mixture, and
the temperature rise are determined

[4]
(d)

Sketch on the axes below, the shape of the graph that will be obtained by plotting the
values from the series of experiments, ignoring the effects of heat loss.
∆T / °C

0

50

100

volume of FA1
3
added / cm

[1]
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(e)

On the graph in part (d), the coordinates of a single point on the graph will enable the
student to calculate the concentration of squaric acid, and the enthalpy change of
neutralisation of the reaction.
Indicate this point on the graph by labelling the values on the vertical and horizontal
axes as T °C and V cm3 respectively.
[1]

(f)

Outline how you would use the results, T °C and V cm3, that was obtained from part
(e) to determine:
(i)

the concentration of squaric acid in FA1 in mol dm−3.

(ii)

the enthalpy change of neutralisation for the reaction in kJ mol−1.

You may assume that 4.2 J of heat energy is required to raise the temperature of
1 cm3 of the reaction mixture by 1 °C.
[3]
(g)

Identify one potential safety hazard in this experiment and state how you would
minimise this risk.

[1]
[Total: 12 marks]
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(a)
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Elements J, K, and L are consecutive elements in period 3 of the Periodic Table.
The first eight ionisation energies, I.E., of element K are as follows.
I.E. / kJ mol−1

1011

1907

2914

4963

6273

21267

25431

29872

(i)

With reference to the data given above, deduce the Group of the Periodic Table
to which K is likely to belong to.

(ii)

Predict, giving your reasoning, whether the first ionisation energy of element L
will be higher or lower than that of K.

(iii)

When dissolved in water, the chlorides of elements J and K produce solutions
that turn blue litmus red. Write balanced equations to represent the reactions of
these chlorides with water.
chloride of J:
chloride of K:
[6]
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(b)

Chlorine occurs naturally with two stable isotopes, 35Cl and 37Cl, and one radioactive
isotope, 36Cl. Radioactive isotopes are unstable and they typically lose energy by
emitting radiation through the process of radioactive decay.
Ernest Rutherford and later Paul Villard discovered the three types of radiation:
-particles (nucleus of helium atom); -particles (electron); and -rays
(electromagnetic wave).
(i)

A stream of -particles, -particles and -rays is subjected to an electric field as
shown below. The path taken by the -rays has already been drawn. Sketch on
the diagram, how the -particles and -particles are affected by the electric field,
given that they are travelling at the same speed. Label your answers clearly.

+
-rays

Source

−
(ii)

State the number of protons and neutrons in a nucleus of a chlorine-36 atom.
protons:

neutrons:

(iii) Chlorine-36 undergoes decay to form argon-36 as shown in the decay scheme:
36

Cl  36Ar + radiation Y

Identify radiation Y and briefly explain how you arrive at your answer.
radiation Y:

(iv)

The relative amount of chlorine-36 and argon-36 in ancient samples of ground
water is commonly used to determine the age of the water. This process is
known as chlorine-36 dating.
In a sample of ice that was excavated from deep within a massive ice-berg near
the Arctic Circle, it was found that the ratio of the amount of chlorine-36 to
argon-36 is 1 : 7. Given that the half-life of the radioactive decay of chlorine-36 is
300,000 years, and that the decay is a first order reaction, deduce the age of the
sample of ice.

[7]
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(c)

Chlorine is manufactured commercially by the electrolysis of brine (concentrated
sodium chloride) using the diaphragm cell.
product A

For
Examiner’s
Use

product B

brine

product C
titanium electrode

steel electrode
diaphragm

(i)

Give half equations for the two electrode processes that occur.
titanium electrode:
steel electrode:

(ii)

Calculate the current that needs to be passed through the diaphragm cell in
order to produce 1.00 tonne of chlorine gas per day.
(1 tonne = 1000 kg)
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The diaphragm is made of a porous mixture of asbestos and polymers, designed to
prevent the products of the electrolytic cell from mixing with each other.
(iii) Write a balanced equation for the reaction that will occur if A is allowed to mix
with B. Describe a potential safety hazard of this reaction.
equation:
potential safety hazard:

(iv) Write a balanced equation for the reaction that will occur if product A is allowed
to mix with product C at room temperature.

[7]
(d)

Chloride ions and bromide ions differ in their reactions with concentrated sulfuric acid.
Describe what you would see if concentrated sulfuric acid is added to separate
samples of the solids KCl and KBr. Suggest an explanation for the differences in
reaction, and write equations illustrating the types of reaction undergone.

[3]
[Total: 23 marks]
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Malic acid, HO2CCH2CH(OH)CO2H, was first isolated from apple juice by Carl Wilhelm
Scheele in 1785, and is now commonly added to food products to produce a “tartness” in
various food products like candy and beverages.
(a)

For
Examiner’s
Use

Malic acid is produced industrially by reacting malic anhydride with water in a two-step
reaction scheme as shown.

O

O

O +H O
2

I
malic anhydride

(i)

O

O

O

OH

+ H2O
OH

HO

OH
HO

II

X

O
malic acid

The reactions of water in the two steps are markedly different. State the type of
reaction in both steps.
Step I:
Step II:

(ii)

Suggest reagents and conditions that would enable step II to be carried out.

(iii) The intermediate product, X, obtained from step I exist only in the cis-isomeric
form. Suggest why this is so.

(iv) Describe a simple chemical test to distinguish between X and malic acid, stating
the expected observations of each compound.

[6]
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(b)

Malic acid can be synthesised in the laboratory by a different two-step reaction
scheme from 3-oxopropanoic acid.
+ HCN
+ trace of
NaCN

O

O

H

HO

III

O

O

OH

OH
OH

CN

HO

HO

IV
O
malic acid

3-oxopropanoic acid

The results of an investigation into the kinetics of step III of the reaction scheme are
given below:
experiment
number

(i)

initial concentration / mol dm−3

relative
initial rate

[HO2CCH2CHO]

[HCN]

[NaCN]

1

0.400

0.100

0.005

0.833

2

0.300

0.100

0.005

0.625

3

0.400

0.300

0.005

0.833

4

0.300

0.400

0.008

1.000

Use these data to deduce the order of reaction with respect to each of the three
reagents, showing how you arrive at your answers.
Hence write a rate equation for the reaction.
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(ii)

Based on your results from (b)(i), deduce the value of the relative initial rate of
the reaction if the volume of the reaction mixture in experiment 4 was doubled
by the addition of water.

For
Examiner’s
Use

(iii) Describe a mechanism that is consistent with the rate equation that you have
given in (b)(i), and indicate the slowest step of the mechanism. Explain your
reasoning.

(iv) State the difference between the malic acid synthesized using this reaction
scheme and that obtained from apple juice. By considering the mechanism you
have proposed in part (iii) and the shape of HO2CCH2CHO, account for this
difference.

[11]
[Total: 17 marks]
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4

(a)

Alkenes are susceptible to attack by electrophiles due to the presence of the electronrich carbon-carbon double bond.
In the Koch reaction, alkenes react with carbon monoxide and water to form certain
secondary and tertiary carboxylic acids.
The mechanism steps below shows 2-methylbut-1-ene undergoing the Koch reaction.

C2H5
H3C

C

CH2

+ H+

2-methylbut-1-ene

+ CO
H3C

intermediate P

C2H5
+ H2O
+
CO
C
H3C
- H+
CH3

intermediate Q

C2H5 O
C

C

OH

CH3
product R

(i)

Draw, in the space provided above, the structure of intermediate P.

(ii)

Give the IUPAC name of the product R.

(iii)

Deduce the number of electrons around the carbon atom that is bonded to the
oxygen atom in intermediate Q.
number of electrons:

(iv)

Draw the displayed formula for the starting alkene
CH3CH2CH(CH3)CO2H after undergoing the Koch reaction.

that

will

form

[4]
(b)

A cycloalkane with the molecular formula C5H10 gives only two mono-brominated
products when reacted with bromine in the presence of ultraviolet light. Give the
structural formulae of the two bromocycloalkane, and suggest the ratio in which the
two products will be formed.

[3]
[Total: 7 marks]
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5

Enzymes are large protein molecules that adopt a highly specific three-dimensional
structure. They are highly selective catalysts that speed up many metabolic reactions, from
the digestion of food to the synthesis of DNA.
(a)

For
Examiner’s
Use

The structural formulae of the three most common amino acids present in the
polypeptide chain in the insulin-degrading enzyme are shown below.
CO2H

CO2H

HO2C

NH2

phenylalanine (phe)

HO

NH2

tyrosine (tyr)

CO2H
NH2

aspartic acid (asp)

(i)

Draw the structural formula of the tripeptide phe-tyr-asp.

(ii)

On the outline of a polypeptide chain below, illustrate the type of side chain
interactions that will occur between the following pairs of amino acid residues.



a tyrosine and a aspartic acid residue
a phenylalanine and a tyrosine residue

Name the type of side-chain interactions that you have illustrated.

[3]
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(b)

The insulin-d
degrading enzyme
e
is i rregularly folded consisting of a large portio
on of he
elices, and regions of -pleated ssheets. A portion
p
of the three-dim
mensional structure
off the enzym
me is represented below
w.

M

D
Describe the
e structure represente d by the portion M, in
ncluding hoow the structure is
sttabilised. Yo
ou may wish to include
e a diagram in your des
scription.

[2]
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(c)

Aspartame, an artificial sweetener, can be synthesised from phenylalanine and
aspartic acid as shown in the reaction scheme below.

CO2H
NH2

Step 1

CO2CH3
NH2

NH2

+ asp
Step 2

HO2C

H
N

O

phenylalanine

For
Examiner’s
Use

CO2CH3

aspartame

(i)

Give the reagents and conditions for Step 1.

(ii)

Suggest a reason why aspartame cannot be synthesised by reacting
phenylalanine, aspartic acid, and the reagents in Step 1 together in a one-step
synthesis.

[2]
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(d)

Explain each of the following observations as fully as you can.
(i)

The melting point of glycine, H2NCH2COOH, (230 − 235 °C) is higher than that
of 2-hydroxyethanamide, HOCH2CONH2 (102 − 104 °C).

(ii)

The pKb of the following compounds:
NH2

NHCOCH3

NH2

<

<

(iii) Nitration of methylbenzene, C6H5CH3, produces the 1,2- and 1,4-substituted
products as the major products, whereas nitration of tert-butylbenzene,
C6H5C(CH3)3 gives predominantly the 1,4-substituted product.

[7]
[Total: 14 marks]

~ END OF PAPER ~
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Answer any four questions

1 (a) The yellow gas chlorine dioxide, ClO2, has been used for many years as a flourimproving agent in bread-making.
It can act as a powerful oxidising agent in acidic medium.
ClO2(aq) + 4H+(aq) + 5e−

⇌ Cl−(aq)

+ 2H2O(l)

Eo = +1.50 V

(i) Define the term standard electrode potential.
(ii) Draw a fully labelled diagram of the electrochemical cell you would set up in order
to measure the standard reduction potential of ClO2/Cl− in the laboratory. Indicate
clearly the positive and negative electrodes.
(iii) When chlorine dioxide is bubbled through a solution of hydrogen sulfide, H2S, a
yellow solid is observed.
Construct a balanced equation, with state symbols, for the reaction that occurs.
[6]
(b) Maleic acid and fumaric acid with the molecular formula C4H4O4 are two isomeric
alkenedioic acids.
The following table compares the pKa values of the two acids.
acid

structure
H

maleic

(i)

C

HOOC

COOH

H

COOH
C

HOOC

pK2

1.90

6.07

3.03

4.44

H
C

fumaric

pK1

C
H

Suggest a reason why the pK1 value of fumaric acid is lower than its pK2.

(ii) Suggest a reason why the pK1 value of maleic acid is lower than the pK1 of
fumaric acid.
(iii) Calculate the pH of a 0.15 mol dm−3 solution of fumaric acid (ignore the effect of
pK2 on the pH).
(iv) 40 cm3 of 0.10 mol dm−3 NaOH is added to 10 cm3 of 0.15 mol dm−3 fumaric acid.
Sketch a graph to illustrate how the pH would vary with volume of NaOH added.
Show how you have obtained the various key points on the graph.
[7]
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(c) Two isomers A and B have elemental composition by mass of C: 79.40%, H: 8.82%,
and O: 11.78%.
(i)

Calculate their empirical formula.

(ii) Isomer A gives a yellow precipitate with warm, alkaline iodine solution. It reacts
with concentrated sulfuric acid at 170 oC to give three products, C, D and E.
E gives 2 moles of carbon dioxide with hot, acidified potassium manganate(VII)
solution.
Isomer B gives a white precipitate, F, when mixed with aqueous bromine in the
ratio of 1 : 3. B gives 2 moles of carbon dioxide when reacted with hot, acidified
potassium manganate(VII).
Draw the structures of A to F.
[7]
[Total: 20]

[Turn over
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2 Oxalic acid (ethane-1,2-dioic acid, C2H2O4) is commonly found in vegetables such as
spinach and carrots.
(a) The following shows a reaction pathway in which oxalic acid is formed, via compound
Y.
OH

HO

OH

I
HO
O

O

C

CH

CH

CH

CH2

II

oxalic acid + CH(OH)(COOH)2

O

Y
(i) State the reagents and conditions for reaction I.
(ii) A student tried to synthesise oxalic acid in reaction II by using hot, acidified
potassium manganate(VII). Explain why he would not be successful.
(iii) Compound Y exhibits stereoisomerism. State the number of stereoisomers of
compound Y and draw them.
[5]
(b) When oxalic acid is treated with hot concentrated sulfuric acid, two gases are
produced.
(i)

Suggest the identities of the two gases.

(ii) Under what conditions would the two gases behave ideally? Explain your answer.
[3]
In 1870 during the Franco-Prussian War, the French emperor Napoleon III was captured in
the battle of Sedan, which saw the defeat of the French. During this time, Napoleon III was
debilitated with constant pain due to the formation of kidney stones inside his body. It was
debatable whether his health condition had contributed significantly to his loss in the battle.
Calcium oxalate (CaC2O4) is the primary constituent of the common kidney stones, and is
believed to form due to inappropriate diets.
(c) (i) Draw a ‘dot-and-cross’ diagram to show the bonding in calcium oxalate.
(ii) It was experimentally determined that all the C‒O bonds in C2O42‒ are of the same
length. Suggest a reason for this observation.
[3]
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(d) 50.0 cm3 of 0.100 mol dm3 CaCl2 and 100.0 cm3 of 0.300 mol dm3 Na2C2O4 are
mixed together at 25 C.
(i)

Write an expression for the solubility product of calcium oxalate and state its units.

(ii) Calculate the amount of calcium oxalate that will be produced.
(iii) Calculate the concentration of C2O42, in mol dm3, left over in the resulting
solution once equilibrium has been established.
(iv) Given that the value of the solubility product of calcium oxalate is 2.32 x 10‒9 at
25 C, calculate the concentration of Ca2+, in mol dm3, in the resultant solution.
(v) Given that the solubility product of magnesium oxalate is higher than that of
calcium oxalate, discuss qualitatively whether it is possible to extract 100% of Ca2+
by adding 100 cm3 of 0.300 mol dm3 Na2C2O4 drop-wise to a 50.0 cm3 solution
containing 0.200 mol dm3 of MgCl2 and 0.100 mol dm3 of CaCl2.
[6]
(e) Calcium oxalate and magnesium oxalate decompose at different temperatures to
produce the corresponding metal oxides. Explain this difference in their decomposition
temperatures.
[3]
[Total: 20]
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3 (a) Halogenoalkanes, RX, are important intermediates used to produce many organic
compounds. They may be converted into Grignard reagents by reacting them with
magnesium in dry ether:
 + 
RMgX

dry ether
RX + Mg

Grignard reagent
On reaction with carbonyl compounds, RMgX forms various classes of alcohols:

R'

R'
RMgBr +

I
C

O

R

C

R''

R''
R'

R'

II
R

C

OMgBr

R

OMgBr

C

OH

+ Mg(OH)Br

H2O
R''

R''
(where R’ and R” are either H or alkyl groups.)
(i) What types of reaction are steps I and II?

(ii) With reference to the above reactions, and using propan-2-ol as the only organic
compound, outline a synthesis of 2,3-dimethylbutan-2-ol. Give the reagents and
conditions, as well as the structures of any intermediate products.

CH3 CH3
H3C

C

C

OH

H

CH3

2,3-dimethylbutan-2-ol
[6]
(b) Magnesium reacts with pure nitrogen to form Mg3N2 which can be considered as a
possible intermediate in the ‘fixing’ of nitrogen to make ammonia-based fertilisers.
N2

+ Mg

Mg3N2

+ H2O

NH3 + Mg(OH)2

Nitrogen is an essential macronutrient needed by all plants to thrive. It is an important
component of many structural, genetic and metabolic compounds in plant cells. It is
also one of the basic components of chlorophyll, the compound by which plants use
sunlight energy to produce sugars during the process of photosynthesis.
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Another type of ammonia-based fertiliser contains urea, NH2CONH2, and has a large
percentage by mass of nitrogen.
The nitrogen content of an urea-containing fertiliser can be measured by boiling a
sample of known mass of the fertiliser with an excess of NaOH(aq), absorbing the gas
evolved in water, and titrating the aqueous solution with hydrochloric acid of a known
concentration.
NH2CONH2 + 2OH  2NH3 + CO32–
NH3 + HCl  NH4Cl
When 0.100 g of this fertiliser was subjected to this procedure, the resulting solution of
3
3
ammonia required 15.0 cm of 0.200 mol dm HCl for neutralisation.
(i) Calculate the percentage of nitrogen in the urea-containing fertiliser.
(ii) Urea can hydrolyse in water to form ammonia and another colourless gas. Write
an equation for this reaction.
(iii) Urea can be applied directly to the soil either before or during the growing of
crops. Based on the information given, what would be the major disadvantage of
using magnesium nitride in the same way?
[5]
(c) Like water, liquid ammonia can also undergo self-ionisation.
(i)

Write an equation to represent the self-ionisation of liquid ammonia.

(ii) Draw the dot-cross diagrams to show the bonding in the species formed in (c)(i).
Suggest the bond angle(s) in the species.
[5]
(d) Ammonia is used in the synthesis of H from G as shown below.
Cl

Cl

III
conc. NH3
heat

Cl
Cl

O

IV
H2 N

C8H13N2OCl

H
O

NH2

G
(i)

Give the reagents and conditions for step IV and hence suggest the structure of
H.

(ii) One of the chlorine atoms in G is inert towards hot concentrated NH3, as shown
above. Explain why this is so.
[4]
[Total: 20]
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4 The chemistry of iron has been extensively studied and its applications span from industrial
processes to biological functions.
(a) Iron is extracted from its naturally occurring ore, known as hematite, Fe2O3.
(i)

Using suitable data from the Data Booklet as well as the information given below,
draw a labelled Born-Haber energy cycle. Hence determine the lattice energy of
Fe2O3.
enthalpy change

kJ mol‒1

atomisation of iron

+414

1st and 2nd electron affinity of oxygen

+703

formation of Fe2O3

‒826

(ii) The melting points of Fe2O3 and Al2O3 are found to be 1566 C and 2072 C
respectively. Using suitable data from the Data Booklet, explain the difference in
their melting points.
(iii) Fe2O3 and Al2O3 readily dissolve in acids, however only Al2O3 is soluble in alkalis.
Write equations to explain the above observations.
[8]
(b) Solid iron is also extensively used as a catalyst in many industrial applications such as
the Haber process and Fischer-Tropsch process. For the latter, carbon monoxide is
converted into hydrocarbons for fuels and lubricants.
The equation for the Fischer-Tropsch process is given as
(2n+1)H2(g) + nCO(g)  CnH(2n+2) + nH2O(g)
(i)

What property of iron renders it as a suitable catalyst in this process?

(ii) Describe how iron catalyses the Fischer-Tropsch process in the production of
butane. You may illustrate your answers with suitable diagrams.
(iii) As the carbon chain length of the alkane increases, the value of the entropy
change, ∆S, for the reaction becomes more negative. Suggest why this is so.
[5]
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(c) Iron is important to our human bodies as it is required to form the oxygen-carrying
protein, haemoglobin, found in our red blood cells.
Hb + 4O2 ⇌ Hb(O2)4
(i)

Describe the quaternary structure of haemoglobin, with reference to its structure
and bonding.

(ii) With reference to the equation given above, explain how oxygenated blood is
transported to the vital organs in our human bodies.
(iii) Inhalation of carbon monoxide at high concentrations can lead to convulsions and
death. Briefly explain the chemistry behind carbon monoxide poisoning, with
reference to haemoglobin.
(iv) In a strongly basic medium, haemoglobin undergoes denaturation. Explain the
term in italics and suggest why this process occurs.
[7]
[Total: 20]

[Turn over
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5 Copper is a typical transition element which can exhibit more than one oxidation state in its
compounds. The common oxidation states of copper are +1 and +2, although it is known
that basic anions like the oxides and fluorides stabilises the +3 and +4 oxidation states.
(a) (i) What do you understand by the term transition element?
(ii) Explain why transition element complexes are coloured.
[4]
(b) (i) Describe what you would observe when excess concentrated hydrochloric acid is
added to aqueous copper(II) sulfate. Write an equation to explain the observation.
(ii) State and explain what would happen if excess aqueous ammonia is added to the
resultant solution in (b)(i).
[4]
(c) The use of the Data Booklet is relevant to this part of the question.
(i)

Explain why, when a sample of copper(I) sulfate was added to water, a pink solid
and a pale blue solution were obtained.

(ii) The mixture in (c)(i) was filtered. The filtrate gave a white precipitate in a brown
solution on addition of potassium iodide.
Explain why this reaction would not be expected to occur.
(iii) Suggest a reason why the reaction in (c)(ii) does in fact occur.
[3]
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(d) When fluorine gas is passed over a heated mixture of potassium chloride and
copper(II) chloride, a pale green solid, Z, containing only potassium, copper and
fluorine is formed.
When 1.00 g of Z was reacted with water, 20.4 cm3 of oxygen (measured at 298 K and
1 atm) were evolved and a blue acidic solution was formed. This solution was divided
into two equal parts. Titration of one part with 0.100 mol dm−3 NaOH required
17.00 cm3 for neutralisation. The other part was electrolysed and 0.108 g of copper
metal was deposited at the cathode.
(i)

Calculate the number of moles of oxygen molecules, hydrogen ions and copper
ions formed in the reaction with water.

(ii) Assuming that 1 mol of Z contains 1 mol of copper atoms, deduce its relative
formula mass and hence its formula.
(iii) Write balanced equations for the formation of Z and for its reaction with water.
[7]
(e) An alkaline solution of complexed Cu2+(aq) is used in organic chemistry to test for a
particular functional group.
Draw the displayed formula of one compound with the molecular formula C4H8O that
would show a positive result in this test, and the displayed formula of one compound
with the same molecular formula that would not. Label your structures clearly.
[2]
[Total: 20]

~ END OF PAPER ~

9647 / YJC / 2013 / JC2 Preliminary Examination / Paper 3

Yishun Junior College
Chemistry

1

H2 Chemistry 9647 Preliminary Examinations 2013
Suggested Answers
Paper 1: Multiple Choice Questions
Q1
B

Q2
D

Q3
A

Q4
D

Q5
C

Q6
C

Q7
D

Q8
D

Q9
C

Q10
A

Q11
C

Q12
B

Q13
A

Q14
D

Q15
D

Q16
A

Q17
B

Q18
D

Q19
C

Q20
B

Q21
B

Q22
A

Q23
B

Q24
C

Q25
D

Q26
C

Q27
D

Q28
A

Q29
C

Q30
D

Q31
D

Q32
B

Q33
B

Q34
A

Q35
D

Q36
C

Q37
B

Q38
B

Q39
A

Q40
A

Paper 2: Structured Questions
1

(a)

½C4H2O4 + NaOH  ½C4O4Na2 + H2O

(b)

(Due to the small temperature rise obtained), the use of the thermometer with
divisions of 1 °C would lead to a large percentage error in the temperature rise (or
formula for % error).
Or
the reading error of the thermometer with divisions of 1 °C is large compared to the
small temperature rise obtained.
(do not accept “the reading error is large” without the comparison)

(c)

1. Using a 50 cm3 / 100 cm3 measuring cylinder, add 50 cm3 of FA1 solution into
the styrofoam cup. Measure the initial temperature of this solution, T1, using the
thermometer.
2. Using another 50 cm3 / 100 cm3 measuring cylinder, measure out 50 cm3 of FA2.
Measure the initial temperature of this solution, T2, using the thermometer.
3. The initial temperature, Tinitial, is obtained by taking the weighted average of T1
and T2 (in this case it is just the mean of the two values as the volume of the
solutions are the same).
4. Pour the FA2 solution in the measuring the cylinder swiftly into the Styrofoam
cup carefully without spillage, and cover the cup with the lid.
5. While stirring the resultant mixture gently with the thermometer, read the
maximum temperature, Tmax, reached (just before the temperature starts to drop).
6. The temperature rise for the experiment is just Tmax − Tinitial.
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(d)
&
(e)

∆T / °C

T °C

V cm3

0

(f)

(i)

50

100

volume of FA1
added / cm3

From the stoichiometry of the equation given in (a),
nC4 H 2O4
nNaOH



1
1
,  nC4 H 2O4   nNaOH
2
2
1
2

 [C4 H 2 O4 ]  V  103   2.0  (100  V ) 103
 [C4 H 2O4 ] 
(ii)

100  V
V

q  100  4.2  T  420T  420 103 T kJ
nreaction  nH 2O ( formed ) 

 H neu  

(f)

q
nH 2 O



1
1
 nNaOH   2.0  (100  V )  103  (100  V )  103 mol
2
2

420  103 T
(100  V )  10

3



420T
kJmol 1
(100  V )

As the 2.0 mol dm−3 sodium hydroxide / squaric acid used in the experiment is
corrosive, contact with skin should be avoided. Hence, gloves should be worn and
droppers should be used when handling the sodium hydroxide solution.
Or
The Styrofoam cup which has a thermometer inside it, may topple and cause the
thermometer to break, and the broken glass may cut somebody / the spilled mercury
is highly toxic. Hence, the Styrofoam cup should be placed in a 250 cm3 beaker, to
prevent it from toppling over.
Or other relevant hazards identified and reasonable way of minimising risk.

2

(a)

(i)

Group V
The “big jump” of I.E. occurred between the fifth and sixth I.E., which indicates
that there are five valence electrons.

(ii)

Lower
(As the electronic configuration of element L is [Ne] 3s2 3p4), there are two
electrons in one of the 3p orbital, and there will be inter-electronic repulsion,
making the removal of one of the electrons easier than expected.
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(iii)

(b)

JCl4 + 2H2O  JO2 + 4HCl
or
SiCl4 + 2H2O  SiO2 + 4HCl
KCl3 + 3H2O  H3KO3 + 3HCl
KCl5 + H2O  KOCl3 + 2HCl
KCl5 + 4H2O  H3KO4 + 5HCl
or
PCl3 + 3H2O  H3PO3 + 3HCl
PCl5 + H2O  POCl3 + 2HCl
PCl5 + 4H2O  H3PO4 + 5HCl
(either one of the equations)

(i)

+
-particles

-rays

source
-particles

−

(−particles towards negative plate, -particles towards the negative plate,
and −particles deflected less than the -particles)
(ii)

protons: 17, neutrons: 19

(iii)

radiation A: -particles / electrons
The conversion of 36Cl to 36Ar involves the increase of proton number by 1
units which corresponds to the loss of electron (-particles) − a neutron
converted into a proton and an electron

(iv)

Assuming that the amount of chlorine-36 at the beginning is x, and there is no
argon-36 present.

Time
0
t1/2
2t1/2
3t1/2

36

Cl

x
x/2
x/4
x/8

36

Ar
0

x/2
3x/4
7x/8

time required = 3 x 300,000 = 900,000 years
(c)

(i)

(ii)

titanium electrode: 2Cl−  Cl2 + 2e−
steel electrode: 2H+ + 2e−  H2
nCl2 

1.00  106
 14.1 103 mol
71.0

 n   2  nCl2  2  14.1 103  28.2  103 mol
e

Q  n   F  28.2  103  96500  2.72  109 C
e

 I

Q
2.72 109

 31.5 103 A
t 24  60  60
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3

(iii)

equation: Cl2 + H2  2HCl
potential safety hazard: In the presence of heat or uv light, the reaction may
be explosive.

(iv)

Cl2 + 2NaOH  NaCl + NaClO + H2O

(d)

When concentrated H2SO4 is added to solid halides, the first product is the hydrogen
halide, which is seen as white fumes.
KCl + H2SO4  HCl + KHSO4
KBr + H2SO4  HBr + KHSO4 (either one)
(HCl has no further reaction with concentrated sulfuric acid)
HBr(g) will be further oxidised by the concentrated sulfuric acid to Br2 which is seen
as an orange fumes.
2HBr + H2SO4  Br2 + 2H2O + SO2
This difference in the reactions is because HBr is a stonger reducing agent than
HCl.

(a)

(i)

nucleophilic substitution / hydrolysis
electrophilic addition

(ii)

cold concentrated H2SO4, followed by heating with H2O
or
H2O(g) (steam), H3PO4 catalyst, 300C, 60 atm

(iii)

X is formed from a five-membered ring (malic anhydride), and so the two Rgroups must be on the same side of the carbon-carbon double bond (cis) – if
not it will not be able to form the cyclic ring.

(iv)

aqueous bromine / bromine in CCl4
X will decolourise the brown aqueous bromine, no decolourisation for malic
acid
or
K2Cr2O7, dilute H2SO4, heat
malic acid will turn orange K2Cr2O7 green, no colour change for X.
or
KMnO4, dilute H2SO4, heat
X will decolour purple KMnO4, and produce a gas that forms a white ppt with
Ca(OH)2; malic acid will only decolourise purple KMnO4.

(i)

Comparing experiment 1 and 2,
When [HO2CCH2CHO] decreased by ¾ times, the rate also decreased by ¾
times
 first order with respect to HO2CCH2CHO
Comparing experiment 1 and 3,
When [HCN] increased by 3 times, the rate remained the same
 zero order with respect to HCN
Comparing experiment 2 and 4,
When [NaCN] increased by 8/5 times, the rate also increased by 8/5 times
 first order with respect to NaCN
rate equation: rate = k [HO2CCH2CHO] [NaCN]

(ii)

As the volume of the solution is doubled, the concentration of HO2CCH2CHO
and NaCN will both be halved.

(b)
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 the rate will be one-quarter of that for experiment 4 = 0.250
(iii)

NaCN(s) → Na+(aq) + CN−(aq)


O

O

+

R'

slow

:CN-

C

R'

C

CN

R
R

O
R'



C

OH
CN

H

R'

CN

C

CN

+ CN-

R

R

(where R’ = HO2CCH2−, and R is H−)
This mechanism is consistent with the rate equation from (b)(i), because the
rate determining step (slow step) involves one mole of HO2CCH2CHO and one
mole of CN−
(iv)

4

(a)

The malic acid obtained from apple juice is optically pure / optically active /
can rotate plane polarised light (not “chiral”), while the malic acid synthesised
is a racemic mixture / optically inactive / does not rotate place polarised light.
For step 2 of the mechanism, the planar arrangement of groups around the
carbonyl carbon allows nucleophilic attack from either above or below the
plane with equal probabilities, leading to equal concentration of both optical
isomers.

(i)

C2H5
C+

H3C

CH3

(ii)

2,2-dimethylbutanoic acid

(iii)

number of electrons: 6

(iv)
H

H

H

H

H

C

C

C

C

H

H

(b)

H

CH 2 Cl

H 3C

H3 C

CH3

structural formula
Cl

ratio

6

4
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(a)

(i)
H2N

H

O

C

C

CH2

H

O

N

C

C

H

CH2

H
N

C

H

CH2

CO2H

CO2H

OH

(ii)
CH2

−

O

+

H

hydrogen bonding

−

:O

+ OH

C
CH2

CH2

van der Waals’
interactions
O

H

CH2

(b)

The -helix is a regular coiled configuration of the polypeptide chain that resembles
an extended spiral spring.
The structure is held in this fixed position (or stabilised) by hydrogen bonds between
the N−H group of one amino acid residue and the fourth C=O group following it
along the polypeptide chain (or shown in diagram)
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(c))

(d))

(i)

C 3OH, con
CH
ncentrated H 2SO4, reflu
ux

(ii)

Itt is because
e aspartic a cid has two
o carboxylic acid groupss, and both may react
w phenyla
with
alanine or m
methanol to form many unwanted pproducts.

(i)

Io
onic interac
ctions exist b
between gly
ycine molec
cules (as it fforms zwitte
erions),
w
while
intermolecular hyd
drogen bon
nding exist between
b
2-hhydroxyetha
anmide
m
molecules.
A lot more energy is req
quired to ov
vercome the
e much stroonger ionic interactions
c
compared
to
o the weake
er intermolecular hydrogen bondinng, and hence a higherr
te
emperature is required
d to melt gly
ycine.

(ii)

Cyclohexylamine is the strongest base
C
b
as the cyclohexyl group is an
n electron
d
donating
gro
oup, and he
ence it intensifies the electron denssity of the lo
one pair of
e
electrons
on
n the nitroge
en atom, ma
aking it morre available for donatio
on to a
p
proton.
p
phenylamine
e is a weake
er base than cyclohexy
ylamine beccause the lo
one pair of
e
electrons
on
n the nitroge
en atom inte
eracts with the
t -electro
ron cloud off the
b
benzene
ring
g, and is the
erefore less
s available for
f donationn.
N
N-phenyleth
anamide is the weakes
st base, as the lone paair of electro
ons on the
n
nitrogen
atom
m is deloca
alised over the
t carboxyl group in thhe amide, and
a is
th
herefore the
e least availlable for donation.

(iii)

Alkyl groups
A
s are 2,4-dirrecting, and so the major productss for nitration of
m
methylbenze
ene is 1,2- a
and 1,4- substituted
F tert-buty
For
ylbenzene, a
as the butyl group is ve
ery large annd bulky, it will
w hinder
th
he approach
h by the ele
ectrophile (N
NO2+) to atta
ack at the ccarbon-2 po
osition, and
so the produ
uct is predom
minantly the
e 1,4-substituted produuct.

Paper 3: Frree Response Questions
1

(a))

(i)

Th
he standard
d electrode
e potential of an elem
ment is thee potential difference
e
–3
be
etween the element an
nd its aqueo
ous solution
n of 1.00 mool dm rela
ative to thatt
off the standard hydrogen
n electrode at 1 atm an
nd 298 K.
h
high resistan
nce voltmetter

(ii)

V
salt bridge
H2(g)
at 298K &
1 atm

Pt(s)

ClO2(aq), Cl‒(aq),
H+(aq) at
1 mol dm–3

+

H (aq)
1 mol dm–3
(−))
(iii)

(+)

H2S  S + 2H
H+ + 2e−
2C
ClO2(g) + 5H
H2S(aq)  2Cl−(aq) + 5S(s) + 4H2O(l) + 2H+ (aq)
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(b)

(i)

−

OOC−CH=CH−COO− is doubly negative charged and hence more likely to
attract a H+ to form HOOC−CH=CH−COO−.
or
It is easier for a neutral molecule like HOOC−CH=CH−COOH to donate a
proton (H+ ion) than from HOOC−CH=CH−COO− which is negatively charged.

(ii)

The conjugate base of maleic acid is stabilised through intramolecular
hydrogen bonds.

..

-O

O

H

O
C

C
C
H

(iii)

+

O

C
H

[H  ]  0.15  (9.33  10 4 )  1.18  10 2 mol dm 3
pH = 1.93

(iv)

(explanations for the essential points on the graph)
 initial pH on the titration curve = 1.93 {as calculated in part(iii)}
 volume of NaOH at the two end points = 15 cm3 and 30 cm3
first end-point
HOOC−CH=CH−COOH + NaOH  HOOC−CH=CH−COONa + H2O
Volume of NaOH required = 0.0015 ÷ 0.10 = 0.015 dm3 = 15 cm3
second end-point
HOOC−CH=CH−COONa + NaOH  NaOOC−CH=CH−COONa + H2O
Volume of NaOH required = 15.00 × 2 = 30 cm3
 pH at the two half-neutralisation points = 3.03 and 4.44
At 7.50 cm3, [acid] = [mono-anion]. Hence pH = pK1 = 3.03
At 22.50 cm3, [mono-anion] = [di-anion]. Hence pH = pK2 = 4.44
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(The following two points are not essential – i.e. bonus)
 pH at second equivalence point = 10.3



(d)

(i)

[OH  ]  (2.75  10 10 )  0.0375  3.211  10 6 mol dm 3
pOH = 5.49, pH = 8.51
pH at 40 cm3 NaOH added = 12.3
No. of moles of excess OH− = 1.00 × 10−3
[OH−] = (1.00 × 10−3) ÷ 0.05 = 2.00 × 10−2 mol dm−3
pOH = 1.69, pH = 12.3

C9H12O
H

(ii)

OH

CH2

C

H

CH3

CH3
C

C
H

OH

CH2CH2CH3

A

B

C

H

H

H
C

C

H
C

OH

C
Br

H

H2 C

Br

CH3
CH2CH2CH3
Br

D

2

(a)

E

F

(i)

dilute H2SO4, heat under reflux

(ii)

Potassium manganate(VII) is a strong oxidising agent which will oxidise the
oxalic acid to carbon dioxide and water instead.

(iii)

Y has 4 stereoisomers.
H

H
HOCH2

C
C

C

CO2H
OH

HO2C
HO

H
H

C
C

HOCH2

C
H

C

C

H

H

H

CH2OH

C

H

H
CO2H
OH

HO2C
HO

H

C
C
H

C
CH2OH
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(b)

(c)

(i)

Carbon monoxide and carbon dioxide

(ii)

They behave ideally under high temperature and low pressure.
At a high temperature, the gas particles have sufficient energy to overcome the
intermolecular forces of attraction hence they are no longer attracted to one
another.
At a low pressure, the gas particles are spaced far apart which makes their
size negligible compared to the size of the container.

(i)

2-

xx

O

xx
x
x

O

x
x

2+

C

x

C
x

Ca

x

(d)

(e)

O
x

xx

xx

x

O

(ii)

The lone pair of electrons on the 2 O‒ interacts with the  electrons of their
adjacent C=O bond respectively, such that resonance occurs between the
O‒C‒O atoms.

(i)

Ksp(CaC2O4) = [Ca2+][C2O42‒]

(ii)

Amount of CaCl2 added
= 0.00500 mol
Amount of Na2C2O4 added = 0.0300 mol
As 1 mole of Ca2+ reacts with 1 moles of C2O42‒ to form CaC2O4,
C2O42‒ is in excess.
Amount of CaC2O4 formed = 5.00 × 10−3 mol

(iii)

Amount of excess C2O42‒ = 0.0300 – 0.00500 = 0.0250 mol
[C2O42‒]left over = 0.0250 ÷ 0.150 = 0.167 mol dm−3

(iv)

Let x be the solubility of CaC2O4.
[Ca2+] = x and [C2O42‒] = (x + 0.167)
2.32 × 10−9 = (x) (x + 0.167), since x is very small, (x + 0.167) ≈ 0.167,
x = 1.39 × 10-8 mol dm−3

(v)

Not possible. As shown in part (iv), there will still be [Ca2+] left over in the
solution, after 100 cm3 of Na2C2O4 has been added.

unit: mol2 dm‒6

Mg2+ is smaller than Ca2+ and thus has a higher charge density and polarising power.
Hence Mg2+ distorts the electron cloud of C2O42‒ more significantly, and thus
weakens the C‒O bond to a greater extent compared to Ca2+.
 MgC2O4 decomposes at a lower temperature to form the metal oxide.
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3

(a)

(i)

I : nucleophilic addition
II : hydrolysis
CH3

(ii)
H3C

C

CH3
OH

PBr3

H3 C

H

C OH

K2Cr2O7,
H2SO4(aq),
reflux

CH3

H3C

OMgBr

C

O

H3C
CH3 CH3

CH3 CH3
C

OMgBr +

C

C
H

H3C
H3C

O

H3C

H

(b)

dry ether

H3C

H

H3C

Br

H

CH3
H3C

C

CH3
Mg

(i)

C

C

H

CH3

OMgBr

H2O

H3C

C

C

H

CH3

OH

15
‒3
1000 x 0.200 = 3.00 x 10 mol

Number of moles of HCl =

‒3

Number of moles of NH3 = 3.00 x 10

mol
–3

Number of moles of NH2CONH2 = ½ (3.00 x 10 )
–3
= 1.50 x 10 mol
Mass of nitrogen in urea = 2(1.50 x 10–3) x 14 = 0.0420 g
% of nitrogen in fertiliser =

(ii)

0.0420
0.100 x 100

= 42.0 %

NH2CONH2 + H2O  2NH3 + CO2

(iii) Mg3N2 will react with the water in the soil to form Mg(OH)2 and NH3 (given in earlier
part of question), the Mg(OH)2 produced would increase the pH of the soil, making
the soil unsuitable for plant growth.
(c)

(i)

2NH3 ƒ NH4+ + NH2‒

+

(ii)

H
x

H

x

N
x

H
109

H

H

x

N
x

H
105
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(d)

(i)

III: ethanolic CH3Cl, heat under reflux
H:

Cl

H 2N

NHCH3

O

(ii)

4 (a)

There is overlapping of the lone pair of electrons on the chlorine atom with the 
electron cloud of the alkene carbon atoms, resulting in partial double bond
character between the chlorine and its immediate carbon atoms, which is strong
and difficult to break.

(i)
enthalpy

2Fe3+(g) + 3O2(g)
3 x [1st + 2nd ∆HEA (O)]

2Fe3+(g) + 3O(g)
2 x [1st +2nd + 3rd IE (Fe)]
LE (Fe2O3)

2Fe(g)

+ 3O(g)

3/2 x BE(O=O)

2Fe(g)

+ 3/2 O2(g)

2 x ∆Hat (Fe)

2Fe(s)

+ 3/2 O2(g)
∆Hf (Fe2O3)

Fe2O3(s)

∆Hf(Fe2O3) = 2∆Hat(Fe) + 2[1st IE + 2nd IE + 3rd IE(Fe)] +

3
BE(O=O)
2

+ 3[1st & 2nd EA (O)] + LE(Fe2O3)
3
‒826
= 2(414) + 2(762+1560+2960) + (496) + 3(703) + LE(Fe2O3)
2
LE (Fe2O3) = ‒1.51 x 104 kJ mol‒1
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(ii)

cation

ionic radius / nm

Fe3+

0.064

3+

0.050

Al

q  q
, since Al3+ is smaller than Fe3+, the
r  r
magnitude of lattice energy for Al2O3 is greater (since the denominator of the
fraction is smaller), i.e. there is a stronger attraction between Al3+ and O2‒ ions
Given that lattice energy 

which requires more energy to break.
(iii) Al2O3 + 6H+  2Al3+ + 3H2O or Fe2O3 + 6H+  2Fe3+ + 3H2O

Al2O3 + 2OH + 3H2O  2Al(OH)4
(b) (i)

Iron contains partially filled 3d orbitals (and other energetically accessible
orbitals) which can form weak bonds / interactions with the reactant molecules.

(ii)

1. Reactant molecules H2 and CO are adsorbed onto the surface of iron
catalyst.
2. Weakening of the HH and CO bonds in the reactant molecules occur and
this lowers the activation energy of the reaction, which is followed by the
formation of CH and OH bonds in product molecules.
3. Product molecules are desorbed from the surface of iron catalyst.

(iii) The physical state of the product hydrocarbon changes from gas to liquid / solid
with an increasing carbon chain length.
As entropy of a liquid / solid is lower than that of a gas, hence the decrease in
the entropy of the reaction becomes more significant as the physical state of the
product hydrocarbon changes from gas to liquid / solid.
(c)

(i)

The quaternary structure comprises 4 polypeptides (2 and 2 subunits), each
with its own haem group, and every haem group consists of a central iron(II).
The structure is maintained by intermolecular van der Waals’ forces, hydrogen
bonding and ionic interactions between the R-groups of the amino acid residues.
(note: there are no disulfide bridges present within each subunit)

(ii)

In the lungs where concentration of oxygen is higher, equilibrium for the above
reaction will shift to the right to form oxyhaemoglobin molecules, Hb(O2)4, which
are carried to the vital organs in our human bodies.
In the vital organs where concentration of oxygen is lower, equilibrium will then
shift to the left to release the oxygen molecules and form deoxyhaemoglobin
molecules, Hb, which are then transported back to the lungs.

(iii) As carbon monoxide is a stronger ligand than oxygen and water, it binds
irreversibly to Fe2+ in haemoglobin molecules which causes them to lose their
ability to transport oxygen in our bodies.
(iv) Change in the structure of the protein such that it loses its biological activity.
In basic medium, the ionic interactions between oppositely charged R groups (‒
COO‒ and ‒NH3+) are disrupted, which causes the protein chain to unfold.
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5 (a)

(i)

A transition element is a d-block element that forms at least one or more stable
ions with a partially filled d-subshell.

(ii)

In a complex, the presence of ligands causes a splitting of the d-orbitals into two
sets with different energy levels. The difference in energy between the d and d*
orbitals, ∆E, falls within the energy (wavelength) range of visible light.
When exposed to light, an electron from the lower energy d orbitals can absorb
certain wavelengths of visible light and promotes to the higher energy d*
orbitals.
The colour of the complex observed will therefore be the mixture of wavelengths
of visible light that are not absorbed i.e. the complimentary colour is emitted.

(b) (i)

The blue solution turns yellow.
[Cu(H2O)6]2+ + 4Cl ⇌ [CuCl4]2 + 6H2O
blue

(ii)

yellow

The yellow solution will turn deep blue due to ligand exchange reaction.
[CuCl4]2 + 4NH3 ⇌ [Cu(NH3)4]2+ + 4Cl
yellow

(c)

deep blue

(i)

Cu+ disproportionates to Cu (pink solid) and Cu2+ (blue solution).
2Cu+(aq)  Cu(s) + Cu2+(aq)
Eocell = +0.37V

(ii)

2Cu2+(aq) + 4I−(aq)  2CuI(s) + I2(aq)
Eocell = 0.39V
Since the Eocell is negative, the reaction is not feasible.

(iii) The precipitation of CuI reduces the concentration Cu+(aq), promoting the
reduction of Cu2+(aq) to Cu+(aq) and hence making the reduction potential of
Cu2+/Cu+ more positive such that Eocell is positive and the redox reaction
becomes spontaneous/feasible.
Or
The reaction is not carried out under standard conditions.
(d) (i)

No. of moles of O2 = 20.4 ÷ 24000 = 8.50 × 10−4
No. of moles of H+ = (0.1 × 0.017) × 2 = 3.40 × 10−3
No. of moles of Cu = (0.108 ÷ 63.5) × 2 = 3.40 × 10−3

(ii)

No. of moles of Z = 3.40 × 10−3
Relative formula mass of Z = 1 ÷ 3.40 × 10−3 = 294
Formula of Z: K3CuF6

(iii) 3F2 + 3KCl + CuCl2  K3CuF6 + 2½Cl2

4K3CuF6 + 2H2O  O2 + 4HF + 4CuF2 + 12KF
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(e)
H

O

H

H

H

C

C

C

C

H

H

H

H

H

H

O

H

H

C

C

C

C

H

H

H

or

H

O

H

H

C

C

C

H

H
H

C

H

H

positive test

negative test

~ END OF SUGGESTED ANSWERS ~
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