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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 Acidified, agueous potassium manganate(VI1) oxidises ethanedioate ions, C204%, to
COo..

2MnOa4 (aq) + 5C204%(aq) + 16H*(aq) — 2Mn?*(aq) + 10CO2(g) + 8H20(l)

What is the concentration of potassium manganate(VIl), in mol dm3, if 20 cm? is
required to completely oxidise 2.0 x 10-® mol of the salt KHC204.H2C204?

A Ex@x2.0x10'3
2 20

B Ex—1000 x4.0x1073
2 20

= EX@XZ.OxlO'g
5 20

D 2 1000

X——x4.0x107
20

2 The radioactive decay of polonium, *5Po, can be simply represented by the

following equation.
?9P0— “BPb + a + 2e

What would be the path taken by the alpha particle, a, when it is passed through an
electric field?

source
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3 What are the values of angle x, y and z in a molecule of Disperse Yellow?

H
Y4
o)
o
CHgﬁc_NH@N/:N@
y CH,

Disperse Yellow

angle x angley angle z
A 90 115 105
B 90 180 180
C 120 115 105
D 120 180 115

4 Which of the following pairs of graphs share the same general shape according to
ideal gas law for a fixed mass of gas?
A pagainstV (atconstant T) and V/T against T (at constant p)
B pVagainstV (atconstant T) and V/T against T (at constant p)
C pagainstT (atconstantV) and pV against p (at constant T)
D

V against T (at constantp) and pV against p (at constant T)

5 Travellers to countries with cold climate may sometimes use heat packs to keep
warm. One example is the sodium ethanoate heat pack. This consists of a
supersaturated solution of sodium ethanoate and a small metal disc containing very
small crystals of sodium ethanoate.

When the disc is broken, the small crystals of sodium ethanoate are released into
the solution and act as nucleation sites to catalyse the crystallisation reaction of
sodium ethanoate.

Which line gives the signs of AH, AS and AG for the overall process?

AH AS AG
A - - -
B - - +
C + + -
D + + +
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6 Barium reacts with water to form barium hydroxide and hydrogen.
Ba(s) + 2H20(l) — Ba(OH)z(aq) + Hz(g)
The standard enthalpy change for this reaction can be measured in the laboratory.

What further information is needed to calculate the standard enthalpy change of
formation of solid barium hydroxide?

| Standard enthalpy change of formation of water

] Standard enthalpy change of solution of barium hydroxide
I1l Standard enthalpy change of hydration of barium ion

IV Standard enthalpy change of hydration of hydroxide ion

A I only

B land Il

C Iland IV

D [, 11, 1l and IV

7 The distribution of the number of molecules with energy E is given in the sketch for
two temperatures, T1 and a higher temperature T2. The letters P, Q, R refer to the
separate and differently shaded areas. The activation energy is marked on the

energy axis.
Legend
Number of
A Tl .
molecules T region P
with energy E F,—" M 2
| .
fﬁ Iy region Q
41 hy

A N[
" &\\ region R

o

energy E

activation energy

Which expression gives the fraction of the molecules present which have at least
the activation energy at the higher temperature T2?

Q +R +R +R
A B g c 2 p TR
P P+Q P+Q+R
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8 Aspirin is an analgesic often used to relieve minor aches and pains. The chemical
stability of aspirin is of great importance since it becomes less effective when
exposed to high temperature and moisture.

A kinetic study on the reaction of aspirin and water was conducted.

(@]
OLCHB + HZO - OH + CH3COOH
o/ OH O/ OH

aspirin

The graph below shows the concentration of aspirin against time for this reaction.
A

[aspirin]

» time
What does the shape of the graph suggest about this reaction?
A Itis exothermic.

It is endothermic.

It shows first order kinetics.

O O

It produces its own catalyst.
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9 Use of the Data Booklet is relevant to this question.

A cell is set up by connecting a Cu?*/Cu half-cell and an acidified Cr20727/Cr3* half-
cell under standard conditions.

\LJ

salt bridge

copper — platinum

R

[Cr**(aq)]

=[H'(aq)]
[Cu?*(aq)] TE = [Cr,0;*(aq)]
=1 mal dm- =1.0 mal dm=3

Which of the following correctly describes the effect on the e.m.f of the cell when the
corresponding change is made?

Change Effect on e.m.f of cell
A replace copper with an alloy of copper and silver increases
B addition of concentrated H2SOa4 into reduction half-cell decreases
addition of dilute NaOH into oxidation half-cell decreases
D addition of water into oxidation half-cell increases

10 When a dilute sulfate solution of a metal J is electrolysed, the metal J and a
diatomic gas K are produced at the cathode and the anode respectively in the molar
ratio 2:1. In another experiment, the same quantity of electricity is used to
electrolyse a saturated sodium chloride solution and a gas L is evolved at the
anode.

What is the molar ratio of J:K:L?

A 211 B 2:1:2
C 421 D 4:2:3

© PJC 2012 9647/01/JC2 PRELIM/2012
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11  The following equation represents the conversion of Y2to Y.

Ya(g) = 2Y(g)

The conversion was studied using a fixed amount of Y2 in a reaction vessel. At
different times during the experiment, changes were made to the conditions in the
reaction vessel. The change in the concentrations in the equilibrium mixture with
time is given by the graph below:

-
-

3

Concentration

r

T, T, Tirmne

Which one of the following statements is correct?

A catalyst was added at Tx.
There was a decrease in volume of the reaction vessel at To2.

There was an increase in temperature at T2.

O 0O W >r

More Y2 was introduced at T2.

12 A pure sample of dinitrogen tetraoxide at an initial pressure of 1 atm is allowed to
reach equilibrium in a vessel of constant volume and constant temperature.

N204 =— 2NO2

What is the equilibrium constant, Kp, for this reaction, given that the equilibrium
pressure is 1.5 times greater than the initial pressure?

A 1atm B 2 atm C 3 atm D 4atm

© PJC 2012 9647/01/JC2 PRELIM/2012
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13 The table below shows the values of the ionic product of water, Kw, at two different
temperatures.

Temperature / °C | Kw/ mol?2 dm®

25 1.00 © 1014
62 1.00 " 108

Which of the following statements is correct for pure water?

A The ionic dissociation of water is an exothermic process.
B At62°C, pH=14-pOH.

C At62°C, pH < pOH.

D At62°C,itis neutral and pH < 7.

14 A sample of waste solution at pH 1 is found to contain 0.100 mol dm= zinc sulfate
and 0.100 mol dm lead(ll) sulfate. Solid sodium hydroxide is slowly added until the
pH is 5.

The solubility product of zinc hydroxide is 3.00 x 10°*” mol® dm= and that of lead(ll)
hydroxide is 1.42 x 10-2° mol® dm™.

Which statement describes what happens in the solution?

A No precipitate is formed.

B Only lead(ll) hydroxide is precipitated.

C  Only zinc hydroxide is precipitated.

D Both zinc hydroxide and lead(ll) hydroxide are precipitated.

15 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 decreasing ionic radius?

A RQP
B RPQ
C QPR
D PQR

© PJC 2012 9647/01/JC2 PRELIM/2012
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16  Which property of the Group Il elements (magnesium to barium) and their
compounds increases with increasing proton number?

A  The ease of thermal decomposition of the carbonate
The pH of the aqueous chloride

B
C  The solubility of hydroxide in water
D

The magnitude of the enthalpy change of hydration of the metal ion

17  The ash from burnt seaweed contains chlorides and iodides of some Group | and
Group Il elements. Some seaweed ash was treated with concentrated sulfuric acid
and the resulting fumes passed first through a cold tube and then bubbled through
agueous silver nitrate.

What would be observed during the experiment?

inside the cold tube with aqueous silver nitrate
A no deposit white precipitate
B no deposit yellow precipitate
C black deposit white precipitate
D black deposit yellow precipitate

© PJC 2012 9647/01/JC2 PRELIM/2012
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18 Nickel(ll) ion forms a red complex with ligand L (shown below) at room temperature.

|
\N/
O_

L

The graph below was obtained when the colour intensities of mixtures of a
4 x 10~2 mol dm=2 solution of L and a 3 x 102 mol dm~2 solution of nickel(Il) chloride
were measured using a colorimeter at room temperature

1 " T
JF | :4_, I ] 1 ) 1 !

100 P | BEE 1 {

0-80 5

B
iy

o
o,
o

Q
S
o]

colonmeter reading

0-20

]

0-00 3 d
0O 1 2 3 4 5 6 7 8 9 10
————— volume of Ni?2* soluliﬂﬂfﬁm3———-—-
10 9 8 7 6 5 4 3 2 1 0
~at———  volume of L solution /cm?3

Which one of the following statements regarding the ligand L or the nickel(ll)
complex is correct?

A

B
C
D

© PJC 2012

L is a monodentate ligand.
The nickel(1l) complex is negatively charged.
The nickel(1l) complex absorbs red light strongly.

The co-ordination number of nickel in the complex is 4.
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19 What is the total number of possible isomers that can be formed when the following
compound reacts with hot excess concentrated H2SO4?

HO

Cl

HO

20 How many esters with molecular formula C4HsO2 react with hot, acidified potassium
manganate(VII) to give carbon dioxide?

A 2 B 3 c 4 D b5

21  When excess BrCl is added to the methylbenzene in the presence of uv light, which
organic compound will be produced in the smallest proportion?

A B
CH,Br CHBr,

CH,CI CH
CH,

© PJC 2012 9647/01/JC2 PRELIM/2012
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22 Which of the following statements regarding compound Z is incorrect?

CN

CH,CHs Compound Z

A  There is only one sp hybridised carbon atom in a molecule of Z.
A molecule of Z contains four p bonds.

C  After Z reacts with LiAlH4, all the carbon atoms in the product formed are sp?
hybridised.

D  After Z reacts with HCI(g), all but one carbon atom in the product formed are
sp? hybridised.
23  Compound V may be synthesised from benzene.

Br
HO,C NH,,

\Y
Which of the following synthetic routes will yield compound V?

A alkylation ® nitration ® oxidation ® bromination ® reduction
bromination ® nitration ® reduction ® alkylation ® oxidation

nitration ® alkylation ® reduction ® bromination ® oxidation

O O

nitration ® reduction ® bromination ® alkylation ® oxidation

© PJC 2012 9647/01/JC2 PRELIM/2012
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24  Putrescine is used in the production of Nylon-4,6. It can be synthesised from
ethene by the following reactions.

| I 1
CH,=CH, —> Y —> NCCH,CH,CN — H,NCH,CH,CH,CH,NH,

Putrescine

Which of the following gives the correct reagents and conditions for steps I to 111?

| 1 11
A Br2 KCN in ethanol, heat Hz, Ni, 200 °C
B Br2 HCN, trace NaCN, 15 °C LiAlHa4, dry ether
C cold, alkaline KMnQOa4 KCN in ethanol, heat LiAlH4, dry ether
D | cold, alkaline KMnO4 | HCN, trace NaCN, 15 °C Hz, Ni, 200 °C

25  Which of the following compounds would not give sodium ethanoate when treated
with hot, aqueous sodium hydroxide?

A CHsCONHCHs
B CeHsOCOCH:s
C CHsCH2CN

D CHsCOCI

26  When treated with concentrated potassium hydroxide, benzaldehyde undergoes
disproportionation.

What compounds are produced in this reaction?

A CesHsO0K* and CsHsCO2K*

B CeHsOK* and CeHsCH20H
C CeHsCH2O0'K* and CeHsCO2'K*
D CsHs5CH20OH and CeHsCO2K*

© PJC 2012 9647/01/JC2 PRELIM/2012
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27  Which of the following compounds

(i) does not decolourise hot, acidified KMnOas(aq) and
(i) gives a salt when reacted with NaOH(aq)?

A CH3CO2CH2COzH
B CH2(OH)COCH2CO2H
C  (CHs)2C(OH)CH2COOH

CHs

OH

28 Compounds X, Y and Z all react with PCls to release hydrogen chloride, but only
one reacts with Fehling’s solution.

Which one of the following combinations could be X, Y and Z?

X Y Z
CH,OH H,OH CHO
' : : :
CH,CH,OH CH,CHO CH,CHO
CH,OH CHO CH,OH
B : : :
CH,CH,OH CH,OH CH,CHO
CO,H H,OH CO,H
) : : :
CO,H CH,CHO CH,CHO
CO,H CH,OH CO,H

O

CH,CH,OH

© PJC 2012 9647/01/JC2 PRELIM/2012
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29 Morphine is an effective pain killer.

N
TSCHg

HO o] OH
morphine
Which of the following statements about morphine is correct?

A It contains 4 chiral centres.

B It reacts with Brz(aq) to incorporates up to 3 atoms of bromine atoms in each
molecule.

It decolourises Baeyer’s reagent (alkaline KMnOa) at room temperature.

D With excess PCls, 1 mole of morphine reacts with excess PCls to give 2 moles
of HCI.

30 A mixture of amino acids can be separated using electrophoresis. The solution of
amino acids is buffered at a specific pH and placed in a well in a gel conducting
current between two electrodes.

At a buffer pH of 8, which of the following amino acids will appear closest to the
anode at the end of electrophoresis?

NH,
A
NH,
B
HO,C—CH—CH,CO,H
NH,
C

NH,

|
D HOZC—CH—CHZ@—OH
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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

32

33

Gases A and B are both gaseous hydrocarbons. When a 30 cm? mixture of A and B
in the ratio of 1:2 is sparked continuously with excess oxygen gas, 70 cm? of the
residual gas is absorbed by aqueous sodium hydroxide.

Which of the following pairs of hydrocarbons could be A and B?

A B
1 methane propane
2 propane ethane
3 pentane methane

Which of the following pairs of elements have the same number of unpaired
electrons in their ground state?

1  carbon and titanium
2  nitrogen and cobalt

3  fluorine and copper

Which of the following could act as acidic buffers?

1 A 1:2 mixture of NaOH and CsHsCOOH
2 A 1:2 mixture of HCl and NaHCOs3
3 A 1:2 mixture of HCI and CH3CO2Na

© PJC 2012 9647/01/JC2 PRELIM/2012
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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 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

A chloride and an oxide of two elements were dissolved in water.

Only one of the solutions can dissolve Al20s but both solutions cannot dissolve
SiO2.

Which of the following could be the chloride and the oxide?

1
2
3

NaCl and SOs
SiClsand P4O10
PCls and Na2O

35  The hexa-aquairon(lll) ion hydrolyses as shown.

[Fe(H20)e]**(aq) + H20(l) = [Fe(H20)s0OH]?**(aq) + H3O*(aq)

Which of the following statements are correct?

1
2
3

The corresponding iron(l1) ion [Fe(H20)e)?* is less likely to undergo hydrolysis.
The iron undergoes a change in oxidation state.

This hydrolysis is favoured by low pH values.

36  Which of the following statements about the chemical reactions of cyclohexane,
cyclohexene and methylbenzene are correct?

1

© PJC 2012

Upon reduction under suitable conditions, one mole each of cyclohexene and
methylbenzene will react with one mole and three moles of hydrogen gas
respectively.

All the three compounds decolourise bromine under uv light.

Only cyclohexene and methylbenzene will react with hot, acidified potassium
dichromate(VI).

9647/01/JC2 PRELIM/2012
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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 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.

37  For the reaction,
(CH3)3CX + CH3CH20" — (CH3)3sCOCH2CHz + X* (where X = ClI, Br or I)
which of the following statements are likely to be correct?

1  The reaction involves a nucleophilic attack by CHzCH20".
2  The rate determining step involves the formation of a carbocation.

3 The reaction will take place more rapidly when X is | than when X is CI.

38 In some organic reactions, the reactive carbon atom is not tetrahedral in the
reactant molecule but becomes tetrahedral in the organic intermediate.

To which of the following reactions does this statement apply?

NO,
1 H,SO,
+ HNO3 ——> + HYO

NaCN
2 CHsCHO + HCN ——— CH3;CH(OH)CN

CH, CH,Br

3 uv light
+ Br, —— + HBr

© PJC 2012 9647/01/JC2 PRELIM/2012
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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 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  Which of the following pairs of compounds can be distinguished using the stated
reagents and conditions?

o)
1 o) CH3~/<
/ N@ NaOH(aq) and heat
/
CHj NH, and CH,
CH3 CH,4
CH, CH4
2 OH NH, HCl(aq)
CHs and CHg
o) o)
3 >‘O >‘NH NaOH(aq), l2(aqg), warm

40  a-aminobutyric acid and g-aminobutyric acid are isomers.

O

o)
CH OH NH M
3 2 OH
NH,
a-aminobutyric acid g-aminobutyric acid

Which of the following statements are correct?

1 Both are soluble in water.
2 Both can form zwitterions.

3 Both can be obtained from the hydrolysis of protein.

END OF PAPER
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