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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 Use of the Data Booklet is relevant to this question.

The bar chart gives some information about the first ionization energies of elements
numbered 1 to 4.

The elements are adjacent to each other in the Periodic Table with increasing proton
number either across a period from left to right, or down a group.

What could these four elements be?
A B, C, N O

B Co, Ni, Cu, 2n

C Mg, Ca, Sr, Ba

D Na, Mg, Al Si

2 The chloride ion, Cl~, has the same electronic structure as

A F~

B Ne
C Na'
D Ca*

NJC/H2 Chem/01/2011



3 The table gives the successive ionization energies for an element A in Period 2.

1 st 2nd 3th 4th 5th 6th

lonization energy

1 950 1800 2700 4800 6000 12300
/ kd mol

What could be the formula of the chloride of A?

A ACI
B ACl,
C ACl;
D ACls

4 A mixture of 15 cm® of oxygen and 50 cm?® of hydrogen is sparked continuously. What is the
maximum theoretical decrease in volume? (All gases are recorded at room temperature and

pressure.)

A 65cm®
B 45cm®
cC 25cm’
D 15cm®
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5 When the salt (C,Hs),N*Cl  is treated with hydrogen chloride, a white ionic solid B is formed.
When B is dissolved in water, a 20 cm® sample of solution requires 12 cm® of 0.1 mol dm™
barium hydroxide for neutralization.

Another 20 cm® sample of solution requires 48 cm® of 0.1 mol dm™ AgNO; for complete
precipitation of chloride as silver chloride.

What do these data show the formula of the anion in B to be?

A HCly

B HCl*
C Hcl®*
D  H.Cl*

6 Methane was burnt in an incorrectly adjusted burner. The methane was converted into a
mixture of carbon dioxide and carbon monoxide in the ratio of 99:1, together with water
vapour.

What will be the volume of oxygen consumed when y cm® of methane is burned?

0.01y

)em®

2y-

B (y-0.0ly)em’

0.01y

3
cm
5 )

(y-

D (y—0.01y) cm’

NJC/H2 Chem/01/2011



7  Sodium thiosulfate is used in the textile industry to remove an excess of chlorine from
bleaching processes by reducing it to chloride ions.

20 cm® of 0.10 mol dm™ of sodium thiosulfate requires 192 cm?® of chlorine for complete
reaction at room temperature and pressure. In this reaction, which of the following is a
possible formula of sulfur containing product?

A HSO4
B SO,
C S
D H.S
8 A group of students attempted to estimate the concentration of a solution of Fe®* by

pipetting fixed volumes of the solution into a flask, adding an excess of dilute sulfuric acid,
and then titrating with a standard solution of potassium manganate(VII) from a burette. The
volume of KMnO, solution required by one student was 0.2 cm?® lower than that of the other
students.

Which of the following is a possible explanation for this discrepancy?
A The last drop of Fe** was blown from the pipette into the titration flask.
B  The pipette was rinsed with water instead of the solution of Fe?* before the titration.

C The titration flask was rinsed with the solution of Fe?* instead of water before the
titration.

D The burette was rinsed with water instead of the solution of KMnO, before the
titration.

9 In which of the following pairs of compounds does the first member have a higher boiling
point than the second?

A PClz; and MgCl,
B CH3NH; and CH3F
C  CH3;OH and CH3;CH,0OH

D (CH3)3CCH2CH3 and CH3(CH2)4CH3
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10

11

12

Molecular dimerization can be described as the process in which two identical molecules
combine to give a single product.

Examples of dimers are: Al,Cls, NoO, and (CH3;CO,H)s,.
Which of the following descriptions about the above dimers is incorrect?

A Hydrogen bonds hold the CH3;CO,H molecules together in the dimer.
B Each aluminium atom is surrounded by four chlorine atoms in Al,Cls.
C  All the nitrogen-oxygen bonds in N,O,4 are of equal length.

D Al Clgis a planar molecule.

Which of the following exerts the highest pressure?

A 1molofN,at27°Cin2m®
B 1molofO,at50°Cin2m?
C 1 mol of C4H at its normal boiling point

D 1 molof H,0 at 50 °C in 2 dm?®

Which graph correctly describes the behaviour of a fixed mass of an ideal gas? (T is
measured in K.)

A B D

C
t.constant T constant T constant T constant p
p pv pVv pVv
0 >
% % v 0

oL— >

0 v
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13  Which is true about the signs of the enthalpy and entropy changes when a liquid boils?

AH AS
A + +
B - +
C - -
D + -

14  The data below refer to gas phase reactions at constant pressure.

CH3sCH3 — « CH,CHj + He AH® = +412 kJmol™
« CH,CH; — CH,=CH, + H- AH® = +618 kJmol™

From these data, the enthalpy change AHBr for the reaction is
2+ CH,CH; — CH,=CH, + CH3CH3 AH®,

A +1030 kJmol™

B +206kJmol™

C  —206 kJmol™

D —1030 kdmol™

15 In an aluminium-air battery, one of the electrodes is a carbon rod exposed to air while the
other electrode is an aluminium rod. During discharge, aluminium is converted to insoluble
aluminium hydroxide at the aluminium electrode and oxygen in the air is converted to
hydroxide ions at the carbon electrode.

What is the mass of aluminium hydroxide precipitated if 0.030 moles of oxygen is used by
the battery?

A 051g
B 068g
C 204g
D 3129
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16 A sales pamphlet claims that ‘ammonium sulfate solution which is acidic, improves the
growth of acid-loving rhododendron bushes by increasing both the pH of the soil and the
availability of nitrogen’.

Which part of this statement is not correct?

A Aqueous ammonium sulfate is not acidic.

B Ammonium sulfate does not dissolve in water.

C The pH of the soil will be reduced, not increased.

D To be a fertiliser, nitrogen is needed in its oxidised form (nitrate) and not its reduced
form (ammonium).

17 A sparingly soluble aluminium salt dissociates in aqueous solution as follows:

AlXs(s) = 2AIP*(aq) + 3X*(aq)

Given that the solubility product, K, of AlX; is S, what is the value of [X*(aq)] at
equilibrium?
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18 Which of the following statements about the rate constant, k, of the chemical reaction given

19

is true?
K¢
Kp

A The rate constant is only dependent on temperature.

P+Q R

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 decrease.

D When dynamic equilibrium is established, the rate constant for the forward and

backward reaction is the same

S, T and U are chlorides of some elements in the Periodic Table.

Reaction of solid with water Reaction of aqueous solution with aq NaOH
S White fumes are liberated White ppt soluble in excess ag NaOH
T No fumes evolved No ppt
U White fumes are liberated No ppt

Which of the following is the correct combination of S, T and U?

S T U
A AlCly NaCl PCls
B ZnCl, BaCl, SiCl,
C PbCl, S.Cl, SiCl,
D AlCl; MgCl, PCls
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20 Which of the following statements about the elements calcium, strontium and barium is
correct?

A The elements react with cold water liberating hydrogen.
B Aqueous solutions of their chlorides have a pH greater than 7.
C The energy required for the process M(g)— M?* (g) + 2 e increases.

D The enthalpy change of hydration of the cations becomes more exothermic.

21 Use of the Data Booklet is relevant to this question.
Which of the following is not true about the first row transition metals or its compounds?

A Fe(CN)s> does not oxidise I".
B Fe,(CO3); can be prepared by reacting FeCls(aq) with Na,COs(aq).
C On addition of CoF; to water, a gas that relights a glowing splint is produced.

D On addition of H,O,(aq) to hot acidified K,Cr,O(aq), a green solution is formed.

22 Transition metals like platinum and rhodium are found in catalytic converters fitted into cars.
Which of the following statements best explains the role of transition metals in this use?

A Transition metals can exhibit variable oxidation states in their compounds as 3d and
4s electrons have similar energies.

B Transition metals form coloured ions due to absorption of energy in the visible light
region to promote an electron from a lower to a higher energy 3d orbital.

C Transition metals have very high melting points because both 3d and 4s electrons are
involved in forming strong metallic bond.

D Transition metals have available and partially filled 3d orbitals for adsorption of
reactant molecules.
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23 The following cobalt complex is known to be the functional model for biological oxygen

carrier.
"
AN
N
o\C o/o
N
— N—-C
H/ — \H

What is the electronic configuration of the cobalt cation in the above complex?
A [Ar]3d°

B [Ar]3d’

C  [Ar]3d°4s?

D [Ar]3d’4s?

24 How many non cyclic isomers could be formed for an organic compound with molecular
formula C3HgN?

A 2
B 3
c 4
D 5
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26

12
When ethyl ethanoate, CH3;C'%0,C,Hs, undergoes acid hydrolysis in the presence of H,'20,
(0]

atoms of the 0 isotope appear in the product as CH;—C—"%0H 24 not as C,Hs'°OH.
Which one of the following may be deduced from this observation?

A A C-"°0 bond is stronger that a C-"20 bond.
B The oxygen atom of the OC,Hs group undergoes attack by H;'20*.
C The O—C bond of the O-C,Hs group of the ester is broken during the hydrolysis.

0]

I
D  The single carbon-oxygen bond of the ——C—O group of the ester is broken.

When an optically active sample of 2-chlorobutane is heated with aqueous KOH, the
product, 2-butanol, is found to exhibit reversed optical isomerism.

I I
CH3CH2—C|3—CI >  CHsCH,~C—OH
H H

Which diagram represents the reaction profile for this mechanism?

A A C A
energy energy

[ [
> »

Reaction path Reaction path

B A D A
energy energy

[ »
> »

Reaction path Reaction path
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27 When compound X is heated with hot aqueous sodium hydroxide and the resulting mixture
distilled, no organic compound was collected as the distillate. Which of the following could
be compound X?

A CeHsNHCOCH,CHj3
B CsHsOCOCH,CHj3
C C,Hs0COCH,CHj3

D CH3CH2CHzBr

28 The reaction between ethanal and HCN is given below:

Step I
. ,CHa ™
CN" 4+ o=c[  _Slow -o c_cp,
H \
H
Step Il
CN CN
- fast | -
H H

Which one of the following statements about this reaction is false?

A The reaction can be catalysed by a small amount of base.

B  The reaction is bimolecular.

C  Theintermediate in the rate-determining step is tetrahedral in shape.

D  The resulting solution is optically active.

NJC/H2 Chem/01/2011



14

29  Which pair of the reactions could have the same common intermediate?
W  CH;3;CO,CH,CH,CH; — intermediate — CH3;CH,CH,CI
X CH3CH(OH)CH; — intermediate — (CH3),C(OH)CN
Y CH3;CH=CH; — intermediate —» CH3;CH(NH,)CHj3

Z  CH3;CH2CHj3; — intermediate — (CH3),CHCN

A  WandX
B WandY
C XandZz
D YandZ

30 When an alkene Y was oxidized with cold, dilute alkaline potassium manganate(VII)
followed by heating with hot acidified potassium dichromate(VI), the resulting organic
compound gave an orange precipitate with 2,4-dinitrophenylhydrazine and effervescence
with aqueous sodium carbonate. Which of the following could be the alkene Y?

A CH3CH=CH2
B CH3CH=CHCH3
C (CH3)20=CH2

D (CH3)20=C(CH3)2
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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
1,2and 3 land?2 2and 3 1 only
are only are only are is

correct correct correct correct

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

31

32

For which reactions does the value of AH® represent both a standard enthalpy change of
combustion and a standard enthalpy change of formation?

1 C(s)+ O2g) — CO2(g)
2 Hz(g) + Y2 O2(g) — H20(g)

3 2C(s) + O2(g) — 2CO(g)

The explosion at the Fukushima nuclear power plant in 2011 could be due to the graphite
reactor being overheated and reacted with the cooling water as follows:

C(s) + H2O(g) ——— Ha(g) + CO(g) AH= +131 kJ mol™

What are the possible reasons why the forward reaction is more likely to occur at high
temperature?

1 Hydrogen and carbon monoxide do not react at high temperature.
2 At lower temperature, the position of equilibrium lies too far to the left.

3 The activation energy is high.
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The responses A to D should be selected on the basis of

16

A B C D
1,2and 3 land?2 2and 3 1 only
are only are only are is
correct correct correct correct
No other combination of statements is used as a correct response.
33  Use of the Data Booklet is relevant to this question.
(V)
\J ™
( Salt bridge W — Cl(g)at1atm
[54062_(23‘11)]
=[S205"(aq)]  — [Cl~(aq)] = 1.0 mol dm™
=1.0 mol dm™®
Which of the following will reduce the cell potential?
1 Increasing the pressure of Cl,in the Cl,(g)/ Cl ~(aq) half cell.
2 Adding water into the S;0¢%(aq)/ S,05> (aq) half cell.
3 Adding iodine crystals into the anodic half cell.
34  The table gives data for the reaction between X and Y at constant temperature.
X+Y—>Z
Experiment | [X]/mol dm™ | [Y]/moldm™ | Initial rate / mol dm>s™
1 0.4 0.1 2.5x107*
2 0.2 0.2 5.0 x107*
3 0.2 0.4 1.0 x1073

Which statements follow from these results?

1 The half-life of this reaction is 277s.

2 This is a one step reaction.

3  The rate equation can be written as: rate = k[X] [Y].
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The responses A to D should be selected on the basis of

A B C D
1,2and 3 land?2 2and 3 1 only
are only are only are is

correct correct correct correct

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

35  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 agueous ammonia.

3 Hydrogen astatide is less stable to heat than hydrogen iodide.

36  Geraniol is one of several compounds produced by the scent glands of honey bees to
help them mark nectar-bearing flowers and locate the entrances to their hives.

OH

geraniol

Which statements are true for geraniol?
1 The molecule reacts with hot alkaline KMnO4 to give 3 organic fragments.

2 The molecule has 4 sp? carbons and 6 sp> carbons.

3 There are 2 pi bonds and 10 sigma bonds in each molecule of geraniol.
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The responses A to D should be selected on the basis of

A B C D
1,2and 3 land?2 2and 3 1 only
are only are only are is

correct correct correct correct

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

37  Compound D which is a structural isomer of the antibiotic Aureomycin is shown below.

OH 0 OH o) 0
OH |
C
"‘ \NH2
Cl HO CHg 'lﬂ—CHs
CH,

Which of the following statements are true for the above compound D?
1 There are 6 chiral carbons in compound D.

2 1 mole of compound D reacts with 4 moles of hydrogen gas in the presence of Ni
catalyst at 150°C.

3 1 mole of compound D reacts with 2 moles of gaseous HCI.

38  Which of the following are arranged with increasing ease of hydrolysis?
1 CeHsl, CH3CH,I, CH;COCI
2 CH3CONH,, CH3COOCHj3;, CH;COCI

3 CeHsCOOK, CgHs0K, CH30K
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The responses A to D should be selected on the basis of

A B C D
1,2and 3 land?2 2and 3 1 only
are only are only are is

correct correct correct correct

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

39  Which of the following reactions would produce the following organic compound?

COOH
COOH
1 COCH,
with hot aqueous alkaline I, followed by acidification
CH(OH)CHj4
2

with hot acidified KMnQO4
3 COOCH;

with hot aqueous sulfuric acid
CH,CN

40  Which of the following types of reaction could occur for the following caffeine molecule?

I
N N O
N
N CH,
CHa 1

1 Nucleophilic addition
2 Acid Base

3 Hydrolysis

NJC/H2 Chem/01/2011



NJC/H2 Chem/01/2011

20



