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There are thirty 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.
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Any rough working should be done in this booklet.
The use of an approved scientific calculator is expected, where appropriate.
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Section A

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 (OMS).

1 Some isotopes are unstable and undergo nuclear (radioactive) reactions. In one type of
reaction, an unstable nucleus assimilates 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?
A  "MC->1C

B 1111 RN 111Te

C 7"Br— "Br
D

76Kr — 7°Br

2 Sodium hydrogencarbonate can be prepared from sodium sulfate by a three-step process:
NaxSO4(s) + 4C(s) — NaxS(s) + 4CO0(g)
Na,S(s) + CaCOs(s) — CaS(s) + NaxCOas(s)
Na;COs(s) + H20(l) + CO2(g) — 2NaHCOs(s)

What is the mass of sodium hydrogencarbonate that could be formed from 100 kg of the
sodium sulfate, assuming a 90% vyield in each step?

A 106 kg B 96 kg C 86kg D 43kg

3 Which of the following reactions is a redox reaction?
A 2NO2 —» NOq
B 6HCI + As;O3 —» 2AsCls + 3H.0
C SbFs + F; — SbFs
D Cr0O/#* + 20H = 2CrO4# + Hy0
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When 2.6 g of a metal X are added to copper(ll) sulfate solution 4.8 g of copper are obtained.
The relative atomic mass of X is 52. Which one of the following cations of X is produced?

A X# B X3 C XxXZ D X*

20.0 cm?® of 0.02 mol dm=3 bromate(V), BrOs™~, was found to react completely with 80.0 cm? of
0.01 mol dm=3 hydroxylamine, NH,OH. BrOs™ ions are reduced as follows:

BrOsz~ + 6e- + 6H* — Br~ + 3H20
Which of the following could be the half-equation for the oxidation of hydroxylamine?
A NH20H — %2 N2O + 2H* + 72 H20 + 2e-
B NH2OH + H,O — NO;™ + 5H* + 4e-
C NHOH — NO + 3H" + 3e”
D  NH2OH + 2H,0 — NO3™ + 7H* + 6e”

An ion ICl4"~ has a square planar structure as shown below.

_ - N-

What is the value of n?

A 1
B 2
c 3
D 4
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7

8

Which molecule has the largest dipole?

A H\ /F B H C F D CH,
/C:C\ 5 9 5
- ’ s n N o H

Which of the following graphs correctly describes the behaviour of a fixed mass of ideal gas?

A 1/p4 B 1/V4
constant V constant T
> T/K > p/Pa
C v+4 D pur N
constant p
0 » T/ °C > p/Pa

Phosphorus pentachloride reacts with limited amount of water to give a liquid and white fumes
as shown in the equation below.

PCls(s) + H20(I) — POCIs(l) + 2HCI(g)  [1H® = — 640 kJ mol-

The following enthalpy changes are given:
[JH® PCls(s) = - 444 kJ mol
"JH® HCl(g) =-92 kJ mol’
TH® Ha(g) = — 286 kJ mol!

What is the standard enthalpy change of formation of POCI3(l)?

A —-1278kJmol’ B —1186 kJ mol C +94 kJ mol D + 274 kJ mol
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10 Which quantity is not required in the calculation of the lattice energy of calcium hydride,
CaHa,using the Born-Haber cycle?

A first electron affinity of hydrogen

B second electron affinity of hydrogen
C firstionisation energy of calcium
D

second ionisation energy of calcium

11  Compound M, CH3CH=CHCHCICHj3, reacts readily with alcoholic KCN according to the
following equation:

CH3CH=CHCHCICH3 + CN- — CH3CH=CHCH(CN)CH3; + CI-

The following kinetics data were collected:

Which diagram represents the reaction profile for this reaction?

A

Experiment [M] [CNT] Relative
/ mol dm / mol dm™3 Rate
1 0.1 0.1 1
2 0.2 0.1 2
3 0.3 0.3 3
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12

13

14

The radioactive decay of isotopes P and Q follow first-order kinetics.

Isotope P decreases from 1800 counts per minute to 450 counts per minute in six months.
Isotope Q decreases from 5400 counts per minute to 1350 counts per minute in four months.

In a separate experiment, a sample containing a mixture of the two isotopes was left to decay,
and the molar ratio of P : Q was found to be 1 : 1 after six months.

What is the molar ratio of P : Q at the beginning?
A 1:2 B 1:4

C 2:1 D 4:1

X, Y and Z are elements in Period 3 of the Periodic Table. The following statements were
made about the properties of X, Y and Z, and their compounds.

1 The oxide of Z does not dissolve in excess dilute NaOH(aq).

2 When a sample containing equimolar quantities of each oxide is mixed with water, the
solution obtained is highly acidic.

3 Only the chlorides of Y and Z give an acidic solution with water.

Based on the statements above, identify elements X, Y and Z.

X Y z
A Na S Mg
B Mg P Si
C Al S Mg
D Na P Si

Which of the following statements are true?

1 The lattice energy of magnesium oxide is more negative than the lattice energy of
barium oxide.

2 The solubility product of magnesium hydroxide is smaller than that of calcium hydroxide.
3 The reducing power of strontium is weaker than that of barium.

4 Barium nitrate decompose more readily than magnesium nitrate.

A 1,2 and 3 only B 1,3 and4only C 1,2and4only D 2,3 and4only
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15 Astatine (At) is an element in Group 17. Which of the following statements is correct?

16

17

A

B
C
D

Silver astatide reacts with aqueous ammonia to form a soluble complex.
HAt(aq) is a weaker acid than HCI(aq).
Astatine reacts with aqueous iron(ll) sulfate to form iron(lll) ions and astatide.

The enthalpy change of formation of hydrogen astatide is less exothermic than that of
hydrogen chloride.

A sample of 0.300 mol of HBr gas was decomposed in a sealed container at temperature T.
The resulting equilibrium mixture was found to contain 0.015 mol of Bra.

2HBr(g) = Ha(g) + Bra(g) AH is positive

Which of the following statements are true for the reaction?

1
2

O O ©m >

The mole fraction of HBr(g) is 0.27 at equilibrium
The equilibrium constant K. = 3.09 x 103

The K. will increase if reaction is carried out at higher temperature.

1,2and 3

1 and 2 only
2 and 3 only
1 only

Which statement(s) about indicators is always correct?

1

A WN

o 0O ©® »r

The pH working range is greater for indicators with higher pKa values.
The pKa value of an indicator is within its pH working range.
The mid-point of an indicator’s colour change is at pH = 7.

The colour red indicates an acidic solution.

1 and 2 only
2 only

1 and 3 only
3 and 4 only
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18

19

The compound shown is used as flame retardant.

Br
Br

Br

Br Br
Br

Which statement about this molecule is not correct?

A

B
C
D

The carbon atom ring is planar.
It is immiscible in water.
Its empirical formula is C,H3Br.

The compound reacts with ethanolic sodium hydroxide to form C12H12.

The molecule 24-isopropylcholestane, which has been isolated from a class of sponge, can
serve as a biomarker and has determined the first evolutionary appearances of some species.

Carbon atoms in a molecule are classified as primary, secondary, tertiary or quaternary,
depending on whether they are directly bonded to one, two, three or four other carbon atoms.

How many tertiary carbons and how many chiral carbons are there in this molecule?

o O o >

Tertiary carbons Chiral carbons

9 4
9 8
11 4
11 8
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20  Which forms of isomerism will be shown by the molecule 2,4-dimethylhex-2-ene?
A Enantiomerism only
B Cis-trans isomerism only
C Both enantiomerism and cis-trans isomerism.
D

Neither enantiomerism nor cis-trans isomerism.

21  Oseltamivir is an anti-viral drug that is converted to its active form, GS 4071, in the body after
being administered. Assume that R-O-R is an inert functional group.

HN/LD HN/LD
o) NH, o) NH,
—_—
o~ Yo HO” 0

)

oseltamivir GS 4071

Which of the following statements are correct?
1 The reaction shown above is an elimination reaction.

2 There are three single C-C ¢ bonds formed by sp? - sp? overlap in oseltamir and GS
4071.

3 GS 4071 gives an orange precipitate with 2,4-dinitrophenylhydrazine.

4 When oseltamir is hydrolysed by aqueous HCI, 3 products are obtained
A 1 and 3 only

B 2 and 4 only

C 1, 2 and 3 only

D 4 only
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22

23

10

Compound X has the following properties.
e It causes decolourisation of purple acidified potassium manganate (VII).
o |t gives yellow precipitate with alkaline aqueous iodine.

Which compound could be X?

A 0o 0O B (|)|
1l
H—C—C—CHI, CH;—C—OCH,CH,OH
S O
CH3—C—(|:—CHZI

I
C+u——$——CHCH2CH3

CHa OH

Consider the following four compounds, which are structural isomers of one another.

1 CH2CICHCICOOH
2 CHCI,CHCOOH
3 CH20HCHCICOCI
4 CICH.0COCHCI

Which sequence arranges the aqueous solution of the compounds of the same concentration
in order of increasing pH?

A 4213
B 1234
C 3124
D 3214
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11

24 Which of the following statements regarding compound T is correct?

25

ShHs
HNH_‘ QH:s OH
AN _{_1;_;— =,
(O)r-C-N~)~CONHCH,CH,COH
H CHa
compound T

1 mol of compound T reacts with 4 mol of ethanoyl chloride.
1 mol of compound T reacts with 3 mol of cold dilute hydrochloric acid.

1 mol compound T reacts with 4 mol of hot dilute NaOH.

O O ©m >

Compound T reacts with excess aqueous bromine to give a product with five bromine
atoms.

What is the correct number of hydrogen atoms incorporated per molecule of compound Y
when it is reacted with each of the following reducing agents?

CHz0H
COOH
HO
CH=CH, \.;:.
Compound Y
Reducing agent Number of hydrogen atoms incorporated per
molecule of Y

1 Hx / Ni 6
2 LiAlH4 in dry ether 8
3 NaBH4 in ethanol 2
A 1 only
B 1 and 2 only
C 1and3only
D 2and3only
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27

12

In the presence of dilute alkali, some carbonyl compounds undergo Aldol condensation to
form a conjugated enone compound. For example, ethanal forms but-2-enal according to the
reaction scheme below.

OH OH™
2CH,CH0 ——— CH,CH(OH)CH,CHO — CH,CH=CHCHO

but-2-enal

Which of the following gives the structure of the product formed when propanone undergoes
the same reaction?

A CHsCH.CH=C(CHs)CHO
B (CH3),C=C(CHs)CHO

C  CHsCH;CH=CHCOCHs;
D  (CHs):C=CHCOCHs;

A diagram of a hydrogen/ oxygen fuel cell is shown below.

Flow of Y
_

T load

_

Ha2

Flow of Z
>

Electrode electrolyte Electrode
W X

Which of the following shows the correct identities of W, X, Y and Z7?

W X Y 4
A anode cathode electron H*
B anode cathode electron OH-
C cathode anode electron H*
D cathode anode OH- electron
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29

30

13

The zinc/silver oxide cell is used for button cells in watch batteries and is based on the
following half-cells:

Zn%*(aq) + 2e- = Zn(s) E®=-0.76V
Ag20(s) + H20(l) + 26~ = 2Ag(s) + 20H(aq) E®=+0.34V

Which of the following statements are true for the zinc/ silver oxide cell?
1 Zinc is the positive electrode.
2 The AG® of the reaction is -212.3 kJ mol-'.

3 Ecei becomes more positive when small amount of NaOH(s) is added to the Zn?*/Zn

half-cell.
A 1 only
B 1 and 2 only
C 2and3only
D 1,2and 3

The ground state electronic configuration of a transition element is shown.
1522s22p63s23p®3d74s?

What oxidation states for this element are able to occur in its compounds?

1 +2

2 +3
3 +6
A 1,2and3 B 1and2only C 1and3only D 2and3only

When copper(ll) chloride is dissolved in water it gives a blue solution. When this solution is
treated with an excess of concentrated hydrochloric acid it turns yellow.

What are the formulae of the copper species in the blue and yellow solutions?

Blue Yellow
A CuCl; [CuClaJ>
B CuClz(H20)s4 [CuCle]*
C Cu(OH), CuCly(H20)4
D [Cu(H20)e]?* [CuCl4]*
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