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

1 Sodium carbonate peroxyhydrate with the formula (Na,COs3)..yH.O; is used in some
eco-friendly cleaning products and as a laboratory source of anhydrous hydrogen
peroxide.

2MnO,4” + 6H* + 5H,0, — 2Mn** + 8H,0 + 50,

When 20.0 cm® of 0.100 mol dm™ sodium carbonate peroxyhydrate is titrated with
0.200 mol dm™ acidified KMnQy,, it requires 12.0 cm? of acidified KMnO, before the first
pink colour appears.

When an identical sample is acidified, it releases 96.0 cm?® of carbon dioxide at room
conditions.

What is the ratio of x:y ?

A 1:3 B 2:3 c 2:1 D 3:1

2 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 Cr B Cu' cC Ni* D V¥

3 Elemental oxygen exists in the atmosphere in two forms, O, and Os. Even though O,
and Oz 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 O,?

A O3 is more stable than O, and thus Os 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 O,.

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

D Os; has more lone electrons than O, and therefore forms stronger
ion-dipole interaction with water.
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4 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, Deflected towards the rod,
larger deflection angle smaller deflection angle
B Deflected towards the rod, Deflected towards the rod,
smaller deflection angle larger deflection angle
C Not deflected Deflected towards the rod
D Deflected towards the rod Not deflected
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5 Use of the Data Booklet is relevant to this question.

The second ionisation energies of successive elements with atomic numbers between
7 to 19 in the Periodic Table are represented in the graph.
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Which of the following statements about elements C to L is incorrect?

L has a larger atomic radius than D.
E and L™ have fully filled p-orbitals.

H has higher first ionisation energy than G.

O 0O W >

C and K form compounds with the formula KC, and KCs.
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6 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.
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Which of the following is not true?

The hybridisation about N* is sp?.
The hybridisation about Mg is sp°.

The bonding between Mg and N? is ionic.

o 0O W >

The bonding between Mg and N* is dative covalent.
7 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 4

400

200

0 > P
Which of the following correctly identifies the gases?

Gas J Gas K Gas L
A 1 mol of NH3 1 mol of H, 1 mol of N,
B 1 mol of N, 1 mol of H, 1 mol of NH3
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C 2 mol of N, 1 mol of H, 1 mol of NH;
D 2 mol of H, 1 mol of NH; 1 mol of N,

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 AS is correct for the following processes?

A Dissolving the solute in the solvent results in a negative AS.
B Evaporation of the solvent from the solution results in a negative AS.

C Cooling the solution will not change AS 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 AS.

The ionic product of water at 10 °C is 2.93 x 107> mol* dm™™.

What is the pH of a solution containing 0.02 mol dm™ of Ba(OH), at 10 °C?

A 126 B 129 Cc 131 D 133

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 CO, B CO;* C HCOs; D H,CO,

Use of the Data Booklet is relevant to this question.

Hydrazine (N;H,;) 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 + 4H,0 + 4e” = 40H™ + NyH, E°=-1.17V

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

A  Pb* B Fe* c zn* D V¥
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The last stage in the production of aluminium involves the electrolysis of refined
aluminium oxide (Al,O3) dissolved in molten cryolite (NaszAlFg) using graphite
electrodes. A typical cell operates at 3.0 x 10° 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  1.34x10° B 2.68x10° C 4.47x10° D 8.94x10°

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) — 2NO,(9)

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™ Rate of formation of NO,
Experiment 3 1
NO(g) 02(9) / moldm™s
1 0.025 0.020 8.75 x 1072
0.050 0.020 3.50x 107
0.025 0.040 1.75x 10!

Which of the following statement is correct?

A The half-life of O, is not affected by a decrease in initial concentration of NO.
The graph of [O;] versus time is a straight-line graph passing through origin.

A decrease in [NQ] increases the rate constant.

O O @

The units of the rate constant is mol2dm® s.

The standard enthalpy change of the reaction below can be calculated using the data
shown in the table.

Ca(NOs).(aq) + H,SO4(aq) — CaS0Oy(s) + 2HNOz(aq) AH® = x kJ mol™

AH®/ kJ mol™
+N2(g) + $0,(9) + aq + e~ - NOs (aq) —206
Ca®(aq) + 2e” — Ca(s) —347
Ca(s) + S(s) + 20,(g) — CaSO04(s) -1435
25(s) +40,(g) + 4e” — 2S0,*(aq) -1814
What is the value of x in kJ mol™?
A -1081 B -875 C -181 D +32
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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

enthalpy change of fusion / kJ mol™ 10.8

46.4

0.6

1.4

Which sequence correctly identifies the elements W to Z?

W X Y z
A Mg Al Si P
B Al Sj P S
C Si P S Cl
D 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
C artinite, MgCO3.Mg(OH),.3H,0 D

dolomite, CaCO3.MgCO;
barytocalcite, BaCO3.CaCO;

A student carried out two experiments with anhydrous potassium chloride.

Concentrated sulfuric acid was added to potassium chloride and the
fumes produced were bubbled into aqueous potassium iodide.

Experiment I:

Experiment Il: Potassium chloride was dissolved in aqueous ammonia and then
silver nitrate was added to the resultant mixture.

What was observed in each experiment?

Experiment | Experiment Il

brown solution white precipitate

colourless solution white precipitate

brown solution colourless solution

o O o >

colourless solution colourless solution
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Mohr's salt, a pale green crystalline solid soluble in water, is a ‘double sulfate’
containing two cations, one of which is Fe?*

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 residue
A H, FeS0O,
B NH; Na,SO,
C NH; Fe(OH),
D SO, Fe(OH)z

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 H,C=C=CHCH,CH;?

A a n bond formed by 2sp — 2sp?® overlap
B  ao bond formed by 2sp®— 2sp? overlap
C  aoc bond formed by 1s — 2sp®overlap
D

a o bond formed by 2sp®— 2sp® overlap

Acetretin is a retinoid that is used to treat skin diseases.
CH, CH, CH,4

H,C Nl N N _COoH

0 CHs

CH;

Assuming that —OCHjs is inert, what is the total number of different organic products
that can be formed when acetretin is treated with hot acidified potassium
manganate(VIl)?

A 2 B 3 C 4 D 5
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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?

Cl(aq)
A CHsCH,CH; — =" m  CHsCH(C/)CHs
UV light
CHs,
CHs  conc. HNO,
conc. H,SO,
B — >
30°C
NO,
CH;

CH, o,

anhydrous FeCl3

heat under reflux

i
~O-

C/

CH=CH, CHCICH;
HCI(g)

3
O-

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 CCl, B CHyCH=CHCI
CH3 CH;
c HC—C—Cl D H3C—C——CHj

CiI
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23  An organic compound X undergoes the following reactions:

(i) It decolourises a solution of bromine in tetrachloromethane.
(i) It reacts with phosphorus pentachloride giving copious white fumes of HCI.
(i) It reacts with hot alkali to give a compound with two alcohol functional groups.

Which compound could be X?

A HOH,CCH=CHCH=CHCH,CI

B Cl,CHCH=CHCH,CO,H

C BrCH,CH,CHCICH,COCI

D CICH,CH,CH=CHCH(CI)CH,OH

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

NaOD
A CH3;CH,CN —»
D,O

acidified KMnO4
B CH3CD,0OH >
heat

LiIA/D,
C CH;COCH; —
dry ether

conc. D,SO,

D (CH3);COH
heat

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

CHj
CH3CO, o
o
0
CHs N
\ O
" CHs

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

A 3 B 4 Cc 5 D 6
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26 The pinacol rearrangement involves the reaction of a diol in acidic conditions to form a
carbonyl compound as shown below.

HaC /CH3 e 0\ CHs,
HO—C—C—OH ——* /C_C\_CHa + HO
HsC CHs H3C CHs
2,3-dimethylbutan-2,3-diol 3,3-dimethylbutan-2-one

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

OH
OH

2,3-diphenylpentan-2,3-diol

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

3 Q
- Mo

© 0@
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Which compounds will not produce CHI; on warming with alkaline 1,(aq)?

A CH;CO,CHICOCH; B CH.COCl;
C @—cowzl D  CHsCHl

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

O

@)
HO

O
Which of the following is true about Flurogestone acetate?

A It reacts with H, to form a product with 3 new chiral centres.

B It reacts with Br,(aq) to incorporate up to 3 atoms of bromine in each molecule.

C 1 mole of Flurogestone acetate reacts with 3 moles of 2,4-dinitrophenylhydrazine.

D 1 mole of Flurogestone acetate reacts with agueous alkaline iodine to give 2
moles of CHls.

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

They are chiral compounds.
They exist as zwitterions at pH 7.

They exist as crystalline solids at room temperature.

o 0O ©® »r

They are soluble in water due to the formation of hydrogen bonding.
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The structure of glutamic acid is shown below.

O O

HO OH

NH,
It has pK, 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

Vol of NaOH / cm?®

What deduction can be drawn from the titration curve above?

A Maximum buffering capacity occurs at point P.

O O
B 'OWO‘ is the predominant species at point Q.
"NH;

Point R corresponds to the isoelectric point of glutamic acid.

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 humbered 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

1,2and 3 land 2 only | 2 and 3 only lonlyis
are correct are correct are correct correct

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

31 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 2C 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 *H
atom.

32 Lithium hydride is used as a reagent for the synthesis of organic reducing agents such
as lithium aluminium hydride (LiAIH,) and lithium borohydride (LiBH,). Lithium hydride
is produced by reacting lithium metal with hydrogen gas:

2Li + H, —> 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™ respectively.

What further information is required to calculate the lattice energy of LiH?

1 The hydrogen-hydrogen bond energy.
2 The electron affinity of hydrogen.

3 The first ionisation energy of lithium.

33 Consider the following mechanism.

A+B =<=—C fast
A+C>D+E slow
C+E—>B+D fast

What can be deduced from the mechanism?

1 The rate equation is rate = k[AJ’[B]>.
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

1,2and 3 land 2 only | 2 and 3 only 1lonlyis
are correct are correct are correct correct

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

34

35

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?

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, E®
and the negative terminal of each electrochemical cell.

Cell Metals used E®can/ V Negative terminal
A W and X +1.10 X
B XandY +0.46 Y
C Xand 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) / W™ (aq) / / Z™(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?

1 CHsCCLF(g) — CHsCCly(g) + Fe(q)
2 ClOs(g) + O(g) — Cle(g) + O(g)
3 Cle(g) + CHsCCLF(g) — HCI(g) + eCH,CClLF(g)

The preparation of 1-bromopropane involves the controlled addition of concentrated
sulfuric acid to a mixture of propan-1-ol and sodium bromide.

CH3CH,CH,0OH + HBr — CH3CH,CH.Br + H,O

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?

1 CH3CH=CH2
2 Br,
3 SO,

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

influenza.
OR
H
YN
O O
H,N ~
O

Oseltamivir

In the following reactions, the —OR group is inert and does not react.

Which reactions would Oseltamivir undergo?

1 It decolourises purple KMnQOs,.
2 It gives a yellow precipitate with aqueous alkaline iodine.
3 It reacts with HCI 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

1,2and 3 land 2 only | 2 and 3 only 1lonlyis
are correct are correct are correct correct

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

39

40

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

1 (lI: LiAH
H™ \NHZ in dry ether

H

| K,CroO4/H*
2 H—C—OH —=—T—»

| heat

H

O‘
3 Il excess O

/C\
H H heat

Carbonyl compounds undergo nucleophilic addition reactions as shown below.

Q OH
)j\ + HX =
. (where X is the \
R R nucleophile) R X R

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, “ CHsCH,™, can be generated from the Grignard reagent,
CH3;CH,MgBr.

Which compounds can be obtained from reaction of an aldehyde with Grignard reagent?

1 CH3CH,CH,CH,OH
2 CHsCH,CH(OH)CHs
3 (CHs)sCOH
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