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Element X has six more protons than element Y.

Which statement must be correct?

1

Atoms of element Y are smaller than atoms of element X.A

Element X has a full shell of electrons.B

Element X and element Y are in the same group.C

Element X and element Y are in the same period.D

Which statement explains why calcium has a higher melting point than barium?2

Calcium cations are smaller than barium cations and have a stronger attraction to the
delocalised electrons.

A

The structure of calcium is partly giant molecular.B

C There are more delocalised electrons in calcium than in barium as it has a lower ionisation
energy.

There is greater repulsion between barium atoms as they have more complete electron
shells than calcium atoms.

D

Three statements about potassium and chlorine and their ions are listed.3

The atomic radius of a potassium atom is greater than the atomic radius of a chlorine
atom.

1

The first ionisation energy of potassium is greater than the first ionisation energy of
chlorine.

2

The ionic radius of a potassium ion is greater than the ionic radius of a chloride ion.3

Which statements are correct?

2 and 3D1 and 3C2 onlyB1 onlyA

For which equilibrium do both of the equilibrium constants Kc and Kp have no units?4

H2(g) + I2(g) � 2HI(g)A

N2(g) + 3H2(g) � 2NH3(g)B

N2O4(g) � 2NO2(g)C

SO2(g) + O2(g) � SO3(g)D

2



Calcium carbide, CaC2, reacts with water, as shown. The data below the equation show, in kJmol
–1,

the standard enthalpies of formation of the compounds involved.
5

C2H2(g)+CaO(s)→H2O(l)+CaC2(s)

+228–635–286–60

What is the standard enthalpy change of the reaction shown?

–753kJmol–1A

–61kJmol–1B

+61kJmol–1C

+753kJmol–1D

In the sodium chloride lattice the number of chloride ions that surround each sodium ion is called
the coordination number of the sodium ions.

What are the coordination numbers of the sodium ions and the chloride ions in the sodium chloride
lattice?

6

coordination number
of chloride ions

coordination number
of sodium ions

64A

46B

66C

68D

3
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Histidine is an amino acid.7

histidine

C
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H

H
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3

What are the approximate bond angles 1, 2, and 3?

321

90°107°109.5°A

109.5°107°120°B

90°120°120°C

109.5°120°120°D

The Contact process takes place at a pressure between 100000Pa and 200000Pa. A catalyst is
used.

Which statement is correct?

8

A V2O5 catalyst is added to increase the equilibrium yield of the reaction.A

Changes in pressure have no effect on the position of equilibrium.B

The equilibrium yield of the reaction is very high under the conditions used.C

An iron catalyst is added to increase the rate of reaction.D

4



Bromine reacts with aqueous sodium hydroxide at 25°C.

reaction 1 Br2(aq) + 2NaOH(aq) → NaBr(aq) + NaOBr(aq) + H2O(l)

The NaOBr formed is unstable at 25°C and reacts further.

reaction 2 3NaOBr(aq) → 2NaBr(aq) + NaBrO3(aq)

Which reactions are disproportionations?

9

both reaction 1 and reaction 2A

neither reaction 1 nor reaction 2B

reaction 1 onlyC

reaction 2 onlyD

Which statement is correct?10

The relative atomic mass of a 35Cl atom is 35.5.A

The relative formula mass of CaCO3 is 100.1.B

The relative isotopic mass of a 24Mg atom is 24.3.C

The relative molecular mass of O2 is 16.0.D

Iodine and propanone react according to the following equation.

I2(aq) + CH3COCH3(aq) → CH3COCH2I(aq) + HI(aq)

If the concentration of propanone is increased, keeping the total reaction volume constant, the
initial rate of the reaction also increases.

What could be the reason for this?

11

A greater proportion of collisions are successful at the higher concentration.A

The particles are further apart at the higher concentration.B

The particles have more energy at the higher concentration.C

There are more collisions per second between particles at the higher concentration.D

5
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Four successive ionisation energies (IE) of element E are shown. 

Element E is in Period 3 of the Periodic Table.

12

eighth IE
/ kJmol–1

seventh IE
/ kJmol–1

sixth IE
/ kJmol–1

fifth IE
/ kJmol–1

29000240002000016000

In which group of the Periodic Table is E?

17D16C15B14A

In this question you should assume that the gas formed behaves as an ideal gas.

A 1.7g sample of Mg reacts with 50.0cm3 of 2.2moldm–3 HCl at 303K and 110400Pa.

Which volume of gas is produced, measured under these conditions?

13

5.0dm3D2.5dm3C1.6dm3B1.3dm3A

Chlorine dioxide, ClO2, reacts with aqueous sodium hydroxide to produce water and a mixture of
two sodium salts, NaClO2 and NaClO3.

What is the mole ratio of NaClO2 to NaClO3 in the product mixture?

14

5 :3D1 :1C3 :5B1 :2A

The temperature of a sample of an inert gas is increased.

What effect does this have on the number of molecules with the most probable energy and on the
number of molecules with higher energy?

15

number of molecules with
higher energy

number of molecules with the
most probable energy

decreasesdecreasesA

increasesdecreasesB

decreasesincreasesC

increasesincreasesD

6



For which compound is there the greatest percentage loss of mass on strong heating?16

anhydrous calcium carbonateA

anhydrous calcium nitrateB

anhydrous magnesium carbonateC

anhydrous magnesium nitrateD

The solids sodium chloride and sodium iodide both react with concentrated sulfuric acid at room
temperature.

With NaCl , the products are NaHSO4 and HCl .

With NaI, the products are NaHSO4, HI, I2, SO2, H2O, S and H2S.

What is the explanation for this difference in products?

17

Chloride ions will displace iodine from the solution.A

Hydrogen chloride is more volatile than hydrogen iodide.B

Iodide ions are better reducing agents than chloride ions.C

Sulfuric acid is able to act as a dehydrating agent with NaI.D

SiO2 has a melting point of 1713°C. It reacts with hot NaOH(aq) to form sodium silicate, Na2SiO3,
and water.

No reaction occurs when SiO2 is added to hot H2SO4(aq).

What can be deduced from this information?

18

structure
of SiO2

chemical
behaviour of SiO2

giantamphotericA

simpleamphotericB

giantacidicC

simpleacidicD
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Element X has the second largest atomic radius in its period. An atom of X has three occupied
electron shells only.

The oxide of X is shaken with water.

What could be the pH of the resulting solution?

19

14D9C7B5A

Which emission from an internal combustion engine contributes to the erosion of marble statues?20

carbon monoxideA

nitrogenB

nitrogen dioxideC

unburnt hydrocarbonsD

The diagram shows the melting points of eight elements with consecutive atomic numbers.

Which element could be sodium?

21

melting

point / K

atomic number

A

B

C

D

8



The boiling points of Br2, ICl and IBr are given in the table.22

IBrIClBr2

1169759boiling point /°C

Which row explains:

boiling point of IBr is
greater than ICl

boiling point of ICl is
greater than Br2

IBr has stronger instantaneous
dipole-induced dipoles

ICl has stronger instantaneous
dipole-induced dipoles

A

IBr has stronger instantaneous
dipole-induced dipoles

ICl has permanent dipolesB

IBr has stronger
permanent dipoles

ICl has stronger instantaneous
dipole-induced dipoles

C

IBr has stronger
permanent dipoles

ICl has permanent dipolesD

A solution contains both Mg2+(aq) and Sr2+(aq) at the same concentration.

The solution is divided into two equal portions. Aqueous sodium hydroxide is added dropwise to
one portion. Dilute sulfuric acid is added dropwise to the other portion.

Which row is correct?

23

precipitate seen first
when H2SO4(aq) is added

precipitate seen first
when NaOH(aq) is added

magnesium sulfatemagnesium hydroxideA

strontium sulfatemagnesium hydroxideB

magnesium sulfatestrontium hydroxideC

strontium sulfatestrontium hydroxideD

9

• why the boiling point of ICl is greater than Br2
• why the boiling point of IBr is greater than ICl?
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Structural isomerism and stereoisomerism should be considered when answering this question.

If a molecule contains two non-identical chiral carbon atoms, four optical isomers exist.

How many isomers are there with:

24

• molecular formula C7H14O and

• a five-membered ring and

• a tertiary alcohol group?

13D9C5B4A

Which reagent will react with pentan-3-ol to give a mixture of stereoisomers?25

acidified potassium dichromateA

concentrated sulfuric acidB

ethanoic acid in the presence of a little concentrated H2SO4C

hydrogen chlorideD

An organic molecule W contains 3 carbon atoms. It requires 4.5 molecules of oxygen for complete
combustion.

What could W be?

26

propaneA

propanoic acidB

propanoneC

propan-1-olD

Which equation represents a reaction that proceeds through initiation, propagation and termination
steps?

27

C4H10 + Cl 2 → C4H9Cl + HClA

C5H11Br + NaOH → C5H11OH + NaBrB

C6H12 + H2O → C6H13OHC

C6H13CHO + HCN → C6H13CH(OH)CND

10



Structural isomerism and stereoisomerism should be considered when answering this question.

A set of isomeric hydrocarbons

28

• all contain 14.3% by mass of hydrogen

• all react with bromine by addition, 0.280g of each hydrocarbon reacting with 0.799g of
bromine.

What is the maximum number of isomeric compounds in the set?

5D4C3B1A

Which row describes the solvent used and type of reaction occurring when bromoethane reacts
with NaOH to form ethene?

29

type of reactionsolvent

eliminationethanolA

substitutionethanolB

eliminationwaterC

substitutionwaterD

Which row describes the type of reaction that occurs when propan-1-ol reacts to form the named
carbon-containing product?

30

type of reactioncarbon-containing product

addition to propan-1-ol1-chloropropaneA

complete combustion of propan-1-olcarbon monoxideB

dehydration of propan-1-olpropeneC

reduction of propan-1-olpropanalD

Which statement describes what happens when 2-chloro-2-methylpropane is warmed with
NaOH(aq)?

31

This secondary halogenoalkane reacts by a mixture of an SN1 and an SN2 mechanism.A

This secondary halogenoalkane reacts only by an SN2 mechanism.B

This tertiary halogenoalkane reacts mostly by an SN1 mechanism.C

This tertiary halogenoalkane does not react with hydroxide ions under these conditions.D

11
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How many structurally isomeric secondary alcohols are there with the molecular formula C5H12O?32

4D3C2B1A

Which reagent:33

• can confirm the presence of a carbonyl group in an organic compound

• does not distinguish between aldehydes and ketones?

acidified K2Cr2O7A

2,4-DNPH reagentB

Fehling’s reagentC

LiAlH4D

Which compound gives a positive test with alkaline aqueous iodine and does not show optical
isomerism?

34

CH3COCH2CH2OHA

CH3CH2CH(OH)CHOB

CH3COCH(OH)CH3C

(CH3)2C(OH)CHOD

12



Two samples of compound X were treated separately with different reagents which were added in
excess.

The products of these two reactions are shown.

35

O

O

OH

O

O

OH

OH

compound X

OH

OH OH

reaction 1

reaction 2

Which reagents could be used for reaction 1 and reaction 2?

reaction 2reaction 1

NaA

NaBH4B

NaC

NaBH4

hot acidified sodium dichromate VI  

hot acidified sodium dichromate VI  

Tollens’ reagent followed by HCl (aq)  

Tollens’ reagent followed by HCl (aq)D

Which method could produce butanoic acid?36

an acid–base reaction involving CH3CH2CH2CO2NaA

the hydrolysis of CH3CH2CH2CH2CNB

the acidic hydrolysis of CH3CH2COOCH2CH2CH3C

the oxidation of CH3CH2CH2OHD

13
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Which ester may be hydrolysed to produce two products, one of which may be reduced to the
other?

37

CH3CH2CO2CH3A

CH3CH(CH3)CO2CH2CH(CH3)2B

CH3CH2CO2CH(CH3)2C

(CH3)2CHCO2CH(CH3)2D

Two compounds, X and Y, are mixed and a little concentrated H2SO4 is added.

Ester Z is found in the resulting mixture of products.

38

ester Z

O

O

O
O

O

O

Which two compounds could be X and Y?

YX

CH(CO2H)3CH3CH2OHA

CH3CO2CH2CH(OH)CH2OCOCH2CH3CH3CH2OHB

CH3CH2CO2CH2CH(OH)CH2OHCH3CO2HC

CH2(OH)CH(OH)CH2(OH)CH3CO2HD

The diagram shows a section of a polymer molecule.

–CH2–CH=CH–CH2–CH2–CH=CH–CH2–

Which monomer will produce this polymer?

39

CH2=CH2A

CH3CH=CH2B

CH3CH=CHCH3C

CH2=CH–CH=CH2D

14



40 There are two naturally occuring isotopes of bromine. One isotope has 44 neutrons. The other
isotope has 46 neutrons.

Ignoring fragments, howmany peaks are there in themass spectrum of tribromomethane, 12C1HBr3?

A 2 B 3 C 4 D 6

15
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When chlorine gas is analysed in a mass spectrometer 35Cl + ions are detected.

Which row is correct?

1

electronic
configuration of 35Cl +

number of
neutrons in 35Cl +

1s22s22p63s23p417A

1s22s22p63s23p617B

1s22s22p63s23p418C

1s22s22p63s23p618D

Which species is a free radical?2

ZnDO2–CBe–BHeA

Which statement is correct?3

The first ionisation energy of chlorine is more than the first ionisation energy of argon.A

The second ionisation energy of calcium is more than the second ionisation energy of
magnesium.

B

The second ionisation energy of sulfur is equal to the first ionisation energy of phosphorus.C

The eighth ionisation energy of chlorine is more than the first ionisation energy of neon.D

If 1 mole of hexane combusts in an excess of oxygen, how many moles of products are formed?4

14D13C12B11A

Separate samples, each of mass 1.0g, of the compounds listed are treated with an excess of dilute
acid.

Which compound releases the largest amount of CO2?

5

1.0g Na2CO3D1.0g MgCO3C1.0g Li2CO3B1.0g CaCO3A

Which statement about the Cl–N=O molecule is correct?6

A

It is a non-polar molecule.B

It is a linear molecule.C

The nitrogen atom is sp2 hybridised .D

2

Each molecule contains one and two bonds.



Which row is correct?7

total number of pairs of electrons in
the valence shell of the central atomshapemolecule

twolinearCO2A

threetrigonal planarBF3B

fourregular tetrahedralNH3C

sixoctahedralPF5D

The volume of a vessel is 1.20 10–3m3. It contains pure argon at a pressure of 1.00 105Pa,
and at a temperature of 25.0°C. Under these conditions it can be assumed that argon behaves as
an ideal gas.

Which mass of argon does it contain?

8

23.0gD10.4gC1.93gB0.0485gA

A student mixed 25.0cm3 of 4.00moldm–3 hydrochloric acid with an equal volume of 4.00moldm–3

sodium hydroxide. The initial temperature of both solutions was 15.0°C. Themaximum temperature
recorded was 30.0°C. The heat capacity of the final solution can be assumed to be 4.18JK–1g–1

and the density of this solution can be assumed to be 1.00gcm–3.

Using these results, what is the enthalpy change of neutralisation of hydrochloric acid?

9

–62.7kJmol–1A

–31.4kJmol–1B

–15.7kJmol–1C

–3.14kJmol–1D

3



Nitrogen monoxide is rapidly oxidised to nitrogen dioxide.

2NO(g) + O2(g) → 2NO2(g)

Nitrogen dioxide can then dimerise to form dinitrogen tetroxide.

10

2NO2(g) N2O4(g) ΔH 
o = –58 kJ mol–1

ΔH 
oNO = +91 kJ mol–1 and ΔH 

oNO2 = +34 kJ mol–1
f f

What is the value of the standard enthalpy change for the reaction shown?

2NO(g) + O2(g) → N2O4(g)

–172kJmol–1D–115kJmol–1C–1kJmol–1B+56kJmol–1A

LiAlH4 contains AlH4
– ions in which aluminium has an oxidation state of +3.

LiAlH4 reacts with water, as shown.

LiAlH4 + 4H2O → 4H2 + LiOH + Al (OH)3

In this reaction, each of the four water molecules produces one hydroxide ion. It does this by losing
one H+ ion, which reacts with the LiAlH4.

Which changes in oxidation number occur in this reaction?

11

Al increases by 1 and H decreases by 1.A

H decreases by 2 and also increases by 1.B

H increases by 1 and also decreases by 1.C

O decreases by 1 and H increases by 1.D

The vanadium salt, VOSO4, is soluble in water and reacts readily with powdered manganese in
dilute sulfuric acid.

The equation for the reaction is shown.

Mn(s) + 2VOSO4(aq) + 2H2SO4(aq) → V2(SO4)3(aq) + MnSO4(aq) + 2H2O(l)

Which statement about this reaction is correct?

12

Hydrogen is oxidised in the reaction.A

Manganese is the reducing agent in this reaction.B

Sulfuric acid is the oxidising agent in this reaction.C

The oxidation state of the vanadium changes from +5 to +3.D

4



In which equilibrium will an increase in pressure at constant temperature increase the yield of the
products on the right-hand side of the equation?

13

CaCO3(s) � CaO(s) + CO2(g)A

4HCl (g) + O2(g) � 2H2O(g) + 2Cl 2(g)B

2HI(g) � H2(g) + I2(g)C

3Fe(s) + 4H2O(g) � Fe3O4(s) + 4H2(g)D

Hydrogen iodide is added to an evacuated reaction vessel. The vessel is sealed and warmed. A
decomposition reaction occurs. Hydrogen and iodine are formed. Some hydrogen iodide remains.

When equilibrium is established, the total pressure is 1.20 105Pa. The partial pressure of hydrogen
is 4.00 103Pa.

Hydrogen iodide, hydrogen and iodine are all gaseous under the conditions used.

What is the value of Kp for the equilibrium at this temperature, assuming the decomposition is the
forward reaction?

14

1.43 10–3D1.38 10–3C1.28 10–3B1.19 10–3A

The equations for two reactions are shown.

reaction X 2NOBr → 2NO + Br2

reaction Y 2NOCl → 2NO + Cl 2

The two reactions have similar reaction mechanisms.

The initial rate of reaction X is greater than that of reaction Y when measured under identical
conditions of temperature, pressure and reactant concentration.

Which statements explain this difference?

15

3 onlyD1 onlyC2 and 3B1 and 2A

5

1

2

The activation energy for reaction X is less than that of reaction Y.

The Br−Br bond is weaker than the Cl−Cl bond.

A higher frequency of collisions between molecules of NOBr occur than between
molecules of NOCl .

3



The diagram shows the Boltzmann distribution of energies in a gas. The gas can take part in a
reaction with an activation energy, Ea. The gas is maintained at a constant temperature.

16

proportion of

molecules with

a given energy

molecular energy

Ea

P

0
0

Which statement is correct?

If a catalyst is added, peak P will be lower and Ea will move to the left.A

If a catalyst is added, peak P will be lower and Ea will move to the right.B

If a catalyst is added, peak P will be the same and Ea will move to the left.C

If a catalyst is added, peak P will be the same and Ea will move to the right.D

L, M and N are three different elements from Period 3 of the Periodic Table.

L is the element whose atoms have three unpaired electrons in its 3p sub-shell.

M is the element with the highest electrical conductivity in the period.

N is the element with the highest melting point in the period.

Which statement about element L is correct?

17

L has a higher atomic number than M and a lower atomic number than N.A

L has a lower atomic number than M and a higher atomic number than N.B

L has a lower atomic number than both M and N.C

L has a higher atomic number than both M and N.D

6



In reactions 1 and 2, X represents an element in Period 3.

In each reaction, X is forming a product where X is in its highest oxidation state.

reaction 1 chlorine + element X → XyCl z

reaction 2 oxygen + element X → XpOq

Which ratios show a steady increase from sodium to phosphorus?

18

neither z : y nor q : pA

z : y onlyB

q :p onlyC

both z : y and q :pD

Sodium, magnesium, aluminium, silicon and phosphorus are all elements in Period 3 of the Periodic 
Table.

Three statements about the oxides and chlorides of these elements are given.

19

The ionically bonded oxides all react with dilute hydrochloric acid.1

All metal chlorides produce neutral solutions when added to water.2

The two most electronegative elements both form covalently bonded chlorides.3

Which statements are correct?

2 and 3 onlyD1 and 3 onlyC1 and 2 onlyB1, 2 and 3A

The table compares calcium with barium and calcium carbonate with barium carbonate.

Which row is correct?

20

thermal stability of
the metal carbonate

reactivity of the
element with water

barium carbonate is more stablebarium is more reactiveA

calcium carbonate is more stablebarium is more reactiveB

barium carbonate is more stablecalcium is more reactiveC

calcium carbonate is more stablecalcium is more reactiveD

7



Solutions P and Q each contain a different Group 2 ion at the same concentration. One contains
Mg2+ and the other contains Ba2+. Tests are carried out on separate 5cm3 samples of P and Q.

test 1: add 1cm3 of 0.1mol dm–3 Na2SO4(aq)

test 2: add 1cm3 of 0.1mol dm–3 NaOH(aq)

What are the results of these tests?

21

results in test 2results in test 1

more precipitate with Ba2+more precipitate with Ba2+A

more precipitate with Mg2+more precipitate with Ba2+B

more precipitate with Ba2+more precipitate with Mg2+C

more precipitate with Mg2+more precipitate with Mg2+D

22

ammonium chlorideA

ammonium sulfateB

sodium chlorideC

sodium hydroxideD

23

effect on pH of soilhigher percentage
of nitrogen by mass

decreaseammonium nitrateA

increaseammonium nitrateB

decreaseammonium sulfateC

increaseammonium sulfateD

8

J dissolves in water to give an aqueous solution K.

K gives a dense white precipitate when aqueous silver nitrate is added.

When heated with aqueous potassium hydroxide, K gives off a gas that turns moist universal
indicator paper blue.

What is J?

Ammonium sulfate, (NH4)2SO4, and ammonium nitrate, NH4NO3, are used as fertilisers.

These salts have different percentages by mass of nitrogen. They have the same effect as each
other on the pH of wet neutral soil.

Which row is correct?



The equation shows a reaction that occurs between carbon monoxide and nitrogen monoxide in a
catalytic converter.

2CO(g) + 2NO(g) → 2CO2(g) + N2(g)

Which statement is correct?

24

The catalyst used is finely divided iron.A

The reaction prevents greenhouse gas emissions into the atmosphere.B

The reaction reduces the possibility of the formation of photochemical smog.C

The reaction results in increased ozone depletion.D

Which compound has the molecular formula C6H10O?25

O
O

A B C D

O

OH

The general formula for a non-cyclic alcohol is CnH2n+1OH.

How many different structural isomers are there for n = 3 and n = 4?

26

n = 4n = 3

22A

42B

43C

83D

Compound X, C5H10O3, has one chiral carbon atom per molecule. Compound X produces bubbles
with Na but not with Na2CO3.

Which formula could represent compound X?

27

(CH3)2C(OH)CO2CH3A

HOCH2CH(CH3)CO2CH3B

CH3CH2C(CH3)(OH)CO2HC

CH3CH(OH)CH(CH3)CO2HD

9



Ethane reacts with an excess of chlorine in the presence of ultraviolet light to form a mixture of
products.

How many of these products contain two carbon atoms and one or more chlorine atoms?

28

9D8C7B6A

When bromoethane reacts with hot ethanolic sodium hydroxide a colourless gas is formed. This
gas decolourises aqueous bromine.

What is the colourless gas?

29

1,2-dibromoethaneA

ethanolB

etheneC

hydrogen bromideD

Alkynes are hydrocarbons that contain one triple C≡C bond.

Like alkenes, alkynes take part in addition reactions. A saturated compound can be formed.

For example, ethyne, H–C≡C–H, reacts with an excess of hydrogen to form ethane.

Propyne, C3H4, undergoes an addition reaction with an excess of hydrogen bromide in two stages.
Markovnikov’s rule applies to the addition of HBr at each stage.

What is the main product obtained when propyne reacts with an excess of hydrogen bromide?

30

CH2BrCH2CH2BrA

CH3CH2CHBr2B

CH3CHBrCH2BrC

CH3CBr2CH3D

Bromine reacts with alkenes by an electrophilic addition mechanism in which a cation is formed as
an intermediate.

Which mixture will produce the most stable intermediate cation?

31

3,3-dimethylpent-1-ene + bromineA

ethene + bromineB

methylpropene + bromineC

propene + bromineD

10



Halogenoalkanes react with hot ethanolic potassium cyanide.

The reaction mechanism is either SN1 or SN2.

Which statement is correct?

32

All secondary halogenoalkanes react by the SN2 mechanism only.A

Both the halogenoalkane and the cyanide ion are involved in the initial step of the SN1
mechanism.

B

Chloroethane reacts with cyanide ions by the SN1 mechanism only.C

The SN2 mechanism involves a short-lived negatively charged transition state.D

X, Y and Z are three isomeric alcohols.

X CH3CH2CH2CH2CH2OH

Y CH3CH2CH(OH)CH2CH3

Z (CH3)2C(OH)CH2CH3

Separate samples of each alcohol are warmed with a mild oxidising agent and the results noted.

One of these alcohols, when dehydrated, will give a pair of cis-trans isomers with molecular formula
C5H10.

Which row is correct?

33

gives cis/trans
isomers

reacts with mild
oxidising reagents

Y onlyX, Y and ZA

Z onlyX, Y and ZB

Y onlyX and Y onlyC

Z onlyX and Y onlyD

Compound G gives a pale yellow precipitate with alkaline I2(aq).

What could be compound G?

34

pentan-1-olA

pentan-2-olB

pentan-3-olC

2-methylpentan-2-olD

11



Themechanism for the reaction between ethanal and hydrogen cyanide starts with the step shown.35

C

H H

O

H C

H

CN–

What is the correct structure of the intermediate ion formed, and what is the next step in this
mechanism?

C

H

H C

A

H

H CNH

C

N

+O

C

H

H C

B

H

H CNH

C

N

– O

C

H

H C

C

C

H

H C H

H CNH

C

N

– O

D

H

H CNH

C

N

+O

Which compound reacts with 2,4-dinitrophenylhydrazine reagent but does not react with Tollens’
reagent?

36

CH3COCO2HA

CH3CH(OH)CHOB

CH3COCHOC

CH3CH(OH)CH3D

Compound X has stereoisomers and forms a precipitate when warmed with Fehling’s reagent.

What could be the structure of compound X?

37

O

A

O

B

O

C

O

D

12



Which reaction will form propanoic acid?38

acidic hydrolysis of propyl ethanoateA

alkaline hydrolysis of ethyl propanoateB

acidic hydrolysis of propanenitrileC

acidic hydrolysis of ethanenitrileD

Lactide is an intermediate in the manufacture of a synthetic fibre.39

O

O

lactide

O

O

Which compound, on heating with an acid catalyst, can produce lactide?

hydroxyethanoic acidA

2-hydroxybutanoic acidB

2-hydroxypropanoic acidC

3-hydroxypropanoic acidD

The diagram shows the relative abundance of different isotopes of lead in a sample of lead ore.
The abundance of 208 is half that of 206. The abundances of 208 and 209 are equal.

40

100

75

50

25

0

% abundance

206 207 208 209
Ar

What is the relative atomic mass of the lead in the sample?

207.67D207.50C207.25B207.00A

13
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Propanoic acid is treated with reagent X at room temperature. The organic product of the reaction
is sodium propanoate. No gas is produced during the reaction.

What could be reagent X?

1

Na2SO4(aq)DNa2CO3(aq)CNaOH(aq)BNaHCO3(aq)A

The ionic equation shows iodide ions reacting with manganate(VII) ions in acidic solution.

uMnO4
– + vH+ + wI – → xMn2+ + yH2O + zI2

The letters u, v, w, x, y and z all represent whole numbers. Two or more of u, v, w, x, y and z are
the same as each other.

What is the lowest possible value of v?

2

16D10C8B2A

A piece of rock has a mass of 2.00g. It contains calcium carbonate, but no other basic substances.
It neutralises exactly 36.0cm3 of 0.500moldm–3 hydrochloric acid.

What is the percentage by mass of calcium carbonate in the 2.00g piece of rock?

3

90.1%D72.0%C45.0%B22.5%A

L and M are elements in Period 3 of the Periodic Table. Neither element is argon.

Information about the Pauling electronegativity values of L and M is given.

4

Pauling electronegativity valueelement

the highest of the seven elements Na to Cl

the lowest of the seven elements Na to Cl

L

M

Three statements about elements L and M are given.

Element L contains covalent bonds.1

Element L has a higher atomic number than element M.2

A compound of L and M contains ionic bonds.3

Which statements are correct?

2 and 3 onlyD1 and 3 onlyC1 and 2 onlyB1, 2 and 3A

2



Ammonia reacts with acids to form the ammonium ion. 

Which row is correct?

5

bond angle
in NH4

+ /°shape of NH4
+

107pyramidalA

109.5pyramidalB

107tetrahedralC

109.5tetrahedralD

6

3

[Turn over

1+� � +�
� 1+�

�

:KLFK URZ LV FRUUHFW"

GLVSURSRUWLRQDWLRQ UHDFWLRQUHGR[ UHDFWLRQHTXDWLRQ RI UHDFWLRQ

✗✓�&U2�
�± � �+�

→ &U�27
�± � +�2A

✓✓1D+ � +�2 → 1D2+ � +�B

✓✓�0Q2�
�± � �+�

→ 0Q2� � �0Q2�
±C

✗✓92�
± � �+�

→ 92�
� � +�2D

:KLFK DVVXPSWLRQV DUH PDGH DERXW LGHDO JDVHV"7

�

�

,GHDO JDVHV FRQWDLQ PROHFXOHV ZLWK QR PDVV�

,GHDO JDVHV FRQWDLQ PROHFXOHV ZLWK QR YROXPH�

,GHDO JDVHV KDYH QR LQWHUPROHFXODU IRUFHV��

D � DQG � RQO\C � DQG � RQO\B � DQG � RQO\A �� � DQG �

Electronegativity differences can be used to help determine the oxidation number of an atom in
different species. A number of rules are used which include:

• The more electronegative atom is given a negative oxidation number.

• Hydrogen is more electronegative than Group 1 metals.

• Oxygen is more electronegative than hydrogen.



A 200cm3 sample of water has an amount of oxygen gas dissolved in it.

This amount of oxygen gas has a volume of 6.00cm3 when measured at 1.00 × 105Pa and 35°C.

What is the concentration of oxygen gas in the water? (You should assume that oxygen behaves
as an ideal gas.)

8

2.34 × 10−4mol dm−3A

1.17 × 10−3mol dm−3B

1.25 × 10−3mol dm−3C

1.03 × 10−2mol dm−2D

Which statement explains why buckminsterfullerene has a lower melting point than graphite?9

Buckminsterfullerene exists as discrete molecules with weak intermolecular bonding.A

Graphite is partly ionic as its structure contains mobile electrons and it conducts electricity.B

The carbon–carbon bonds in buckminsterfullerene are shorter and more strained.C

The mobile electrons in graphite mean it has a metallic structure.D

Which equation represents the reaction whose standard enthalpy change is the standard enthalpy
change of formation of water?

10

2H2(g) + O2(g) → 2H2O(l)A

H2(g) + O2(g) → H2O(l)B

H+(aq) + OH–(aq) → H2O(l)C

2H(g) + O(g) → H2O(l)D

Which mixture will react to form exactly one mole of water?11

volume 1.00moldm–3

NaOH/cm3

500250A

1000250B

500500C

1000500D

4

volume 2.00moldm–3

H2SO4 / cm
3



The enthalpy change for neutralisation of HNO3(aq) with NaOH(aq) is –57.0kJmol
–1.

In an experiment, 20.0cm3 of 4.00moldm–3 HNO3 is mixed with 30.0cm
3 of 2.00moldm–3 NaOH

in an insulated container. The initial temperature of both solutions is 25.0°C.

It can be assumed that the heat capacity of the product mixture is 4.2Jcm–3
°C–1 and that there

are no heat losses.

What is the maximum final temperature of the mixture?

12

52.1°CD46.7°CC44.0°CB41.3°CA

Some bond energies are listed.13

bond energy
/ kJmol–1bond

436

463

146

496

H–H

O–H

O–O

O=O

One mole of hydrogen reacts with oxygen to give water vapour.

Using the bond energy data, what is the value for the enthalpy change of this reaction?

+221kJmol–1A

+6kJmol–1B

–242kJmol–1C

–417kJmol–1D

Which particle contains nitrogen in the same oxidation state as in the ion N2O2
2–?14

HNF2DNO3
–CN2O4BNH2FA

5
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Sulfur dioxide reacts with oxygen as shown.15

H⦵ = –197kJmol–12SO2(g) + O2(g) � 2SO3(g)

Which change will move the equilibrium position to the right side and change the value of the
equilibrium constant, Kc?

the addition of a catalystA

increasing the pressure of the reactionB

decreasing the temperature of the reactionC

decreasing the concentration of productD

Solutions X and Y both have a concentration of 0.10moldm–3. A fixed volume of solution X is added
to a conical flask, and solution Y is added from a burette to the conical flask. A titration is performed.

The diagram shows the pH titration curve for the acid–base reaction between the solutions.

16

14
13
12
11
10

9
8
7
6
5
4
3
2
1
0

volume of solution Y / cm3

pH

What are solutions X and Y?

solution Ysolution X

nitric acidammoniaA

ethanoic acidammoniaB

nitric acidpotassium hydroxideC

ethanoic acidpotassium hydroxideD

6



Which row shows the expected properties of the element astatine when compared to the properties
of the element iodine?

17

volatility
of astatine compared

to iodine

electronegativity
of astatine compared

to iodine

higherless electronegativeA

highermore electronegativeB

lowerless electronegativeC

lowermore electronegativeD

The rate of an exothermic reaction is followed by measuring the concentration of a reactant at
regular time intervals.

During the experiment the temperature of the reaction mixture is not controlled.

Which graph shows the change in concentration of reactant against time?

18

�
� WLPH

A

FRQFHQWUDWLRQ

�
� WLPH

B

FRQFHQWUDWLRQ

�
� WLPH

C

FRQFHQWUDWLRQ

�
� WLPH

D

FRQFHQWUDWLRQ

7

[Turn over



For a particular reversible reaction the backward reaction is endothermic.

The activation energy of the backward reaction is 160kJmol−1.

It can be assumed that the backward reaction proceeds by a mechanism that is the exact reverse
of the mechanism for the forward reaction.

Which statement about the activation energy of the forward reaction is correct?

19

The activation energy of the forward reaction is equal to −160kJmol−1.A

The activation energy of the forward reaction is 0 kJ mol−1 but less than +160 kJ mol−1.B

The activation energy of the forward reaction is equal to +160kJmol−1.C

The activation energy of the forward reaction is greater than +160kJmol−1.D

HCN has been detected in interstellar gas. The molecules below have also been detected in
interstellar gas.

Which molecule contains the same total number of valence shell (outer shell) electrons as HCN?

20

PNDNOCNH3BHNOA

The diagram shows the Boltzmann distribution of the energy of gaseous molecules at a particular
temperature.

21

molecular energy E

proportion

of molecules

with energy E

X

Y

0
0

Which statement is correct?

If the temperature of the gas is raised, the height of the maximum of the curve increases.A

If the temperature of the gas is raised, the maximum of the curve moves to the right.B

The length of the line labelled X shows the activation energy for the reaction.C

The length of the line labelled Y shows the enthalpy change of the reaction.D

8



The elements magnesium and phosphorus are reacted separately with an excess of oxygen to
form their oxides. Each oxide is then added separately to water and the pH values of the resulting
solutions are measured.

The same two elements are reacted separately with an excess of chlorine to form their chlorides.
Each chloride is then added separately to water and the pH values of the resulting solutions are
measured.

Which row is correct?

22

chloride giving
the higher pH

oxide giving
the higher pH

magnesiummagnesiumA

phosphorusmagnesiumB

magnesiumphosphorusC

phosphorusphosphorusD

Equal volumes of saturated solutions of magnesium hydroxide, calcium hydroxide and strontium 
hydroxide are completely neutralised with dilute sulfuric acid.

The water is gently evaporated from each of the resulting solutions, leaving the corresponding solid 
sulfates.

These solid sulfates are completely dissolved in the minimum volume of water needed to produce 
saturated solutions.

Which statement about the volumes of water needed to dissolve the sulfates is correct?

23

The calcium sulfate will require the greatest volume of water.A

The magnesium sulfate will require the greatest volume of water.B

The strontium sulfate will require the greatest volume of water.C

They will all require the same volume of water.D

Which statement about the halogens is correct?24

Iodine cannot behave as an oxidising agent.A

B

C

The volatility of the elements increases from chlorine to iodine because of the increase in 
molecular size down the group.

When an equimolar mixture of chlorine and hydrogen is exploded, only one product is 
formed.

When concentrated sulfuric acid is added to solid sodium bromide, hydrogen sulfide is one of 
the products.

D

9
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When concentrated sulfuric acid is added to solid sodium bromide, bromine gas is produced, along
with a number of other products. However, when concentrated sulfuric acid is added to solid sodium
chloride, only hydrogen chloride and sodium hydrogensulfate are produced.

What is the reason for this difference?

25

Bromine is less volatile than chlorine.A

Hydrochloric acid is a weak acid.B

Sulfuric acid is not an oxidising agent.C

The bromide ion is a stronger reducing agent than the chloride ion.D

Which statement about the oxides of nitrogen is correct?26

During lightning storms, atmospheric oxygen and nitrogen combine to form oxides of nitrogen.A

In a catalytic converter, nitrogen monoxide is removed by reaction with carbon dioxide.B

In car engines, the restricted supply of oxygen eliminates the possibility of the formation of
oxides of nitrogen.

C

In the atmosphere, nitrogen monoxide reacts with sulfur dioxide to produce sulfur trioxide.D

Structural isomerism and stereoisomerism should be considered when answering this question.

2-bromopentane is heated with an excess of ethanolic sodium hydroxide.

How many different hydrocarbons are produced?

27

4D3C2B1A

Which compound is a secondary alcohol that can be dehydrated to form an alkene with Mr = 70?28

DCB

OH

A

OH

B

OH

C

OH

D
A

10



The conversion of propan-1-ol into propan-2-ol can be completed in a two-stage synthesis.

The first stage is to heat the propan-1-ol with concentrated sulfuric acid.

Which reagent would be needed to complete the second stage?

29

A

hot concentrated acidified manganate�VII� ionsB

steam with phosphoric acidC

aqueous sodium hydroxideD

Which type of reaction happens during the hydrolysis of 2-bromopropane?30

electrophilic additionA

free radical substitutionB

nucleophilic additionC

nucleophilic substitutionD

A mixture of ethane and an excess of chlorine is exposed to UV light.

How many different products, each containing only two carbon atoms and at least one chlorine
atom per molecule, can be formed?

31

12D10C9B8A

When 1-methylcyclohexene reacts with Br2 the product is X.

When 1-methylcyclohexene reacts with HBr the major product is Y.

32

%U� +%U
; <

Which statement is correct?

X is a mixture of two stereoisomers; Y does not have stereoisomers.A

X is a mixture of two stereoisomers; Y is a mixture of four stereoisomers.B

X is a mixture of four stereoisomers; Y does not have stereoisomers.C

X is a mixture of four stereoisomers; Y is a mixture of four stereoisomers.D

11
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T is an organic compound which contains 66.7% by mass of carbon. T also contains one atom of
oxygen per molecule.

T reacts with alkaline I2(aq) to produce a yellow precipitate.

What is T?

33

methylpropan-2-olA

butan-2-olB

butanalC

butanoneD

Which statement about butanone is correct?34

Butanone can be dehydrated by concentrated sulfuric acid to give CH2=CHCH=CH2.A

Butanone gives a positive result with Tollens’ reagent.B

Butanone reacts with HCN by an electrophilic addition mechanism.C

Butanone reacts with NaBH4 to give a chiral product.D

Methylbut-2-ene reacts with HBr at room temperature to produce compound X as a major product.

Compound X reacts with KCN in ethanol to produce compound Y.

Compound Y is hydrolysed with acid to produce compound Z.

What is compound Z?

35

2,2-dimethylbutanoic acidA

2,3-dimethylbutanoic acidB

2-methylpentanoic acidC

3-methylpentanoic acidD

Compound Q can be hydrolysed by HCl (aq). The two products of this hydrolysis have the same
empirical formula.

What could Q be?

36

CH3CO2CH2CH2OHA

CH3CO2CH2CH2CO2HB

CH3CH2CO2CH2CH2CH3C

CH3CH2CH(OH)CH(OH)CH2CH3D

12



An unsaturated carboxylic acid reacts with alcohol X to form an ester.

The structure of the ester is shown.

37

2

2

Which geometrical isomer is shown in this ester and to which class of alcohol does X belong?

class of alcohol Xgeometrical isomer

secondarycisA

tertiarycisB

secondarytransC

tertiarytransD

Which two-step process converts cyclohexanol into cyclohexane-1,2-diol?38

2+

F\FORKH[DQRO

2+

2+

F\FORKH[DQH�����GLRO

step 2step 1

add cold dilute KMnO4 and H2SO4heat strongly with Al 2O3A

heat with steam and H2SO4heat strongly with Al 2O3B

add cold dilute KMnO4 and H2SO4reflux with ethanolic NaOHC

heat with steam and H2SO4reflux with ethanolic NaOHD

[Turn over
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In polymer G every carbon atom in the polymer chain is bonded to one hydrogen atom and one
methyl group.

Which alkene could be polymerised to make polymer G?

39

but-1-eneA

but-2-eneB

methylpropeneC

propeneD

The mass spectrum of compound X has M, M+1 and M+2 peaks. Other peaks are also present.

Peak M is the molecular ion peak, M+. Peak M has a relative abundance fifteen times that of peak
M+1.

Peaks M and M+2 are of equal height.

What could be compound X?

40

1-chloro-2,2-dimethylpentaneA

2-chloro-3-methylpentaneB

2-bromo-2-methylhexaneC

3-bromo-2,2-dimethylbutaneD

14
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