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Section A 

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

1 The highest oxides of the elements sodium to chlorine are separately added to water. 

Which diagram best represents the pH of the resulting mixtures? 
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2 In the Contact process, what is the nature of the gaseous product and what is the identity of the 
catalyst? 

3 In the last century the Haber process was sometimes run at pressures of 1000 atm and higher. 
Now it is commonly run at pressures below 100 atm. 

What is the reason for this change? 

A An iron catalyst is used. 

B Maintaining the higher pressures is more expensive. 

C The equilibrium yield of ammonia is increased at lower pressures. 

D The rate of the reaction is increased at lower pressures. 

4 An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm3

of water. When equilibrium was established, there was 0.44 mol of Ag+(aq) in the mixture. 

 Ag(s) + Fe3+(aq) Ag+(aq) + Fe2+(aq) 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 
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5 When gaseous iodine is heated with hydrogen at 450 °C, an equilibrium is established. 

H2(g)(g)   I2(g)      2HI(g) ∆H = +53 kJ mol–1 

colourless purple colourless 

Which change of conditions will cause the purple colour of the equilibrium mixture to become 
paler? 

A decrease in pressure 

B decrease in temperature 

C increase in pressure 

D increase in temperature 

6 In the Haber process for the manufacture of ammonia, why is the heterogeneous catalyst iron in 
a finely divided state? 

A to increase its surface area 

B to produce the maximum reduction in the activation energy 

C to reduce its loss during the reaction 

D to reduce its surface area 

7 Use of the Data Booklet is relevant to this question. 

560 kg of nitrogen and 120 kg of hydrogen are pressurised, heated and passed over an iron 
catalyst. When the mixture of gases reaches equilibrium, it contains 96 kg of hydrogen. 

Which mass of ammonia does it contain? 

A 24 kg B 68 kg C 136 kg D 680 kg 

8 For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of Kp? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 
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9 For the reaction 

W(aq) + 2X(aq) 2Y(aq) + 3Z(aq) 

what are the correct units for the equilibrium constant Kc? 

A mol dm–3 B mol2 dm–6 C mol–1
 dm3 D mol–2

 dm6 

10 The Haber process for the manufacture of ammonia is represented by the following equation. 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol–1

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

11 The table gives the concentrations and pH values of the aqueous solutions of two compounds, X 
and Y. Either compound could be an acid or a base. 

Student P concluded that X is a strong acid. 

Student Q concluded that the extent of dissociation is lower in X(aq) than in Y(aq). 

Which of the students are correct? 

A both P and Q 

B neither P nor Q 

C P only 

D Q only 
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12 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 
NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

OCl 
–(aq) + H2O  OH–(aq) + HOCl (aq)

In bright sunshine, the OCl 
– ion is broken down by ultra-violet light. 

OCl 
–(aq) + uv light → Cl 

–(aq) + ½O2(g)

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 

13 The percentage of ammonia obtainable, if equilibrium were established during the Haber process, 

is plotted against the operating pressure for two temperatures, 400 °C and 500 °C. 

Which diagram correctly represents the two graphs? 
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14 The value of the equilibrium constant, Kc, for the reaction to form ethyl ethanoate from ethanol 

and ethanoic acid is 4.0 at 60 °C. 

C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O 

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C, 
what is the number of moles of ethyl ethanoate formed? 

A 
3

1 B 
3

2 C 
4

1 D 
4

3

15 Use of the Data Booklet is relevant to this question. 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 
following reaction. 

Ca(s) + aq – 2e– → Ca2+(aq) 

The following enthalpy changes are not quoted in the Data Booklet. 

Ca(s) → Ca(g) 

Ca2+(g) + aq → Ca2+(aq) 

∆H a = 177 kJ mol–1

∆Hhyd = –1565 kJ mol–1

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol–1

B –798 kJ mol–1

C –238 kJ mol–1

D +352 kJ mol–1

16 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

HNO3 + H2SO4  H2NO3
+ + HSO4

–

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 
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17 Which molecule or structure does not contain three atoms bonded at an angle between 

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

18 Equimolar quantities of magnesium carbonate and strontium carbonate are separately heated 
to bring about complete thermal decomposition. The minimum temperature for this to occur is 
called Td. 

The cold residues are separately added to equal volumes of water and the change in pH is 
measured. The change in pH is called ∆pH. 

Which metal has the higher value of Td, and the greater value of ∆pH? 

19 The equilibrium 

N2(g) + O2(g)  2NO(g) ∆H = +180 kJ mol–1 

contributes to a series of reactions producing photochemical smog. 

Which factors would affect the value of Kp of the above equilibrium? 

change in 
pressure 

change in 
temperature 

presence or absence 
of a catalyst 

A � � � 

B � � � 

C � � � 

D � � �
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20 When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process, 
which condition affects the value of the equilibrium constant, Kc? 

A adjusting the temperature 

B adjusting the pressure 

C using a catalyst 

D removing SO3 from the equilibrium mixture 

21 For the reaction 

W(aq) + 2X(aq)  2Y(aq) + 3Z(aq) 

what are the correct units for the equilibrium constant Kc? 

A mol dm–3 B mol2 dm–6 C mol–1
 dm3 D mol–2

 dm6 

22 The diagram represents the Haber process for the manufacture of ammonia from nitrogen and 
hydrogen. 

heat exchanger

condenser

catalytic
converter

N2 + H2

NH3

What is the purpose of the heat exchanger? 

A to cool the incoming gas mixture to avoid overheating the catalyst  

B to cool the reaction products and separate the NH3 from unused N2 and H2 

C to warm the incoming gas mixture and shift the equilibrium to give more NH3 

D to warm the incoming gas mixture and speed up the reaction 
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23 For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of Kp? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

24 Dinitrogen tetroxide dissociates into nitrogen dioxide on heating. 

N2O4(g)  2NO2(g) 

In an experiment the partial pressures of the gases at equilibrium were found to be NO2, 0.33 atm; 
N2O4, 0.67 atm. 

What is the numerical value of Kp at the temperature of the experiment? 

A 0.16 B 0.49 C 0.65 D 2.03 

25 Two equilibria are shown below. 

2X2(g) + Y2(g)  2X2Y(g) reaction I 

reaction II X2Y(g)  X2(g) + 
2

1
2Y (g)  

The numerical value of Kc for reaction I is 2. 

Under the same conditions, what is the numerical value of Kc for reaction II? 

A 
2

1 B 
2

1 C 
4

1 D –2 
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26 Nitrogen dioxide decomposes on heating according to the following equation. 

2NO2(g)  2NO(g) + O2(g) 

When 4 mol of nitrogen dioxide were put into a 1 dm3 container and heated to a constant 
temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

What is the value of the equilibrium constant, Kc, at the temperature of the experiment? 

A
2

2

4

0.8 ×0.8 B
2

2.4

1.6×0.8 C
2

2

4

1.6 ×0.8 D
2

2

2.4

1.6 ×0.8

27 There are three stages in the Contact process for the production of sulphuric acid. 

1 

22

33

S + O2 → SO2 

 S 2 + 1 O2 → SO3
2

 S 3 + H2O → H2SO4 

Which statement about this process is correct? 

A In the first stage a large excess of air under high pressure is used to improve the yield. 

B Two of the three stages are equilibria. 

C All three stages are exothermic. 

D In the final stage SO3 is absorbed by water droplets. 
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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

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

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

28 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 

2 

3 

Water can act as either an acid or a base. 

Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

The ammonium ion acts as a base when dissolved in liquid ammonia. 

29 A student puts 10 cm3 of 0.100 mol dm–3 sulfuric acid into one test-tube and 10 cm3 of 
0.100 mol dm–3 ethanoic acid into another test-tube. He then adds 1.0 g (an excess) of 
magnesium ribbon to each test-tube and takes suitable measurements. Both acids have the 
same starting temperature. 

Neither reaction is complete after 2 minutes, but both are complete after 20 minutes. 

Which statements are correct? 

1 

2 

3 

After 2 minutes, the sulfuric acid is at a higher temperature than the ethanoic acid. 

After 2 minutes, the sulfuric acid has produced more gas than the ethanoic acid. 

After 20 minutes, the sulfuric acid has produced more gas than the ethanoic acid. 

B DC
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30 In which ways are the main reactions in the Haber and Contact processes similar? 

1 

2 

3 

A higher yield is favoured by higher pressures. 

The reaction is a redox process. 

The forward reaction is exothermic. 

31 Ethanol is manufactured by reacting ethene gas and steam in the presence of phosphoric(V) 

∆H = –45 kJ mol–1 

acid. 

C2H4(g) + H2O(g)  C2H5OH(g)  

The reaction is carried out at 570 K and 60 atm. 

What would be the consequences of carrying out the reaction at the same temperature but at a 
pressure of 200 atm? 

1 

2 

3 

The manufacturing costs would increase. 

The maximum yield at equilibrium would be higher. 

The reaction would proceed at a faster rate. 

32 The diagram represents the Boltzmann distribution of molecular energies at a given temperature. 

energy

proportion
of molecules

Which of the factors that affect the rate of a reaction can be explained using such a Boltzmann 
distribution? 

1 

2 

3 

increasing the concentration of reactants 

increasing the temperature 

the addition of a catalyst 
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33 The following reaction takes place using liquid ammonia as a solvent. 

2 4
Na

+

NH
− + NH C

+ −

l → Na C
+ −

l  + 2NH3 

Which statements best explain why this reaction should be classified as a Brønsted-Lowry acid-
base reaction? 

1 The ammonium ion acts as a proton donor. 

2 +

Na C
−

l  is a salt. 

3 Ammonia is always basic. 

34 Which equilibria, in which all species are gaseous, would have equilibrium constants, Kp, with no 
units? 

1 

2 

3 

sulfur dioxide and oxygen in equilibrium with sulfur trioxide 

hydrogen and iodine in equilibrium with hydrogen iodide 

carbon monoxide and steam in equilibrium with carbon dioxide and hydrogen 

35 Catalysts are used in many reversible reactions in the chemical industry. Vanadium(V) oxide is 
used in this way in the Contact process for the formation of SO3. 

2SO2(g) + O2(g)  2SO3(g) 

What effect does vanadium(V) oxide have on this equilibrium? 

1 

2 

3 

It speeds up the forward reaction. 

It increases the value of Kp. 

It increases the value of Ea for the reverse reaction. 
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36 Which of the following can act as a Bronsted-Lowry acid? 

1 H3O
+ 

+

4
NH2 

3 H2O 

37 Under given conditions, what governs the rate of a forward reaction? 

1 

2 

3 

the activation energy of the reaction 

the enthalpy change of the reaction 

the equilibrium constant of the reaction 

38 Which statements about the Haber process for the industrial production of ammonia are correct? 

1 

2 

3 

The equilibrium constant Kp increases with pressure. 

As the temperature increases, the equilibrium constant for the forward reaction becomes 
smaller. 

The process is usually carried out at between 450 °C and 550 °C at a pressure of at least 
150 atm. 

39 Two bulbs R and S, connected by a mercury manometer, are held in a thermostat, as shown. The 
volume of R is twice that of S. R contains gas, X, at the same pressure as the nitrogen in S. 

nitrogenX

S
R

manometer

mercury

thermostat

When the temperature is increased, which gases in bulb R would cause the mercury level in the 
right-hand limb of the manometer to rise? 

1  2NF2(g); ∆H positive 

2  CH3CN(g); ∆H negative 

3

an equilibrium mixture N2F4(g) 

an equilibrium mixture CH3NC(g) 

 nitrogen 




