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3 Sulfuric acid is made from SO3 which can be manufactured in a series of  stages 
from iron(II) disulfide (FeS2), found in the mineral iron pyrites.

3 (a) In the first stage, FeS2 is roasted in air to form iron(III) oxide and sulfur dioxide.

3 (a) (i) Balance the following equation for this reaction.

..........FeS2 + ..........O2 ..........Fe2O3 + ..........SO2
(1 mark)

3 (a) (ii) Deduce the oxidation state of  sulfur in each of  the following compounds.

SO2 .....................................................................................................................................

FeS2 ....................................................................................................................................
(2 marks)

3 (b) In the second stage of  the manufacture of  sulfuric acid, sulfur dioxide reacts with
 oxygen.  The equation for the equilibrium that is established is shown below.

SO2(g)    +    2O2(g)             SO3(g)         ΔH = –98 kJ mol–1

State and explain the effect of  an increase in temperature on the equilibrium yield 
of  SO3

Effect of  increase in temperature on yield .........................................................................

Explanation.........................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

3 (c) In the extraction of  iron, carbon monoxide reacts with iron(III) oxide.  Write an equation
for this reaction and state the role of  the carbon monoxide.

Equation .............................................................................................................................

Role of  the carbon monoxide .............................................................................................
(2 marks)
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5 Nitric acid is manufactured from ammonia in a process that involves several stages.

5 (a) In the first stage, ammonia is converted into nitrogen monoxide and the following
equilibrium is established.

4NH3(g)  +  5O2(g)          4NO(g)  +  6H2O(g) ∆H = –905 kJ mol–1

The catalyst for this equilibrium reaction is a platinum–rhodium alloy in the form of a
gauze.  This catalyst gauze is heated initially but then remains hot during the reaction.

5 (a) (i) In terms of redox, state what happens to the ammonia in the forward reaction.

...................................................................................................................................
(1 mark)

5 (a) (ii) Suggest a reason why the catalyst must be hot.

...................................................................................................................................
(1 mark)

5 (a) (iii) Suggest a reason why the catalyst remains hot during the reaction.

...................................................................................................................................
(1 mark)

5 (a) (iv) State how a catalyst increases the rate of a reaction.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
(2 marks)
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5 (b) In the second stage, nitrogen monoxide is converted into nitrogen dioxide.  The
equation for the equilibrium that is established is shown below.

2NO(g)  +  O2(g)          2NO2(g) ∆H = –113 kJ mol–1

Explain why the equilibrium mixture is cooled during this stage of the process.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(2 marks)

5 (c) In the final stage, nitrogen dioxide reacts with water as shown by the following
equation.

2NO2(g)  +  H2O(l)                  H+(aq)  +  NO3
–(aq)  +  HNO2(aq)

Give the oxidation state of nitrogen in each of the following.

NO2 ....................................................................................................................................

NO3
– ...................................................................................................................................

HNO2 .................................................................................................................................
(3 marks)

Turn over for the next question
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1 A mixture was prepared using 1.00 mol of propanoic acid, 2.00 mol of ethanol and 5.00 mol
of water.  At a given temperature, the mixture was left to reach equilibrium according to the
following equation.

CH3CH2COOH  +  CH3CH2OH          CH3CH2COOCH2CH3 +  H2O        ∆H = –22 kJ mol–1

The equilibrium mixture contained 0.54 mol of the ester ethyl propanoate.

1 (a) (i) Calculate the amounts, in moles, of propanoic acid, of ethanol and of water in
this equilibrium mixture.

Moles of propanoic acid ...........................................................................................

Moles of ethanol .......................................................................................................

Moles of water ..........................................................................................................
(3 marks)

1 (a) (ii) Write an expression for the equilibrium constant, Kc, for this equilibrium.

...................................................................................................................................

...................................................................................................................................
(1 mark)

1 (a) (iii) Calculate a value for Kc for this equilibrium at this temperature.  Explain why
this Kc value has no units.

Calculation ................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

Explanation ...............................................................................................................

...................................................................................................................................
(3 marks)

(Extra space) ............................................................................................................

...................................................................................................................................

SECTION  A

Answer all questions in the spaces provided.
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1 (b) For this equilibrium, predict the effect of an increase in temperature on each of the
following.

1 (b) (i) the amount, in moles, of ester at equilibrium

...................................................................................................................................
(1 mark)

1 (b) (ii) the time taken to reach equilibrium

...................................................................................................................................
(1 mark)

1 (b) (iii) the value of Kc

...................................................................................................................................
(1 mark)

Turn over for the next question
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 5  A sample of  nitrogen dioxide gas (NO2) was prepared by the reaction of  copper with
concentrated nitric acid.

 5  (a) (i) Balance the equation for the reaction of  copper with concentrated nitric acid.

           Cu   +   ........ HNO3 Cu(NO3)2 +   ........ NO2 +   ........ H2O

(1 mark)

 5  (a) (ii) Give the oxidation state of  nitrogen in each of  the following compounds.

HNO3 ........................................................

NO2 ..........................................................
(2 marks)

 5  (a) (iii) Deduce the half-equation for the conversion of  HNO3 into NO2 in this reaction.

............................................................................................................................................
(1 mark)

 5  (b) The following equilibrium is established between colourless dinitrogen tetraoxide gas
(N2O4) and dark brown nitrogen dioxide gas.

N2O4(g)          2NO2(g)

 5  (b) (i) Give two features of  a reaction at equilibrium.

Feature 1 ............................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

Feature 2 ............................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

ΔH = + 58 kJ mol–1
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 5  (b) (ii) Use Le Chatelier’s principle to explain why the mixture of  gases becomes darker in
colour when the mixture is heated at constant pressure.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

 5  (b) (iii) Use Le Chatelier’s principle to explain why the amount of  NO2 decreases when the
pressure is increased at constant temperature.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

Turn over for the next question
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 3 The following dynamic equilibrium was established at temperature T in a closed
container.

P(g)  +  2Q(g)          2R(g)            ΔH  =  –50 kJ mol–1

     The value of  Kc for the reaction was 68.0 mol–1 dm3 when the equilibrium mixture
contained 3.82 mol of  P and 5.24 mol of  R.

 3  (a) Give the meaning of  the term dynamic equilibrium.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

 3  (b) Write an expression for Kc for this reaction.

............................................................................................................................................

............................................................................................................................................
(1 mark)

 3  (c) The volume of  the container was 10.0 dm3.

     Calculate the concentration, in mol dm–3, of  Q in the equilibrium mixture.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(4 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

8
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 3  (d) State the effect, if  any, on the equilibrium amount of  P of  increasing the temperature.
All other factors are unchanged.

............................................................................................................................................
(1 mark)

 3  (e) State the effect, if  any, on the equilibrium amount of  P of  using a container of  larger
volume.  All other factors are unchanged.

............................................................................................................................................
(1 mark)

 3  (f) State the effect, if  any, on the value of  Kc of  increasing the temperature.
     All other factors are unchanged.

............................................................................................................................................
(1 mark)

 3  (g) State the effect, if  any, on the value of  Kc of  using a container of  larger volume.
     All other factors are unchanged.

............................................................................................................................................
(1 mark)

 3  (h) Deduce the value of  the equilibrium constant, at temperature T, for the reaction

2R(g)          P(g)  +  2Q(g)

............................................................................................................................................

............................................................................................................................................
(1 mark)

Turn over for the next question

12
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3

1 (c) An equilibrium is established between oxygen and ozone molecules as shown below.

3O2(g) 2O3(g) ΔH = +284 kJ mol–1

1 (c) (i) State Le Chatelier’s principle.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(1 mark)

(Extra space) .....................................................................................................................

............................................................................................................................................

1 (c) (ii) Use Le Chatelier’s principle to explain how an increase in temperature causes an 
increase in the equilibrium yield of  ozone.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

1 (d) Chemists supported the legislation to ban the use of  CFCs.  Modern refrigerators 
use pentane rather than CFCs as refrigerants.
With reference to its formula, state why pentane is a more environmentally acceptable
refrigerant.

............................................................................................................................................

............................................................................................................................................
(1 mark)

(Extra space) .....................................................................................................................

............................................................................................................................................
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10 Reactions that involve oxidation and reduction are used in a number of  important 
industrial processes.

10 (a) Iodine can be extracted from seaweed by the oxidation of  iodide ions.
In this extraction, seaweed is heated with MnO2 and concentrated sulfuric acid.

10 (a) (i) Give the oxidation state of  manganese in MnO2

............................................................................................................................................
(1 mark)

10 (a) (ii) Write a half-equation for the reaction of  MnO2 in acid to form Mn2+ ions and 
water as the only products.

............................................................................................................................................
(1 mark)

10 (a) (iii) In terms of  electrons, state what happens to the iodide ions when they are oxidised.

............................................................................................................................................

............................................................................................................................................
(1 mark)

10 (b) Chlorine is used in water treatment.  When chlorine is added to cold water it reacts
to form the acids HCl and HClO
The following equilibrium is established.

Cl2(aq)  +  H2O(I)              H+(aq)  +  Cl–(aq)  +  HClO(aq)

10 (b) (i) Give the oxidation state of  chlorine in Cl2 and in HClO

Cl2 ......................................................................................................................................

HClO ..................................................................................................................................
(2 marks)
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10 (b) (ii) Deduce what happens to this equilibrium as the HClO reacts with bacteria in 
the water supply.  Explain your answer.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

10 (c) Concentrated sulfuric acid is reduced when it reacts with solid potassium bromide.
Concentrated sulfuric acid is not reduced when it reacts with solid potassium chloride.

10 (c) (i) Write the two half-equations for the following redox reaction.

2H+  + 2Br–  +  H2SO4 Br2 +  SO2 +  2H2O

Half-equation 1

............................................................................................................................................

Half-equation 2

............................................................................................................................................
(2 marks)

10 (c) (ii) Write an equation for the reaction of  solid potassium chloride with concentrated 
sulfuric acid.

...........................................................................................................................................
(1 mark)

Question 10 continues on the next page

→
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10 (c) (iii) Explain why chloride ions are weaker reducing agents than bromide ions.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

............................................................................................................................................

END  OF  QUESTIONS

Copyright © 2011 AQA and its licensors.  All rights reserved.
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3 Synthesis gas is a mixture of  carbon monoxide and hydrogen.  Methanol can be
manufactured from synthesis gas in a reversible reaction as shown by the
following equation.

CO(g)  +  2H2(g)                CH3OH(g)          �H =  –91 kJmol–1

3 (a) A sample of  synthesis gas containing 0.240 mol of  carbon monoxide and 0.380 mol of
hydrogen was sealed together with a catalyst in a container of  volume 1.50 dm3.
When equilibrium was established at temperature T1 the equilibrium mixture
contained 0.170 mol of  carbon monoxide.

Calculate the amount, in moles, of  methanol and the amount, in moles, of  hydrogen in
the equilibrium mixture.

Methanol ............................................................................................................................

Hydrogen ...........................................................................................................................
(2 marks)

3 (b) A different sample of  synthesis gas was allowed to reach equilibrium in a similar
container of  volume 1.50 dm3 at temperature T1

At equilibrium, the mixture contained 0.210 mol of  carbon monoxide, 0.275 mol of
hydrogen and 0.0820 mol of  methanol.

3 (b) (i) Write an expression for the equilibrium constant Kc for this reaction.

............................................................................................................................................

............................................................................................................................................
(1 mark)

3 (b) (ii) Calculate a value for Kc for the reaction at temperature T1 and state its units.

Calculation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

Units ..................................................................................................................................

............................................................................................................................................
(4 marks)

3 (b) (iii) State the effect, if  any, on the value of  Kc of  adding more hydrogen to the equilibrium
mixture.

............................................................................................................................................
(1 mark)

8

(08)
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3 (c) The temperature of  the mixture in part 3 (b) was changed to T2 and the mixture was
left to reach a new equilibrium position.  At this new temperature the equilibrium
concentration of  methanol had increased.
Deduce which of  T1 or T2 is the higher temperature and explain your answer.

Higher temperature ............................................................................................................

Explanation ........................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

3 (d) The following reaction has been suggested as an alternative method for the production
of  methanol.

CO2(g)  +  3H2(g)                     CH3OH(g)  +  H2O(g)

The hydrogen used in this method is obtained from the electrolysis of  water.

Suggest one possible environmental disadvantage of  the production of  hydrogen by
electrolysis.

............................................................................................................................................

............................................................................................................................................
(1 mark)

3 (e) One industrial use of  methanol is in the production of  biodiesel from vegetable oils
such as

Give the formula of  one compound in biodiesel that is formed by the reaction of
methanol with the vegetable oil shown above.

............................................................................................................................................
(1 mark)

9
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CHOOCC17H31
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 2  (b) State and explain what happens to the yield of  methanol when the total pressure is
increased in this synthesis.

CO2(g)  +  3H2(g)              CH3OH(g)  +  H2O(g)

Effect on yield .....................................................................................................................

Explanation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

 2  (c) The hydrogen required for this synthesis is formed from methane and steam in a
reversible reaction.  The equation for this reaction is shown below.

CH4(g)  +  H2O(g)              CO(g)  +  3H2(g)              ΔH = +206 kJ mol–1

           State and explain what happens to the yield of  hydrogen in this reaction when the 
temperature is increased.

Effect on yield .....................................................................................................................

Explanation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

Question 2 continues on the next page
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Section A

Answer all questions in the spaces provided.

 1  (a) A mixture of  1.50 mol of  hydrogen and 1.20 mol of  gaseous iodine was sealed in a 
container of  volume V dm3.  The mixture was left to reach equilibrium as shown by the
following equation.

H2(g)   +   l2(g)                 2Hl(g)

     At a given temperature, the equilibrium mixture contained 2.06 mol of  hydrogen iodide.

 1  (a) (i) Calculate the amounts, in moles, of  hydrogen and of  iodine in the equilibrium mixture.

Moles of  hydrogen .............................................................................................................

Moles of  iodine ..................................................................................................................
(2 marks)     

 1  (a) (ii) Write an expression for the equilibrium constant (Kc) for this equilibrium.

............................................................................................................................................

............................................................................................................................................
(1 mark)

 1  (a) (iii) Kc for this equilibrium has no units.
           State why the units cancel in the expression for Kc

............................................................................................................................................

............................................................................................................................................
(1 mark)

 1  (a) (iv) A different mixture of  hydrogen, iodine and hydrogen iodide was left to reach 
equilibrium at the same temperature in a container of  the same volume.

           This second equilibrium mixture contained 0.38 mol of  hydrogen, 0.19 mol of  iodine and
1.94 mol of  hydrogen iodide.

           Calculate a value for Kc for this equilibrium at this temperature.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

(02)
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 1  (b) This question concerns changes made to the four equilibria shown in parts (b) (i) to 
(b) (iv).

     In each case, use the information in the table to help you choose from the 
letters A to E the best description of  what happens as a result of  the change
described.  Write your answer in the box.

     Each letter may be used once, more than once or not at all.

 1  (b) (i) Change: increase the temperature of  the equilibrium mixture at constant pressure.

     H2(g)   +   l2(g)                 2Hl(g)                              ΔH  =  +52 kJ mol–1

(1 mark)

 1  (b) (ii) Change: increase the total pressure of  the equilibrium mixture at constant temperature.

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

(1 mark)

 1  (b) (iii) Change: add a catalyst to the equilibrium mixture at constant temperature.

     CO(g)   +   H2O(g)                 CO2(g)   +   H2(g)       ΔH  =  – 41 kJ mol–1

(1 mark)

 1  (b) (iv) Change: add chlorine to the equilibrium mixture at constant temperature.

     PCl5(g)                 PCl3(g)   +   Cl2(g)                       ΔH  =  +93 kJ mol–1

(1 mark)

3

10

Position of equilibrium Value of equilibrium constant, Kc

A remains the same same

B moves to the right same

C moves to the left same

D moves to the right different

E moves to the left different



WMP/Jan12/CHEM2

Turn over �

(03)

Do not write
outside the

box

3

2 Ammonia is manufactured by the Haber process in which the following equilibrium is
established.

N2(g)  +  3H2(g)              2NH3(g)

2 (a) Give two features of  a reaction at equilibrium.

Feature 1 ............................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

Feature 2 ............................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

2 (b) Explain why a catalyst has no effect on the position of  an equilibrium.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

Question 2 continues on the next page
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2 (c) The diagram shows how the equilibrium yield of  ammonia varies with changes in 
pressure and temperature.

2 (c) (i) Use the diagram to state the effect of  an increase in pressure at constant temperature
on the yield of  ammonia.  Use Le Chatelier’s principle to explain this effect.

Effect on yield ....................................................................................................................

Explanation ........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

0
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2 (c) (ii) Use the diagram to state the effect of  an increase in temperature at constant pressure
on the yield of  ammonia.  Use Le Chatelier’s principle to explain this effect.

Effect on yield ....................................................................................................................

Explanation ........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

2 (d) At equilibrium, with a pressure of  35 MPa and a temperature of  600 K, the yield of
ammonia is 65%.

2 (d) (i) State why industry uses a temperature higher than 600 K.

............................................................................................................................................

............................................................................................................................................
(1 mark)

2 (d) (ii) State why industry uses a pressure lower than 35 MPa.
Do not include references to safety.

............................................................................................................................................

............................................................................................................................................
(1 mark)

5

12
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5 Iodine reacts with concentrated nitric acid to produce nitrogen dioxide (NO2).

5 (a) (i) Give the oxidation state of  iodine in each of  the following.

I2 .......................................................................

HIO3..................................................................
(2 marks)

5 (a) (ii) Complete the balancing of  the following equation.

I2 +    10HNO3 ..........HIO3 +    ..........NO2 +    ..........H2O
(1 mark)

5 (b) In industry, iodine is produced from the NalO3 that remains after sodium nitrate has
been crystallised from the mineral Chile saltpetre.
The final stage involves the reaction between NalO3 and Nal in acidic solution.
Half-equations for the redox processes are given below.

IO3
– +    5e– +    6H+ 3H2O    +    – l2

l – – l2 +    e–

Use these half-equations to deduce an overall ionic equation for the production of
iodine by this process.  Identify the oxidising agent.

Overall ionic equation

The oxidising agent ............................................................................................................
(2 marks)

10

(10)

1
2

1
2
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5 (c) When concentrated sulfuric acid is added to potassium iodide, solid sulfur and a black
solid are formed.

5 (c) (i) Identify the black solid.

............................................................................................................................................
(1 mark)

5 (c) (ii) Deduce the half-equation for the formation of  sulfur from concentrated sulfuric acid.

............................................................................................................................................
(1 mark)

5 (d) When iodide ions react with concentrated sulfuric acid in a different redox reaction, the
oxidation state of  sulfur changes from +6 to –2.  The reduction product of  this reaction
is a poisonous gas that has an unpleasant smell.
Identify this gas.

............................................................................................................................................
(1 mark)

5 (e) A yellow precipitate is formed when silver nitrate solution, acidified with dilute nitric
acid, is added to an aqueous solution containing iodide ions.

5 (e) (i) Write the simplest ionic equation for the formation of  the yellow precipitate.

............................................................................................................................................
(1 mark)

5 (e) (ii) State what is observed when concentrated ammonia solution is added to this
precipitate.

............................................................................................................................................

............................................................................................................................................
(1 mark)

5 (e) (iii) State why the silver nitrate is acidified when testing for iodide ions.

............................................................................................................................................

............................................................................................................................................
(1 mark)

Question 5 continues on the next page

11
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5 (f) Consider the following reaction in which iodide ions behave as reducing agents.

Cl2(aq)    +    2I–(aq) I2(aq)    +    2Cl–(aq)

5 (f) (i) In terms of electrons, state the meaning of the term reducing agent.

............................................................................................................................................

............................................................................................................................................
(1 mark)

5 (f) (ii) Write a half-equation for the conversion of  chlorine into chloride ions.

............................................................................................................................................
(1 mark)

5 (f) (iii) Suggest why iodide ions are stronger reducing agents than chloride ions.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

12

(12)
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2 At high temperatures and in the presence of  a catalyst, sulfur trioxide decomposes
according to the following equation.

2SO3(g)               2SO2(g)  +  O2(g)          ΔH =  +196 kJ mol–1

2 (a) In an experiment, 8.0 mol of  sulfur trioxide were placed in a container of  volume 
12.0 dm3 and allowed to come to equilibrium.
At temperature T1 there were 1.4 mol of  oxygen in the equilibrium mixture.

2 (a) (i) Calculate the amount, in moles, of  sulfur trioxide and of  sulfur dioxide in the equilibrium
mixture.

Amount of  sulfur trioxide ....................................................................................................

Amount of  sulfur dioxide ...................................................................................................
(2 marks)

2 (a) (ii) Write an expression for the equilibrium constant, Kc, for this equilibrium.

............................................................................................................................................

............................................................................................................................................
(1 mark)

2 (a) (iii) Deduce the units of  Kc for this equilibrium.

............................................................................................................................................

............................................................................................................................................
(1 mark)

2 (a) (iv) Calculate a value of  Kc for this equilibrium at temperature T1

(If  you were unable to complete the calculations in part (a) (i) you should assume that
the amount of  sulfur trioxide in the equilibrium mixture was 5.8 mol and the amount of
sulfur dioxide was 2.1 mol.  These are not the correct values.)

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................
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2 (b) The experiment was repeated at the same temperature using the same amount of
sulfur trioxide but in a larger container.
State the effect, if  any, of  this change on:

2 (b) (i) the amount, in moles, of  oxygen in the new equilibrium mixture

............................................................................................................................................
(1 mark)

2 (b) (ii) the value of  Kc

............................................................................................................................................
(1 mark)

2 (c) The experiment was repeated in the original container but at temperature T2
The value of  Kc was smaller than the value at temperature T1
State which is the higher temperature, T1 or T2
Explain your answer.

Higher temperature ............................................................................................................

Explanation ........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................
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Section A

Answer all questions in the spaces provided.

 1 Sulfuric acid is manufactured by the Contact Process.

 1  (a) In this process, sulfur dioxide reacts with oxygen.
           The equation for the equilibrium that is established is

SO2(g)     +     –O2(g)                 SO3(g)              ΔH = –98 kJ mol–1

 1  (a) (i) State and explain the effect of  a decrease in temperature on the equilibrium yield of
SO3

Effect of  a decrease in temperature on yield ....................................................................

Explanation ........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

 1  (a) (ii) Give two features of  a reaction at equilibrium. 

Feature 1 ............................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

Feature 2 ............................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(2 marks)

Question 1 continues on the next page
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 1  (b) Write an equation for the reaction of  concentrated sulfuric acid with potassium bromide
to form potassium hydrogensulfate and hydrogen bromide.

............................................................................................................................................
(1 mark)

 1  (c) Bromine is one of  the products formed when concentrated sulfuric acid reacts with 
hydrogen bromide.

           Write an equation for this reaction.
           State the role of  sulfuric acid in this reaction.

           Equation

............................................................................................................................................

Role of  sulfuric acid ...........................................................................................................
(3 marks)

 1  (d) Concentrated sulfuric acid is used in a two-stage process to convert 2-methylpropene
into 2-methylpropan-2-ol. 

           Stage 1 (CH3)2C    CH2 +  H2SO4 (CH3)2C(OSO2OH)CH3

           Stage 2 (CH3)2C(OSO2OH)CH3 +  H2O                 (CH3)2C(OH)CH3 +  H2SO4
     

 1  (d) (i) Name and outline a mechanism for Stage 1 of  this conversion.

Name of  mechanism .........................................................................................................

Mechanism

(5 marks)

4

(04)
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 1  (d) (ii) Deduce the type of  reaction in Stage 2 of  this conversion.

............................................................................................................................................
(1 mark)

 1  (d) (iii) State the overall role of  sulfuric acid in this conversion.

............................................................................................................................................
(1 mark)

Turn over for the next question
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 4  The price of  copper is increasing as supplies of  high-grade ores start to run out.
     The mineral covellite (CuS), found in low-grade ores, is a possible future source of  

copper.

 4  (a) When copper is extracted from covellite, a reaction occurs between copper(II) sulfide
and nitric acid to form a dilute solution of  copper(II) sulfate.

 4  (a) (i) Balance the equation for this reaction.

           3CuS(s)   +   ……HNO3(aq)                 ……CuSO4(aq)   +   ……NO(g)   +   ……H2O(I)

(1 mark)

 4  (a) (ii) Give the oxidation state of  nitrogen in each of  the following.

HNO3..............................................

NO .................................................
(2 marks)

 4  (a) (iii) Deduce the redox half-equation for the reduction of  the nitrate ion in acidified solution
to form nitrogen monoxide and water.

............................................................................................................................................
(1 mark)

 4  (a) (iv) Deduce the redox half-equation for the oxidation of  the sulfide ion in aqueous solution
to form the sulfate ion and H+(aq) ions.

............................................................................................................................................
(1 mark)
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 4  (b) Use your knowledge of  metal reactivity to state and explain a low-cost method for the 
extraction of  copper from a dilute aqueous solution of  copper(II) sulfate.

           Write the simplest ionic equation for the reaction that occurs during this extraction 
process.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

Simplest ionic equation

............................................................................................................................................
(4 marks)

Turn over for the next question
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 2 When heated above 100 ºC, nitrosyl chloride (NOCl) partly decomposes to form
nitrogen monoxide and chlorine as shown in the equation.

2NOCl(g)                2NO(g)     +     Cl2(g)

 2  (a) A 2.50 mol sample of  NOCl was heated in a sealed container and equilibrium was
established at a given temperature.  The equilibrium mixture formed contained 0.80 mol
of  NO

   
           Calculate the amount, in moles, of  Cl2 and of  NOCl in this equilibrium mixture.

Moles of  Cl2 .......................................................................................................................

Moles of  NOCl ....................................................................................................................
(2 marks)

 2  (b) A different mixture of  NOCl, NO and Cl2 reached equilibrium in a sealed container 
of  volume 15.0 dm3.  The equilibrium mixture formed contained 1.90 mol of  NOCl
and 0.86 mol of  NO at temperature T.

           The value of  Kc for the equilibrium at temperature T was 7.4 × 10–3 mol dm–3.

 2  (b) (i) Write an expression for the equilibrium constant Kc

............................................................................................................................................

............................................................................................................................................
(1 mark)

 2  (b) (ii) Calculate the amount, in moles, of  Cl2 in this equilibrium mixture.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(4 marks)

(Extra space) ......................................................................................................................

............................................................................................................................................

............................................................................................................................................

4
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 2  (b) (iii) Consider this alternative equation for the equilibrium at temperature T.

         NOCl(g)                NO(g)     +     – Cl2(g)

           Calculate a value for the different equilibrium constant Kc for the equilibrium as shown
in this alternative equation.  Deduce the units of  this Kc

Calculation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

Units ...................................................................................................................................

............................................................................................................................................
(2 marks)

Turn over for the next question
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2 A study of  equilibrium is important for understanding chemical reactions.

2 (a) State Le Chatelier’s principle.

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(1 mark)

(Extra space) .....................................................................................................................

............................................................................................................................................

2 (b) Catalysts play an important role in many reactions.

2 (b) (i) State the meaning of  the term catalyst.
Explain, in general terms, how catalysts work.

Meaning of  the term catalyst .............................................................................................

............................................................................................................................................

............................................................................................................................................

How catalysts work ............................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
(3 marks)

(Extra space) .....................................................................................................................

............................................................................................................................................

2 (b) (ii) State the effect, if  any, of  a catalyst on the time taken to reach equilibrium.

............................................................................................................................................
(1 mark)

2 (b) (iii) State the effect, if  any, of  a catalyst on the position of  an equilibrium.

............................................................................................................................................
(1 mark)

6
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2 (c) Consider the following equilibrium reactions.

�H / kJ mol–1

P H2(g)  +  l2(g) 2Hl(g) –10

Q CO2(g)  +  3H2(g) CH3OH(g)  +  H2O(g) –49

R N2O4(g) 2NO2(g) +58

S N2(g)  +  3H2(g) 2NH3(g) –92

T C2H4(g)  +  H2O(g) CH3CH2OH(g) –42

In each of  parts (c) (i) to (c) (v), you should record in the box one of  the letters, P, Q,
R, S or T, that corresponds to the equilibrium that best fits the information provided.
You may use each letter once, more than once or not at all.

2 (c) (i) A decrease in temperature at constant pressure shifts the position of  this equilibrium
from right to left.

(1 mark)

2 (c) (ii) This equilibrium uses concentrated phosphoric acid as a catalyst in a hydration
reaction.

(1 mark)

2 (c) (iii) A decrease in pressure at constant temperature shifts the position of  this equilibrium
from left to right.

(1 mark)

2 (c) (iv) There is no change in the position of  this equilibrium when the pressure is increased at
constant temperature.

(1 mark)

2 (c) (v) An increase in the concentration of  steam at constant temperature and constant
pressure shifts the position of  this equilibrium from right to left.

(1 mark)

7
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Section A

Answer all questions in the spaces provided.

 1 A dynamic equilibrium is established when gas A is mixed with gas B at a given
temperature.

A(g) + B(g)             C(g) + D(g)

          Figure 1 shows how the concentrations of  reactants and products change with time.

Figure 1

 1  (a) (i) On the appropriate axis of  Figure 1, place an X to show the time when equilibrium is 
first established.

[1 mark]

 1  (a) (ii) State how the rate of  the forward reaction and the rate of  the reverse reaction are 
related to each other at equilibrium. 

[1 mark]

............................................................................................................................................

............................................................................................................................................

(02)

2

Concentration /
mol dm–3

C(g) + D(g)

Time / s

A(g) + B(g)



WMP/Jun14/CHEM2

Turn over �

(03)

Do not write
outside the

box
3

8

 1  (b) Give the meaning of  the term dynamic in the context of  a dynamic equilibrium.
[1 mark]

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

 1  (c) The total pressure on the system is increased at constant temperature. 

 1  (c) (i) State and explain the effect, if  any, of  this change on the position of  this equilibrium.
[2 marks] 

Effect ..................................................................................................................................

Explanation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

 1  (c) (ii) State and explain the effect, if  any, of  this change on the time taken to reach this 
equilibrium.

[3 marks] 

Effect ..................................................................................................................................

Explanation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
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 3  Antimony is a solid element that is used in industry.  The method used for the 
extraction of  antimony depends on the grade of  the ore.

 3  (a) Antimony can be extracted by reacting scrap iron with low-grade ores that contain 
antimony sulfide (Sb2S3).

 3  (a) (i) Write an equation for the reaction of  iron with antimony sulfide to form antimony and 
iron(II) sulfide.

[1 mark]

............................................................................................................................................

 3  (a) (ii) Write a half-equation to show what happens to the iron atoms in this reaction.
[1 mark]

............................................................................................................................................

 3  (b) In the first stage of  the extraction of  antimony from a high-grade ore, antimony sulfide 
is roasted in air to convert it into antimony(III) oxide (Sb2O3) and sulfur dioxide.

 3  (b) (i) Write an equation for this reaction. 
[1 mark]

............................................................................................................................................

 3  (b) (ii) Identify one substance that is manufactured directly from the sulfur dioxide formed in
this reaction. 

[1 mark]

............................................................................................................................................

6
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 6  This question is about Group 7 chemistry.

 6  (a) Sea water is a major source of  iodine.
     The iodine extracted from sea water is impure.  It is purified in a two-stage process.

     Stage 1 l2 +   2H2O   +   SO2 2Hl   +   H2SO4

     Stage 2 2Hl   +   Cl2 l2 +   2HCl

 6  (a) (i) State the initial oxidation state and the final oxidation state of  sulfur in Stage 1.
[2 marks]

Oxidation state of  S in SO2 ...............................................................................................

Oxidation state of  S in H2SO4 ............................................................................................

 6  (a) (ii) State, in terms of  electrons, what has happened to chlorine in Stage 2.
[1 mark]

............................................................................................................................................

............................................................................................................................................

 6  (b) When concentrated sulfuric acid is added to potassium iodide, iodine is formed in the
following redox equations.

           ......KI   +   ......H2SO4 ......KHSO4 +   ......l2 +   S   +   ......H2O

           8KI + 9H2SO4 8KHSO4 + 4l2 + H2S   + 4H2O

 6  (b) (i) Balance the equation for the reaction that forms sulfur.
[1 mark]

 6  (b) (ii) Deduce the half-equation for the formation of  iodine from iodide ions.
[1 mark]

............................................................................................................................................

 6  (b) (iii) Deduce the half-equation for the formation of  hydrogen sulfide from concentrated
sulfuric acid.

[1 mark]

............................................................................................................................................

Question 6 continues on the next page

13
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 8  (c) When 3-methylbutanoic acid reacts with ethanol in the presence of  an acid catalyst, 
an equilibrium is established.  The organic product is a pleasant-smelling ester. 

           (CH3)2CHCH2COOH   +   CH3CH2OH (CH3)2CHCH2COOCH2CH3 +   H2O
an ester

           The carboxylic acid is very expensive and ethanol is inexpensive.  In the manufacture of
this ester, the mole ratio of  carboxylic acid to ethanol used is 1 to 10 rather than 1 to 1.

 8  (c) (i) Use Le Chatelier’s principle to explain why a 1 to 10 mole ratio is used.  In your
explanation, you should not refer to cost.

[3 marks]

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

[Extra space] ....................................................................................................................

............................................................................................................................................

 8  (c) (ii) Explain how a catalyst increases the rate of  a reaction.
[2 marks]

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

[Extra space] ....................................................................................................................

............................................................................................................................................

22
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Section A

Answer all questions in the spaces provided.

 1  This question is about the gaseous equilibrium between compounds E, F and G as 
shown in the equation.

                                        E(g)    +    2F(g)           2G(g)          �H = –50 kJ mol–1

 1  (a) A 2.0 mol sample of  E was heated in a sealed container with a 1.0 mol sample of  F.  
Equilibrium was established at a given temperature and the equilibrium mixture 
formed contained 0.80 mol of  G.

           Calculate the amount, in moles, of  E and of  F in this equilibrium mixture.
[2 marks]

Moles of  E ..........................................................................................................................

Moles of  F ..........................................................................................................................

 1  (b) Write an expression for the equilibrium constant Kc for this equilibrium.
           State the units of  Kc

[2 marks]

Expression ..........................................................................................................................

............................................................................................................................................

............................................................................................................................................

Units ...................................................................................................................................

............................................................................................................................................
     

(02)

2
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 1  (c) A different mixture of  E and F reached equilibrium at temperature T1 in a container of  
volume 1.50 dm3.  This equilibrium mixture contained 2.50 mol of  E, 1.20 mol of  F and
0.85 mol of  G.

          Calculate a value of  Kc for the equilibrium at temperature T1
[2 marks]

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

 1  (d) The mixture in Question 1 (c) was allowed to reach equilibrium at temperature T1 in a 
different container of  volume 3.00 dm3.

           State whether the amount of  G in the equilibrium mixture will increase, decrease or 
stay the same.  Explain your answer.

[3 marks]

Effect on the amount of  G .................................................................................................

Explanation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

 1  (e) The mixture in Question 1 (c) was allowed to reach equilibrium at temperature T2 in the 
original container of  volume 1.50 dm3.

           The value of  Kc for the equilibrium was found to have increased.

           State and explain which of  T1 or T2 is the higher temperature.
[3 marks]

Higher temperature ............................................................................................................

Explanation .........................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

3
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Section A

Answer all questions in the spaces provided.

1 Chlorine is an important industrial chemical.

1 (a) Chlorine is formed when KMnO4 reacts with hydrochloric acid.
The ionic equation for this redox reaction is

16H+ +   2MnO4
– +   10Cl– 2Mn2+ +   8H2O   +   5Cl2

1 (a) (i) Deduce the half-equation for the oxidation of  chloride ions to chlorine.
[1 mark]

.............................................................................................................................................

1 (a) (ii) Give the oxidation state of  manganese in the MnO4
– ion.

[1 mark]

.............................................................................................................................................

1 (a) (iii) Deduce the half-equation for the reduction of  the MnO4
– ions in acidified solution to

manganese(II) ions and water.
[1 mark]

.............................................................................................................................................

1 (b) Chlorine behaves as an oxidising agent in the extraction of  bromine from seawater.
In this process, chlorine gas is bubbled through a solution containing bromide ions.

1 (b) (i) Write the simplest ionic equation for the reaction of  chlorine with bromide ions.
[1 mark]

.............................................................................................................................................

1 (b) (ii) Give one observation that would be made during this reaction.
[1 mark]

.............................................................................................................................................

.............................................................................................................................................



3

1 (b) (iii) In terms of  electrons, state the meaning of  the term oxidising agent.
[1 mark]

.............................................................................................................................................

.............................................................................................................................................

1 (c) In sunlight, chlorine can also oxidise water slowly to form oxygen.

Write an equation for this reaction.
Give the oxidation state of  chlorine in the chlorine-containing species that is formed.

[2 marks]

Equation

.............................................................................................................................................

Oxidation state of  chlorine in the species formed ..............................................................

1 (d) Explain why chlorine has a lower boiling point than bromine.
[2 marks]

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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4 Hydrogen is produced in industry from methane and steam in a two-stage process.

4 (a) In the first stage, carbon monoxide and hydrogen are formed.
The equation for this reaction is

CH4(g)   +   H2O(g) CO(g)   +   3H2(g)               �H = +206 kJ mol–1

4 (a) (i) Use Le Chatelier’s principle to state whether a high or low temperature should be used
to obtain the highest possible equilibrium yield of  hydrogen from this first stage.  
Explain your answer.

[3 marks]

Temperature ........................................................................................................................

Explanation .........................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

4 (a) (ii) Le Chatelier’s principle suggests that a high pressure will produce a low yield of
hydrogen in this first stage.

Explain, in terms of  the behaviour of  particles, why a high operating pressure is used in
industry.

[2 marks]

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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4 (a) (iii) A nickel catalyst is used in the first stage.

Explain why the catalyst is more effective when coated onto an unreactive honeycomb.
[2 marks]

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

4 (b) The second stage is carried out in a separate reactor.  Carbon monoxide is converted
into carbon dioxide and more hydrogen is formed.

The equation for this reaction is

CO(g)   +   H2O(g) CO2(g)   +   H2(g)               �H = –41 kJ mol–1

Use Le Chatelier’s principle to state the effect, if  any, of  a decrease in the total pressure
on the yield of  hydrogen in this second stage.  Explain your answer.

[2 marks]

Effect ...................................................................................................................................

Explanation .........................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Turn over for the next question
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2 Sulfur dioxide reacts with oxygen to form sulfur trioxide according to the equation

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

2 (a) Write an expression for the equilibrium constant, Kc, for this reaction and deduce its
units.

[2 marks]

Kc .........................................................................................................................................

.............................................................................................................................................

Units ....................................................................................................................................

.............................................................................................................................................

2 (b) Samples of  sulfur dioxide, oxygen and sulfur trioxide were added to a flask of  volume
1.40 dm3 and allowed to reach equilibrium at a given temperature.
The flask contained 0.0550 mol of  sulfur dioxide and 0.0720 mol of  sulfur trioxide at
equilibrium.
Kc has the numerical value of  27.9 under these conditions.

Calculate the amount, in moles, of  oxygen gas in this equilibrium mixture.
[3 marks]

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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2 (c) The experiment in Question 2 (b) was repeated with the same amounts of  sulfur dioxide,
oxygen and sulfur trioxide at the same temperature but in a smaller flask.  
The mixture was allowed to reach equilibrium.

2 (c) (i) State the effect, if  any, of  using a smaller flask on the value of  Kc
[1 mark]

.............................................................................................................................................

2 (c) (ii) State the effect, if  any, of  using a smaller flask on the amount of  sulfur trioxide at
equilibrium.
Explain your answer.

[3 marks]

Effect ...................................................................................................................................

Explanation .........................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Turn over for the next question
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5 Methanol, for use as a fuel, can be produced by the reaction of  carbon monoxide with
hydrogen.

CO(g) + 2H2(g)              CH3OH(g)       �H = –90 kJ mol–1

The reaction is typically carried out at 300 ºC and 3 × 107 Pa, in the presence of  a
catalyst.

5 (a) Figure 2 shows the Maxwell–Boltzmann distribution for a mixture of  carbon monoxide
and hydrogen at 300 ºC.

Figure 2

5 (a) (i) Sketch a second curve on Figure 2 to show the distribution of  molecular energies in this
mixture at a higher temperature.

[1 mark]

5 (a) (ii) Explain with reference to both curves in Figure 2 how a small change in temperature
leads to a large change in the rate of  reaction.

[2 marks]

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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5 (b) Both the rate of  production and equilibrium yield of  methanol are considered when
choosing the most appropriate conditions for the operation of  this process on an
industrial scale.

5 (b) (i) State and explain the effect of  a higher pressure on the equilibrium yield of  methanol.
[3 marks]

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

5 (b) (ii) By considering both rate and yield, state why the reaction is carried out at a temperature
of  300 ºC rather than at a higher temperature.

[2 marks]

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Turn over for the next question
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2 (c) In the presence of  an acid catalyst such as dry hydrogen chloride, ethanal reacts with an
excess of  ethanol to form an acetal.

The overall reaction of  ethanal with an excess of  ethanol forms an equilibrium mixture
as shown.  All reactants and products are liquids.

A mixture of  0.75 mol of  ethanal and 5.00 mol of  ethanol was left to reach equilibrium in
the presence of  dry hydrogen chloride at a given temperature.  The equilibrium mixture
contained 0.42 mol of  the acetal.

2 (c) (i) Calculate the amount, in moles, of  ethanal and of  ethanol in this equilibrium mixture.
[2 marks]

Amount of  ethanal _________________________________________________________ mol

Amount of  ethanol__________________________________________________________ mol

Space for working _____________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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H

C
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an acetal
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2 (c) (ii) In a different experiment using the same reaction as in part (c), an equilibrium mixture
was established at a given temperature.  
This mixture contained 0.58 mol of  ethanal, 3.76 mol of  ethanol, 0.37 mol of  the acetal
and 0.65 mol of  water in a total volume of  310 cm3.

Write an expression for the equilibrium constant Kc for this reaction. 
Calculate a value for Kc at this temperature. Give units with your answer.

[4 marks]

Kc ____________________________________________________________________________

______________________________________________________________________________

Calculation ____________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2 (d) Draw the structure of  the acetal (C4H8O2) formed by the reaction of  ethanal with 
ethane-1,2-diol.

[1 mark]

Do not write
outside the

box

(07)
WMP/Jun16/CHEM4

12

Turn over �


