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1. ​Carbon oxide sulfide, COS, is obtained by heating together carbon monoxide and gaseous sulfur. 

 

State and explain any change that occurs when more carbon monoxide is added to the equilibrium 
mixture. 

[2] 

 
(Total 2) 

 

2. ​Weak ​acids ​establish a ​dynamic equilibrium ​when dissolved in water. 

Give brief explanations of what is meant by the following terms.  

[2] 

Acid  

 
 

Dynamic equilibrium  

 
 

(Total 2) 
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3. 
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4. ​(a) Planners have to ensure a secure supply of energy in the future. It has been suggested that 
the use of fossil fuels should be reduced, the use of renewable energy increased and that energy 
efficiency should be greatly improved. 

By considering both the benefits and the difficulties involved, discuss whether you think that these 
suggestions are realistic. 

[4] QWC [1] 
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(i) I. State the general variations in this yield with temperature and pressure 

[1] 

 

 

II. Use the graphs to explain whether the reaction is endothermic or exothermic and whether there 
are more moles of gaseous products than reactants. 

[4] QWC [1] 

 

 

 

 

(ii) Normally the process is carried out at a temperature of around 900 °C. 

Suggest why this temperature is used. 

[2] 

 

 

(iii) State the ​type ​of catalyst used. 

[1] 
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(iv) Explain why there has been much research to find a better catalyst.  

[2] 
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5. 
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6. 
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7.​ (a) The combustion of fossil fuels containing sulfur impurities is known to cause acid rain. This 
acid rain can cause the erosion of marble statues as the calcium carbonate in them reacts with the 
acid in the rain. 

Give ​one ​other problem caused by acid rain.  

[1] 

 

(b) A chemist is developing coatings for marble that will slow down the rate of their erosion by acid 
rain. To compare different coatings he uses small model statues, all of which are the same size and 
shape as each other. He proposes to measure the rate of reaction by adding acid and measuring the 
volume of gas given off at set time intervals. 
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(i) Complete the diagram to show the apparatus that could be used to perform this experiment.  

[1] 

 

(ii) Explain why it is important that the model statues are the same size and shape as each other 

[1] 

 

(ii) State ​two ​other factors he will need to keep constant if he is to collect valid data. 

[2] 

 

(c) One gas that causes acid rain is sulfur dioxide. This gas is used to produce sulfur trioxide in the 
Contact Process. The reaction occurring is shown in the following equation. 

 

(i) State and explain the effect of increasing pressure on the equilibrium yield of sulfur trioxide. 

[2] 

 

(ii) When the temperature is increased the rate at which equilibrium is reached is increased and the 
yield of sulfur trioxide is decreased. 
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I State whether this reaction is endothermic, exothermic or neither, giving a reason for your answer.  

[2] 

 

II Explain why increasing the temperature leads to an increase in the rate of reaction.  

[3] 

 

III To increase the rate of a reaction, a catalyst can be used. Give a ​different ​catalysed reaction and 
name the catalyst for this reaction.  

[1] 
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(i) State the atom economy of route ​D ​for production of ethanoic acid. 

[1] 

 

 

(ii) Route ​B ​is the route most commonly used for producing ethanoic acid today for both financial 
and ​Green Chemistry ​reasons. Apply the principles of ​Green Chemistry ​to the information above to 
give ​two ​reasons why route ​B ​is favoured over route ​C​. 

[2] 

1.
 

2.
 

 

(iii) Route ​B ​uses a homogeneous catalyst. State what effect the catalyst will have on the position of 
this equilibrium. 

[1] 

(Total 17) 
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8. 
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9.​ The decomposition of dinitrogen(IV) oxide into nitrogen(IV) oxide is a reversible reaction that 
establishes a dynamic equilibrium. 

 

(a) State the meaning of the term ​dynamic equilibrium ​. 

[1] 

 

(b) The conditions applied to an equilibrium mixture of dinitrogen(IV) oxide and nitrogen(IV) oxide 
were changed. For each of the following, state what was ​seen ​and explain any change that 
occurred. 

[5] 

Temperature increased 

 

Pressure increased 

 

A catalyst was added 

 

(c) Hydrazine, N2H4, is an unstable liquid that decomposes according to the following equation. 

 

(i) Calculate the volume of gas that could be obtained from 14 kg of hydrazine.  
Assume that the volume of 1 mol of gas is 24.0 dm³ 

[3] 
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(ii) Use of hydrazine is as a fuel in rockets. Apart from any energy changes, state ​one ​feature of this 
reaction that suggests it would be useful in rocket propulsion. 

[1] 
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