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1.​ (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]

(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]
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(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] 

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

[2]
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3.​ (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]
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(ii) When the temperature is increased the rate at which equilibrium is reached is increased and
the yield of sulfur trioxide is decreased.

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]

S T E M U P . C O . U K

https://stemup.co.uk


 

 

(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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4.​ (a) The vast majority of motor vehicles worldwide are powered by petrol or diesel which
come from crude oil. Give ​two ​reasons why we cannot rely indefinitely on oil as a source of
transport fuel.

[2] 

(b) Many vehicle manufacturers around the world have made the development of alternative
fuels a priority. One such fuel being studied is hydrogen.

Its main advantage is that the only waste product is water, however hydrogen does not occur 
naturally on Earth. It is produced by passing an electric current through water. 

(i) A leading car manufacturer said:

“Cars powered by hydrogen will be pollution-free” 

Give ​two ​reasons why this is not necessarily true.  

[2] QWC [1]

(ii) A spokesperson for a safety group said,

“Hydrogen can burn explosively. It must not be used in cars unless it is 100 % safe”. 

State, giving a reason, whether you agree with this.  

[1]
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(c) The first line in the visible atomic emission spectrum for hydrogen has a wavelength of 656 
nm, while that for helium has a wavelength of 707 nm. 
State, giving a reason, which line has: 

(i) the higher frequency,  

[1] 

 

(ii) the higher energy.  

[1] 

 

(d) The first ionisation energy of helium is 2370 kJ mol​-​¹ while that of neon is 2080 kJ mol​-1​. 
Explain why neon has a lower first ionisation energy than helium.  

[2] 

 

(e) Another noble gas is radon. Its more stable isotope ²²²Rn has a half-life of 3.8 days, decays 
by α-emission and is responsible for the majority of the public exposure to ionising radiation. 

(i) Give the symbol and mass number of the atom formed by the loss of one α-particle from an 
atom of ²²²Rn.  

[1] 

 

(ii) Explain why doctors are concerned that an over-exposure to radon may cause lung cancer.  

[1] 

(Total 12) 
 

5. 
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(ii) Michael's measurements produced a value for the enthalpy of solution of potassium
hydroxide that was different to the literature value.

Use the information given to suggest and explain ​two ​factors that might produce a different 
result.  

[2] 

1. .............................................................................................................................................
..................................................................................................................................... 

2. .............................................................................................................................................
....................................................................................................................................... 

S T E M U P . C O . U K

https://stemup.co.uk


(d) Scientists have commented that 'an increase in the amount of carbon dioxide dissolved in
seawater will cause problems for animals whose shells are composed of calcium carbonate'.

Use the equation above to help you discuss the problem that is caused for these animals by this 
increase in carbon dioxide concentration.  

[3] QWC [1]

(Total 15) 

7.
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(i) State how the equilibrium yield of methanol is affected by an increase in temperature and in
pressure.

[1] 

(ii) Explain your answer to part (i).

[2] 

(e) Many catalysts are very expensive but their use does allow the chemical industry to operate
more profitably. Explain why the use of catalysts provides economic and environmental benefits.

[3] QWC [1]

(Total 18) 
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(iii) Look for at least four relevant positive points [4] e.g.

● the process uses a (heterogeneous) catalyst, which can easily be separated from the
gaseous products (thus saving energy)

● the only other product of the reaction is gaseous nitrogen, which is non-toxic / safe / not a
harmful product

● the process uses nitrogen(I) oxide which is used up, rather than being released into the
atmosphere from the other process (and causing global warming)

● the process is exothermic and the heat produced can be used elsewhere
● a relatively moderate operating temperature reduces overall costs
● high atom economy

Legibility of text; accuracy of spelling, punctuation and grammar; clarity of meaning QWC [1] 
Total [14] 
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