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1	 The graph below shows the distribution of energies that gaseous molecules possess 
during a reaction at temperature T.
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	 (a)	 (i)	 What name is given to this type of distribution curve?

	  [1]

		  (ii)	 The label EA on the x-axis represents the activation energy for this reaction. 
Define the term activation energy.

 [2]

	 	 (iii)	On the graph above, shade the area that represents the number of 
molecules that will react at temperature T.� [1]
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	 (b)	 (i)	 On the graph below, add another curve that would represent the same 
reaction at a lower temperature T1.
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[3]

	 	 (ii)	 With reference to the distribution curves, explain why this reaction is slower 
at the lower temperature, T1.

 [2]

	 	 (iii)	State one other factor that would lower the rate of this reaction.

 [1]
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2	 Ammonia is manufactured using the Haber process. 
	 The structural equation for the reaction is shown below.

N N  +  3 H H      2 H N H

	 H

	 (a)	 (i)	 Name the catalyst used in the Haber process.

 [1]

	 	 (ii)	 Complete the table below to show the conditions required for the Haber 
process. Include units in your answer.

Pressure

Temperature

[2]

	 (b)	 Use the average bond enthalpies given below to calculate the enthalpy change 
for this reaction.

Bond Average bond 
enthalpy /kJ mol−−1

N N 163

N N 418

N N 946

H H 436

H N 389

                           kJ mol−1  [3]
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	 (c)	 On the axes below, draw a reaction profile diagram for the Haber process. 
		  The reaction is exothermic. 
		  Label the axes.

[3]

	 (d)	 The reaction of nitrogen and hydrogen is a reversible reaction. 
In a closed system this is an example of dynamic equilibrium.

	 	 (i)	 Insert the symbol in the equation below to indicate that this reaction  
is reversible.

N2 + 3H2        2NH3� [1]

	 	 (ii)	 Define the term dynamic equilibrium.

 [2]

	 (e)	 Ammonia can react with sulfuric acid to produce ammonium sulfate. Complete 
and balance the equation for this reaction.

NH3           +           H2SO4 � [1]
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3	 To set up a new chemical manufacturing plant, the developer must take many 
different aspects into account. 

© Getty Images

The Northern Ireland Environment Agency requires consideration to be given to 
several environmental factors including:

 drainage;
 waste water treatment;
 pollution prevention; and
 strategies to control major accident hazards.

Where the application site involves developed, derelict or brownfield land, there may 
be many habitat surveys required.

(a) Apart from environmental factors, give one other consideration when siting a
new chemical manufacturing plant.

[1]
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(b) Describe one type of pollution that needs to be minimised.

 [1]

(c) Define and give one example of capital costs.

[2]
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4	 One of the main chemicals in petrol is octane (C8H18). 

In the engine of the car, this burns to produce energy. Hess’s law can be used to 
determine the enthalpy of combustion of octane.

(a) State Hess’s law.

 [2]

(b) Define the term standard enthalpy of combustion.

 [2]

(c) (i)	 Octane burns as shown by the equation below:

2C8H18(l)  +  25O2(g)   16CO2(g)  +  18H2O(l)

Use the enthalpy of formation values below to calculate the enthalpy change 
of this reaction.

		  C(s)  +  O2(g)   CO2(g)		 Enthalpy of formation of CO2 = −393.5 kJ mol−1

		  8C(s)  +  9H2(g)   C8H18(l)	 Enthalpy of formation of C8H18 = −250.0 kJ mol−1

H2(g)  +  1 
2O2(g)   H2O(l)	 Enthalpy of formation of H2O = −286.0 kJ mol−1

 kJ  [3]
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(ii) Using your answer to (c)(i), calculate the enthalpy of combustion of one
mole of octane.

 kJ mol−1  [1]

(d)	 A catalytic converter is used in a car to help reduce harmful emissions from the
burning of octane.

honeycomb structure

© Getty Images 

(i) Name one of the main metals present in a catalytic converter.

 [1]

(ii)	 Suggest a reason for the honeycomb structure inside the catalytic converter.

[1]
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		  (iii)	Explain why this catalysis in the converter is an example of  
heterogeneous catalysis. 

 [1]

		  (iv)	Describe how the heterogeneous catalyst in a catalytic converter works.

			   Your answer should include:

			   	 how the catalyst works;
			   	 the name and a description of the process involved; and
			   	 an explanation of catalytic poisoning.

			   Quality of written communication will be assessed in this question.
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 [6]
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(e)	 The efficiency of a catalytic converter depends on the temperature of the
vehicle engine.

The graph below shows one catalytic converter’s efficiency at converting
different components of the exhaust gases.

(i) Use this data to suggest why a catalytic converter is not useful for
short journeys.

 [1]

(ii) Describe the graph and the general trend shown by this data for
carbon monoxide.

[2]
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5	 A student carried out an experiment to determine the enthalpy change for the 
following reaction:

	 Zn(s)  +  CuSO4(aq)    ZnSO4(aq)  +  Cu(s)

	 He measured 50.0 cm3 of aqueous copper(II) sulfate and placed it in a  
polystyrene cup. 
He recorded the initial temperature as 21.0°C.  
He added a known mass of zinc powder to the polystyrene cup.  
The temperature rose to 31.4°C.

	 The mass of copper metal formed during the reaction was 0.32 g.

	 Assume the mass of copper(II) sulfate solution is 50.0 g and the specific heat 
capacity of the solution is 4.2 Jg−1K−1.

	 (a)	 Name a piece of apparatus that would be suitable to measure out the copper(II) 
sulfate solution.

 	
 [1]

	 (b)	 Suggest why a polystyrene cup was used instead of a beaker.
	

 [1]

	 (c)	 (i)	 Calculate the temperature rise for this reaction.

                  [1]

	 	 (ii)	 Calculate the heat energy change, Q, of this reaction.

                 J  [3]
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		  (iii) 	Calculate the number of moles of copper produced.

                 moles  [1]

		  (iv)	Calculate the energy released per mole of copper. 
			   Give your answer in kilojoules.

                  kJ  [2]

	 	 (v)	 Suggest one improvement to this method to help reduce errors.
	

 [1]
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6	 An unknown concentration of sulfuric acid was titrated with 0.20 M sodium hydroxide. 
The results were used to calculate the concentration of the sulfuric acid.

	 (a)	 The sodium hydroxide used was a standard solution made from sodium 
hydroxide pellets.

		  (i)	 Why is it important that the sodium hydroxide was a standard solution?

 [1]

	 	 (ii)	 Calculate the mass of sodium hydroxide required to make 500 cm3 of the 
0.20 M standard solution.

                g  [2]

		  (iii)	Apart from wearing safety goggles, state one safety precaution that would 
need to be taken when using solid sodium hydroxide pellets.

[1]
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	 	 (iv)	Describe how 500 cm3 of this standard solution should be made.

 [6]
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	 (b)	 25.0 cm3 of the unknown sulfuric acid solution was added to a conical flask and 
a few drops of phenolphthalein indicator were added. 

		  (i)	 Explain why phenolphthalein is a suitable indicator for this titration.

 [1]

		  (ii)	 Complete the table below to show the colour of phenolphthalein in acid  
and alkali.

Acid Alkali

Colour of phenolphthalein

[2]

	 (c)	 The titration was carried out and the results are shown below.

Rough titre First  
accurate titre

Second 
accurate titre

Volume of sodium 
hydroxide /cm3 39.0 37.5 37.6

		  (i)	 Calculate the average titre.  
Give your answer to one decimal place.

                cm3  [1]
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		  (ii)	 Why is it important to repeat the titration?

	  [1]

	 	 (iii)	Using your answer to (c)(i), calculate the number of moles of 0.20 M sodium 
hydroxide used in the titration.

               moles  [1]

		  The equation for the reaction is shown below:

	 H2SO4  +  2NaOH    Na2SO4  +  2H2O

	 	 (iv)	Calculate the number of moles of sulfuric acid that reacted in  
this titration. 

	                moles  [1]

	 	 (v)	 Calculate the concentration of the sulfuric acid sample (25.0 cm3) in  
mol dm−3.

	                 mol dm−3 [1]

THIS IS THE END OF THE QUESTION PAPER
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* 58–71    Lanthanum series
† 90–103  Actinium series

a = relative atomic mass (approx)
x = atomic symbol
b = atomic number
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