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1	 The Haber process is used to manufacture ammonia on an industrial scale.  
	 This is a continuous process and uses a catalyst.

	 (a)	 (i)	 Define the term continuous process.

[2]

		  (ii)	 State two factors that must be taken into consideration with regard to 
infrastructure when choosing a site for an industrial production plant for 
manufacturing ammonia.

1.	

2.	

[2]

	 (b)	 The balanced symbol equation for the Haber process is as follows: 

N2  +  3H2  ⇌  2NH3

		  (i)	 What does ⇌ mean?

[1]

	 	 (ii)	 State the temperature, pressure and catalyst used in the Haber process.

Temperature Pressure Catalyst

                     °C                      atm                       

� [3]
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		  (iii)	Show that the number of moles that are present in 2000 kg of nitrogen gas  
is 71428.57.

[3]

		  (iv)	Calculate the relative formula mass of ammonia.

                      [1]

		  (v)	 Use your answer from (iv) and the equation in (b) to calculate the theoretical 
yield of ammonia, in kilograms, that can be made using 71428.57 moles of 
nitrogen gas.

			   Give your answer to two decimal places.
			   Show your working out.

                      kg  [3]
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		  (vi)	The percentage yield of this reaction is 25%.  

			   Use this information and your answer from (v) to calculate, in kilograms, the 
actual yield of ammonia produced.

                      kg  [1]

		  (vii)	Suggest a reason why the percentage yield for this reaction is only 25%.

[1]
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2	 (a)	 Ammonia can be oxidised in the presence of a platinum–rhodium catalyst to 
make nitrogen monoxide.

		  The equation for the reaction is:

4NH3(g)  +  5O2(g)  ⇌  4NO(g)  +  6H2O(g)

		  (i)	 Define the term catalyst.

[2]

		  (ii)	 What term describes the type of catalysis when the catalyst is in a different 
physical state to the reactants?

[1]
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	 The graph below shows the volume of nitrogen monoxide produced against time for 
the oxidation of ammonia reaction without a catalyst.
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	 	 (iii)	Explain how you would use the graph to determine the rate of the reaction 
at time X.

[1]

		  (iv)	On the graph, sketch the curve you would expect to see for the same 
reaction in the presence of a catalyst.� [1]

	 (b)	 State and explain the effect on the rate of a chemical reaction if it is carried out 
at a higher temperature.

Effect on rate	

Explanation	

[3]
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3	 In a titration, 25.0 cm3 of sodium hydroxide solution was titrated with a standard 
solution of 0.1 mol dm−3 sulfuric acid.  

	 The results were used to determine the concentration of the sodium hydroxide 
solution.

	 (a)	 (i)	 Describe how you would carry out this titration.

			   Your answer should include how to:

			   	 measure out and transfer the 25.0 cm3 of sodium hydroxide solution into 
the conical flask;

			   	 prepare and fill the burette; and
			   	 carry out an accurate titration.

			   Measure out and transfer the sodium hydroxide solution

			   Prepare and fill the burette

			   Carry out an accurate titration

[8]
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		  (ii)	 Name a suitable indicator for this titration and state the colour change at the 
end point. 

Indicator	

			   From                                  to                                � [3]

	 (b)	 The results of the titration are given below.

Initial 
burette reading /cm3

Final 
burette reading /cm3 Titre /cm3

Rough 0.0 15.2 15.2

Run 1 0.0 14.9 14.9

Run 2 0.1                     14.4

Run 3                     14.6 14.5

	 	 (i)	 Complete the results table above by adding in the missing values.� [2]

		  (ii)	 Calculate the mean titre and justify the choice of titres used in  
your calculation.

			   Give your answer to one decimal place.

� Mean titre                       cm3

Justification	

[2]
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	 (c)	 Another student carried out the same titration and obtained a mean titre  
of 15.0 cm3.

		  The student used 25.0 cm3 of sodium hydroxide solution.

		  The balanced symbol equation for the reaction is:

2NaOH  +  H2SO4  →  Na2SO4  +  2H2O

		  (i)	 Use this mean titre to calculate the number of moles of 0.1 mol dm-3 sulfuric 
acid solution used in this titration.

			   Show your working out.

                      moles  [2]

		  (ii)	 Use your answer to (c)(i) and the equation to calculate the concentration of 
the sodium hydroxide solution.

			   Show your working out.

                      mol dm-3  [2]
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4	 (a)	 The equation for the formation of propane is as follows:

3C(s)  +  4H2(g)  →  C3H8(g)

	 	 (i)	 Using this equation and the data below, calculate the standard enthalpy 
change of formation of propane (C3H8).

			   Show your working out.

Enthalpy change of combustion /kJ mol--1

Carbon   -394

Hydrogen   -286

Propane -2220

                      kJ mol-1  [4]
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		  (ii)	 On the axes below, draw and label the reaction profile diagram you would 
expect for an exothermic reaction.

			   Label the axes.

� [3]
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	 (b)	 (i)	 Define the term standard enthalpy change of combustion.

[2]

		  (ii)	 A student carried out an experiment to determine the enthalpy change of 
combustion of propanol (C3H7OH).  

			   Describe an experimental method using a spirit burner containing propanol 
that the student could have used to determine the enthalpy change during 
this reaction.

			   State any measurements which need to be recorded, but do not give details 
of any calculations.

			   In this question you will be assessed on the quality of your written 
communication skills, including the use of specialist scientific terms.
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	 (c)	 During the experiment, 0.23 g of propanol was burned completely in air and the 
following measurements were recorded.

Temperature at start /°C Maximum temperature 
reached /°C Volume of water /cm3

18 29 100

	 	 (i)	 Assuming there was no heat loss to the environment, calculate the heat 
energy produced by this combustion reaction. 

			   The specific heat capacity of water is 4.2 J g-1 °C-1.

			   Include units in your answer.
			   Show your working out.

                  

Units                       [3]

		  (ii)	 Calculate the number of moles of propanol (C3H7OH) used in this 
experiment.

			   Give your answer to four decimal places. 
Show your working out.

                      moles  [3]
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		  (iii)	Use your answers from parts (i) and (ii) to calculate the enthalpy change of 
combustion of propanol in kJ mol-1.

			   Give your answer to the nearest whole number.
			   Show your working out.

                      kJ mol-1  [3]
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5	 The reaction between carbon dioxide and hydrogen produces methane and steam.

CO2(g)  +  4H2(g)  ⇌  CH4(g)  +  2H2O(g)

	 In a sealed container this reaction forms a dynamic equilibrium.

	 (a)	 Define the term dynamic equilibrium.

[2]

	 (b)	 The table below shows the percentage yield of methane in the equilibrium 
mixture under different conditions.

Temperature /°°C

Pr
es

su
re

 /a
tm

300 600 900 1200

100 35% 30% 23% 14%

200 52% 46% 37% 25%

300 73% 68% 57% 36%

400 80% 75% 62% 48%

		  (i)	 From the table above, state the conditions that produce the maximum 
percentage yield of methane.

[1]
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	 (ii)	 Use your understanding of equilibrium to explain why increasing the 
temperature in this reaction decreases the yield of methane. 

[2]

	 (iii)	Use your understanding of equilibrium to explain why increasing the pressure 
in this reaction increases the yield of methane. 

[2]

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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