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1	 Ammonia is produced in the Haber process.

	 (a)	 The costs involved in this process can be classified as capital costs, direct costs 
and indirect costs.

	 	 (i)	 Define the term direct cost.

[1]

		  (ii)	 Give one example of each type of cost related to this process.

Capital cost	

Direct cost	

Indirect cost	 [3]

		  The Haber process is a continuous one.

		  (iii)	Define the term continuous process.

[1]
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	 (b)	 In the Haber process, gaseous nitrogen and hydrogen are reacted to  
make ammonia. 

	 	 (i)	 Write a balanced symbol equation for this equilibrium reaction.

[3]

		  (ii)	 Complete the table below giving the conditions used in the Haber process.
			   Include units in your answer where appropriate.

Temperature Pressure Catalyst

450°C

[3]

	 (c)	 The Haber process uses heterogeneous catalysis.

		  (i)	 Define the term heterogeneous catalysis.

[1]

		  (ii)	 Explain how a heterogeneous catalyst works, naming the process involved.

Process name	

[4]
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	 (d)	 The reaction of nitrogen and hydrogen in the Haber process can reach  
dynamic equilibrium.

	 	 (i)	 Define the term dynamic equilibrium.

[2]

		  (ii)	 The enthalpy change for this reaction is -92 kJmol-1.

			   State and explain the effect of an increase in temperature on the position of 
equilibrium in this reaction.

[2]
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2	 (a)	 A technician is asked to determine the enthalpy of neutralisation for the  
reaction between 1 M sodium hydroxide solution (NaOH) and 1 M hydrochloric  
acid solution (HCl). 

		  The equation for the reaction is shown below.

NaOH  +  HCl  →  NaCl  +  H2O

		  (i)	 Describe in detail how the technician could carry out this experiment. 

			   In your description you should include:
 
			   	 the equipment used; and		
			   	 the measurements taken.

			   Quality of written communication will be assessed in this question.

[6]
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		  (ii)	 State the equation used to calculate the energy change (Q) of this 
experiment.

			   State the meaning of each term used in the equation.

Equation:	

Meaning of terms:	

[4]

		  (iii)	Suggest two possible sources of error for this experiment.

1.	

2.	 [2]

	 (b)	 Average bond enthalpies can be used to calculate enthalpy changes.

		  (i)	 Define the term average bond enthalpy.

[2]
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		  (ii)	 Using the average bond enthalpy data in the table below, calculate a value 
for the enthalpy change of combustion of methanol.

CH3OH(l)  +  11 
2O2(g)  →  CO2(g)  +  2H2O(g)

H

H

H C O H  +  11 
2 O O  →  O C O  +  2H

O
H

Bond Average bond enthalpy /kJ mol−−1

C C 347

O O 495

C O 799

C O 358

O H 467

C H 413

			   You are advised to show your working. 

Enthalpy of combustion =                          kJ mol−1  [4]
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3	 (a)	 A solution of nitric acid (HNO3) of unknown concentration was titrated against a 
standard solution of sodium hydroxide (NaOH) of concentration 0.1 M.

		  The results were used to calculate the concentration of the nitric acid.

	 	 (i)	 Calculate the mass of solid sodium hydroxide used to make 1 dm3 of the 
0.1 M standard solution.

Mass =                          g  [2]

		  (ii)	 Define the term standard solution.

[1]

	 (b)	 25.0 cm3 of the nitric acid solution was placed in a conical flask and  
indicator added.

		  It was then titrated with the standard solution of sodium hydroxide.
		  Name an appropriate indicator for this titration and state the colour change 

at the end-point.

Indicator:                                  �

Colour change:                        to                       � [3]



*20SZ03111*

*20SZ03111*

13636
[Turn over

	 (c)	 Several titrations were carried out and the results recorded are shown in the 
table below. 

Initial burette 
reading /cm3

Final burette 
reading /cm3 Titre /cm3

Rough 0.0 23.5 23.5

Accurate (1) 26.5         22.5

Accurate (2) 0.0 22.4 22.4

Mean titre:              cm3

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

		  (ii)	 Write a balanced symbol equation for the reaction between sodium 
hydroxide and nitric acid.

[1]

		  (iii)	Using the mean titre value and the information provided, calculate the 
number of moles of 0.1 M sodium hydroxide used in the titration.

               moles  [1]

		  (iv)	Use your answer from (iii) and your balanced symbol equation to calculate 
the concentration of nitric acid used.

               mol dm-3  [2]
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4	 The equation below shows the standard enthalpy of formation of methane.

C(s)  +  2H2(g)  →  CH4(g)

	 (i)	 Define the term standard enthalpy change (ΔHO—).

[2]

	 (ii)	 What are the standard conditions of temperature and pressure? 
Include a correct unit for temperature in your answer. 

		  Temperature:                    Unit:                  

		  Pressure:                kPa� [3]

		  The table below contains some enthalpy data involving methane and the 
elements it is made from.

Reaction Enthalpy change /kJ mol--1

C(s) + O2(g) → CO2(g) -393.5

H2(g) + 1 
2O2(g) → H2O(I) -285.8

CH4(g) + 2O2(g) → CO2(g) + 2H2O(l) -890.3



*20SZ03113*

*20SZ03113*

13636
[Turn over

	 (iii)	Using the information opposite, complete the Hess cycle by adding the correct 
enthalpy change value in kJ mol-1 for each reaction in the empty boxes.

CH4(g)

CO2(g)        +        2H2O(I)

-890.3

C(s)        +        2H2(g)

ΔHO—
f

� [2]

	 (iv)	Using the Hess cycle from (iii) calculate the standard enthalpy of formation  
of methane.

		  You are advised to show your working.

             kJ mol-1  [2]

	 (v)	 Using your answer to (iv), state with a reason whether this reaction is 
exothermic or endothermic.

[1]
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5	 (a)	 There are three main steps in the production of sulfuric acid via the 
Contact process. 

		  Stage 2 of the process involves a reversible reaction between sulfur dioxide 
and oxygen. 

	 	 (i)	 Define the term reversible reaction.

[1]

		  (ii)	 Write a balanced symbol equation for the reversible reaction between  
sulfur dioxide and oxygen.

[2]

		  (iii)		 Reversible reactions can establish dynamic equilibrium if the system  
is closed.  
Assuming dynamic equilibrium is reached, state and explain the effect of an 
increase in pressure on the yield in Stage 2 of the Contact process. 

[2]
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		  (iv)	Stage 2 in the Contact process involves an exothermic reaction.

			   On the axes below, draw the reaction profile diagram you would expect for 
this reaction. 

			   Label the axes.

� [3]



*20SZ03116*

*20SZ03116*

13636

	 (b)	 The Maxwell–Boltzmann distribution of molecular energies in the reaction 
mixture for stage 2 of the Contact process at 450°C is shown below.

energy

nu
m

be
r o

f p
ar

tic
le

s

		  (i)	 Sketch on the axes above the distribution of molecular energies for the 
reaction at a temperature of 550°C.

� [3]

		  (ii)	 On the x-axis below, mark an approximate position for the activation  
energy (EA).

energy

nu
m

be
r o

f p
ar

tic
le

s

� [1]
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THIS IS THE END OF THE QUESTION PAPER

		  (iii)	Using the Maxwell–Boltzmann distribution curve and with reference to 
activation energy, explain what effect adding a catalyst has on the rate of 
formation of the product.

[3]



*20SZ03118*

*20SZ03118*

13636

BLANK PAGE

DO NOT WRITE ON THIS PAGE



*20SZ03119*

*20SZ03119*

13636

BLANK PAGE

DO NOT WRITE ON THIS PAGE



Permission to reproduce all copyright material has been applied for.
In some cases, efforts to contact copyright holders may have been unsuccessful and CCEA
will be happy to rectify any omissions of acknowledgement in future if notified.

DO NOT WRITE ON THIS PAGE

*20SZ03120*

*20SZ03120*

SZ031/9
278399

For Examiner’s
use only

Question
Number Marks

1
2
3
4
5

Total
Marks

Examiner Number



AS 3 and A2 2
Periodic Table of the Elements

For the use of candidates taking
Advanced Subsidiary and

Advanced Level Examinations

Copies must be free from notes or additions of any
kind. No other type of data booklet or information

sheet is authorised for use in the examinations

gce a/as examinations

life & health
sciences

© CCEA 2017

Subject Code: 0008
11409.02



227  

89

139   

57

256 

 
101

223    

87

226    

88

261  

104

262  

105

266  

106

264   

107

277  

108

268  

109

271  

110

272  

111

 

140   

58

141   

59

144   

60

145   

61

150   

62

152   

63

157   

64

159  

65

162   

66

165   

67

167  

68

169   

69

173   

70

175   

71
232 

  
90

231   

91

238   

92

237   

93

242   

94

243   

95

247   

96

245

97

251   

98

254   

99

253 

100

254   

102

257   

103

133   

55

137    

56

178   

72

181   

73

184   

74

186   

75

190   

76

192   

77

195   

78

197   

79

201   

80

89   

39

91   

40

103   

45

85    

37

88   

38

93   

41

96   

42

98   

43

101   

44

106   

46

108   

47

112   

48

131   

54
222   

86

210   

85

210   

84

209   

83

207   

82

204   

81

84   

36

79   

34

73   

32

40    

20

39    

19

45    

21

48   

22

51   

23

52   

24

55   

25

56   

26

59   

27

59   

28

64   

29

65   

30

11   

5

12   

6

14   

7

16  

8

19   

9

20   

10

4   

2

40  

18

35.5   

17

32   

16

31   

15

28   

14

27   

13
70   

31

75   

33

80   

35
115   

49

119   

50

122   

51

128   

52

127   

53

23    

11

24    

12

7    

3

9    

4

 

* 58–71    Lanthanum series
† 90–103  Actinium series

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