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Section A

For each of the following questions only one of the lettered responses (A–D) is correct. 

Select the correct response in each case and mark its code letter by connecting 
the dots as illustrated on the answer sheet.

1	 In a fuel cell the following reaction takes place:

	 2H2(g)  +  O2(g)  →  2H2O(l)

	 The relevant standard electrode potentials are:

		  2H2(g)  +  4OH-(aq) @  4H2O(I)  +  4e-	 -0.83 V

		  O2(g)  +  2H2O(l)  +  4e- @  4OH-(aq)	 +0.40 V

	 The emf of the fuel cell is

	 A	 -0.43 V.

	 B	 +0.43 V.

	 C	 -1.23 V.

	 D	 +1.23 V.

2	 Which one of the following ligands is regarded as a large ligand?

	 A	 Cl-

	 B	 H2O

	 C	 NH3

	 D	 OH-

www.xtrapapers.com



*20AC22203*

*20AC22203*

11467.03R
[Turn over

3	 Ethanedioic acid reacts with manganate(VII) ions according to the following 
equation: 

	 5C2H2O4  +  2MnO4
-  +  6H+ →  2Mn2+  +  10CO2  +  8H2O

	 25 cm3 of 0.015 M manganate(VII) ions were added to 25 cm3 of 0.0208 M 
ethanedioic acid. Which one of the following is the number of moles of carbon 
dioxide produced?

	 A	 3.75 × 10-4

	 B	 5.2 × 10-4

	 C	 1.04 × 10-3

	 D	 1.88 × 10-3

4	 Which one of the following does not take place during heterogeneous catalysis by 
transition metals?

	 A	 Absorption

	 B	 Bonds breaking 

	 C	 Desorption 

	 D	 d-orbital interaction 

5	 A standard hydrogen electrode operates 

	 A	 at 20 °C.

	 B	 at a pressure of 1 atmosphere of hydrogen gas.

	 C	 using molar sulfuric acid.

	 D	 with platinum-palladium electrodes.
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6	 When methylbenzoate is nitrated the product is

	 A	 methyl 1-nitrobenzoate.

	 B	 methyl-1-nitrobenzoate.

	 C	 methyl 3-nitrobenzoate.

	 D	 methyl-3-nitrobenzoate.

7	 In a plane, the emergency oxygen system is based on sodium chlorate(V) which 
decomposes to give oxygen and sodium chloride when heated. A human under 
stress uses 38.0 dm3 of oxygen every 15 minutes. Assuming the oxygen is measured 
at 20 °C and 1 atmosphere pressure, what is the minimum mass of sodium 
chlorate(V) needed in the emergency oxygen system to supply 15 minutes of oxygen 
for one person?

	 A	 56 g

	 B	 112 g

	 C	 224 g

	 D	 336 g

8	 Which one of the following vanadium ions is green?

	 A	 V2+(aq)

	 B	 V3+(aq)

	 C	 VO2+(aq)

	 D	 VO2
+(aq)
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9	 In which one of the following compounds does manganese show the lowest 
oxidation state?

	 A	 KMnO4

	 B	 K2MnO4

	 C	 Mn2O7

	 D	 Mn(CH3CO2)2.4H2O

10	 Which one of the following molecules is not optically active?

	 A	 BrCH2CH(OH)CH2Br

	 B	 CH3CHBrCH2Br

	 C	 CH3CH(CH3)CHBrCH3

	 D	 BrCH2CH(CH3)CH2OH
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Section B

Answer all five questions in the spaces provided

11	 (a)	 Explain the following terms which are used in nmr spectroscopy.

		  (i)	 Low resolution nmr spectrum.

[1]

		  (ii)	 Chemically equivalent hydrogen atoms.

[1]

		  (iii)	Chemical shift.

[1]

		  (iv)	 Integration curve.

[2]

		  (v)	 The n  +  1 rule.

[2]
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	 (b)	 Suggest how you would prepare a solution of a compound for nmr analysis. 
Name a solvent that would not interfere with the spectrum and name a 
substance that could be used as a standard.

[3]
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12	 Phenibut was first synthesised in Russia and was used by cosmonauts because it 
relieved anxiety and depression without causing drowsiness. 

	 NH2CH2CHCH2COOH

	 Phenibut

	 (a)	 Assuming that the benzene ring is regarded as a phenyl group, suggest a 
systematic name for phenibut.

[2]

	 (b)	 The structure of phenibut reveals that it is an amino acid. Suggest why it is not 
found in proteins.

[1]

	 (c)	 Phenibut has a melting point of 253 °C. Explain why phenibut has such a high 
melting point.

[2]
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	 (d)	 Phenibut reacts with nitrous acid, methanol, sodium hydrogencarbonate and 
ethanoyl chloride. Write equations for the reactions.

		  (i)	 nitrous acid

[2]

		  (ii)	 methanol

[2]

		  (iii)	sodium hydrogencarbonate

	 [2]

		  (iv)	ethanoyl chloride

	 [2]
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	 (e)	 Phenibut is an optically active molecule. When used as a mixture of the optical 
isomers, only one of the isomers is biologically active. 

		  (i)	 Explain the meaning of the term optically active.

[2]

		  (ii)	 Explain, using the structure of phenibut, why it is optically active.

[2]

	 	 (iii)	Suggest why only one of the optically active molecules is biologically active.

[2]

	 (f)	 Phenibut is very soluble in both ethanol and water. If sodium hydroxide solution 
is added to an aqueous solution of impure phenibut the sodium salt is formed. 

		  (i)	 Explain, giving practical details, how you could obtain a pure sample of 
phenibut crystals from the aqueous sodium salt.

[5]

			   Quality of written communication� [2]
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		  (ii)	 Explain, giving full experimental directions, how you would use TLC to 
compare the purity of the phenibut before and after purification.

[4]

		  (iii)	Explain whether TLC would enable you to show that phenibut consisted of 
two optical isomers.

[2]
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13	 The cations of the Group II elements form only a limited number of complexes in 
aqueous solution. Edta has been widely used in the complexometric titration of these 
ions but the end point is difficult to observe. However, calcium can also be 
determined in microgram quantities using the glyoxalin complex. 

OH      HO

N=C   C=N

H   H

glyoxalin complex

	 The intensity of the pink colour of its complex is a measure of how much Ca2+ is 
present and is determined by a colorimeter.  

	 (a)	 (i)	 Explain how you would carry out an edta titration for Ca2+ stating the 
indicator used, what the pH is adjusted to and the colour change at the end 
point. Routine aspects of practical titration are not needed. 

[4]

		  (ii)	 0.4505 g of calcium carbonate was dissolved in hydrochloric acid and the 
solution made up to 250 cm3 in a volumetric flask. A 25 cm3 sample of the 
solution required 24.25 cm3 of an edta solution for titration. Calculate the 
molar concentration of the edta solution in mol dm−3. 

[3]
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		  (iii)	Edta is a hexadentate ligand. What type of ligand is the glyoxalin complex?

[1]

	 (b)	 The compound formed by Ca2+ with the glyoxalin complex is pink and is 
insoluble in water but dissolves in butan-1-ol. The mass of calcium in a sample 
is determined by adding a buffer solution, the glyoxalin complex and butan-1-ol 
to the solution of calcium ions. 

		  (i)	 The mixture is shaken and becomes homogeneous. Explain why the mixture 
becomes homogeneous.

[1]

		  (ii)	 Explain why a green filter is used in the colorimeter.

[2]

		  (iii)	Deionised water is used as a reference solution. Explain what this term 
means. 

[1]

		  (iv)	A calibration curve is needed to determine the amount of calcium ions in 
solution. Explain how you would experimentally determine a calibration 
curve.  

[3]
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14	 The benzene ring is stable to the addition of halogens. Halogens normally react with 
double bonds by adding to them; however with a benzene ring they react by 
substitution. The substitution reaction is speeded up using a catalyst. 

	 (a)	 Explain why halogens are more reactive with alkenes than with benzene.

[2]

	 (b)	 Draw a flow scheme for the mechanism of the bromination of benzene using a 
catalyst such as iron(III) bromide.

[4]
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	 (c)	 The iodination of benzene does not take place with iodine at room temperature. 
However, it is formed by refluxing benzene with iodine and concentrated nitric 
acid. 

		  I

		  2      +  2HNO3  +  I2    →    2      +  2NO2  +  2H2O

	 	 (i)	 Explain, using oxidation numbers, the redox reaction taking place.

[3]

		  (ii)	 The electrophile in this reaction is the iodonium ion. Write the formula of the 
iodonium ion and give the definition of an electrophile.

[3]

		  (iii)	Explain why nitric acid is not regarded as a catalyst in this reaction.

[1]
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	 (d)	 The preparation of iodobenzene using concentrated nitric acid is time 
consuming, dangerous and expensive. It is better prepared using the 
Sandmeyer reaction which involves the diazotisation of phenylamine. 

	 	 (i)	 Explain why the preparation of iodobenzene is dangerous.

[1]

		  (ii)	 Explain, giving experimental details, how you would diazotise phenylamine.

[3]

		  (iii)	Explain why the benzenediazonium ion is relatively stable at low 
temperature and why it decomposes at higher temperatures.

[2]

		  (iv)	Name the reagent used to convert benzenediazonium chloride to 
iodobenzene. 

[1]

		  (v)	 Write the overall equation for the conversion of benzenediazonium chloride 
to iodobenzene.

[2] 
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	 (e)	 The boiling points of the halogenobenzenes are shown below.

		 Bromobenzene	 156 °C

		 Chlorobenzene	 131 °C

		 Iodobenzene	 188 °C

		  (i)	 Explain which of the halogenobenzenes you would expect to have the 
highest polarity. 

[2]

	 	 (ii)	 Explain why iodobenzene has the highest boiling point.

[2]
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15	 There are three benzene dicarboxylic acids.

	

COOH

COOH

A

COOH

COOH

B

COOH

C

COOH

	 (a)	 Suggest why acid B has the highest boiling point.

[1]

	 (b)	 The French chemist Caillot obtained terephthalic acid, C, by the oxidation of 
turpentine (turpentine = terebenthine in French). Today it is obtained by the 
oxidation of 1,4-dimethylbenzene.

		  (i)	 Write the equation for the oxidation of 1,4-dimethylbenzene to form 
terephthalic acid using [O] as the oxidising agent.

[2]

	 	 (ii)	 Terephthalic acid is purified using its dimethyl ester. Write the equation for 
the formation of the dimethyl ester from the acid.

[2]

		  (iii)	The dimethyl ester is formed during the recycling of polyethylene 
terephthalate from plastic bottles. Explain why it is useful to form the ester to 
help the recycling process. 

[2]
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	 (c)	 The major use of terephthalic acid is in the production of the polymer 
polyethylene terephthalate (PET). 

		  (i)	 Draw the repeating structure of PET. 

[2]

		  (ii)	 PET can be hydrolysed both in nature and in industry. Compare the two 
methods, stating the conditions used in each case.

[4]

	 	 (iii)	PET is an exceptional polymer because it has high crystallinity and no 
branching. Explain the meaning of these terms with regard to PET.

[3]

	 (d)	 Suggest why polythene bags are often burnt rather than recycled.

[1]
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227   

89

139   

57

256  

 
101

223    

87

226    

88

   

140   

58

141   

59

144   

60

147   

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

99   

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

1   

1

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

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

THE PERIODIC TABLE OF ELEMENTS
Group

a
b x

0VIIVIVIVIIIIII

*

†

One mole of any gas at 20 °C and a pressure of 1 atmosphere (105 Pa) 
occupies a volume of 24 dm3.
Planck Constant = 6.63 × 10–34 J s
Gas Constant = 8.31 J mol–1 K–1

Avogadro Constant = 6.02 × 1023 mol–1


