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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 for each question by circling the appropriate letter 
below the question.

1	 Which one of the following will not be present in the mass spectrum of ethanoic 
anhydride, (CH3CO)2O?

	 A	 a fragment ion peak at m/z = 11

	 B	 a fragment ion peak at m/z = 43

	 C	 a molecular ion peak at m/z = 102

	 D 	 an M+1 peak at m/z = 103

	 Answer:            A            B            C            D� [1]

2	 Which one of the following describes the peaks in the nmr spectrum of  
ethyl ethanoate?

A doublet 
integration 3

quartet 
integration 2

triplet 
integration 3

B quartet 
integration 3

doublet 
integration 2

quartet 
integration 3

C singlet 
integration 3

quartet 
integration 2

triplet 
integration 3

D singlet 
integration 3

quartet 
integration 3

triplet 
integration 2

	 Answer:            A            B            C            D� [1]
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3	 The repeating unit of a polymer is shown below.

O

C (CH2)4

O H H

C (CH2)6 NN

	 Which one of the following pairs of monomers can be used to produce the polymer 
which contains this repeating unit?

	 A	 butanedioic acid	 1,4-diaminobutane

	 B	 butanedioic acid	 1,6-diaminohexane

	 C	 hexanedioic acid	 1,4-diaminobutane

	 D	 hexanedioic acid	 1,6-diaminohexane

	 Answer:            A            B            C            D� [1]

4	 What mass of 2-hydroxybenzoic acid would be required to produce 8.0 g of aspirin if 
the percentage yield is 50%? The ethanoic anhydride is in excess.

OHO
C

OH

C

C

O

O
O

H3C

H3C
O

C

�� C O
HO

H3C
��

OH

O C

O

CH3

	 A	 4.0 g

	 B	 6.2 g

	 C	 12.3 g

	 D	 16.0 g

	 Answer:            A            B            C            D� [1]
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5	 Which one of the following gives the molecular formula of propanamide and of the 
organic product obtained when propanamide reacts with phosphorus pentoxide?

		  propanamide	 organic product

	 A	 C3H7NO	 C3H5N

	 B	 C3H7NO	 C3H4O

	 C	 C4H9NO	 C4H7N

	 D	 C4H11N	 C4H8

	 Answer:            A            B            C            D� [1]
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6 	 A two-way chromatogram of a mixture containing four amino acids (labelled A, B, C 
and D) is shown below.

original
position of
spot of
mixture

solvent
front 1

A

B

solvent
front 2

C

D

	 Which one of the spots (A, B, C or D) has an Rf value of 0.6 in solvent 1 and  
0.4 in solvent 2?

	 Answer:            A            B            C            D� [1]
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7	 Which one of the following is the strongest base?

A CH3CH2CH2CH2NH2

B

CH3CH2CHCH3

NH2

C

CH3CH2 N CH2CH3

H

D

H3C C CH3

CH3

NH2

	 Answer:            A            B            C            D� [1]

8	 An excess of sodium hydroxide solution was added to crushed aspirin tablets.  
The solution was heated and made up to 250 cm3 in a volumetric flask using 
deionised water.

	 Portions of the resulting solution were titrated against hydrochloric acid.

	 Which one of the following gives a suitable indicator and the colour change at the 
end point of the titration?

	 A	 methyl orange	 red to yellow

	 B	 methyl orange	 pink to colourless

	 C	 phenolphthalein	 colourless to pink

	 D	 phenolphthalein	 pink to colourless

	 Answer:            A            B            C            D� [1]
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9	 Which one of the following pairs of monomers could not be used to produce a 
condensation polymer?

A C

O

OHC

O

HO HOCH2CH2OH

B CH2 OHC

O

HO CH2 OHC

O

HO

C NH2H2N C

O

OHC

O

HO

D NH2H2N HOCH2CH2OH

	 Answer:            A            B            C            D� [1]

10	 The overall equation for the reaction which occurs when a lithium ion cell 
discharges is:

Li  +  CoO2  →  Li+[CoO2]-

	 Which one of the following is correct?

	 A	 The oxidation state of lithium changes from +1 to 0

	 B	 The oxidation state of cobalt changes from +4 to +3

	 C	 Lithium is oxidised at the positive electrode

	 D	 Lithium is reduced at the negative electrode

	 Answer:            A            B            C            D� [1]



*32ACH2408*

*32ACH2408*

14556

Section B

Answer all five questions in this section.

11	 Copper, cobalt and nickel are transition metals.

	 (a)	 A sample of copper(II) sulfate was dissolved in deionised water. The resulting 
solution was divided into two separate portions.

		  (i)	 A few drops of aqueous ammonia were added to the first portion of 
copper(II) sulfate solution and a precipitate formed. Give the formula and 
colour of the precipitate.

Formula:	

Colour:	 [2]

		  (ii)	 When an excess of concentrated ammonia solution was then added, the 
precipitate disappeared. Write an ionic equation for the reaction which 
occurs when the precipitate disappears and give the final colour of the 
solution.

			   Ionic equation:

Final colour of solution:		  [3]

	 (b)	 When an excess of concentrated hydrochloric acid was added to the second 
portion of copper(II) sulfate solution, a colour change was observed. 

		  (i)	 Write an ionic equation for the addition of concentrated hydrochloric acid 
to the copper(II) sulfate solution. 

[2]

		  (ii)	 State the colour change observed in this reaction.

			   From                                to                               � [1]
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	 (c)	 Complete the table below giving the co-ordination number and shape of  
each complex ion.

Complex ion Co-ordination number Shape

[Co(H2O)6]2+

[CoCl4]2-

� [2]

	 (d)	 When an excess of 1,2-diaminoethane (H2NCH2CH2NH2) was added to an 
aqueous solution of nickel(II) sulfate, a purple complex ion was formed.

		  State the initial colour of the nickel(II) sulfate solution and draw the three 
dimensional structure of the purple complex ion which formed.

Initial colour of solution:	

		  Three dimensional structure of complex ion:

� [3]
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	 (e)	 (i)	 In the table below, [Ar] is used to represent the electronic configuration of  
an atom of argon (1s2 2s2 2p6 3s2 3p6).

			   Complete the electronic configurations in the table below. The electronic 
configuration of a vanadium atom has been given.

Atom Electronic Configuration Ion Electronic Configuration

V [Ar] 3d3 4s2 V3+ [Ar]

Cr [Ar] Cr3+ [Ar]

Cu [Ar] Cu2+ [Ar]

Zn [Ar] Zn2+ [Ar]

� [4]

		  (ii)	 Define the term transition metal.

[1]
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12	 Redox titrations can be used to determine the concentration of reducing agents.

	 (a)	 Describe how you would carry out a titration to determine the concentration of a 
solution containing iron(II) ions. Include the colour change which would be 
observed and any steps you would take to ensure accuracy.

		  In this question you will be assessed on the quality of your written 
communication skills, including the use of specialist scientific terms.

[6]
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	 (b)	 A standard solution of ethanedioic acid was prepared by dissolving 3.30 g of 
ethanedioic acid dihydrate, H2C2O4.2H2O, in deionised water and making the 
resulting solution up to 250 cm3 in a volumetric flask. 

		  20.0 cm3 of this standard solution of ethanedioic acid were titrated against 
acidified potassium manganate(VII) solution. 16.0 cm3 were required. 

		  (i)	 Define the term standard solution.

[1]

		  (ii)	 Calculate the concentration of the standard solution of ethanedioic acid in 
mol dm-3. Give your answer to 3 significant figures.

Answer                      mol dm-3 [2]



*32ACH2413*

*32ACH2413*

14556
[Turn over

		  (iii)	 In this titration, the ethanedioic acid is oxidised as shown in the  
half-equation below.

H2C2O4  →  2CO2  +  2H+  +  2e-

			   Write a half-equation for the reduction of manganate(VII) ions. Combine the 
half-equations to give an overall redox equation.

			   Half-equation:

			   Overall redox equation:

[2]

		  (iv)	Calculate the concentration, in mol dm-3, of the potassium manganate(VII) 
solution. Give your answer to 3 significant figures.

Answer                      mol dm-3 [3]
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13	 Butylamine, CH3CH2CH2CH2NH2, and phenylamine, C6H5NH2, are both primary 
amines. Butylamine is a primary aliphatic amine whereas phenylamine is a primary 
aromatic amine. 

	 (a)	 Butylamine may be produced in a two-step synthesis from 1-bromopropane. 
Compound X is a nitrile.

Br
NH2

Step 1
Compound X

Step 2

		  (i)	 Name a reagent required for Step 1 and classify the type of reaction which 
occurs.

Reagent:	

Type of reaction:	 [2]

		  (ii)	 Draw the structural formula of Compound X, showing all bonds, and state its 
IUPAC name. 

IUPAC name:	 [2]

		  (iii)	 Identify the reagent required for Step 2 and classify the type of reaction 
which occurs.

Reagent:	

Type of reaction:	 [2]
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	 (b)	 Phenylamine may be produced, in a three-step synthesis, from benzene.

Step A Step B

NO2

Compound Y

NH2

Step C

NaOH(aq)

		  (i)	 Name the organic product of Step A.

	 [1]

		  (ii)	 Name the two reagents required for Step B.

1.	

2.	 [2]

		  (iii)	Classify the type of reaction which occurs in Step B.

[1]

		  (iv)	Draw the structure and state the name of Compound Y. 

Name:	 [2]

		  (v)	 Suggest why sodium hydroxide solution is added in Step C.

[1]
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	 (c)	 Butylamine and phenylamine both react with nitrous acid. Nitrous acid is 
prepared in situ by the reaction of sodium nitrite and hydrochloric acid. 

		  (i)	 What is the systematic name of sodium nitrite?

[1]

		  (ii)	 Write an equation to show the formation of nitrous acid in situ. 

[1]

		  (iii)	Write an equation for the reaction of butylamine with nitrous acid.

[1]

		  (iv)	Name the organic product formed when phenylamine reacts with sodium 
nitrite and hydrochloric acid at a temperature less than 5°C. 

[1]
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		  (v)	 When treated with an alkaline solution of phenol, the product named in 
(c)(iv) reacts to form a brightly coloured organic compound. Draw the 
structure of this brightly coloured organic compound. Circle and name the 
link formed in this compound.

Name of link:	 [3]



*32ACH2418*

*32ACH2418*

14556

	 (d)	 1,2-diaminoethane is soluble in water, acts as a Brønsted–Lowry base and 
reacts with an excess of ethanoyl chloride.

		  (i)	 Draw a diagram to show a hydrogen bond between one molecule of 
1,2-diaminoethane and one molecule of water. Label the hydrogen bond 
and include all relevant lone pairs and partial charges.

� [2]

		  (ii)	 Write an equation for the reaction of 1,2-diaminoethane with an excess  
of nitric acid.

� [1]
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		  (iii)	Using skeletal formulae, write an equation for the reaction of 
1,2-diaminoethane with an excess of ethanoyl chloride.

� [2]
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14	 The following electrochemical cell was set up, under standard conditions, as part of 
an investigation into the oxidation states of vanadium. The reading on the voltmeter 
was +1.76 V.

salt
bridge

V

Zn(s) Pt(s)

1.0 mol dm�3 Zn2�(aq)

1.0 mol dm�3 VO   (aq),
1.0 mol dm�3 VO2�(aq)
and H�(aq)

�
2

	 The standard electrode potential of the half-cell on the left is given below. The value 
for the half-cell on the right is to be calculated.

Half-equation Standard electrode 
potential E O— / V

Zn2+(aq)  +  2e-  ⇌  Zn(s) -0.76

VO+
2(aq)  +  2H+(aq)  +  e−  ⇌  VO2+(aq)  +  H2O(l) to be calculated

	 (a)	 (i)	 Define the term standard electrode potential.

[1]

		  (ii)	 Write the conventional representation for this electrochemical cell. 
Include state symbols.

[2]



*32ACH2421*

*32ACH2421*

14556
[Turn over

		  (iii)	Calculate the standard electrode potential of the half-cell on the right of 
the electrochemical cell. 

Answer                      V [1]

	 (b)	 The two half-cells are connected without the voltmeter.

		  (i)	 Write an ionic equation to represent the overall cell reaction. 

[1]

		  (ii)	 Identify the oxidising agent in the reaction in (b)(i).

	 [1]

		  (iii)	State the colour of the following aqueous ions.

VO+
2(aq):	

VO2+(aq):	 [2]
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	 (c)	 The standard hydrogen electrode is used to measure standard electrode 
potentials.

		  Write the half-equation, including state symbols, for the standard hydrogen 
electrode, state its E O— value and describe how it is set up. 

		  In this question you will be assessed on the quality of your written 
communication skills, including the use of specialist scientific terms.

[6]
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15 	 Amino acids are the building blocks of dipeptides, tripeptides and polypeptides. 
Glycine, H2NCH2COOH, and alanine, H2NCH(CH3)COOH, are both amino acids.

	 (a)	 (i)	 State the IUPAC name of alanine.

	 [1]

		  (ii)	 Explain why glycine is optically inactive.

[1]

		  (iii)	Draw the three dimensional representations of the optical isomers of 
alanine.

� [2]
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	 (b)	 Propanoic acid and glycine have similar relative molecular masses. Propanoic 
acid exists as a liquid at room temperature and pressure. It has a melting point 
of -21°C. Glycine exists as a solid at room temperature with a melting point of 
233°C. Explain why glycine has a higher melting point than propanoic acid.

[3]

	 (c)	 Draw the structures of glycine at pH 1 and pH 12.

pH 1 pH 12

� [2]
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	 (d)	 Two molecules of alanine and one molecule of glycine can combine to form 
three different tripeptides, all of which have the same molecular formula.

		  (i)	 What term is used for molecules which have the same molecular formula 
but have different structural formulae?

[1]

		  (ii) 	Classify the type of reaction which occurs when the three amino acid 
molecules combine to form a tripeptide.

[1]

		  (iii) 	Draw the structure of one tripeptide formed from two molecules of alanine 
and one molecule of glycine. Circle a peptide link.

� [3]

		  (iv)	Classify the type of reaction which would convert the tripeptide back into 
amino acids.

[1]
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	 (e)	 The human body converts excess amino acids into more useful molecules by a 
process of oxidative deamination using oxygen. Ammonia is the waste product. 
Oxidative deamination of alanine produces pyruvic acid.

H2N C CC COH OH

CH3 CH3O O

H O

oxidative deamination

	 alanine	 pyruvic acid

		  (i)	 Write an equation for the oxidative deamination reaction in which alanine 
reacts with oxygen forming pyruvic acid and ammonia.

[2]
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		  (ii)	 Oxidative deamination of another amino acid produces compound Z  
shown below. 

H3C

C C

O

OH

CH

CH3

O

compound Z

			   Complete the table below giving the mass spectrum data and the nmr 
spectroscopy data for compound Z.

mass spectrum data

m/z value of molecular ion peak

nmr spectroscopy data

number of environments of chemically 
equivalent hydrogen atoms

peak integration ratio (from highest 
chemical shift to lowest)

� [4]
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		  (iii)	The high resolution nmr spectrum of compound Z contains a doublet and a 
singlet. Identify the hydrogen atoms responsible for these peaks and explain 
the spin-spin splitting patterns.

Doublet:	

Singlet:	

[4]

		  (iv)	Peaks occur at m/z values of 43 and 45 in the mass spectrum of  
compound Z. Identify the fragment ions which cause these peaks.

43	

45	 [2]

		  (v)	 Draw the structure of the amino acid from which compound Z was formed by 
oxidative deamination and state its IUPAC name.

IUPAC name:		  [2]

THIS IS THE END OF THE QUESTION PAPER
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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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

 

THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

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

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)

11331.03
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