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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 and write the appropriate letter in 
the space provided.

1	 Which Group II compound would be most suitable for use in indigestion remedies?

	 A	 Calcium chloride

	 B	 Calcium oxide

	 C	 Magnesium oxide

	 D	 Magnesium sulfate
Answer                          [1]

2	 Unsaturated vegetable oils are hardened to make margarine by reacting them with 
hydrogen in the presence of a nickel catalyst. Which terms could be used to describe 
this type of reaction?

	 A	 Addition and oxidation

	 B	 Addition and reduction

	 C	 Substitution and oxidation

	 D	 Substitution and reduction
Answer                          [1]

3	 Which one of the following species can act as a nucleophile?

	 A	 H2

	 B	 H+

	 C	 Na

	 D	 OH-

Answer                          [1]

C

B

D
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4	 When iodoethane is heated in a sealed tube with an excess of ammonia in ethanol 
as a solvent, which compound is not formed?

	 A	 CH3CH2NH2

	 B	 CH3CH2CH2NH2

	 C	 (CH3CH2)2NH

	 D	 NH4I 
Answer                          [1]

5	 An enthalpy level diagram for a reversible reaction is shown below. Which letter 
represents the activation energy for the reverse reaction?

Progress of reaction

Enthalpy
Products

Reactants

A

B

C

D

Answer                          [1]

B

B
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6	 The alkene 3-methylhexa-2,4-diene has two C C double bonds. The arrangement 
around each double bond can be E or Z. Which one of the following shows the 
correct orientations of double bond 1 and double bond 2 in the isomer shown below?

H3C CH3

CH3

H
H

1

2

C C
C C

H

Double bond 1 Double bond 2
A E E
B E Z
C Z E
D Z Z

Answer                          [1]A
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7	 The infrared spectrum of an organic molecule is shown below.

Transmittance/ %

Wavenumber/ cm�1

4000
0

100

50

3000 2000 1500 1000 500

	 Which one of the following compounds could produce this infrared spectrum?

	 A	 Propan-1-ol

	 B	 Propanal

	 C	 Propanone

	 D	 Propanoic acid
Answer                          [1]D
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8	 Brown nitrogen dioxide, NO2, exists in equilibrium with colourless dinitrogen 
tetroxide, N2O4.

2NO2(g) ⇌ N2O4(g)

	 The pressure on the equilibrium is decreased. What effect will this have on the 
appearance of the mixture of the gases?

	 A	 The appearance of the mixture of gases is unchanged

	 B	 The mixture of gases becomes colourless

	 C	 The mixture of gases becomes darker brown

	 D	 The mixture of gases becomes lighter brown
Answer                          [1]

9	 The molecular formula of penicillin is C16H18N2O4S. A sample of penicillin contains 
0.25 moles of carbon. The mass of sulfur in the sample is:

	 A	 0.016 g

	 B	 0.50 g

	 C	 4.0 g

	 D	 8.0 g
Answer                          [1]

C

B
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10	 Calculate the standard enthalpy of formation of propane using the data below.

	 C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(l)	 ∆HO—  =  -2220 kJ mol-1

	 H2(g) + 12 O2(g) → H2O(l)	 ∆HO—  =  -286 kJ mol-1

	 C(s) + O2(g) → CO2(g)	 ∆HO—  =  -394 kJ mol-1

	 A	 -1540 kJ mol-1

	 B	 -106 kJ mol-1

	 C	 +106 kJ mol-1

	 D	 +1540 kJ mol-1

Answer                          [1]B
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Section B

Answer all five questions in the spaces provided.

11	 The Solvay process is used to produce sodium carbonate. The process consists of 
several steps involving the use of ammonia, sodium chloride and calcium carbonate.

	 (a)	 The overall equation for the formation of sodium carbonate may be written as 
the reaction between calcium carbonate and sodium chloride. Write the overall 
equation for this process.

[2]

	 (b)	 The equation for one of the steps in the process is shown below.

2NH4Cl + Ca(OH)2 → CaCl2 + 2NH3 + 2H2O

		  (i)	 Calculate the percentage atom economy for the formation of ammonia in the 
above reaction. Give your answer to 1 decimal place.

Answer                          %  [2]

		  (ii)	 During this stage of the process, 3.25 tonnes of ammonium chloride are 
reacted with an excess of calcium hydroxide and 0.92 tonnes of ammonia 
were obtained. Calculate the percentage yield of ammonia. Give your 
answer to 1 decimal place.

Answer                          %  [3]

CaCO3 + 2NaCl → CaCl2 + Na2CO3

Mr: 2NH4Cl = 107, Ca(OH)2 = 74, total = 181; 2NH3 = 34

% atom economy = 34 ÷ 181 × 100 = 18.8%

18.8

moles NH4Cl = 3.25 × 106 ÷ 53.5 = 6.075 × 104 mol

moles NH3 = moles NH4Cl = 6.075 × 104 mol

mass NH3 = 6.075 × 104 × 17 = 1.033 × 106 g = 1.033 tonnes

% yield = 0.92 ÷ 1.033 × 100 = 89.1%

89.1
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12	 The thermal decomposition of potassium hydrogencarbonate establishes a dynamic 
equilibrium in a closed vessel at 200 °C. The enthalpy change for the decomposition 
reaction is difficult to determine directly.

2KHCO3(s) ⇌ K2CO3(s) + CO2(g) + H2O(g)

	 (a)	 (i)	 The equilibrium is heterogeneous. Define the term heterogeneous.

[1]

		  (ii)	 Suggest why the water is present as a gas in the equilibrium mixture.

[1]

	 (b)	 The enthalpy change for this thermal decomposition reaction can be calculated 
from the enthalpy changes of neutralisation of both potassium carbonate and 
potassium hydrogencarbonate.

K2CO3 + 2HCI → 2KCI + H2O + CO2

KHCO3 + HCI → KCI + H2O + CO2

		  Both of these enthalpy changes may be determined using the following 
procedure:

		  	 Using a measuring cylinder, place 25 cm3 of 2.0 mol dm-3 hydrochloric acid 
into a polystyrene cup.

		  	 Measure the temperature of the acid with a thermometer.
		  	 Add a known mass of either potassium carbonate or potassium 

hydrogencarbonate to the acid in the polystyrene cup, stir, and measure the 
highest or lowest temperature reached.

		  (i)	 Define the term standard enthalpy of neutralisation.

[2]

A reaction in which the reactants and products are not all in the

same physical state (phase).

It is at 200 °C, above the boiling point of water (100 °C).

The enthalpy change when one mole of water is produced in a

neutralisation reaction between an acid and a base under standard

conditions (298 K, 100 kPa).
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		  (ii)	 When the procedure was carried out using 2.5 g of potassium carbonate,  
a temperature rise of 5.5 °C was recorded. Calculate the enthalpy change 
for the reaction per mole of potassium carbonate. Give your answer 
in kJ mol-1 to 1 decimal place.

			   (c = 4.2 J g-1 °C-1, density of solution = 1 g cm-3)

Answer                          kJ mol-1  [3]

		  (iii)	When the procedure was repeated using potassium hydrogencarbonate, the 
enthalpy change for the reaction was determined to be +29.1 kJ mol-1  
(per mole of potassium hydrogencarbonate). Use this value and the value 
calculated in (b)(ii) to calculate the enthalpy change for the thermal 
decomposition of potassium hydrogencarbonate.

2KHCO3(s) ⇌ K2CO3(s) + CO2(g) + H2O(g)

Answer                           [2]

q = mcΔT = 25 × 4.2 × 5.5 = 577.5 J = 0.5775 kJ

Mr of K2CO3 = 2(39) + 12 + 3(16) = 138

moles K2CO3 = 2.5 ÷ 138 = 0.0181 mol

temperature rise, so exothermic:

ΔH = −0.5775 ÷ 0.0181 = −31.9 kJ mol-1

−31.9

ΔH = 2ΔH(KHCO3) − ΔH(K2CO3)

= 2(+29.1) − (−31.9) = +90.1 kJ mol-1

+90.1 kJ mol-1
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13	 Isooctane (2,2,4-trimethylpentane) is an important component of petrol used in cars.  
It is a liquid at room temperature. Isooctane is one of eighteen structural isomers  
of C8H18.

	 (a)	 (i)	 Draw the skeletal formula of isooctane.

� [1]

		  (ii)	 Define the term structural isomers.	

[2]

		  (iii)	Draw the structural formula and state the IUPAC name of the structural 
isomer of C8H18 which is the most branched.

IUPAC name:	 [2]

Molecules which have the same molecular formula but a different

structural formula (different arrangement of atoms).

2,2,3,3-tetramethylbutane

H C C C C H
H CH3 CH3 H

H CH3 CH3 H
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	 (b)	 (i)	 Write an equation for the complete combustion of isooctane, C8H18.

[2]

		  (ii)	 Suggest why a sooty flame is observed when a sample of  
isooctane burns.

[1]

		  (iii)	When 1.00 g of liquid isooctane reacts completely in excess oxygen, the 
enthalpy change is -47.9 kJ. Calculate the heat energy released when 
5.00 dm3 of liquid isooctane burns completely in oxygen (density of 
isooctane = 0.692 g cm-3).  Give your answer to 3 significant figures.

Answer                           kJ  [3]

	 (c)	 The combustion of organic compounds has contributed to the increase in the 
percentage composition of carbon dioxide in the atmosphere.

		  (i)	 State the percentage increase in atmospheric carbon dioxide caused by the 
combustion of organic compounds.

[1]

		  (ii)	 State a consequence of an increase in atmospheric carbon dioxide.

[1]

2C8H18 + 25O2 → 16CO2 + 18H2O

Incomplete combustion, as it has a high carbon content.

About 0.01% (from about 0.03% to 0.04%)

Global warming (climate change)

5.00 dm3 = 5000 cm3

mass of isooctane = 0.692 × 5000 = 3460 g

heat energy released = 3460 × 47.9 = 165734 kJ

= 166000 kJ (3 s.f.)

166000
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	 (d)	 Pollutants such as carbon monoxide and oxides of nitrogen are also produced 
when alkane fuels are burned. Catalytic converters are used to reduce the 
environmental impact of burning alkane fuels. They consist of a thin layer of a 
metal catalyst on a ceramic honeycomb structure.

		  (i)	 Suggest why a catalytic converter has a honeycomb structure.

[1]

		  (ii)	 Suggest why a thin layer of the metal catalyst is used in a catalytic 
converter.

[1]

		  (iii)	Write an equation for the overall reaction between nitrogen(II) oxide and 
carbon monoxide in a catalytic converter.

[2]

		  (iv)	Define the term catalyst.

[1]

		  (v)	 State the name given to the graphical distribution of molecular energies in 
gaseous reactions.

[1]

It provides a large surface area for the reaction.

The metal used is expensive.

2NO + 2CO → N2 + 2CO2

A substance which increases the rate of a chemical reaction but is

not used up.

Maxwell-Boltzmann distribution
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		  (vi)	Explain, with reference to the graphical distribution named in (d)(v), how  
a catalyst changes the rate of reaction between nitrogen(II) oxide and 
carbon monoxide.

[3]

It provides an alternative route of lower activation energy.

So more molecules have energy greater than or equal to Ea

(greater area under the curve).

So there are more successful collisions per second, so the rate

increases.
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14	 The Group II elements are known as the alkaline earth metals and they display 
trends in their physical and chemical properties.

	 (a)	 State and explain the trend in atomic radius down Group II.

[2]

	 (b)	 The Group II elements react with oxygen to form the corresponding metal oxides.

		  (i)	 Write an equation for the reaction of magnesium with oxygen.

[1]

		  (ii)	 The magnesium oxide produced in (b)(i) was added to a flask containing 
water and phenolphthalein. Suggest and explain, using an ionic equation, 
why the solution will change colour.

[2]

Atomic radius increases down the group.

There are more electron shells, so the outer electrons are further from

the nucleus.

2Mg + O2 → 2MgO

O2− + H2O → 2OH−

Hydroxide ions are formed, so an alkali forms and the

phenolphthalein turns from colourless to pink.
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	 (c)	 Magnesium oxide may also be produced by reacting magnesium with steam. 
The diagram below shows the apparatus used in the reaction.

magnesium

HEAT HEAT

damp
mineral
wool

boiling
tube

delivery
tube

gas

gas jar

trough

beehive
shelf

water

		  (i)	 State why the damp mineral wool is heated.

[1]

		  (ii)	 State two observations which would be made in the boiling tube during  
the reaction.

[2]

		  (iii)	Write an equation for the reaction which takes place in the boiling tube.

[1]

		  (iv)	Suggest why the gas produced is collected over water.

[1]

To produce steam to react with the magnesium.

(Bright) white light is given off.

A white solid is formed.

Mg + H2O → MgO + H2

Hydrogen has a low solubility in water (insoluble).
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		  (v)	 The reaction was carried out using 0.08 g of magnesium. Calculate the 
volume of gas at 20 °C and 1 atm pressure that should be produced and 	
suggest why this volume of gas was not obtained in the gas jar.

Answer                           cm3  

[3]

	 (d)	 Group II oxides can react with dilute acids.

		  Write an equation for the reaction between magnesium oxide and dilute 
nitric acid.

[1]

Not all of the magnesium reacts (or the magnesium contains

impurities), and some of the hydrogen dissolves in the water.

MgO + 2HNO3 → Mg(NO3)2 + H2O

moles Mg = 0.08 ÷ 24 = 0.00333 mol = moles of H2

volume of H2 = 0.00333 × 24000 = 80 cm3

80
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15	 Propene (C3H6) is a raw material obtained from crude oil which can be used to 
produce many important chemicals. A reaction scheme is shown below.

C3H6

C3H8

propene
C3H7Br

C3H7CI

C3H8O C3H6O
reaction A

reaction D

reaction B reaction C

	 (a)	 State the name of the mechanism for reaction A and reaction B.

A	

B	 [4]

	 (b)	 (i)	 Write an equation for reaction A.

[1]

		  (ii)	 Two isomers of C3H7Br are produced in reaction A. State the IUPAC name 
of the isomer which is the major product.

[1]

		  (iii)	Draw a mechanism to show the formation of the major product in reaction A.

� [3]

electrophilic addition

nucleophilic substitution

C3H6 + HBr → C3H7Br

2-bromopropane

C C

H

H

CH3

H

H

Br

δ+

δ−

H C C+ H
H CH3

H

:Br−

H C C H
H CH3

H Br
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	 (c)	 (i)	 Write the formula of the reagent required in reaction B.

[1]

		  (ii)	 Describe the conditions required for reaction B.

[2]

		  (iii)	The reagent required in reaction B can also be used, under different 
conditions, to convert C3H7Br back to C3H6. State the type of reaction which 
occurs when C3H7Br is converted to C3H6.

[1]

	 (d)	 (i)	 Draw the structural formulae of the two isomers of C3H6O which are 
produced in reaction C.

� [2]

		  (ii)	 Name the reagent used to carry out reaction C.	

[1]

NaOH

Heat under reflux.

Use an aqueous solution (sodium hydroxide dissolved in water).

Elimination

acidified potassium dichromate(VI)

H C C C H
H H

H H

O
H C C C

H H

H H

O

H
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	 (e)	 C3H8 reacts with Cl2 to form C3H7Cl in reaction D. One by-product in this 
reaction is C6H14.

		  (i)	 Name the mechanism for this reaction.

[1]

		  (ii)	 Write an equation for the initiation step in this mechanism.

[1]

		  (iii)	Write equations for the two propagation steps in this mechanism.

[2]

		  (iv)	Write an equation for a termination step which produces C3H7Cl.

[1]

		  (v)	 Write an equation to show how C6H14 may be produced in this reaction.

[1]

radical substitution (free radical substitution)

Cl2 → 2Cl•

C3H8 + Cl• → C3H7• + HCl

C3H7• + Cl2 → C3H7Cl + Cl•

C3H7• + Cl• → C3H7Cl

2C3H7• → C6H14
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	 (f)	 Pentane, C5H12, is also obtained from crude oil. It has the same relative formula 
mass as butanal, C4H8O, and a similar relative formula mass to butan-1-ol, 
C4H9OH. However, the three compounds have very different boiling points.

		  Identify which compound (pentane, butanal or butan-1-ol) has the highest boiling 
point and which has the lowest boiling point.

		  Explain the variation in boiling points of the three compounds with reference to 
intermolecular forces.

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

[6]

THIS IS THE END OF THE QUESTION PAPER

Butan-1-ol has the highest boiling point and pentane has the lowest

boiling point.

Pentane is non-polar, so there are only van der Waals' forces between

its molecules.

Butanal has a polar C=O bond, so there are permanent dipole-dipole

attractions as well as van der Waals' forces between its molecules.

Butan-1-ol has an O−H group, so there is hydrogen bonding as well as

van der Waals' forces between its molecules.

Hydrogen bonds are stronger than permanent dipole-dipole attractions,

which are stronger than van der Waals' forces.

So more energy is needed to break the intermolecular forces in

butan-1-ol than in butanal, and least in pentane.
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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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