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Information for Candidates
The total mark for this paper is 90.
Quality of written communication will be assessed in 
Question 14(c).
In Section A all questions carry equal marks, i.e. one mark for 
each question.
In Section B the fi gures in brackets printed at the end of each 
question indicate the marks awarded to each question or part 
question.
A Periodic Table of Elements, containing some data, is included 
with this question paper.
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Section A – Multiple Choice

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

Each multiple choice question is worth 1 mark.

1 The mechanism for the reaction of halogenoalkanes with 
ethanolic potassium hydroxide is

 A electrophilic addition.

 B elimination.

 C nucleophilic addition.

 D substitution. 

2 Which electronic configuration is that of a Group II ion?

 A 1s22s22p2

 B 1s22s22p6

 C 1s22s22p63s2

 D 1s22s22p63s23p63d24s2
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3 Which substance occupies the largest volume at 293 K and 
1 atmosphere of pressure?

 A 4.0 g of ethane

 B 4.4 g of propane

 C 5.8 g of butane

 D 6.4 g of methanol

4 When methane reacts with excess chlorine, in the presence 
of UV light, the organic product is

 A chloromethane.

 B dichloromethane.

 C trichloromethane.

 D tetrachloromethane.

5 What mass of magnesium oxide is required to neutralise 
40.0 cm3 of 1.00 mol dm–3 hydrochloric acid?

 A 0.80 g

 B 1.60 g

 C 2.40 g

 D 3.20 g
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6 Which bromoalkane is a secondary bromoalkane?

 A 1-bromobutane

 B 1-bromo-2-methylpropane

 C 2-bromobutane

 D 2-bromo-2-methylpropane

7 The table shows some average bond enthalpies.

average bond 
enthalpy/kJ mol−1

C C 348
C H 413
O O 496
C O 743
O H 463

 What is the enthalpy change for the following reaction?

 C3H8(g)  +  5O2(g)    3CO2(g)  +  4H2O(g)

 A −1334 kJ mol–1

 B −1585 kJ mol–1

 C −1682 kJ mol–1

 D −1962 kJ mol–1
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8 Assuming a 50.0% yield, what is the minimum mass of 
butan-1-ol required to produce 13.7 g of 1-bromobutane?

 A 6.85 g

 B 7.40 g

 C 14.8 g

 D 68.5 g

9  A radical is

 A a particle which acts as an electron pair acceptor.

 B a particle which acts as an electron pair donor.

 C a particle with a lone pair of electrons.

 D a particle with an unpaired electron.
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10  Which of the following is a Z isomer?

A

C

HCH3

CH3 Cl

C

C

C

C2H5F

CH3 H

C

B

C

CH3H

CH3 H

C

D

C

ClF

I Br

C
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Section B

Answer all seven questions in the spaces provided.

11  A student carried out a series of activities to investigate the 
chemistry of Group II elements and compounds. 

 (a)  The student heated magnesium carbonate in a boiling 
tube and bubbled the gas produced through a suitable 
reagent to identify the gas.

  (i)  Draw a diagram of the assembled apparatus and 
name the reagent used.     [2 marks]

  (ii)  Write an equation for the thermal decomposition of 
magnesium carbonate.     [1 mark]

  (iii) Explain why magnesium carbonate decomposes 
much more readily than calcium carbonate when 
heated.     [2 marks]

www.xtrapapers.com



10766.03 MV18  9 [Turn over

 (b) The student added a solution of sodium hydroxide to a 
solution of magnesium nitrate. A white precipitate was 
formed.

  (i)  Name the precipitate.     [1 mark]

  (ii)  Write an ionic equation, without state symbols, for 
the formation of the precipitate.     [1 mark]

 (c)  The student added a solution of potassium sulfate to a 
solution of barium nitrate. A white precipitate was formed.

  (i)  Name the precipitate.     [1 mark]

  (ii)  Write an ionic equation, including state symbols, for 
the formation of the precipitate.     [2 marks]

 (d) The student then burnt magnesium using a Bunsen 
burner.

  (i)  Give two observations.     [2 marks]

  (ii)  Write an equation for the reaction.     [1 mark]
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12  There are five structural isomers with molecular formula 
C6H14.

 (a)  What is meant by the term structural isomers?
  [2 marks]

 (b) Four of the structural isomers are described as having 
branched structures. Complete the table below.

  [3 marks]

name of branched isomer skeletal formula

2-methylpentane
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 (c)  Explain why the unbranched isomer, hexane, has a 
higher boiling point than any of the branched isomers.

  [2 marks]

 (d) (i)  Write an equation for the complete combustion of 
hexane.     [2 marks]

  (ii)  Write an equation for the incomplete combustion of 
hexane.     [2 marks]
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13  Ammonia is produced by a reversible exothermic reaction 
between nitrogen and hydrogen:

 N2(g)  +  3H2(g)    2NH3(g)

 (a)  (i)  Write an expression for the equilibrium constant, Kc, 
and deduce its units.     [2 marks]

  (ii)  What does a small value of Kc indicate about this 
equilibrium?     [1 mark]

 (b) The Haber process, for the production of ammonia, uses 
a temperature between 400 °C and 500 °C, a pressure 
of approximately 200 atm and an iron catalyst. 

  (i)  Explain why the yield improves at a temperature of 
300 °C at constant pressure.     [2 marks]
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  (ii)  Explain why the production of ammonia is not 
carried out at 300 °C.     [1 mark]

  (iii) Explain why the yield improves when the pressure is 
1000 atm at a constant temperature.     [2 marks]

  (iv) Explain why the production of ammonia is not 
carried out at 1000 atm.     [1 mark]
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14  It is often possible to distinguish between organic molecules 
by using infrared spectroscopy or simple test tube 
reactions.

 (a)  Explain why, without access to a database of infrared 
spectra, it is difficult to distinguish between butan-2-ol 
and 2-methylpropan-2-ol using infrared spectroscopy.

  [2 marks]

 (b) Butan-2-ol and 2-methylpropan-2-ol give the 
same observations when reacted with phosphorus 
pentachloride.

  (i)  Write an equation for the reaction of 
   2-methylpropan-2-ol with phosphorus pentachloride.
   [2 marks]

  (ii)  Name the organic product.     [1 mark]

www.xtrapapers.com



10766.03 MV18  15 [Turn over

 (c)  Describe how you could use simple test tube 
  reactions to distinguish between butan-2-ol and 

2-methylpropan-2-ol. Your answer should include 
reagents, conditions, observations and an explanation 

  of the chemistry involved.     [6 marks]

  In this question you will be assessed on using your 
written communication skills including the use of 
specialist scientific terms.
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15 Enthalpies of neutralisation can be determined using 
experimental methods.

 (a)  What is meant by the term enthalpy of neutralisation?
  [2 marks]

 (b) An enthalpy of neutralisation was determined using the 
following method.

   Add 50 cm3 of 2.0 mol dm–3 hydrochloric acid to 
a polystyrene cup. 
Add 50 cm3 of 2.0 mol dm–3 sodium hydroxide 
solution to a different polystyrene cup. Place 
thermometers in each solution and leave 
until both temperatures are equal. Record the 
temperature. Transfer the alkali into the acid and 
stir. Record the maximum temperature reached.
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  The following results were obtained:

   initial temperature = 20.0 °C 

   maximum temperature reached = 33.3°C 

  (i)  Which piece of apparatus should be used to add 
50 cm3 of 2.0 mol dm–3 hydrochloric acid to the 
polystyrene cup?     [1 mark]

  (ii)  What is the advantage of using a polystyrene cup?
   [1 mark]

  (iii) Write an equation for the neutralisation reaction.
   [1 mark]
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  (iv) Assuming that the mass of the solution (in grams) 
is equal to its volume (in cm3) and that the heat 
capacity of the solution is 4.2 J g–1 K–1, use the 
equation q = mcΔT to calculate the heat energy 
released (in Joules).     [2 marks]

  (v)  Calculate the number of moles of water produced.
   [1 mark]

  (vi) Calculate the enthalpy of neutralisation in kJ mol–1.
   [3 marks]

  (vii)Suggest why the value calculated may be different 
from the data book value.     [1 mark]

www.xtrapapers.com



10766.03 MV18  19 [Turn over

16  A hydrocarbon contains 85.7% carbon by mass. 

 (a)  Calculate the empirical formula of this hydrocarbon 
using its percentage composition.     [2 marks]

 (b) The C C bond and the four atoms which are attached 
to the carbon atoms all lie in the same plane. 

  (i)  Complete the diagram below to show the formation 
of the pi bond from two p-orbitals.     [1 mark] 

   
C  C C  C

   before      after

  (ii)  Explain why the presence of the pi bond makes an 
alkene more reactive than an alkane.     [2 marks]
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 (c)  Detailed analysis proved that the hydrocarbon is 
2-methylbut-1-ene, CH2=C(CH3)CH2CH3, which reacts 
with hydrogen bromide to form two organic products.

  (i)  Show the polarity of the hydrogen bromide molecule.
[1 mark]

   H─Br   

  
  (ii)  Name the mechanism for the reaction of 

2-methylbut-1-ene with hydrogen bromide.     
   [2 marks]

  (iii) Name the major organic product.     [1 mark]

  (iv) Using curly arrows to show the movement of 
electron pairs, draw the mechanism for the reaction 
of 2-methylbut-1-ene with hydrogen bromide to form 
the major organic product.     [4 marks]
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  (v)  Explain why the mechanism given in part (iv) 
produces the major organic product.     [2 marks]
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17  When 1-bromopropane is heated with aqueous potassium 
hydroxide, the hydroxide ions behave as nucleophiles.

 (a)  What is meant by the term nucleophile?     [2 marks]

 (b) Most collisions between hydroxide ions and 
1-bromopropane molecules do not result in a reaction. 
The following diagram shows the kinetic energy 
distribution of hydroxide ions in the reaction mixture:

  

number 
of ions

kinetic energy

  (i)  On the x-axis above, show a possible position for 
the activation energy.     [1 mark]

  (ii)  On the same axes, show the kinetic energy 
distribution of hydroxide ions at a lower temperature.
[2 marks] 
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  (iii) Use the two distribution curves to explain how 
the rate of reaction is affected by lowering the 
temperature.     [2 marks]

 (c)  Explain how the rate of the reaction between 
1-iodopropane with aqueous potassium hydroxide 
compares with that of 1-bromopropane.     [2 marks]

THIS IS THE END OF THE QUESTION PAPER
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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
750–1100 C–C Alkanes, alkyl groups
1000–1300 C–O Alcohols, esters, carboxylic acids 
1450–1650 C ̿ C Arenes
1600–1700 C ̿ C Alkenes
1650–1800 C ̿ O Carboxylic acids, esters, aldehydes,    
  ketones, amides, acyl chlorides
2200–2300 C   N Nitriles
2500–3200 O–H Carboxylic acids
2750–2850  C–H Aldehydes
2850–3000 C–H Alkanes, alkyl groups, alkenes, arenes
3200–3600 O–H Alcohols
3300–3500 N–H Amines, amides

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

Chemical ShiŌ  Structure 

0.5–2.0 –CH Saturated alkanes
0.5–5.5 –OH Alcohols
1.0–3.0 –NH Amines
2.0–3.0 –CO–CH Ketones
 –N–CH Amines
 C6H5–CH Arene (aliphaƟ c on ring)
2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
  X = I (2.0–3.0)
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

These chemical shiŌ s are concentraƟ on and temperature dependent and may be outside 
the ranges indicated above.
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* 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

*

†

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
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