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SECTION A

Answer ALL the questions.  Write your answers in the spaces provided.

You should aim to spend no more than 55 minutes on this section.

1. (a) Hydrogen chloride can be prepared by reacting concentrated sulphuric acid with solid 
sodium chloride.

  (i) Write an equation for the reaction which occurs.  State symbols are not 
required.

(2)

  (ii) Hydrogen chloride reacts with ammonia fumes.

   What would you see if you carried out this reaction?

    ................................................................................................................................
(1)

  (iii) An unknown gas was tested with ammonia fumes.  The result showed that it 
might be hydrogen chloride, but the test did not confirm that hydrogen chloride 
was definitely present.  Explain the reason for this.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(1)
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 (b) When concentrated sulphuric acid is added to solid sodium bromide, the products of 
the reaction include sulphur dioxide and bromine.

2H2SO4 + 2NaBr → Br2 + SO2 + 2H2O + Na2SO4

  Sulphur and bromine change oxidation number in this reaction.

  (i) Write the oxidation numbers at the start and the end of the reaction.

   Sulphur changes from ..................... to .....................
(1)

   Bromine changes from ..................... to .....................
(1)

  (ii) Explain why the numbers in the balanced equation are consistent with the changes 
in oxidation number.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(2)
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 (c) The boiling points of three hydrogen halides are shown below

Hydrogen halide Boiling point
/K

Hydrogen chloride 188

Hydrogen bromide 206

Hydrogen iodide 238

  (i) Explain the trend in boiling point of the three hydrogen halides.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(2)

  (ii) Predict a value for the boiling point of hydrogen fluoride.  Explain your reason 
for choosing this value. 

   Predicted value ......................................

   Explanation

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(3) Q1

(Total 13 marks)
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2. This question is about the chemistry of propane, C3H8.

 Propane is sold for use as a fuel for camping stoves.  On complete combustion it forms 
carbon dioxide and water.

 (a) The enthalpy change of combustion of propane, ΔHc, can be measured by burning a 
known mass of propane below a container of water and measuring the temperature 
rise of the water.

  The heat capacity of the apparatus (the energy required to raise the temperature of the 
apparatus by 1 °C) is found by calibrating it with a fuel with known enthalpy change 
of combustion.

  The results of an experiment are shown below.

  Mass of propane burned 0.500 g
  Temperature of water at start 21.0 °C
  Final temperature of water 39.0 °C
  Heat capacity of apparatus 1.35 kJ °C–1

  (i) Calculate the number of kilojoules of energy transferred when the 0.500 g sample 
of propane burns in this experiment.

(1)

  (ii) Use your answer to (i) to calculate ΔHc for propane in kJ mol–1.  Give your 
answer to three significant figures.

   Use the Periodic Table as a source of data.

(2)

  (iii) The Book of data gives the value of ΔHc for propane as –2220 kJ mol–1.

   Calibrating the apparatus means that the answer you calculated in (ii) allows for 
errors due to heat loss.

   Suggest the other main source of error which makes the experimental result 
different from the data book value.

    ................................................................................................................................

    ................................................................................................................................
(1)
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 (b) A value of ΔHc for propane can be calculated using mean bond energies and the Hess 
cycle below.

  (i) Complete the Hess cycle, and use the mean bond energies to calculate ΔH1.
   Hence calculate ΔHc.

Mean bond energies
/ kJ mol–1

C=O 805

H–O 464

   ΔHc =  .....................................................................................................................
(3)

  (ii) Give ONE reason why the value you calculated in (b)(i) also differs from the 
value for the heat of combustion of propane in the Book of data.

    ................................................................................................................................

    ................................................................................................................................
(1)

ΔHc
C3H8(g) + ..........O2(g) → 3CO2(g) + 4H2O(g)

+6490 kJ mol–1 ΔH1 = ........................................

3C(g) + 8H(g) + ..............................
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 (c) When propane reacts with chlorine in the presence of ultraviolet light one of the 
products is 2-chloropropane.

  (i) Name the mechanism and type of this reaction.

   Mechanism .............................................................................................................

   Type  .......................................................................................................................
(2)

  (ii) In this reaction a small quantity of an alkane, C6H14, is produced.

   Explain how this occurs.  Include an equation in your answer.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

(2)

 (d) 2-Chloropropane and 2-iodopropane are both colourless liquids at room temperature.  
They can be distinguished by their reactions with aqueous silver nitrate.

  (i) What would you see when the reaction is carried out with each halogenoalkane?

   2-chloropropane  .....................................................................................................

   2-iodopropane  ........................................................................................................
  (2)

  (ii) Write an ionic equation showing how silver ions react in the mixture made 
from 2-iodopropane and aqueous silver nitrate.  Include state symbols in your 
answer.

(2)

  (iii) Both 2-chloropropane and 2-iodopropane form the same organic product in the 
reaction with aqueous silver nitrate.

   Name, or give the structural formula of, this organic product.

    ................................................................................................................................
(1) Q2

(Total 17 marks)
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3. This question is about some of the chemicals used in car engines and their reactions.

 (a) Compound X, shown below, is one component of petrol.

  (i) Name X.

    ................................................................................................................................
(1)

  (ii) Give the empirical formula of X.

    ................................................................................................................................
(1)

  (iii) X can be made by cracking decane, C10H22.

   Assuming only one other product forms in a cracking reaction, deduce the 
molecular formula of this other product.

(1)

  (iv) What is the sign of the enthalpy change for the reaction in which decane is 
cracked?  Give a reason for your answer.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(1)

  (v) If the air supply in a car engine is poor, there is not enough air for carbon dioxide 
to be produced.

   Use this information to suggest ONE possible equation for the combustion of X 
in this engine.  Use the molecular formula of X in your equation.

(2)

H—C——C——C——C——C—H

H CH3 H H H

H CH3 H HCH3
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 (b) When air enters a car engine, as well as the fuel burning, nitrogen and oxygen can 
react to form nitrogen(II) oxide.

N2(g) + O2(g)    2NO(g)      ΔH = + 180 kJ mol–1

  (i) What, if any, is the effect on the percentage of nitrogen(II) oxide in an equilibrium 
mixture of these three gases if the pressure and temperature are increased?  
Explain your answers.

   Increase in pressure

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................

   Increase in temperature

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(2)

  (ii) In a car exhaust pipe, nitrogen(II) oxide passes over a catalytic converter.
The following reaction occurs.

   2NO(g) + 2CO(g) → N2(g)  + 2CO2(g)      ΔH = –746 kJ mol–1

   Explain why this reaction speeds up when the car engine has been running for a 
few minutes.

    ................................................................................................................................

    ................................................................................................................................
(1)

  (iii) A textbook says “The catalytic converter converts the gases coming out of the 
engine into less harmful ones”.

   State, with a reason, which of the four gases in the equation in (ii) you consider 
to be least harmful.

    ................................................................................................................................

    ................................................................................................................................

    ................................................................................................................................
(1)
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  (iv) The diagram below shows the reaction profile for the change which occurs in the 
catalytic converter.

   On the diagram, show the activation energy, EA.

   Add a line showing the reaction profile if no catalyst is present.
(2)

 (c) The lengths of the bonds between carbon and oxygen are different in carbon monoxide 
and carbon dioxide.

  Draw ‘dot and cross’ diagrams of both oxides and use them to explain the difference 
in bond lengths.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(3)

TOTAL FOR SECTION A: 45 MARKS
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Q3

(Total 15 marks)
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SECTION B

You should aim to spend no more than 35 minutes on this section.  The passage needed 
for this section is provided on a separate sheet.

4. Read the passage on BONE MAKERS straight through, and then more carefully, in order 
to answer the following questions.

 (a) Poly(ethene) is non-toxic.  Suggest ONE other property of poly(ethene) which makes 
it tolerated in the body.

   .......................................................................................................................................

   .......................................................................................................................................
(1)

 (b) Explain why a high temperature is required to turn poly(ethene) into a liquid.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(2)

 (c) Suggest why adding supercritical carbon dioxide (scCO2) to a polymer makes it easier 
to turn it into a liquid.

   .......................................................................................................................................

   .......................................................................................................................................

   .......................................................................................................................................
(1)

 (d) A diagram of a phosphate ion, PO4
3–, is shown below. 

  Suggest, with a reason, a value for the OPO bond angle.

   .......................................................................................................................................

   .......................................................................................................................................
(1)

O

O—P→O

O

3–
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 (e) Draw a section of the polymer poly(propenoic acid) showing TWO monomer units.

(1)

 (f) The formula of lactic acid is

  Which term below describes the type of reaction which occurs when propenoic acid 
is converted to lactic acid?

  A oxidation B reduction

  C hydration D hydrolysis

  E hydrogenation

  Answer ................................................
(1)

 (g) Write a summary in no more than 110 words, giving details of the materials which are, 
or have been, used to repair bone damage.  Give the advantages and disadvantages of 
each as stated in the passage.

(8)

 You are not asked to summarise the whole passage.  At the end of your summary state 
the number of words you have used.

 Credit will be given for answers in good English, using complete sentences and with correct 
use of technical words.  Avoid copying long sections from the original text.  Numbers count 
as one word, as do standard abbreviations, units, formulae and hyphenated words.

 The abbreviation scCO2, for supercritical carbon dioxide, counts as one word.
 Any title you give your passage does not count in your word total.

 There are penalties for the use of words in excess of 110.

START YOUR SUMMARY ON PAGE 14

H

CH3—C—CO2H

OH
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  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................
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  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

  ..............................................................................................................................................

TOTAL FOR SECTION B: 15 MARKS
TOTAL FOR PAPER: 60 MARKS

END

Q4

(Total 15 marks)
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