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1 Sodium thiosulfate solution (Na2S2O3) reacts slowly with dilute hydrochloric acid to form a
precipitate.  The rate of this reaction can be studied by measuring the time (t) that it takes for
a small fixed amount of precipitate to form under different conditions.  The fixed amount of
precipitate is taken as the amount needed to obscure a cross on paper.

The equation for this reaction is shown below.

Na2S2O3 +  2HCl → 2NaCl  +  S  +  SO2 +  H2O

1 (a) Identify the insoluble product of this reaction which forms the precipitate.

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

1 (b) When this reaction takes place, the collision between the reacting particles requires an
activation energy.  State what is meant by the term activation energy.

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

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

1 (c) In terms of particles, explain why, at a fixed temperature, you might expect the rate of
this reaction to double when the concentration of sodium thiosulfate is doubled and the
concentration of hydrochloric acid remains the same.

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

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

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

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

1 (d) (i) State what is meant by the term rate of reaction.

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

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

(02)

Section  A

Answer all the questions in the spaces provided.
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1 (d) (ii) Consider the description of the way in which this experiment is carried out.
Use your understanding of the term rate of reaction to explain why it is possible
to use a simplified formula  as a measure of the rate of this reaction.

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

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

Turn over for the next question
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2 Barium can be extracted from barium oxide (BaO) in a process using aluminium.
A mixture of powdered barium oxide and powdered aluminium is heated strongly.
The equation for this extraction process is shown below.

3BaO(s)  +  2Al(s) → 3Ba(s)  + Al2O3(s)

Some standard enthalpies of formation are given in the table below.

Substance BaO(s) Al2O3(s)

∆H / kJ mol–1 –558 –1669

2 (a) (i) State what is meant by the term standard enthalpy of formation.

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

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

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

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

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

2 (a) (ii) State why the standard enthalpy of formation of barium and that of aluminium
are both zero.

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

2 (a) (iii) Use the data to calculate the standard enthalpy change for the reaction shown by
the equation above.

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

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

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

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

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

f
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2 (b) (i) Suggest the major reason why this method of extracting barium is expensive.

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

2 (b) (ii) Using barium oxide and aluminium powders increases the surface area of the
reactants.  Suggest one reason why this increases the rate of reaction.

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

2 (c) (i) Write an equation for the reaction of barium with water.

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

2 (c) (ii) A solution containing barium ions can be used to test for the presence of sulfate
ions in an aqueous solution of sodium sulfate.

Write the simplest ionic equation for the reaction which occurs and state what is
observed.

Simplest ionic equation

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

Observation ..............................................................................................................
(2 marks)

2 (c) (iii) State how barium sulfate can be used in medicine.  Explain why this use is
possible, given that solutions containing barium ions are poisonous.

Use ............................................................................................................................

Explanation ...............................................................................................................

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

14
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3 A group of students devised an experiment which they believed would enable them to
investigate the strength of the intermolecular forces between ethyl ethanoate molecules
(CH3COOCH2CH3) and trichloromethane molecules (CHCl3).

They mixed exactly 0.10 mol of each of the two liquids in a copper calorimeter and recorded
the following results.  The starting temperature of both liquids was the same.

Mass of 0.10 mol of ethyl ethanoate / g 8.80

Mass of 0.10 mol of trichloromethane / g 11.95

Increase in temperature (∆T) on mixing / K 9.5

3 (a) (i) Write an expression for the heat change (q) which relates mass (m), specific heat
capacity (c) and change in temperature (∆T).

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

3 (a) (ii) Calculate the amount of heat required to increase the temperature of 8.80 g of
ethyl ethanoate by 9.5 K during the mixing process.  (You should assume that 
c for ethyl ethanoate = 1.92 J g–1K–1)

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

3 (a) (iii) Calculate the amount of heat required to increase the temperature of 11.95 g of
trichloromethane by 9.5 K during the mixing process.  (You should assume that 
c for trichloromethane = 0.96 J g–1K–1)

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

3 (a) (iv) Using the values from parts (a) (ii) and (a) (iii), calculate the molar enthalpy
change in kJ mol–1 for the mixing process.

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

...................................................................................................................................
(2 marks)
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3 (b) The students deduced that the heat change was due only to the formation of
intermolecular forces between ethyl ethanoate molecules and trichloromethane
molecules.

Ignoring all experimental errors, give one reason why the students may have made an
incorrect deduction.

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

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

Turn over for the next question
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4 Carbon monoxide and hydrogen are used in the manufacture of methanol.  An equilibrium is
established according to the following equation.

Cu catalyst
CO(g)  +  2H2(g)                       CH3OH(g) ∆H = –9l kJ mol–1

4 (a) Give two features of a reaction at equilibrium.

Feature 1 .............................................................................................................................

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

Feature 2 .............................................................................................................................

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

4 (b) Explain why an increase in temperature causes a decrease in the equilibrium yield of
methanol.

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

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

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

4 (c) (i) State what is meant by the term catalyst.

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

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

4 (c) (ii) State the effect, if any, of the copper catalyst on the position of this equilibrium
at a fixed temperature.

...................................................................................................................................
(1 mark)
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4 (d) Two methods are used to produce carbon monoxide from natural gas.  Equations for
these two methods are shown below.

Method 1 CH4 +  H2O → 2CO  +  3H2

Method 2 CH4 +  CO2 → 2CO  +  2H2

The manufacture of methanol from these sources of carbon monoxide has been
described as carbon neutral.

4 (d) (i) State what is meant by the term carbon neutral.

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

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

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

4 (d) (ii) Show how combining the equations from these two methods can lead to the 
1:2 mol ratio of carbon monoxide to hydrogen required for this synthesis of
methanol.

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

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

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

Turn over for the next question
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5 This question is about the extraction of metals.

5 (a) Coke is mainly carbon and is a raw material used in the extraction of iron from
iron(III) oxide.

5 (a) (i) Write an equation for the formation of carbon monoxide from carbon.

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

5 (a) (ii) Write an equation for the reduction of iron(III) oxide to iron by carbon
monoxide.

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

5 (a) (iii) The Earth’s resources of iron(III) oxide are very large and commercial ores have
a high iron content.  Give one economic and one environmental reason for
recycling scrap iron and steel.

Economic reason ......................................................................................................

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

Environmental reason ...............................................................................................

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

5 (b) Pure titanium is extracted by the reduction of titanium(IV) chloride, but not by the
direct reduction of titanium(IV) oxide using carbon.

5 (b) (i) Write an equation for the conversion of titanium(IV) oxide into titanium(IV)
chloride.

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

5 (b) (ii) Write an equation for the extraction of titanium from titanium(IV) chloride.

...................................................................................................................................
(2 marks)
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5 (b) (iii) State why titanium is not extracted directly from titanium(IV) oxide using
carbon.

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

5 (c) Aluminium is extracted by the electrolysis of a molten mixture containing aluminium
oxide.

5 (c) (i) State why the electrolysis needs to be of a molten mixture.

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

5 (c) (ii) Write an equation for the reaction of oxide ions at the positive electrode during
the electrolysis.

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

5 (c) (iii) State why the positive electrodes need frequent replacement.

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

5 (c) (iv) Give the major reason why it is less expensive to recycle aluminium than to
extract it from aluminium oxide by electrolysis.

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

Turn over for the next question

13
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6 Acidified silver nitrate solution can be used to identify and distinguish between halide ions
in solution.

6 (a) Explain why hydrochloric acid should not be used to acidify the silver nitrate.

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

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

6 (b) State and explain what would be observed when acidified silver nitrate solution is
added to a solution of sodium fluoride.

Observation ........................................................................................................................

Explanation ........................................................................................................................
(2 marks)

6 (c) State what would be observed when acidified silver nitrate solution is added to a
solution containing iodide ions.  Write the simplest ionic equation for the reaction that
occurs.

Observation ........................................................................................................................

Equation .............................................................................................................................
(2 marks)

5
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7 The reaction of bromine with an alkene is used in a test to show that the alkene is
unsaturated.

7 (a) State what is meant by the term unsaturated as applied to an alkene.

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

7 (b) Name and outline a mechanism for the reaction of bromine with but-2-ene.

Name of mechanism ..........................................................................................................

Mechanism

(5 marks)

7 (c) But-2-ene can exist as a pair of stereoisomers.

7 (c) (i) State what is meant by the term stereoisomers.

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

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

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

7 (c) (ii) Draw the structure of (E)-but-2-ene.

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

9
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8 Nucleophiles react with bromoethane in substitution reactions.  This type of reaction is
illustrated in the following scheme.

8 (a) State what is meant by the term nucleophile.

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

8 (b) Outline a mechanism for the reaction of potassium cyanide with bromoethane
(Reaction 1).

(2 marks)

8 (c) Explain why an excess of ammonia is needed in Reaction 2 to produce a high yield of
ethylamine.

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

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

CH3CH2CN
propanenitrile

CH3CH2Br

CH3CH2NH2
ethylamine

CH3CH2OH
ethanol

Reaction 1

KCN KOH

Reaction 3

Reaction 2
NH3



Turn over �

APW/Jun09/CHEM2

8 (d) When potassium hydroxide reacts with bromoethane, ethene can also be formed.
Name and outline a mechanism for this reaction.

Name of mechanism ...........................................................................................................

Mechanism

(4 marks)

Turn over for the next question
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9 Butan-2-ol can be oxidised by acidified potassium dichromate(VI) to form butanone as
shown by the following equation.

CH3CH2CH(OH)CH3 +  [O] → CH3CH2COCH3 +  H2O

9 (a) State the class of alcohol to which butan-2-ol belongs.

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

9 (b) The infrared spectrum shown below is either that of butan-2-ol or that of butanone.

Identify the compound to which this infrared spectrum refers.

Explain your answer.

You may find it helpful to refer to the table of infrared absorption data on the back of
the Periodic Table (Table 1).

Identity of the compound ...................................................................................................

Explanation ........................................................................................................................

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

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

APW/Jun09/CHEM2
(16)
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9 (c) Draw the displayed formula of the alcohol C4H9OH which is resistant to oxidation by
acidified potassium dichromate(VI).

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

Turn over for the next question

5
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10 In the past 150 years, three different processes have been used to extract bromine from
potassium bromide.  These processes are illustrated below.

Extraction Process 1

2KBr  +  MnO2 +  2H2SO4 → MnSO4 +  K2SO4 +  2H2O  +  Br2

Extraction Process 2

The reaction of solid potassium bromide with concentrated sulfuric acid.

Extraction Process 3

The reaction of aqueous potassium bromide with chlorine gas.

10 (a) Write a half-equation for the conversion of MnO2 in acid solution into Mn2+ ions and
water.  In terms of electrons, state what is meant by the term oxidising agent and
identify the oxidising agent in the overall reaction.

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

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

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

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

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

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

APW/Jun09/CHEM2
(18)

Section  B

Answer both questions in the spaces provided.
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10 (b) Write an equation for Extraction Process 2 and an equation for Extraction Process 3.
Calculate the percentage atom economy for the extraction of bromine from potassium
bromide by Extraction Process 3.  Suggest why Extraction Process 3 is the method in
large-scale use today.

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(5 marks)

Question 10 continues on the next page
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10 (c) Bromine has been used for more than 70 years to treat the water in swimming pools.
The following equilibrium is established when bromine is added to water.

Br2 +  H2O           HBrO  +  HBr

Give the oxidation state of bromine in HBr and in HBrO

Deduce what will happen to this equilibrium as the HBrO reacts with micro-organisms
in the swimming pool water.  Explain your answer.

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

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

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

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

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

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

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

.............................................................................................................................................
(4 marks)

(20)

12
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11 One of the first substances used as an anaesthetic in medicine was chloroform
(trichloromethane, CHCl3).  By 1950, halothane was in common use but by 1990 this had
been replaced by more acceptable anaesthetics such as desflurane.

CF3CHBrCl CF3CHFOCHF2
halothane desflurane

One reason for replacing halothane was that it is an organic compound that contains
chlorine.  Chlorine-containing organic compounds are thought to cause damage to the ozone
layer in the upper atmosphere.

11 (a) Name and outline a mechanism for the reaction of chlorine with methane to form
chloromethane (CH3Cl).

Write an overall equation for the reaction of chlorine with methane to form
trichloromethane (CHCl3).

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

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

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

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

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

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

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

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

.............................................................................................................................................
(5 marks)

Question 11 continues on the next page

APW/Jun09/CHEM2
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11 (b) Explain how chlorine atoms are formed from chlorine-containing organic compounds
in the upper atmosphere.

Explain, with the aid of equations, how chlorine atoms act as a catalyst in the
decomposition of ozone into oxygen.

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(6 marks)

(22)
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11 (c) Use the formulae of the two anaesthetics, halothane and desflurane, to help to explain
why desflurane is considered to be a more environmentally acceptable anaesthetic
than halothane.

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

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

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

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

END  OF QUESTIONS
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