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1 (a) Write an equation for the reaction in which the enthalpy change is the standard
enthalpy of formation of gaseous methoxymethane, CH3OCH3

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

1 (b) Define the term standard enthalpy of combustion.

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

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

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

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

1 (c) Methoxymethane burns completely in air according to the following equation.

CH3OCH3(g)  +  3O2(g)  → 2CO2(g)  +  3H2O(l)

1 (c) (i) Use the standard enthalpies of formation given in the table below to calculate a
value for the standard enthalpy of combustion of methoxymethane.

Substance CH3OCH3(g) O2(g) CO2(g) H2O(l)

∆Hf / kJ mol–1 –185 0 –394 –286

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

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

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

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

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

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

SECTION  A

Answer all questions in the spaces provided.

(02)
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1 (c) (ii) State why the standard enthalpy of formation of oxygen is zero.

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

1 (d) Methoxymethane reacts with hydrogen iodide as shown in the following equation.

1 (d) (i) Use the information from the equation above and the mean bond enthalpies from
the table below to calculate a value for the bond enthalpy of the O—H bond.

Bond C—H C—O H—I C—I

Mean bond
enthalpy / kJ mol–1 412 360 299 238

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

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

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

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

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

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

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

1 (d) (ii) Suggest which bond is most likely to break first in a collision between a
methoxymethane molecule and a hydrogen iodide molecule.

...................................................................................................................................
(1 mark)
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2 (a) When silver nitrate solution is added to a mixture containing two different halide ions
in solution, two different precipitates, R and S, are formed.  When concentrated
ammonia solution is then added, R remains as a precipitate and S dissolves completely.

2 (a) (i) Identify the halide ion in R.

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

2 (a) (ii) Identify a possible halide ion in S.

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

2 (a) (iii) Write an ionic equation for the formation of the precipitate R from silver nitrate.

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

2 (b) When concentrated sulphuric acid is added to solid sodium chloride a reaction occurs
in which misty fumes are formed.

2 (b) (i) Write an equation for this reaction.

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

2 (b) (ii) State the role of sulphuric acid in this reaction.

...................................................................................................................................
(1 mark)
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2 (c) When concentrated sulphuric acid is added to solid sodium bromide, a redox reaction
occurs.  A mixture of gases, including sulphur dioxide, is formed.

2 (c) (i) State the oxidation state of sulphur in sulphuric acid and in sulphur dioxide.

Oxidation state of sulphur in sulphuric acid ...........................................................

Oxidation state of sulphur in sulphur dioxide .........................................................
(2 marks)

2 (c) (ii) Write an equation for the redox reaction between concentrated sulphuric acid and
solid sodium bromide.  State the role of sulphuric acid in this reaction.

Equation ...................................................................................................................

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

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

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

Role of sulphuric acid ...............................................................................................
(3 marks)

2 (d) When concentrated sulphuric acid is added to solid sodium iodide a redox reaction
occurs to produce sulphur dioxide.  Two other reduction products are formed.

Identify these two other reduction products.  In each case, state an observation that
would confirm the identity of the product.

Reduction product 1 ...........................................................................................................

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

Reduction product 2 ...........................................................................................................

Observation ........................................................................................................................
(4 marks)
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(06)

3 The diagram below shows a Maxwell–Boltzmann distribution of molecular energies for a
mixture of gases.

Ea(cat) is the activation energy for the catalysed reaction between the gases in the mixture.

3 (a) On the diagram above, label the vertical axis.                                           (1 mark)

3 (b) (i) State the meaning of the term activation energy.

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

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

3 (b) (ii) On the energy axis in the diagram above, mark with an X a possible activation
energy for the uncatalysed reaction.                                                      (1 mark)

3 (b) (iii) Explain why some reactions are slow without a catalyst.

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

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

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

3 (c) State and explain the effect on the rate of a reaction involving gases when the volume
of the container is decreased but the number of gas particles and the temperature stay
the same.

Effect ...................................................................................................................................

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

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

.............................................................................................................................................
(3 marks) 9

EnergyEa(cat)
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4 Consider the following equations which show reversible reactions.

Reaction 1 4NH3(g)  +  5O2(g)          4NO(g)  +  6H2O(g) ∆H = –900 kJ mol–1

Reaction 2 CO(g)  +  2H2(g)          CH3OH(g) ∆H = –91 kJ mol–1

4 (a) In industry these reactions are carried out in the presence of catalysts.  A platinum
catalyst is used in Reaction 1 and a copper catalyst is used in Reaction 2.

4 (a) (i) Give one reason why a metal catalyst is often used in the form of a gauze or a
powder.

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

4 (a) (ii) State and explain the effect on the equilibrium yield of a reaction when a catalyst
is used.

Effect on equilibrium yield ........................................................................................

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

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

4 (b) State and explain which of the above reactions will give an increase in the equilibrium
yield of product when the overall pressure is increased at constant temperature.

Reaction ..............................................................................................................................

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

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

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

4 (c) State and explain the effect on the equilibrium yield of product when the temperature
is increased in Reaction 1 at constant pressure.

Effect ...................................................................................................................................

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

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

.............................................................................................................................................
(3 marks)
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5 Titanium and aluminium are both extracted from their oxides.  Both extraction processes
require high temperatures.

5 (a) Outline the essential features of the extraction process used to obtain titanium from
titanium(IV) oxide.  Illustrate your answer with equations.

Give three reasons why the manufacture of pure titanium is expensive.

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

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

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
(7 marks)

SECTION  B

Answer Question 5 in the spaces provided.
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5 (b) There has been a great deal of research into finding cheaper methods of extracting pure
titanium but so far none has been commercially successful.

Give a reason why a cheaper method, using direct reduction of titanium(IV) oxide by
carbon, has been unsuccessful.

State one property of titanium which makes it more useful than aluminium. 

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

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

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

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

Question 5 continues on the next page
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(10)

5 (c) In the presence of cryolite, aluminium is extracted from its oxide by electrolysis.  State
the essential condition for this electrolysis and write half-equations for the reactions
occurring at the electrodes.  Give the main reason why this process is expensive.

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

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

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

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

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

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

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

.............................................................................................................................................
(4 marks)
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5 (d) Give two reasons why recycling aluminium is environmentally beneficial.    

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

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

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

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

END  OF QUESTIONS
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Table 1

Type of proton �/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Proton n.m.r.  chemical shift data

Gas constant R = 8.31 J K–1 mol–1

General Certificate of Education
June 2009
Advanced Subsidiary Examination

CHEMISTRY CHM2
Unit 2 Foundation Physical and Inorganic Chemistry
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