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

1. (a) Define the term standard electrode potential.

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

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

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

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

(b) (i) When a metal is placed in a solution of its ions, the electrical potential set up
between the metal and the solution cannot be measured without using a reference
electrode.  Explain why this is so.

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

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

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

(ii) Label the diagram of the standard hydrogen electrode by putting the correct
words in the boxes.

(3)

*N23434A0216*
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(c) The following data will be required in this part of the question.

E /V

Zn2+(aq)  +  2e– Zn(s)  –0.76

Fe2+(aq)  +  2e– Fe(s)  –0.44

Sn2+(aq)  +  2e– Sn(s)  –0.14

O2(g)  +  2H2O(l)  +  4e– 4OH–(aq)  +0.40

(i) Write an overall equation for the first stage in the rusting of iron.

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

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

(ii) Calculate E for the reaction in (i) and show that it is feasible.

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

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

(iii) Use the E values above to explain why zinc is used in preference to tin for
preventing corrosion of steel car bodies.

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

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

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

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

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

○—

○—

○—

Turn over
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2. (a) Equations for the hydrogenation of three compounds are given below, together with
the corresponding enthalpy changes.

+  Η2 ΔH = –120 kJ mol–1

+  2Η2 ΔH = –240 kJ mol–1

+  3Η2 ΔH = –208 kJ mol–1

Explain, in terms of the bonding in benzene, why the enthalpy change of
hydrogenation of benzene is not –360 kJ mol–1.

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

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

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

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

(b) Benzene can be converted into phenylamine, C6H5NH2, in two stages.  Give the
reagents needed for each step and identify the intermediate compound formed.

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

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

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

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

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

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

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

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

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

.......................................................................................................................................
(4)
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(c) Benzene, C6H6, reacts with bromoethane, CH3CH2Br, in the presence of a catalyst, to
form ethylbenzene, C6H5CH2CH3, and hydrogen bromide.

(i) Give the formula of a catalyst for this reaction.

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

(ii) Give the mechanism for the reaction between benzene and bromoethane,
including the formation of the species that reacts with the benzene molecule.

(4)

(iii) Name the type of mechanism involved in this reaction.

................................................................................................................................
(1)
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(d) A mixture of ethylbenzene (boiling point 136°C) and benzene (boiling point 80°C)
can be separated by fractional distillation.

A labelled boiling point/composition diagram for this mixture is shown below.

Use the diagram to explain what happens when a mixture containing 60 %
ethylbenzene and 40 % benzene is fractionally distilled.

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

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

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

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

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

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

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

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

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

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

.......................................................................................................................................
(4) Q2

(Total 17 marks)
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3. (a) The elements from scandium to zinc belong to the d-block.  Some, but not all, of
these elements are transition elements.

(i) What is meant by the term transition element?

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

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

(ii) Which of the elements, from scandium to zinc inclusive, are in the d-block but
are not transition elements?

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

(b) (i) Complete the electronic configurations of the Fe2+ and Mn2+ ions below.

Fe2+ [Ar]  .............................................................................................................

Mn2+ [Ar]  .............................................................................................................
(1)

(ii) Suggest why Fe2+ ions are readily oxidised to Fe3+ ions, but Mn2+ ions are not
readily oxidised to Mn3+ ions.

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

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

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

(c) Draw a diagram to show the three-dimensional structure of the [Fe(CN)6]4– complex
ion.

(2)
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(d) A solution of potassium manganate(VII), KMnO4, can be standardised by titration
with arsenic(III) oxide, As2O3.  In this reaction, 5 mol of arsenic(III) oxide are
oxidised to arsenic(V) oxide, As2O5, by 4 mol of manganate(VII) ions, MnO4

–.

Calculate the final oxidation number of the manganese.

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

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

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

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

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

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

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

(e) Ammonium vanadate(V), NH4VO3, reacts with dilute sulphuric acid to form a
solution containing yellow VO2

+ ions.

(i) Write an ionic equation for the reaction of the anion in NH4VO3 with dilute
sulphuric acid.

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

(ii) Is the reaction in (i) a redox reaction?  Justify your answer.

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

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

(iii) Addition of zinc to the solution containing VO2
+ ions causes the colour to change

from yellow to green then to blue, followed by green again and finally violet.
State the formulae of the ions responsible for each of these colours.

The first green colour .......................................................................................

The second green colour .......................................................................................

The violet colour .......................................................................................
(3)

Turn over*N23434A0916*
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4. 2-bromo-2-methylbutane reacts with aqueous sodium hydroxide in a substitution reaction.

(a) The rate of reaction can be followed by measuring the concentration of
2-bromo-2-methylbutane at various times.

In one such experiment, a known amount of 2-bromo-2-methylbutane was added to
a large excess of aqueous sodium hydroxide.  The following results were obtained.

(i) Plot a graph of the concentration of 2-bromo-2-methylbutane on the y (vertical)
axis against time on the x (horizontal) axis.

(2)

*N23434A01016*

C2H5—C—CH3 +  OH– → C2H5—C—CH3 +  Br–

—

CH3

Br
—

—

CH3

OH

—

Time/min Concentration of 2-bromo-2-methylbutane / mol dm–3

0 0.96
10 0.61
20 0.38
30 0.24
40 0.15
50 0.10
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(ii) Show TWO successive half-life measurements on your graph and write their
values below.

First half-life ............................................................

Second half-life ............................................................
(2)

(iii) What is the order of reaction with respect to 2-bromo-2-methylbutane?  Give a
reason for your answer.

Order .........................................................

Reason ...................................................................................................................

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

(b) When the reaction is repeated using equal concentrations of 2-bromo-2-methylbutane
and aqueous sodium hydroxide, the same results are obtained.

(i) What is the order of reaction with respect to hydroxide ions?

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

(ii) Write the rate equation for the reaction.

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

(iii) Write a mechanism for the reaction which is consistent with your rate equation.

(3)

Turn over*N23434A01116*
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(c) The reaction between 2-bromobutane, C2H5CHBrCH3, and aqueous sodium
hydroxide proceeds by the same mechanism as in (b)(iii).

Use the mechanism to explain why the reaction of a single optical isomer of
2-bromobutane produces a mixture that is no longer optically active.

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

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

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

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

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

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

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

.......................................................................................................................................
(3) Q4

(Total 14 marks)
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5. Consider the reaction scheme below, which shows how the compound 
methyl methacrylate, CH2=C(CH3)COOCH3, is prepared industrially from propanone.

(a) (i) State the type of reaction which occurs in Step 2.

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

(ii) Name the reagent in Step 2.

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

(iii) State the type of reaction which occurs in Step 3.

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

(iv) State the type of reaction which occurs in Step 4.

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

(v) Give the organic reagent required for Step 4.

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

Turn over*N23434A01316*
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(b) (i) Give the mechanism for the reaction in Step 1 between the hydrogen cyanide and
propanone.

(4)

(ii) The reaction in (b)(i) is carried out at a carefully controlled pH.  Given that
hydrogen cyanide is a weak acid, suggest why this reaction occurs more slowly
at both high and low concentrations of hydrogen ions.

High H+ concentration

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

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

Low H+ concentration

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

................................................................................................................................
(2)
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(c) Methyl methacrylate polymerises in a homolytic addition reaction to form the
industrially important plastic, Perspex.

(i) Identify the type of species that initiates this polymerisation.

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

(ii) Draw a sufficient length of the Perspex polymer chain to make its structure clear.

(2)

(iii) Suggest why it is not possible to quote an exact value for the molar mass of
Perspex, but only an average value.

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

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

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

TOTAL FOR PAPER: 75 MARKS
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