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

1. The structural formula of the compound propenal is shown below.

In this question, assume that the functional groups in the molecule behave independently.

(a) (i) State what is observed when propenal reacts with 2,4-dinitrophenylhydrazine.

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

(ii) Give the structural formula of the compound formed in the reaction in (a)(i).

(2)

(b) Explain why propenal has three peaks in its low-resolution n.m.r. spectrum.  Suggest
the relative areas under these peaks. 

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

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

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

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

.......................................................................................................................................
(3)
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(c) Propenal reacts with hydrogen cyanide as shown by the following equation

CH2——CHCHO  +  HCN  CH2——CHCH(OH)CN

(i) Write the mechanism for the reaction.

(4)

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

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

Turn over*N22203A0320*
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(d) Propenal reacts with hydrogen bromide as shown by the following equation

CH2——CHCHO  +  HBr  CH3CHBrCHO

(i) Write the mechanism for the reaction.

(3)

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

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

(e) The C——O and C——C bonds have the same electronic structure but their reactions
occur by different mechanisms.  Explain why this is so.

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

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

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

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

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

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

(Total 18 marks)
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2. (a) Complete the following electronic configurations.

Ni
3d                                       4s

[ Ar ]

Ni2+

3d                                       4s

[ Ar ]

(2)

(b) Explain why nickel is classified as a transition metal.

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

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

(c) Consider the following reaction scheme.

(i) What types of bond are present in the [Ni(H2O)6]2+ ion?

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

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

(ii) Write an equation for the formation of the pale green precipitate.

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

*N22203A0620*

a few drops
of NH3(aq) pale green

precipitateStep 1: [Ni(H2O)6]2+(aq)  

excess
NH3(aq)pale green

precipitateStep 2: blue solution X
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(iii) Explain why Step 1 is a deprotonation reaction.

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

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

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

(iv) Name the type of reaction occurring in Step 2.

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

(v) Give an equation for the reaction in Step 2.

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

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

(d) Explain why the hexaaquanickel(II) ion, [Ni(H2O)6]2+, is coloured.

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

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

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

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

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

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

Turn over
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3. (a) Explain what is meant by the following terms.

Rate of reaction ............................................................................................................

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

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

Overall order of a reaction ...........................................................................................

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

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

(b) Two gases, A and B, react according to the equation

A + 3B AB3

A series of experiments carried out at 298 K gave the following results.

(i) State the order of reaction with respect to each of the reactants.  Justify your
answer.

Reactant A ..............................................................................................................

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

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

Reactant B .............................................................................................................

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

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

(ii) Write the rate equation for the reaction between A and B.

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

*N22203A0820*

Experiment Initial
concentration of

A
/mol dm–3

Initial
concentration of

B
/mol dm–3

Initial rate of
reaction

/mol dm–3 min–1

1 0.100 0.100 0.00200
2 0.100 0.200 0.00798
3 0.200 0.100 0.00399
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(iii) Use the experimental data from Experiment 1 to calculate the rate constant,
including units.

(2)

(iv) Suggest a possible mechanism for the reaction between A and B, leading to the
formation of AB3.  Identify the rate-determining step.

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

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

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

................................................................................................................................
(3)
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(c) The rate constant, k, for the reaction in (b) was measured at different temperatures.

The following data were obtained.

(i) Plot a graph of log10 k against , on the grid below.

(2)

1
T

*N22203A01020*

log10 k /K–1
1
T

–2.70 0.00303
–3.39 0.00315
–4.09 0.00327
–4.43 0.00333
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(ii) The Arrhenius equation can be written

log10 k = constant – 

where R = 8.31 J mol–1 K–1.

A graph of log10 k against has a gradient of .

Calculate the gradient of the graph and hence calculate the value of activation
energy, Ea.

(2)

a

2.30
E
R

−1
T

a 1
2.30
E
R T
 
 
 

Turn over*N22203A01120*

Q3

(Total 15 marks)



Leave
blank

12

4. (a) (i) Describe the appearance of the organic product obtained when an aqueous
solution of bromine is added to aqueous phenol.

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

(ii) Give the equation for the reaction in (a)(i).

(2)

(iii) Phenol reacts with ethanoyl chloride to form an ester. Complete the structural
formula to show the ester produced in this reaction.

(1)

(iv) Suggest, in terms of the bonding in ethanoyl chloride, why the reaction in (a)(iii)
proceeds without the need for heat or a catalyst.

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

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

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

(b) Phenylamine, C6H5NH2, is formed by the reduction of nitrobenzene, C6H5NO2.

Give the reagents which are used.

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

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

(c) Phenylamine is used to prepare azo dyes. 

(i) State the reagents needed to convert phenylamine into benzenediazonium
chloride.

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

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

*N22203A01220*
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(ii) The reaction in (c)(i) is carried out at a temperature maintained between 0 °C  and
5 °C.  Explain why this is so.

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

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

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

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

(iii) Addition of benzenediazonium chloride solution to an alkaline solution of phenol
gives a precipitate of the brightly coloured dye, 4-hydroxyazobenzene. 
Give the structural formula of 4-hydroxyazobenzene.

(1)

(iv) Describe how recrystallisation is used to purify a sample of the solid dye formed
in (c)(iii).

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

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

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

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

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

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

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

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

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

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

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

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

Turn over
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5. This question concerns redox chemistry.

Consider the following data
E /V

Fe3+(aq)  +  e– Fe2+(aq)  +0.77
Cl2(aq)  +  2e– 2Cl–(aq)  +1.36

MnO4
–(aq)  +  8H+(aq)  +  5e– Mn2+(aq)  +  4H2O(l) +1.51

(a) (i) Use the data to explain why dilute hydrochloric acid is not used to acidify
solutions of potassium manganate(VII).

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

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

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

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

(ii) Explain why titrations involving potassium manganate(VII) solution do not
require the addition of an indicator.

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

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

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

(b) (i) The ionic equation for the oxidation of iron(II) ions by manganate(VII) ions in
acidic solution is

MnO4
–(aq)  +  5Fe2+(aq)  +  8H+(aq)  → Mn2+(aq)  +  4H2O(l)  +  5Fe3+(aq)

Explain, in terms of the half equations listed above, why the ratio of
manganate(VII) ions to iron(II) ions is 1 : 5 in this reaction.

(1)

○—
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(ii) Patients suffering from iron deficiency are often prescribed tablets containing
hydrated iron(II) sulphate, FeSO4.7H2O.  

Some tablets, of total mass 6.00 g, were dissolved in distilled water and made up
to 200 cm3 in a volumetric flask.  25.0 cm3 portions of this solution were titrated
against a 0.0200 mol dm–3 solution of acidified potassium manganate(VII).  The
mean titre was 20.10 cm3.

Calculate the percentage of hydrated iron(II) sulphate in the tablets.  

[Molar mass  FeSO4.7H2O = 278 g mol–1]

(5)

QUESTION 5 CONTINUES ON PAGE 16

Turn over*N22203A01520*



Leave
blank

16

(c) An important application of redox reactions is in car batteries.  The electrolyte is
aqueous sulphuric acid and the standard electrode potentials involved are shown
below.

E /V

Pb2+(aq)  +  2e– Pb(s)  –0.13

PbO2(s)  +  4H+(aq)  +  2e– Pb2+(aq)  +  2H2O(l) +1.46

(i) Calculate the standard e.m.f. of the cell.

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

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

(ii) A single cell in a car battery has an e.m.f. of 2.00 V.  Suggest why this value is
different from the answer calculated in (i).

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

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

TOTAL FOR PAPER: 75 MARKS
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