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Answer ALL questions in the spaces provided.

1. (a) Pent-1-ene, CH3CH2CH2CH=CH2, polymerises in a similar manner to ethene.

(i) Draw enough of the chain of poly(pent-1-ene) to make the structure of the
polymer clear.

(2)

(ii) Give the mechanism for the polymerisation of pent-1-ene, using a peroxide
initiator RO–OR that produces RO . radicals.  Show only the initiation and two
propagation steps.

Include the use of an appropriate type of arrow to show the movement of an
electron.

(4)
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(b) Pent-1-ene reacts with hydrogen bromide to give 2-bromopentane as the major
product.

(i) Give the mechanism for this reaction.

(3)

(ii) By considering the nature of the intermediates in this reaction, explain why the
major product is 2-bromopentane rather than 1-bromopentane.

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

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

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

................................................................................................................................
(2)
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(c) Molecules of 2-bromopentane are chiral.  If a single isomer of 2-bromopentane is
reacted with hydroxide ions, the SN1 reaction that results gives pentan-2-ol, but the
product mixture shows no optical activity.

(i) How would you test for optical activity?

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

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

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

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

(ii) Explain, in terms of the reaction mechanism, why the product mixture does not
show optical activity.

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

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

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

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

................................................................................................................................
(3) 
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2. (a) (i) Give the electronic configuration of:

Fe [Ar].......................................................................................................

Fe2+ [Ar].......................................................................................................
(2)

(ii) Draw the structure of the hexaaquairon(II) ion, [Fe(H2O)6]2+, so as to clearly
show its shape.

(1)

(iii) Give the equation for the complete reaction of sodium hydroxide solution with a
solution of hexaaquairon(II) ions.

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

(iv) State what you would see if the product mixture in (iii) is left to stand in air.

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

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

(v) Give the equation for a reaction in which iron metal is used as a catalyst.

................................................................................................................................
(1)
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(b) Consider the half reaction

Fe2+ + 2e– Fe E = –0.44 V

(i) Define the term standard electrode potential with reference to this electrode.

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

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

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

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

(ii) Explain, with the aid of an equation, why the value of E suggests that iron will
react with an aqueous solution of an acid to give Fe2+ ions and hydrogen gas.

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

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

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

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

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

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

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

(iii) State why E values cannot predict that a reaction will occur, only that it is
possible.

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

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

°–

°–

°–

Turn over*N21457A0716*



Leave
blank

8

(c) Use the following standard electrode potentials to explain why iron(III) iodide does
not exist in aqueous solution.

Fe3+ + e– Fe2+ E = +0.77 V

I2 + 2e– 2I– E = +0.54 V

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

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

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

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

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

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

°–
°–

Q2

(Total 15 marks)
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3. Consider the following reaction scheme:

(a) (i) State the catalyst that is needed for Step 1.

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

(ii) Suggest a synthetic pathway that would enable you to make ethanoyl chloride
from ethanol in two steps.  You should give reagents, conditions and the structure
of the intermediate compound.  Experimental details and balanced equations are
not required.

(4)

(b) Give the reagents and conditions needed for:

(i) Step 2 .....................................................................................................................

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

(ii) Step 3 .....................................................................................................................

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

Turn over*N21457A0916*

C6H6 + CH3COCl C6H5COCH3 (+HCl)

C6H5CH(OH)CH3 C6H5COO Na⊕

Step 1

Step 2

B

A

Step 3
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(c) The IR spectra for compounds A and B are shown.

Table 1

*N21457A01016*

Substance A
100

50

0

Transmittance
%

5000 1000

Wavenumber cm–1

500150020003000

Substance B
100

50

0

Transmittance
%

5000 1000

Wavenumber cm–1

500150020003000

Bond Assignment Wavenumber /cm–1

C—H
Alkanes
Alkenes, arenes

2850–2950
3000–3100

Benzene ring Arenes 1450–1650

C=O Aldehydes, ketones, esters, carboxylic acids 1680–1750

O—H
Free
Hydrogen bonded in alcohols or phenols
Hydrogen bonded in carboxylic acids

3580–3670
3230–3550
2500–3300
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(i) Using suitable data from Table 1, give evidence from the spectra which shows
that compound A has been reduced.  You will need to comment on both spectra.

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

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

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

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

(ii) Compound B is chiral.  The IR spectra of the two optical isomers of B are
identical.  Suggest why this is so.

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

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

(d) Both compounds A and B will react with iodine in sodium hydroxide solution to give
a yellow precipitate of triiodomethane (iodoform).

(i) B is oxidised to A during the reaction.  Suggest the identity of the oxidising
agent.

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

(ii) Give the equation for the reaction of A with iodine in sodium hydroxide.

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

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

(iii) Describe a chemical test to show that triiodomethane contains iodine.

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

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

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

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

................................................................................................................................
(4)
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4. (a) Define the terms

(i) Overall order of reaction

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

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

(ii) Rate constant

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

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

(b) In a kinetic study of the reaction

CH3I + OH– → CH3OH + I–

At a certain temperature the following data were obtained:

(i) State the order of reaction with respect to CH3I and with respect to OH– ions.
Give your reasons.

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

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

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

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

(ii) Write the rate equation for the reaction.

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

*N21457A01216*

[CH3I]
/mol dm–3

0.1

0.2

0.1

Experiment

1

2

3

[OH–]
/mol dm–3

0.1

0.1

0.2

Initial rate
/mol dm–3 s–1

1 × 10–5

2 × 10–5

2 × 10–5 
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(iii) Calculate the value of the rate constant for this reaction, stating its units.

(2)

(c) The reaction

CH3CH2Br + OH– → CH3CH2OH + Br–

has an SN2 mechanism that proceeds through a transition state.

(i) Draw the mechanism, showing the structure of the transition state.

(3)

(ii) Draw a reaction profile for this exothermic reaction.  Show the energy level of
the transition state on the profile.

(2)

Turn over
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5. (a) Give the structural formula of the organic product when phenol is reacted with:

(i) sodium hydroxide solution

(1)

(ii) aqueous bromine

(1)

(iii) ethanoyl chloride.

(1)
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(b) An azo dye can be made from benzenediazonium chloride.

(i) State the reagents and conditions needed to make benzenediazonium chloride
from phenylamine.

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

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

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

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

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

(ii) Write an equation, using structural formulae, to show the reaction between
benzenediazonium ions and phenol to give the azo dye.

(2)

(iii) What condition is required for the reaction in (ii) above?

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

TOTAL FOR PAPER: 75 MARKS
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