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Answer all the questions.

1 Crude oil is a complex mixture of hydrocarbons. Initial separation is achieved by fractional
distillation. The separate fractions are then further refined to produce hydrocarbons such as
decane.

(a) (i) State what is meant by the term hydrocarbon.

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

....................................................................................................................................... [1]

(ii) A molecule of decane contains ten carbon atoms. State the molecular formula of
decane.

....................................................................................................................................... [1]

(iii) Deduce the empirical formula of decane. ..................................................................... [1]

(b) Dodecane, C12H26, is a straight chain alkane that reacts with chlorine to produce a compound
with molecular formula C12H25Cl.

C12H26 +   Cl2 → C12H25Cl +   HCl

The reaction is initiated by the formation of chlorine free radicals from chlorine. 

(i) What is meant by the term free radical?

....................................................................................................................................... [1]

(ii) State the conditions necessary to bring about the formation of the chlorine free radicals
from Cl2.

....................................................................................................................................... [1]

(iii) State the type of bond fission involved in the formation of the chlorine free radicals.

....................................................................................................................................... [1]
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(iv) The chlorine free radicals react with dodecane to produce C12H25Cl. Write equations for
the two propagation steps involved.

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

....................................................................................................................................... [2]

(v) How many different structural isomers can be formed when chlorine reacts with
dodecane to form C12H25Cl?

answer ........................................................ [1]

(c) Dodecane, C12H26, can be cracked into ethene and a straight chain alkane such that the
molar ratio ethene : straight chain alkane is 2 : 1.

(i) Write a balanced equation for this reaction.

....................................................................................................................................... [2]

(ii) Name the straight chain alkane formed.

....................................................................................................................................... [1]

(d) Straight chain alkanes such as heptane, C7H16, can be isomerised into branched chain
alkanes and reformed into cyclic compounds.

(i) Using skeletal formulae, write an equation to show the isomerisation of heptane into
2,2,3-trimethylbutane.

[2]

(ii) Write a balanced equation to show the reforming of heptane into methylcyclohexane.

[2]

[Total: 16]
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2 Ethanol and glycerol (propane-1,2,3-triol) are both produced industrially on a large scale.

Ethanol is manufactured by both fermentation and the hydration of ethene.
Glycerol is produced as a by-product of soap manufacture.

(a) The relatively low volatility of alcohols such as ethanol can be explained by the existence of
intermolecular bonds.

(i) Explain what is meant by the terms:

low volatility, .......................................................................................................................

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

intermolecular bonds. ........................................................................................................

....................................................................................................................................... [2]

(ii) On the ethanol molecules below, label any relevant dipoles, show the intermolecular
bond formed and state the type of intermolecular bond.

type of intermolecular bond ............................................... [3]
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(iii) Glycerol forms the same type of intermolecular bonds as ethanol. Predict, with a reason,
whether the boiling point of glycerol will be higher or lower than that of ethanol.

The boiling point of glycerol will be ..................................... than that of ethanol because

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

..................................................................................................................................... . [1]

(b) Ethanol can react with sodium to produce an alkoxide and a gas.

Write a balanced equation for the reaction between sodium and ethanol.

.............................................................................................................................................. [2]

(c) Glycerol shows similar properties to ethanol and can also react with sodium.

Draw the displayed formula of the alkoxide formed when glycerol reacts completely with
sodium.

[2]

[Total: 10]
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3 This question is about the halogenoalkane 2-chlorobutane.

2-Chlorobutane reacts with NaOH, but the products are dependent on the solvent used.

(a) 2-Chlorobutane reacts with OH– in aqueous conditions to produce alcohol A.

(i) Identify alcohol A.

[1]

(ii) Describe, with the aid of curly arrows, the movement of the electrons in the mechanism.
Show any relevant dipoles, lone pairs of electrons and the products.

[4]
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(b) 2-Chlorobutane reacts with OH– in ethanolic conditions to produce a mixture of three alkenes
B, C and D.

(i) State the type of reaction. ............................................................................................. [1]

(ii) Identify the three alkenes formed.

[3]

(c) Ammonia behaves as a nucleophile and reacts with 2-chlorobutane to produce
2-aminobutane.

(i) State a suitable solvent for this reaction.

....................................................................................................................................... [1]

(ii) What is the molecular formula of the organic product?

....................................................................................................................................... [1]

(iii) The reaction between 2-chlorobutane and ammonia also produces a small amount of the
product C8H19N.

Suggest the structure of this product.

[1]

[Total: 12]

H

C CH

H

H

H

H

C C

Cl

H
NH3

H

H

H

C CH

H

H

H

H

C C

NH2

H

H

H

B C D



8

4 Body odour often begins with secretions from glands called apocrine glands, which are most
numerous in the armpits. Bacteria, which live in the armpits, use these secretions to produce
energy and many different waste products. Scientists have isolated one of these waste products,
compound E, which is shown below.

(a) Compound E contains two functional groups, one of which is a primary alcohol.

(i) Name the other functional group and state how you could test for it.

name of the other functional group ....................................................................................

test .....................................................................................................................................

observation ................................................................................................................... [3]

(ii) Name compound E. ...................................................................................................... [1]

(b) Compound E can be oxidised to form a carboxylic acid.

(i) State a suitable oxidising mixture for this reaction.

....................................................................................................................................... [2] 

(ii) Write a balanced equation for this oxidation of compound E.

Use [O] to represent the oxidising mixture.

[3]
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(iii) Explain how compound E and the carboxylic acid could be distinguished by infra-red
spectroscopy.

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

....................................................................................................................................... [1]

(c) Compound E reacts with an excess of HBr to produce a mixture of two organic compounds,
each with the molecular formula C7H14Br2.

Identify both organic compounds in the mixture.

[2]

[Total: 12]
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5 In this question, one mark is available for the quality of use and organisation of scientific terms.

Alkenes are used in the industrial production of many organic compounds.

Outline how alkenes are used in the manufacture of

• margarine,

• polymers such as poly(propene).

State any essential conditions.

Write a balanced equation for the manufacture of poly(propene) and draw a section of the polymer
to show two repeat units.

State two difficulties in the disposal of polymers like poly(propene).

Suggest two ways in which waste polymers may be treated in the future.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

..................................................................................................................................................... [9]

Quality of Written Communication [1]

[Total: 10]

END OF QUESTION PAPER
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