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SECTION   A

Answer all questions in the spaces provided.

1 The alkanes form an homologous series of hydrocarbons. The first four straight-chain alkanes
are shown below.

methane CH4
ethane CH3CH3
propane CH3CH2CH3
butane CH3CH2CH2CH3

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

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

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

(ii) Give the general formula for the alkanes.

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

(iii) Give the molecular formula for hexane, the sixth member of the series.

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

(b) Each homologous series has its own general formula. State two other characteristics of
an homologous series.

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

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

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

(c) Branched-chain structural isomers are possible for alkanes which have more than three
carbon atoms.

(i) State what is meant by the term structural isomers.

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

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

.............................................................................................................................................
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Table 1
Proton n.m.r chemical shift data

Type of proton δ/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
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(ii) Name the two isomers of hexane shown below.

Isomer 1

Name ..................................................................................................................................

Isomer 2

Name ..................................................................................................................................

(iii) Give the structures of two other branched-chain isomers of hexane.

Isomer 3 Isomer 4

(6 marks)

(d) A hydrocarbon, W, contains 92.3% carbon by mass. The relative molecular mass of W
is 78.0

(i) Calculate the empirical formula of W.

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

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

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

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

(ii) Calculate the molecular formula of W.

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

.............................................................................................................................................
(4 marks) 15

CH3
|

H3C — C — CH2CH3
| 

CH3

CH3
|

H3 C— CH — CH2CH2CH3
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2 (a) Propene reacts with hydrogen bromide by an electrophilic addition mechanism forming
2-bromopropane as the major product.
The equation for this reaction is shown below.

(i) Outline the mechanism for this reaction, showing the structure of the intermediate
carbocation formed.

(ii) Give the structure of the alternative carbocation which could be formed in the
reaction between propene and hydrogen bromide.

(5 marks)

Br H
|    |

H3C — C — C — H
|    |

H  H

H3C              H
C — C

H  H
+   HBr       →
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(b) A substitution reaction occurs when 2-bromopropane reacts with aqueous sodium
hydroxide.

(i) Draw the structure of the organic product of this reaction and give its name.

Structure

Name ..................................................................................................................................

(ii) Name and outline the mechanism for this reaction.

Name of mechanism .........................................................................................................

Mechanism

(5 marks)

(c) Under different conditions, 2-bromopropane reacts with sodium hydroxide to produce
propene.

(i) Name the mechanism for this reaction.

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

(ii) State the role of sodium hydroxide in this reaction.

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

Turn over �
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3 (a) Ethanol can be manufactured by the direct hydration of ethene and by the fermentation
of sugars.

(i) State what is meant by the term hydration.

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

(ii) Give one advantage and one disadvantage of manufacturing ethanol by
fermentation rather than by hydration.
Do not include energy consumption or cost.

Advantage .........................................................................................................................

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

Disadvantage .....................................................................................................................

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

(b) Ethanol can be oxidised to an aldehyde and to a carboxylic acid.

(i) Draw the structure of this aldehyde and of this carboxylic acid.

Structure of aldehyde Structure of carboxylic acid

(ii) Give a suitable reagent and reaction conditions for the oxidation of ethanol to
form the carboxylic acid as the major product.

Reagent ..............................................................................................................................

Conditions .........................................................................................................................

.............................................................................................................................................
(5 marks)
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(c) (i) Draw the structure of an alcohol containing four carbon atoms which is resistant
to oxidation.

(ii) Draw the structure of an alcohol containing four carbon atoms which can be
oxidised to a ketone.

(2 marks)

(d) In the presence of a catalyst, ethanol can be dehydrated to ethene.

(i) Give a suitable catalyst for use in this reaction.

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

(ii) Complete the mechanism for this dehydration reaction.

(5 marks)

Turn over �
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15

H H
|    |

H — C — C — H      →
|    |

HO: H

H+
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4 (a) (i) Write an equation for the formation of epoxyethane from ethene, showing the
structure of the product.

(ii) Explain why the epoxyethane molecule is highly reactive.

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

(iii) Give the structure of the product formed by the reaction of one molecule of
epoxyethane with one molecule of water. Give one use for this product.

Structure

Use .....................................................................................................................................
(5 marks)

(b) But-2-ene can exist in two isomeric forms. Give the structures of these two isomers and
name the type of isomerism.

Structure 1 Structure 2

Type of isomerism .......................................................................................................................
(3 marks)

8
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5 (a) Natural gas is mainly methane and has sulphur-containing impurities. Write equations
to show the formation of all of the possible reaction products that result from the
combustion of methane in both a limited and a plentiful supply of oxygen.
Identify two pollutants formed in the combustion of natural gas and state why each is
considered to be a pollutant. (7 marks)

(b) Chloromethane reacts with chlorine by a free-radical substitution mechanism to form
dichloromethane. Give the conditions and outline the mechanism for the reaction,
naming each step. Write an equation for a termination step in which 1,2-dichloroethane
could be formed in this reaction. (7 marks)

6 Three stages in the production of poly(ethene) from crude oil are fractional distillation,
thermal cracking and polymerisation. Outline the essential features of each stage. Where
appropriate, write equations for the reactions occurring. (11 marks)

END  OF  QUESTIONS

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

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

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

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

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

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

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

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

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

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

............................................................................................................................................................................
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SECTION   B

Answer both questions in the space provided on pages 11 to 16 of this booklet.
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