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SECTION   A

Answer all questions in the spaces provided.

1 (a) Butane, C4H10 , is a hydrocarbon which is used as a fuel.

(i) Explain what is meant by the term hydrocarbon.

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

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

(ii) Explain what is meant by the term fuel.

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

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

(iii) Write an equation for the complete combustion of butane.

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

(iv) Write an equation for the incomplete combustion of butane to produce carbon
monoxide and water.

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

(v) Under what conditions would you expect incomplete combustion to occur?

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

(b) Three different carbocations are formed by breaking C – C bonds in separate molecules
of butane during catalytic cracking. One of these structures is shown below. Give the
structures of the other two carbocations.

Structure 1 Structure 2 Structure 3

+
CH3CH2CH2

(2 marks)
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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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(c) Ethane can be cracked in the presence of a catalyst to produce ethene and hydrogen.

(i) Write an equation for this reaction.

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

(ii) Give a suitable catalyst for this reaction.

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

(iii) State one reason why cracking is important.

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

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

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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2 When chlorine reacts with trichloromethane, tetrachloromethane, CCl4 , is formed.

(a) (i) Write the overall equation for this reaction.

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

(ii) State one essential condition for this reaction.

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

(b) The mechanism for the chlorination of trichloromethane is free-radical substitution,
which proceeds by a series of steps. Write equations for the steps named below in this
chlorination.

Initiation step

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

First propagation step

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

Second propagation step

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

A termination step

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

(c) (i) A chloroalkane, W, was shown to contain 37.2% carbon and 55.0% chlorine by
mass. The remainder of the compound was hydrogen. Calculate the empirical
formula of compound W.

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

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

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

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

(ii) What additional information would be needed to calculate the molecular formula
of compound W?

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

Turn over �
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3 (a) Compounds with double bonds between carbon atoms can exhibit geometrical
isomerism.

(i) Draw structures for the two geometrical isomers of 1,2-dichloroethene.

Isomer 1 Isomer 2

(ii) What feature of the double bond prevents isomer 1 from changing into isomer 2?

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

(b) When 2-chloropropane reacts with sodium hydroxide, two different reactions occur.
Each reaction produces a different organic product.

(i) Outline a mechanism for Reaction 1 and state the role of the hydroxide ion in this
reaction.

Mechanism

Role of the hydroxide ion ................................................................................................

Reaction 1 CH3—CH—CH3 + NaOH   → CH3—CH—CH3 + NaCl

Cl OH

Reaction 2 CH3—CH—CH3 + NaOH   → CH3—CH=CH2 + NaCl + H2O

Cl

CHM3/W p. 1-16  3/2/03  8:56 am  Page 8
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(ii) Outline a mechanism for Reaction 2 and state the role of the hydroxide ion in this
reaction.

Mechanism

Role of the hydroxide ion ................................................................................................
(7 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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4 (a) Four isomers with the formula C4H9OH are given below.

(i) Complete the naming of the isomers in the table above.

(ii) Name the type of isomerism shown by these four isomers.

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

(b) One of the isomers in part (a) is resistant to oxidation by acidified potassium 
dichromate(VI).

(i) Identify this isomer.

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

(ii) This isomer can be dehydrated. Give a suitable dehydrating agent and write an
equation for this dehydration reaction.

Dehydrating agent ............................................................................................................

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

NameIsomer

CH3CH2CH2CH2OH butan-1-ol

2-methylpropan-2-ol

CH3
|

CH3—C—CH3
| 

OH

CH3—CH—CH2OH
| 

CH3

CH3CH2—CH—CH3
| 

OH
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(c) (i) Identify the isomer in part (a) which can be oxidised to a ketone. Give the
structure of the ketone formed.

Isomer ................................................................................................................................

Structure of the ketone 

(ii) Identify one of the isomers in part (a) which can be oxidised to an aldehyde. Give
the structure of the aldehyde formed.

Isomer ................................................................................................................................

Structure of the aldehyde

(iii) Give a reagent that can be used in a test to distinguish between a ketone and an
aldehyde. State what you would observe in the test.

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

Observation with ketone ..................................................................................................

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

Observation with aldehyde ..............................................................................................

.............................................................................................................................................
(7 marks)

(d) Butan-1-ol can be oxidised to form a carboxylic acid. Using [O] to represent the
oxidising agent, write an equation for this reaction and name the product.

Equation ......................................................................................................................................

Name of product .........................................................................................................................
(2 marks)

Turn over �
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5 Ethene can be converted into a variety of useful products as illustrated below.

(a) Name and give a use for compound X. (2 marks)

(b) Give a reagent for each of Reactions 1, 2, 4 and 5. (4 marks)

(c) Outline a mechanism for Reaction 3. (4 marks)

(d) Ethanol can be manufactured from ethene as shown in Reaction 1 or by the
fermentation of sugars. Outline the essential conditions and give an equation for the
fermentation reaction. Compare the relative rates and the purity of the product
obtained in each case by these two manufacturing processes. (5 marks)

END  OF  QUESTIONS
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SECTION   B

Answer the question below in the space provided on pages 13 to 16 of this booklet.

Reaction 4

CH3CH2OH
ethanol

H2C=CH2
ethene

Reaction 2
Ag catalyst

Reaction 3
HBr

O

H2C     CH2

epoxyethane
CH3CH2Br

bromoethane

OH  OH
| |

H2C — CH2

compound X

Reaction 5

CH3CH2NH2
ethylamine

Reaction 1
acid catalyst
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