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SECTION  A

Answer all questions in the spaces provided.

1 (a) In industry, ethanol is made from ethene in an acid-catalysed reaction.  Name the type
of reaction.  Write an equation and identify a suitable catalyst for this reaction.

Type of reaction .................................................................................................................

Equation

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

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

(b) Ethanol burns completely in a plentiful supply of air, but incomplete combustion
occurs if the air supply is limited.

(i) Identify a solid pollutant produced by burning ethanol in a limited supply of air.

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

(ii) Write an equation for the incomplete combustion of ethanol to produce the solid
pollutant that you have identified in part (b)(i).

...................................................................................................................................
(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

Gas constant R = 8.31 J K–1 mol–1
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8

2 (a) Write an equation for the thermal decomposition of ethane to form ethene and one
other product.

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

(b) Bromoethane, CH3CH2Br, reacts with sodium hydroxide in an elimination reaction to
form ethene.

(i) Outline a mechanism for this elimination reaction.

(ii) Suggest one reason why this method for making ethene is not used in industry.

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

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

(c) Ethene is used to make epoxyethane.

(i) State why epoxyethane is very reactive.

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

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

(ii) Identify the product formed when one molecule of epoxyethane reacts with one
molecule of water.  Give a use for this product.

Product .....................................................................................................................

Use ............................................................................................................................
(3 marks)
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3 The reaction of bromine with ethane is similar to that of chlorine with ethane.  Three steps in
the bromination of ethane are shown below.

(a) (i) Name this type of mechanism.

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

(ii) Suggest an essential condition for this reaction.

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

(iii) Steps 2 and 3 are of the same type.  Name this type of step.

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

(iv) In this mechanism, another type of step occurs in which free-radicals combine.
Name this type of step.  Write an equation to illustrate this step.

Type of step ...............................................................................................................

Equation

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

(b) Further substitution in the reaction of bromine with ethane produces a mixture of
liquid organic compounds.

(i) Name a technique which could be used to separate the different compounds in
this mixture.

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

(ii) Write an equation for the reaction between bromine and ethane which produces
hexabromoethane, C2Br6, by this substitution reaction.

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

Step 1 Br2 2Br˙
Step 2 Br˙   +   CH3CH3 CH3CH2˙   +   HBr

Step 3 CH3CH2˙   +   Br2 CH3CH2Br   +   Br˙
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(c) The compound 1,2-dibromo-1,1,2,2-tetrafluoroethane is used in some fire
extinguishers.  Draw the structure of this compound.

(1 mark)

(d) Halothane is used as an anaesthetic and has the following structure.

(i) Give the systematic name of halothane.

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

(ii) Calculate the Mr of halothane.

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

(iii) Calculate the percentage by mass of fluorine in halothane.

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

Turn over �
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4 Consider the following pairs of structural isomers.

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

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

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

(ii) Complete the table to show the molecular formula of isomers C and D.

(iii) Give the empirical formula of isomers E and F.

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

(b) A simple chemical test can be used to distinguish between separate samples of
isomer A and isomer B.  Suggest a suitable test reagent and state what you would
observe in each case.

Test reagent ........................................................................................................................

Observation with isomer A ................................................................................................

Observation with isomer B ................................................................................................
(3 marks)

Molecular formula Structure Structure

C4H10O

C6H12

Isomer A

CH3C

OH

CH3

CH3

Isomer C

H2C CH2

H2C CH2

CH2

CH2

CCH3CH2

H

O

Isomer D

CH3C

O

CH3

Isomer B

CH3CH2CH2CH2OH

Isomer E Isomer F

CH3CH2CH CHCH2CH3
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(c) A simple chemical test can be used to distinguish between separate samples of
isomer C and isomer D.  Suggest a suitable test reagent and state what you would
observe in each case.

Test reagent ........................................................................................................................

Observation with isomer C ................................................................................................

Observation with isomer D ................................................................................................
(3 marks)

(d) A simple chemical test can be used to distinguish between separate samples of
isomer E and isomer F.  Suggest a suitable test reagent and state what you would
observe in each case.

Test reagent ........................................................................................................................

Observation with isomer E ................................................................................................

Observation with isomer F ................................................................................................
(3 marks)

Turn over for the next question

Turn over �
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5 There are seven isomeric carbonyl compounds with the molecular formula C5H10O
The structures and names of some of these isomers are given below.

(a) (i) Complete the table.

(ii) Two other isomeric carbonyl compounds with the molecular formula C5H10O are
not shown in the table.  One is an aldehyde and one is a ketone.
Draw the structure of each.

isomeric aldehyde isomeric ketone

(4 marks)

Structure Name

CHCH3CH2

H

CH3

CCH3CH2CH2CH2

H

O

CCH3CH2

O

CH2CH3

C O

pentanal

2-methylbutanal

pentan-2-one

CCH3

HCH3

CH3

C O 2,2-dimethylpropanal
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(b) Pentanal, CH3CH2CH2CH2CHO, can be oxidised to a carboxylic acid.

(i) Write an equation for this reaction.  Use [O] to represent the oxidising agent.

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

(ii) Name the carboxylic acid formed in this reaction.

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

(c) Pentanal can be formed by the oxidation of an alcohol.

(i) Identify this alcohol.

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

(ii) State the class to which this alcohol belongs.

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

Turn over for the next question

Turn over �
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SECTION  B

Answer the question in the space provided.

6 One of the fractions obtained from petroleum can be thermally cracked to produce propene.
Some of the reactions of propene are shown below.

(a) Identify the type of reactive intermediates formed during thermal cracking and explain
how they are produced.

(2 marks)

(b) Outline a mechanism for Reaction 1.
(4 marks)

(c) Outline a mechanism for Reaction 2.
(4 marks)

(d) Name substance P, which is formed in Reaction 3.  Explain why substance P is a solid
at room temperature.

(3 marks)

(e) Reaction 4 is a nucleophilic substitution reaction.  Explain what is
meant by the term nucleophile and identify the nucleophile in this reaction.

(2 marks)

END  OF QUESTIONS

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

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

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

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

Reaction 1

Reaction 3

HBrpropene

substance P

C

H

H

C

H n

CH3

H2C CHCH3 CH3CHBrCH3

CH3CH(OH)CH3

Reaction 2

Reaction 4
NaOH(aq)

NH3

CH3CH(NH2)CH3
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