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SECTION   A

Answer all questions in the spaces provided.

1 (a) Ethanol, C2H5OH, can be made from glucose, C6H12O6

(i) Write an equation to represent this reaction.

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

(ii) Give the name of this process for making ethanol.

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

(b) Ethanol can be used as a fuel in the internal combustion engine of a motor car.

(i) Write an equation for the complete combustion of ethanol.

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

(ii) Identify a pollutant produced when ethanol is burned in a limited supply of air.

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

(iii) Nitrogen monoxide, NO, is a pollutant gas produced by motor cars. Write an
equation to represent a reaction occurring in the catalytic converter which
decreases the amount of this pollutant.

.............................................................................................................................................
(3 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

CHM3/W p. 1-16  12/12/03  1:50 pm  Page 4
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(c) Ethene can be formed by the dehydration of ethanol using concentrated sulphuric acid.
Name and complete a mechanism for this reaction.

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

Mechanism

(5 marks)

(d) Epoxyethane is manufactured from ethene. Give a suitable catalyst for this
manufacturing process. Write an equation for the reaction, clearly showing the structure
of epoxyethane.

Catalyst ........................................................................................................................................

Equation

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

Turn over �

APW/0204/CHM3/W
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2 Consider the following reaction scheme.

(a) (i) Name the mechanism for Reaction 1.

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

(ii) Explain why 1-bromopropane is only a minor product in Reaction 1.

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

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

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

(b) Give a suitable reagent and state the essential conditions required for Reaction 3.

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

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

(c) The reagent used for Reaction 3 can also be used to convert 2-bromopropane into
propene. State the different conditions needed for this reaction.

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

LEAVE
MARGIN
BLANK

CH3CH = CH2
propene

Reaction 2

CH3CH(OH)CH3
propan-2-ol

CH3CHBrCH3
2-bromopropane

Reaction 3

+ CH3CH2CH2Br
1-bromopropane
(a minor product)

Reaction 1

CHM3/W p. 1-16  12/12/03  1:50 pm  Page 6
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(d) Reaction 2 proceeds in two stages.

Stage 1 CH3CH=CH2 +  H2SO4 → CH3CH(OSO2OH)CH3

Stage 2 CH3CH(OSO2OH)CH3 +  H2O  → CH3CH(OH)CH3 +  H2SO4

(i) Name the class of alcohols to which propan-2-ol belongs.

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

(ii) Outline a mechanism for Stage 1 of Reaction 2, using concentrated sulphuric acid.

(iii) State the overall role of the sulphuric acid in Reaction 2.

.............................................................................................................................................
(6 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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3 (a) (i) Give a suitable reagent and state the necessary conditions for the conversion of
propan-2-ol into propanone. Name the type of reaction.

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

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

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

(ii) Propanone can be converted back into propan-2-ol. Give a suitable reagent and
write an equation for this reaction.
(Use [H] to represent the reagent in your equation.)

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

Equation

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

(b) Propanal is an isomer of propanone.

(i) Draw the structure of propanal.

(ii) A chemical test can be used to distinguish between separate samples of propanone
and propanal. Give a suitable reagent for the test and describe what you would
observe with propanone and with propanal.

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

Observation with propanone ...........................................................................................

Observation with propanal ..............................................................................................
(4 marks)

9
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TURN  OVER  FOR  THE  NEXT  QUESTION
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4 (a) Bromomethane, CH3Br, can be formed by a reaction between bromine and methane.
The mechanism for this reaction is similar to the mechanism for the chlorination of
methane.

(i) Name the mechanism for this reaction.

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

(ii) Give the name of, and state an essential condition for, the first step in the
mechanism for this reaction.

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

Essential condition ...........................................................................................................

(iii) Write an equation for a termination step in the mechanism for this reaction which
gives ethane as a product.

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

(iv) Bromomethane can undergo further substitution. Write an overall equation for
the reaction between bromomethane and bromine in which dibromomethane is
formed.

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

CHM3/W p. 1-16  12/12/03  1:50 pm  Page 10
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(b) Bromomethane reacts with the nucleophile ammonia according to the following
equation.

CH3Br  +  2NH3 → CH3NH2 +  NH4Br

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

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

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

(ii) Name the organic product of this reaction.

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

(iii) Outline a mechanism for this reaction.

(6 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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5 Naphtha is one of the fractions obtained from crude oil and is a source of useful products.

(a) Naphtha is separated from crude oil by the process of fractional distillation. Outline the
essential features of fractional distillation and explain why separation is achieved by this
process. (4 marks)

(b) Give a name for Process 1. State one essential condition and name the type of reactive
intermediate involved in this process. Write an equation to show how one molecule of
an alkane C13H28 can be converted into two molecules of ethene, one molecule of
propene and one molecule of an alkane. (5 marks)

(c) Process 2 produces branched-chain alkanes and cyclic alkanes from larger alkanes. Give
a name for Process 2 and name the type of reactive intermediate involved in this process.
Draw one possible structure for each of the alkanes C5H12 and C6H12 which are
produced in Process 2. Name the alkane C5H12 which you have drawn. (5 marks)

(d) Write an equation to illustrate the formation of an addition polymer from propene in
Process 3. (1 mark)

END  OF  QUESTIONS

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

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

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

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

Answer the question below in the space provided on pages 12 to 16 of this booklet.

naphtha

mainly alkenes 
with low Mr

branched-chain alkanes,
cyclic alkanes and aromatics

motor
fuels

addition
polymers

Process 1

Process 2

Process 3

CHM3/W p. 1-16  12/12/03  1:50 pm  Page 12
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............................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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