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Instructions

Use blue or black ink or ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

Answer the questions in Section A and Section B in the spaces

provided.

All working must be shown.

e Do all rough work in this book. Cross through any work you do not
want to be marked.

e The Periodic Table/Data Sheet is provided as an insert.

Information

The maximum mark for this paper is 60.

The marks for questions are shown in brackets.

You are expected to use a calculator where appropriate.

Write your answers to the question in Section B in continuous prose,
where appropriate. You will be assessed on your ability to use an
appropriate form and style of writing, to organise relevant information
clearly and coherently, and to use specialist vocabulary, where
appropriate.

Advice

e You are advised to spend about 45 minutes on Section A and about
15 minutes on Section B.

e The parts of Section B should be answered on separate pages as
indicated.
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SECTION A

Answer all questions in the spaces provided.

1 Petroleum and natural gas are mixtures of alkanes with sulphur-containing impurities.
Alkanes are saturated hydrocarbons.

(a) (1) Name the process that is used to separate petroleum into useful fractions.

(1 mark)
(i) State what is meant by the term petroleum fraction.
(1 mark)
(b) State what is meant by the term saturated hydrocarbon.
(1 mark)

(c) Pollutants are formed when hydrocarbon fractions are burned in a limited supply of air.

(i) Write an equation for the incomplete combustion of decane (C;gH»,) to give
carbon monoxide and water only.

(1 mark)

(i) Identify a solid pollutant which could form during the incomplete combustion of
decane.

(iii)) Identify the pollutant which would be formed from the sulphur-containing
impurities in petroleum if they were burned.

0 2

APW/Jan08/CHM3/W

LEAVE
MARGIN
BLANK



3 LEAVE
MARGIN
BLANK

(d) When they are burned in air, the alcohols methanol and ethanol produce smaller
amounts of pollutants than petroleum fractions.

(i) Write an equation for the complete combustion of methanol, CH3;0H

(1 mark)
(i1) It may be desirable to increase the use of ethanol as a fuel in the future.

Give one reason for this, other than the production of smaller amounts of
pollutants.

(1 mark)

Turn over for the next question

Turn over p
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2 The first four members of the homologous series of alkenes are shown below.
ethene H,C=CH,
propene H,C=CHCHj;
but-1-ene H,C=CHCH,CHj;
pent-1-ene H,C=CHCH,CH,CHj3;

(a) One characteristic of an homologous series is that it can be represented by a general
formula.

(1) Give the general formula for these alkenes.

(1 mark)
(i) State two other characteristics of an homologous series.
CRAVACIETISTIC 1 ..ottt e e et e e e e e e earaeaaaaeens
CRATACTETISTIC 2 oottt ettt ettt s s e et ee st eesabeesnbeesnaseesanes
(2 marks)
(b) Give the molecular formula for the next member of this homologous series.
(1 mark)
(c) Draw the structure of the position isomer of pent-1-ene.
(1 mark)
(d) Buta-1,3-diene has the formula
H,C=CH—CH=CH,
(1) State what is meant by the term empirical formula.
(1 mark)
(i1)) Give the empirical formula of buta-1,3-diene.
(1 mark)
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(e) Alkenes are able to react with bromine even though bromine is a non-polar molecule.

(i) Explain why non-polar bromine molecules are able to react with the double
bonds in alkenes.

(2 marks)
(i1) Name the type of mechanism involved in this reaction.
(1 mark)
(ii1) Draw the structure of the compound with M, = 373.6, formed when
buta-1,3-diene reacts with an excess of bromine.
(1 mark)

Turn over for the next question

Turn over p
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3 The naturally-occurring fragrances in rose oil contain unsaturated alcohols.
Three of these alcohols are shown in the following table.

. H3C\ /H H3C\ /CH20H
Geraniol /C = C\ /C = C\
H;C CH,—CH, H

H3C\ /H H3C\ /H
Nerol /C = C\ /C = C\
H3C CH,—CH, CH,OH
H3C\ /H H3C\
Citronellol /C = C\ /CH —CH,—CH,0OH
H;C CH,—CH,

(a) Geraniol and nerol are stereoisomers of each other.

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

(b) Citronellol can be formed from either geraniol or nerol by the same type of chemical
reaction.

(1) State the type of reaction.

(1 mark)

(i1) Give a reagent and a catalyst for this reaction.
ROAGENL ..ottt e e e e e et eaeeeas
(177777 5 Y A ORI
(2 marks)
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(c) State the class of alcohols to which citronellol belongs.

(d) Citronellol can be converted into the aldehyde citronellal, which has the following

07

structure.
HiC_~ H  HC 0
c=c_ _CH—CH,—C_
H;C CH,— CH, H

State the type of reaction and a reagent or combination of reagents which could be
used to convert citronellol into citronellal.

TYPE Of FEACTION ...ttt ettt et et s bttt e st e s e e eaaees

Reagent or combination of reagents

(2 marks)

Turn over for the next question
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4 Catalysts are used extensively in reactions.

(a)

(b)

(c)

(d)

(e)

08

Write an equation for the reaction between nitrogen monoxide and carbon monoxide in

a catalytic converter of a petrol-engined car. Identify a catalyst used in a catalytic

converter.

Equation

CATALYST .ottt et ettt st s e e s es
(2 marks)

Epoxyethane is manufactured from ethene and oxygen. Draw the structure of
epoxyethane and identify the catalyst used in this reaction.

Structure

CATALYST .ottt ettt ettt e et e e s it e e bt e e s bt e e eaeeeeaeeas
(2 marks)

Write an equation for the catalytic cracking of dodecane (Cj>Hjze) to form cyclohexane
and one other alkane. Identify the catalyst used in this reaction.

Equation
CATALYST .ottt et et ettt e et e e e it e e eabe e st e e st e e eaee s
(2 marks)

Write an equation for the fermentation of glucose (CgH>Og) and identify a catalyst for
this process.

Equation
CATALYST ettt ettt et e st e eab e e it e e s bt e sbb e e sbbeeebaeas
(2 marks)

Write an equation for the elimination of water from butan-1-ol showing the structures
of the organic compounds. Identify a catalyst used in this reaction.

Equation

CATALYST ettt et e et e et e e s it e e bt e e s bt e e e e eaee s
(2 marks)
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5 Bromomethane (CH3Br) reacts with bromine by a free-radical substitution mechanism to
form dibromomethane, CH,Br;
The reaction mechanism is similar to that for the reaction of chlorine with methane.

(a) Write equations for the following steps in the mechanism for the reaction of bromine
with CH3Br to form CH;Br,

Initiation step

(3 marks)

(b) The bromination of bromomethane will produce a mixture of products including
dibromomethane, tribromomethane and tetrabromomethane.

(i) Write an overall equation for the conversion of bromomethane into
tetrabromomethane, CBry

(i) State how the reaction conditions would have to be adjusted to produce the
highest possible yield of tetrabromomethane.

(c) Complete and balance the following equation for the reaction of ammonia with
bromomethane. Give the name of the organic product of this reaction.

CH3BI‘ + S + NH4Br

INGAME Of PYOAUCT ...ttt ettt e st esaeeas
(2 marks)

Turn over p
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SECTION B

Answer the question below in the spaces provided on pages 11 to 16 of this booklet.
You should answer part (a) on page 11, part (b) on page 12, part (c) on page 13 and
part (d) on page 14.

6 Consider the following scheme of reactions.

CHj CHj3
| Reaction 1 |
CH3CH2 —C— CH3 > CH3CH2 —C= CH2
| KOH (ethanolic)
Br
A B
Reaction 2
Reaction 3 cossgnlt(;;lted
KOH (aqueous) H,SO,
A A
G G
CH;CH,;— C| — CHj < CH;CH,— C| — CHj3
H,O
OH 2 0S0,0H
D C

(a) Name compounds A, B and D.

(3 marks)
(b) Name and outline a mechanism for the conversion of A into B (Reaction 1).

(4 marks)
(c) Name and outline a mechanism for the conversion of B into C (Reaction 2).

(5 marks)
(d) Name and outline a mechanism for the conversion of A into D (Reaction 3).

(3 marks)

END OF QUESTIONS
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Write your answer to Question 6(a) on this page.
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Write your answer to Question 6(b) on this page.
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Write your answer to Question 6(c) on this page.
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Write your answer to Question 6(d) on this page.
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Gas constant R = 8.31 J K~ mol™

Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-14
R,CH 1.4-1.6
RCOCH, 2.1-2.6
ROCH, 3.1-3.9
RCOOCH, 3.7-4.1
ROH 0.5-5.0
Table 2

Infra-red absorption data

Bond Wavenumber/cm™!
C—H 2850-3300
c—C 750-1100
Cc=C 1620-1680
C=0 1680-1750
cC—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 2500-3000
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