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Instructions 3
¢ Use blue or black ink or ball-point pen.
e Fill in the boxes at the top of this page. 4
¢ Answer all questions in Section A and Section B in the spaces provided.

All working must be shown. 5

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

¢ The Periodic Table/Data Sheet is provided on pages 3 and 4. Detach this
perforated sheet at the start of the examination.

Information

¢ The maximum mark for this paper is 60.

e Mark allocations are shown in brackets.

¢ This paper carries 25 per cent of the total marks for AS. For Advanced
Level this paper carries 12% per cent of the total marks.

* You are expected to use a calculator where appropriate.

¢ The following data may be required.

Gas constant R = 8.31JK 'mol™ Total S
e Your answers to the question in Section B should be written in (sl )
continuous prose, where appropriate. You will be assessed on your ability Total —
to use an appropriate form and style of writing, to organise relevant bl
information clearly and coherently, and to use specialist vocabulary, TOTAL
where appropriate.
Examiner’s Initials

Adyvice

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

APW/0105/CHM3/W C H M 3M



LEAVE
2 MARGIN
BLANK

SECTION A

Answer all questions in the spaces provided.

1 (a) (i) Name the process used to separate petroleum into fractions.
(i) Give the molecular formula for an alkane with nine carbon atoms.
(iii) Write an equation for the complete combustion of the alkane C;1Hyy

(iv) Write an equation for the incomplete combustion of C;;H,4 to produce carbon
and water only.

(4 marks)
(b) Alkenes can be produced by cracking the naphtha fraction obtained from petroleum.

(i) Write an equation for the thermal cracking of one molecule of C;yHy, to give one
molecule of propene and one molecule of an alkane only.

(i) Draw the structure of the chain isomer of but-1-ene.

(2 marks)

(c) The alkanes and the alkenes are examples of homologous series of compounds. One
feature of an homologous series is the gradual change in physical properties as the
relative molecular mass increases. State two other general features of an homologous

series of compounds.

FRATUTE I ettt ettt e e e e e e e e e e e e e e e e e e e e e e e e essssssssssss s s s s sssssssssssssssssessnanenenenes

(2 marks)
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Table 1

Proton n.m.r chemical shift data

Type of proton o/ppm
RCH, 0.7-1.2
R,CH, 1.2-1.4
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
C=C 1620-1680
C=0 1680-1750
Cc—O 1000-1300
O—H (alcohols) 3230-3550

O—H (acids) 25003000

APW/0105/CHM3/W



2 The mechanism for the reaction of methane with fluorine is a free-radical substitution similar
to the chlorination of methane.

(2)

(b)

Outline the following steps in the mechanism for the reaction of methane with fluorine
to form fluoromethane, CH3F

Initiation step

(4 marks)

Write an overall equation for the reaction of fluorine with fluoromethane to form
tetrafluoromethane.

TURN OVER FOR THE NEXT QUESTION

Turn over p
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3 Consider the following reaction schemes involving two alcohols, A and B, which are position
isomers of each other.

CH;CH,CH,CH,OH — CH;CH,CH,CHO — CH3;CH,CH,COOH
A butanal butanoic acid
CH;CH,CH(OH)CH; —> CH3;CH,COCHj;

B C

(a) State what is meant by the term position isomers.

(2 marks)

(b) Name compound A and compound C.
COMPOUNA A ..ottt ettt ettt e e et e a et e s s e ent e s et e eseeneesenaeeneeneenes
COMPOUNA € ..ottt ettt et e e e et e s e s s e esa et esseeseensensessesssensansenseensenes
(2 marks)
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(c) Each of the reactions shown in the schemes above is of the same type and uses the same
combination of reagents.

(i) State the type of reaction.
(ii) Identify a suitable combination of reagents.

(iii) State how you would ensure that compound A is converted into butanoic acid
rather than into butanal.

(iv) Draw the structure of an isomer of compound A which does not react with this
combination of reagents.

(v) Draw the structure of the carboxylic acid formed by the reaction of methanol with
this combination of reagents.

(6 marks)
(d) (i) State areagent which could be used to distinguish between butanal and compound C.

(ii) Draw the structure of another aldehyde which is an isomer of butanal.

(2 marks)

Turn over p
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4 (a) Complete the mechanism below by drawing appropriate curly arrows.

HO:
oy
H3C*(E*(E*C|:*CH3 —> CH3CH2CH=CHCH3 + HzO + Br
H H Br
2-bromopentane pent-2-ene
(3 marks)
(b) Draw and name the geometrical isomers of pent-2-ene.
Isomer 1 Isomer 2
NAME .. INAME ..
(2 marks)

APW/0105/CHM3/W
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(c) Pent-1-ene reacts with hydrogen bromide to produce 2-bromopentane as the major
product.

(i) Outline the mechanism for this reaction.

(i) Identify the minor product formed in this reaction.

(7 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p
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5 Glucose can be used as a source of ethanol. Ethanol can be burned as a fuel or can be
converted into ethene.

C6H1206 —> CH3CH20H —> H,C=CH;
glucose ethanol ethene

(a) Name the types of reaction illustrated by the two reactions above.
GlUCOSE 10 TRANOL ..............c.ooveiiiiiiiiiii e

ETRANOL T CUREHIE ...ttt e ettt e e s e s e s eaae e e e s e s sssaaaeesesssssnssseeeesssssnnnes
(2 marks)

(b) (i) State what must be added to an aqueous solution of glucose so that ethanol is
formed.

(i) Identify a suitable catalyst for the conversion of ethanol into ethene.

(2 marks)

(c) (i) State the class of alcohols to which ethanol belongs.

(i) Give one advantage of using ethanol as a fuel compared with using a petroleum
fraction.

(2 marks)

(d) Most of the ethene used by industry is produced when ethane is heated to 900°C in the
absence of air. Write an equation for this reaction.

(e) Name the type of polymerisation which occurs when ethene is converted into
poly(ethene).

APW/0105/CHM3/W
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SECTION B

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

6 Consider the following scheme of reactions for making ethane-1,2-diol from ethene by two
different routes.

Reaction 2
BrCH,CH,Br —> HOCH,CH,Br
X Y
Reaction 1 Br, NaOH(aq) Reaction 3
HzC:CHz HOCH2CH20H
ethene ethane-1,2-diol
Reaction 4 H,O Reaction 5
O
/ N\
H,C—CH,
Z

(a) Name compound X and name a mechanism for Reaction 1. Explain why ethene is able
to react with bromine in this reaction, given that bromine molecules are non-polar.
(4 marks)

(b) Name and outline a mechanism for Reaction 3. Explain why compound Y is susceptible
to attack by hydroxide ions. (4 marks)

(c) Identify a reagent and a suitable catalyst for Reaction 4. Name compound Z and explain
why compound Z reacts readily with water in Reaction 5. (4 marks)

(d) Give a use for ethane-1,2-diol. For each route from ethene to ethane-1,2-diol, identify
one hazard. (3 marks)

END OF QUESTIONS

Turn over p
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