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Instructions to Invigilators

Before the start of the examination please ask candidates to amend their question papers as follows.
(Please read out this message twice to ensure understanding.)

Turn to page 6, question 3 (a)(i)

The word ‘occurring’ has been misspelt as ‘occuring’.
Insert the letter ‘r” after the first letter ‘r’ so
that the word reads ‘occurring’.

ERRATUM NOTICE

General Certificate of Education A /(
June 2007

ASSESSMENT and
QUALIFICATIONS

CHEMISTRY CHM3/W ALLIANCE
Unit 3(a) Introduction to Organic Chemistry

Wednesday 6 June 2007 9.00 am to 10.00 am

Instructions to Invigilators

Before the start of the examination please ask candidates to amend their question papers as follows.
(Please read out this message twice to ensure understanding.)

Turn to page 6, question 3 (a)(i)
The word ‘occurring’ has been misspelt as ‘occuring’.

Insert the letter ‘r’ after the first letter ‘r’ so
that the word reads ‘occurring’.



Surname Other Names

Centre Number Candidate Number

Candidate Signature

General Certificate of Education
June 2007
Advanced Subsidiary Examination

CHEMISTRY CHM3/W
Unit 3(a) Introduction to Organic Chemistry

Wednesday 6 June 2007 9.00am to 10.00am

For this paper you must have
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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.

e Your answers to the parts of Section B should be on the pages
indicated.

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

Answer all the questions in the spaces provided.

1 (a) Petroleum contains a mixture of hydrocarbons. The mixture can be separated into
fractions by fractional distillation.

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

(i) State the two physical changes which occur during fractional distillation.
CRANGE I ettt e e et e e e et e e e e ab e e e e e aaaeeeeeasaaeeensssaeaeanns

CRANGE 2 .ottt ettt et ettt e s e st e
(3 marks)

(b) The cracking of fractions obtained from petroleum can lead to high yields of ethene.
Ethene can be polymerised to form poly(ethene). Ethene can also be oxidised to form

the very reactive compound epoxyethane.

(i) Draw the structure of the repeating unit of poly(ethene).

(i1) State why epoxyethane is a very reactive compound.

(3 marks)
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2 The cracking of alkanes gives useful products such as motor fuels and alkenes.

(a) (1) Name the type of reactive intermediate formed during the catalytic cracking of
alkanes.

(i1) Identify a catalyst used in catalytic cracking.

(2 marks)

(b) (i) Name the type of reactive intermediate formed during the thermal cracking of
alkanes.

(i1)) Write an equation for the thermal cracking of one molecule of the alkane CjoHj»
to produce a different alkane and propene only.

(2 marks)
(c) Motor fuels contain cyclohexane, C¢gHn

(i) State which of the two types of cracking is more likely to produce cyclohexane
as one of the products.

(i) State the conditions necessary for cyclohexane to undergo complete combustion.

(iii) Draw the structure of cyclohexane.

(iv) Write an equation for the incomplete combustion of C¢Hj, to form carbon and
water only.

(4 marks)
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5 LEAVE

MARGIN
BLANK
(d) The burning of fuels in a petrol engine produces some carbon monoxide and some
nitrogen monoxide.
These two gases are atmospheric pollutants which can be removed by the use of a
catalytic converter.
(i) Write an equation for the reaction in which nitrogen monoxide is formed in a
petrol engine. State one essential condition for this reaction to occur.
EQUATION ...ttt et e s e e
CONAITION ..ttt st
(i) Identify one of the metals used as a catalyst in a catalytic converter.
(iii) Write an equation to show how carbon monoxide and nitrogen monoxide react
together in a catalytic converter.
(4 marks)
12

Turn over for the next question
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3 Consider the following sequence of reactions.

C¢H,0¢  Reaction 1
—— >  CH3CH,0OH

glucose
yeast

Compound W

Reaction 2
>

Reaction 4
_

KCN

(a) (1) Name the process occuring in Reaction 1.

H2C:CH2

Reaction 3
Br 2

(|3H2Br
CHQBI‘

(ii) Write an equation for Reaction 1 and state a suitable temperature for this process

to occur.

Equation

SUTIADLE TEMPETATUTE ...ttt

(b) Name the type of mechanism in Reaction 2.

(¢) Outline a mechanism for Reaction 3.

APW/Jun07/CHM3/W
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(d) Compound W is formed in Reaction 4.
(i) Name the type of mechanism in Reaction 4.

(ii) Draw the structural formula of compound W (M, = 80.0), showing all of the
bonds in the molecule.

(2 marks)

Turn over for the next question
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4 TIsomers are compounds with the same molecular formula.
(a) Compound X is the alcohol CH3;CH(OH)CH3
(1) Name compound X.

(ii)) Draw the structure of the position isomer of compound X.

(2 marks)
(b) Compound Y is the alkene (CH3),C=C(CHj3),
(i) Name compound Y.
(ii)) Draw the structure of a straight-chain isomer of compound Y.
(2 marks)

(c) Compound Z is the ketone CH3CH,COCH,CHj3
(i) Name compound Z.

(i1)) Draw the structure of a functional group isomer of compound Z which contains a
C=0 group.

(2 marks)
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(d) (i) Name the type of stereoisomerism shown by 1,2-dibromoethene.
(ii)) Draw and name the two stereoisomers of 1,2-dibromoethene.

Stereoisomer 1 Stereoisomer 2

(3 marks)

(e) What feature of the double bond in 1,2-dibromoethene prevents Stereoisomer 1 from
changing into Stereoisomer 27

Turn over for the next question
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10

S The following table shows some carboxylic acids which occur in nature.

Name Structure
Stearic acid CH;(CH,),,COOH
Linoleic acid CH;(CH,),CH=CHCH,CH=CH(CH,),COOH
Ricinoleic acid CH;(CH,),CH,CH(OH)CH,CH=CH(CH,),COOH

(a) Give the molecular formula of stearic acid.

(b) (i) Give the empirical formula of linoleic acid.

(i) Identify the reagent and catalyst needed to convert linoleic acid into stearic acid.

(3 marks)
(c) Linoleic acid can be converted into ricinoleic acid.
(i) Name the type of reaction involved.

(1) Suggest why this reaction leads to the formation of more than one organic
product.

(2 marks)

(d) Ricinoleic acid has an alcohol functional group. Identify the class of alcohols to which
ricinoleic acid belongs.
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SECTION B

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

6 Consider the following sequence of reactions.

Reaction 1 Reaction 2
CH;CH,CH,CH; — > CH;3CH,CH,CH,Cl CH;CH,CH,CH,OH
butane Cl, 1-chlorobutane KOH(aq) butan-1-ol

Reaction 3

CH;CH,CH,COOH Reaction4  CH;CH,CH,CHO
butanoic acid ‘ butanal

(a) The type of mechanism for Reaction 1 is the same as that for the chlorination of
methane. Identify the type of reactive intermediate and state the conditions for this
reaction.

Give the name of each step in this type of mechanism.

Write an overall equation for the reaction that occurs when C4H g reacts with a large

excess of chlorine to form C4Cl

(6 marks)

(b) In Reaction 2, a nucleophile reacts with 1-chlorobutane to form butan-1-ol as the main

organic product. State what is meant by the term nucleophile.

Identify the nucleophile in Reaction 2 and the feature of the 1-chlorobutane molecule

which makes it susceptible to nucleophilic attack.
Give one change to the reaction conditions for Reaction 2 so that the main organic
product is but-1-ene rather than butan-1-ol.

(4 marks)

(c) Reactions 3 and 4 are of the same type. For these two reactions, state the type of

reaction involved, identify a suitable reagent or combination of reagents and state how

a high yield of butanoic acid can be obtained.
Outline a simple chemical test to detect the presence of any unreacted butanal in the
final reaction mixture.

(5 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.

APW/Jun07/CHM3/W

LEAVE
MARGIN
BLANK



15

There are no questions printed on this page.

Do not write on this page.
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There are no questions printed on this page.

Do not write 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

Insert to APW/Jun07/CHM3/W



€0l c0l 1O} 00t 66 86 16 96 G6 76 €6 c6 16 06
wniouaIMe] | WNIBQON | WNIABIBPUSIN | winiwia4 | wniuigisulg [ wniuiope) | wnigyiag wnun) | wnpuswy | wnuoinid | wnundsN | wniuein | wniuigoelold | wnuoyl sepIuloyY €01 — 06 ._.
2 ON PIN w4 s3 10 Ag wo wy nd dn n ed ylL o
(092) (6G2) (8se) (£52) (ese) L'2se L'lve L'Lve L'Eve L'6€E2 0/€2 0'8ee 0'1€2 0°2ee
ML 0L 69 89 /9 99 g9 9 €9 29 19 09 65 83
wnipeing | wnicuanA | wninyp wnigi3 wnjwioH E:_m>oaw>n_ wnigsel | wnuiopen | wnidoing | wnuewes | wniylowoid | wniwApoa) | wniwApoaseld | wnua) sepluBylUET L. — 86 ,
n7 aA wl 13 OH d qL PO n3 ws ud PN id 9D
0'GLI 0'cLt 689} €/91 6 V9l G'col 6'8G1 €/G} 0'cSt 7'0G} [had" a4 60V} Lovh
il 68 88 /8
wnuioy wnipey wniouel4
4 ey 14
lcc 0'9¢c 0'€ce
98 S8 8 €8 28 18 08 6. 8. LL 9. =74 v, €L el| x yA] 99 1]
uopey aunelsy | wnuojod | yinwsig pea wnijleyL AinoJs |y ploo wnuie|d wnipu| wniwsQ | wnuayy | uesbun] | wnejuel | wnujeH |wnueyue]| wnueg wnisee)
uy v od g ad 1L BH ny d el $O od M el iH e egd £30)
0'cce 0'0lc 0'0le 0'60C AV ¥'¥0c 9'00¢ 026} 1’661 c'cbl ¢ 06l ¢98l 6'€8} 6081 G'8LI 6'8E} gLEL 6'cEl
S €9 s LS 0S8 6v 514 Ly 14 14 144 314 1474 (87 oy 6€ 8¢ L&
uousay auIpo| wnunjeL | Auownuy url wnipu| wnjwpe) JBAIIS wnipejed | wnipoyy | wniuayiny | wnipauyos] | wnuapgAiop [ WNIQoIN | wnuoosz | wnupA wniuosig | wnipigny
) ¢ | 9L as us uj PO By Pd U4 ny oL O AaN 1z A 1S q4d
€ LE} 6'9¢t 9'/¢c) 8¢l L'8L1 8Vl v'ell 60} 7901 6'¢c0l L0t 6'86 6'G6 6'¢c6 2’6 6'88 9'/8 G'G8
9€ 1) 143 €€ cg L€ 0€ 62 8¢ yx4 9¢ 14 e €ec ac le 0c¢ 61
uoydAiy aulwolg wnius|es olUssly | wnuewssy) | wnijen oulz Jaddo)p |OYOIN yeqon uoJ| asauebuely | wniwoly) | wnipeueA | wnuel] | wnipueds | wnpe) | wnissejod
)| 19 9S sy CD) en uz no IN 0D CE | un 1D A 1L oS eD A
8'E8 6'6L 0'6L 6'v. 9'cL 1’69 ¥'G9 G'€9 /'8S 6'8S 8'GS 6'vS 0'cs 6°0S 6'Ly 0'Sy 014 1'6€
8l LI 9l S i gl cl HE
uobuy aulolyn Jnyding [ snioydsoyd| uoais wniuiwn)y wniseubepy | wnipog
) 10 S d IS v B EeN
6'6€ g'Ge (x> o'le '8¢ 0'Le €ve 0'ce
0]} 6 8 L 9 S € Jagunu Jdlwole 14 €
uosN auuon|4 uabAxQo uabouuN uoqien uolog wniyu wnyiAieg wniyu
°N d (0] N ) g L °g n
202 06} 09t ovk 0zt 80} 6'9]|—— SSEUW JIWOle dAlE|S) 06 69
4 L
wnieH K uaboipAH
)
oH A H
0v 0t
0 lIA IA A Al ] | |

Sluawalg 9y} Jo 3jqeL dIpouad Ayl

‘uonsonb [enprAIpul Ue U 9SIMIAYIO
PoleIS SSO[UN UOTIBUTWEXS Y} UT 9SN IO Ik 9[qe) A7) UT UMOYS SISSBW JTWOoje dATje[aI ojewrxoidde pue sroqunu orwoje oy,

Insert to APW/Jun07/CHM3/W





