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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.

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

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

(ii) State the two physical changes which occur during fractional distillation.

Change 1 ...................................................................................................................

Change 2 ...................................................................................................................
(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).

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

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

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

(iii) Name the product formed when epoxyethane reacts with water.

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

SECTION  A

Answer all the questions in the spaces provided.
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2 The cracking of alkanes gives useful products such as motor fuels and alkenes.

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

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

(ii) Identify a catalyst used in catalytic cracking.

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

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

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

(ii) Write an equation for the thermal cracking of one molecule of the alkane C10H22
to produce a different alkane and propene only.

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

(c) Motor fuels contain cyclohexane, C6H12

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

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

(ii) 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 C6H12 to form carbon and
water only.

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

Condition ..................................................................................................................

(ii) 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)

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

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

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

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

Equation

Suitable temperature ................................................................................................
(3 marks)

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

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

(c) Outline a mechanism for Reaction 3.

(4 marks)

C6H12O6
glucose CH3CH2OH

CH2Br

CH2Br

H2C=CH2

Reaction 1

yeast

KCN

Reaction 2

Reaction 4
Compound W

Reaction 3
Br2
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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 (Mr = 80.0), showing all of the
bonds in the molecule.

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

Turn over for the next question
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4 Isomers are compounds with the same molecular formula.

(a) Compound X is the alcohol CH3CH(OH)CH3

(i) Name compound X.

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

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

(2 marks)

(b) Compound Y is the alkene (CH3)2C=C(CH3)2

(i) Name compound Y.

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

(ii) Draw the structure of a straight-chain isomer of compound Y.

(2 marks)

(c) Compound Z is the ketone CH3CH2COCH2CH3

(i) Name compound Z.

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

(ii) Draw the structure of a functional group isomer of compound Z which contains a
C=O 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

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

(3 marks)

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

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

Turn over for the next question

Turn over �
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5 The following table shows some carboxylic acids which occur in nature.

(a) Give the molecular formula of stearic acid.

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

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

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

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

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

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

(c) Linoleic acid can be converted into ricinoleic acid.

(i) Name the type of reaction involved.

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

(ii) 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.

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

7

Name Structure

Stearic acid CH3(CH2)16COOH

Linoleic acid CH3(CH2)4CH=CHCH2CH=CH(CH2)7COOH

Ricinoleic acid CH3(CH2)4CH2CH(OH)CH2CH=CH(CH2)7COOH
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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.

(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 C4H10 reacts with a large
excess of chlorine to form C4Cl10

(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

CH3CH2CH2CH3
butane

CH3CH2CH2CH2Cl
1-chlorobutane

CH3CH2CH2CH2OH
butan-1-ol

CH3CH2CH2CHO
butanal

CH3CH2CH2COOH
butanoic acid

Reaction 1

Cl2 KOH(aq)

Reaction 2

Reaction 4

Reaction 3
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Write your answer to Question 6(a) on this page.
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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

General Certificate of Education
June 2007
Advanced Subsidiary Examination

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