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Section A
For each question there are four possible answers, A, B, C, and D. Choose the one you consider to
be correct.

1 High-energy radiation in the stratosphere produces free-radicals from chlorofluoroalkanes,
commonly known as CFCs.

Which free-radical is most likely to result from the irradiation of CHFCl CF2Cl ?
A

CHFCl CFCl

B

CHCl CF2Cl

C

CHFCF2Cl

D

CFCl CF2Cl

2 Which pair of reactions could have the same common intermediate?

A

W and X

W

CH3CH2CH3 → intermediate → (CH3)2CHCN

X

CH3CH(OH)CH3 → intermediate → (CH3)2C(OH)CN

Y

CH3CH=CH2 → intermediate → CH3CH(OH)CH3

Z

CH3CO2CH2CH2CH3 → intermediate → CH3CH2CH2Br
W and Y

X and Z

D

Y and Z

3 Which halogenoalkane will undergo an SN1 reaction and produce a yellow precipitate when
AgNO3(aq) is added to it?

A

1-chlorobutane

B

1-iodobutane

C

2-chloro-2-methylpropane

D

2-iodo-2-methylpropane
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4 Which reaction will give 2-chloropropane in the best yield?

A

propane gas with chlorine gas in the presence of ultraviolet light

B

propan-2-ol with dilute NaCl (aq)

C

propan-2-ol with SOCl 2

D

propene with dilute HCl (aq)

5 1,1-dichloropropane reacts with aqueous sodium hydroxide in a series of steps to give propanal.
CH3CH2CHCl 2

NaOH(aq)

CH3CH2CHO

Which term describes the first step of this reaction?
A

electrophilic addition

B

elimination

C

nucleophilic substitution

D

oxidation

6 Butanedioic acid occurs in amber, algae, lichens, sugar cane and beets. It may be synthesised in
two steps from 1,2-dibromoethane.
step 1
BrCH2CH2Br

step 2
X

Which reagents could be used for this synthesis?

HO2CCH2CH2CO2H
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7 Many different compounds have been used in aerosol sprays, refrigerators and in making foamed
plastics.

Which compound will cause the most ozone depletion?
A

CCl 3F

B

CH2FCHCl F

C

CH3CH2CH2CH3

D

N2O

8 What is involved in the mechanism of the reaction between aqueous sodium hydroxide and
1-bromobutan
1-

A

attack by a nucleophile on a carbon atom with a partial positive charge

B

heterolytic bond fission and attack by a nucleophile on a carbocation

C

homolytic bond fission and attack by an electrophile on a carbanion

D

homolytic bond fission and attack by a nucleophile on a carbocation

9 A reaction between chlorine and propane in ultraviolet light produces two isomeric
monochloropropanes, C3H7Cl, as products.

Which information about this reaction is correct?
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10 Bromine and propene undergo an addition reaction.

Which is a property of the product?
A

It exists in cis-trans isomers.

B

It is more volatile than propene.

C

It possesses a chiral centre.

D

It possesses hydrogen bonding.

11 What is involved in the mechanism of the reaction between aqueous sodium hydroxide and
2-bromo-2-methylbutan
2-

A

heterolytic bond fission, attack by an electrophile on a carbanion

B

heterolytic bond fission, attack by a nucleophile on a carbocation

C

homolytic bond fission, attack by an electrophile on a carbanion

D

homolytic bond fission, attack by a nucleophile on a carbocation

12 When heated with chlorine, the hydrocarbon 2,2-dimethylbutane undergoes free radical
substitution.

In a propagation step the free radical X• is formed.
CH3
CH3CH2

C

CH3 + Cl ● → X● + HCl

CH3

How many different forms of X• are possible?
A

1

B

2

C

3

D

4
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13 When an isomer Y of molecular formula C4H9Br undergoes hydrolysis in aqueous alkali to form
an alcohol C4H9OH, the rate of reaction is found to be unaffected by changes in the concentration
of OH– ions present.

Which is the most likely molecular structure of Y?
A

CH3CH2CH2CH2Br

B

CH3CH2CHBrCH3

C

(CH3)2CHCH2Br

D

(CH3)3CBr

14 In many countries plastic waste is collected separately and sorted. Some of this is incinerated to
provide heat for power stations.

Why is pvc, polyvinylchloride, removed from any waste that is to be incinerated?
A

It destroys the ozone layer.

B

It does not burn easily.

C

It is easily biodegradable.

D

Its combustion products are harmful.

15 Polymerisation of 1,1-dichloroethene produces a dense, high melting point substance that does
not allow gases to pass through. It is used as cling wrapping.

Which sequence appears in a short length of the polymer chain?

A

[ CH2CCl2CH2CCl2CH2CCl2 ]

B

[ CHClCHClCHClCHClCHClCHCl ]

C

[ CCl2CCl2CCl2CCl2CCl2CCl2 ]

D

[ CH2CCl2CHClCHClCH2CCl2 ]
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16 Limonene is an oil formed in the peel of citrus fruits.
CH3
C

CH2

CH3
limonene

Which product is formed when an excess of bromine, Br2(l), reacts with limonene at room
temperature in the dark?
A
CH3
C

B
CH2

CH3
C

CH2
CH3

C

D

Br

Br

C

CH2Br

CH3

C

CH2Br

Br

Br
CH3

CH3

Br

Br
CH3

17 Which compound undergoes an SN1 substitution reaction?
A

CH3CH2CH2Br

B

(CH3)3CCH2I
CH3 Cl

C

D

CH2=CHCl

CH3

Br
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18 Concentrated sulfuric acid reacts with both solid sodium chloride at room temperature and with
solid sodium iodide at room temperature.

Which row correctly describes how concentrated sulfuric acid behaves in each of these
reactions?
with sodium chloride

with sodium iodide

A

as an oxidising agent only

as an oxidising agent only

B

as a strong acid and as an oxidising agent

as a strong acid only

C

as a strong acid only

as a strong acid and as an oxidising agent

D

as a strong acid only

as a strong acid only

19 Nine compounds have molecular formula C4H8Br2.

Which compound may be synthesised from an alkene by an addition reaction?
A

1,1-dibromobutane

B

1,2-dibromobutane

C

1,3-dibromobutane

D

1,3-dibromomethylpropane

20 Fluoroalkenes are used to make polymers such as poly(vinyl)fluoride (PVF).

PVF is used to make non-flammable interiors for aircraft. The diagram shows the repeat unit of
the polymer PVF.
H

H

C

C

H

F

What is the skeletal formula of the monomer of PVF?
H

F

A

B
H

H

F

F

F
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21 In the hydrolysis of bromoethane by aqueous sodium hydroxide, what is the nature of the
attacking group and of the leaving group?

22 Bromine reacts with ethene to form 1,2-dibromoethane.

What is the correct description of the organic intermediate in this reaction?
A

It has a negative charge.

B

It is a free radical.

C

It is a nucleophile.

D

It is an electrophile.

23 Halogenoalkanes are important molecules in organic synthetic reactions. In particular they
undergo a range of nucleophilic reactions.

Which reaction proceeds only by an SN1 mechanism?
A

CH3CH2Br + NH3

B

CH3CH2CH2I + OH–

C

CH3CHBrCH3 + NH3

D

(CH3)3CI + OH–
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24 Four drops of 1-chlorobutane, 1-bromobutane and 1-iodobutane were put separately into three
test-tubes containing 1.0 cm3 of aqueous silver nitrate at 60 °C.

A hydrolysis reaction occurred. (R represents the butane chain C4H9– and X the halogen atom.)
H2O(l) + R–X(l) + Ag+(aq) → R–OH(aq) + AgX(s) + H+(aq)
The rate of formation of cloudiness in the tubes was in the order RCl < RBr < RI.
Why is this?
A

The R–X bond polarity decreases from RCl to RI.

B

The solubility of AgX(s) decreases from AgCl to AgI.

C

The ionisation energy of the halogen decreases from Cl to I.

D

The bond energy of R–X decreases from RCl to RI.

25 Under the Montreal Protocol, the manufacture of chlorofluorocarbons has been phased out, and
they are being replaced by fluorocarbons.

One chlorofluorocarbon which was widely used as a solvent is CCl2FCCl F2. Large stocks of it
remain. One process to use up these stocks is to convert it into the fluorocarbon CH2FCF3 by the
following route.
CCl2FCCl F2

step 1

CCl3CF3

step 2

CCl2FCF3

step 3

What type of reaction is step 2?
A

electrophilic substitution

B

free radical reduction

C

isomerisation

D

nucleophilic substitution

26 Which term describes the action of NaOH(aq) on a bromoalkane?

A

acid-base reaction

B

electrophilic substitution

C

elimination of HBr

D

nucleophilic substitution

CH2FCF3
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Section B
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may
be correct.
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against
the statements that you consider to be correct).
The responses A to D should be selected on the basis of
C

D

2 and 3
only are
correct

1 only
is
correct

B

A
1, 2 and 3
are
correct

1 and 2
only are
correct

No other combination of statements is used as a correct response.
27 Which reagents and conditions will convert propane into 1-chloropropane?

1

Cl 2 and sunlight

2

conc. HCl, reflux

3

PCl 5

28 Chloroethane can be formed from bromoethane in two steps.
C2H5Br

step X

C2H5OH

step Y

Which statements about these steps are correct?
1

Step X involves nucleophilic substitution.

2

Hot aqueous sodium hydroxide is the reagent in step X.

3

Hot aqueous sodium chloride is the reagent in step Y.

29 Bromoethane undergoes all of the conversions shown.

Which conversions are examples of nucleophilic substitution?
1

C2H5Br → C2H5CN

2

C2H5Br → C2H5OH

3

C2H5Br → C2H5NH2

C2H5Cl
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30 X is an organic compound. X gives a precipitate with aqueous silver nitrate. Some or all of this
precipitate remains undissolved when an excess of dilute aqueous ammonia is added.

What could be the identity of X?
1

2-chlorobutane

2

2-bromobutane

3

iodomethane

31 Y is an organic compound. Y gives a precipitate with aqueous silver nitrate. All of this precipitate
dissolves when concentrated aqueous ammonia is added.

What is a possible identity for Y?
1

1-bromopropane

2

chloroethane

3

2-iodo-2-methylpropane

32 Which reactions are examples of nucleophilic substitution?

1

CH3CH2Br + OH– → CH3CH2OH + Br–

2

H+
→ CH3OH + HI
CH3I + H2O 

3

CH3CH2CH2Cl + NH3 → CH3CH2CH2NH2 + HCl

33 Textiles for use in aircraft are treated with a finish containing a halogenoalkane.

What is the reason for this?
1

The textile burns less easily, improving safety.

2

The fabric forms hydrogen bonds to water more readily, making the fabric easier to wash.

3

The halogenoalkane undergoes addition polymerisation, stiffening the fabric.
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34 Which statements are true for an SN2 reaction?

1

One bond is broken as another bond is formed.

2

The formation of a transition state involves the collision of two molecules or ions.

3

A carbon atom in the transition state is bonded, either fully or partially, to five other atoms.

35 The chlorine free radical takes part in the destruction of the ozone layer.

Which statements about this free radical are correct?
1

It is formed by the heterolytic fission of the covalent bond in a chlorine-containing molecule.

2

It has a single unpaired electron.

3

It has the same electron arrangement as a chlorine atom.

36 Which of the following would be suitable for use in a fire extinguisher?

1

CBrF3

2

CH3(CH2)5CH2Br

3

HCl

