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30. Hydrocarbons Starter Quiz ·课前小测

A-Level Chemistry Name: Score:

1. Benzene reacts mostly by electrophilic substitution because:

□ this keeps the stable delocalised ring, while addition would destroy it

□ the ring is unstable

□ it has no electrons

□ addition is impossible

2. A halogen reacts in the ring (not the side-chain) when there is:

□ a halogen-carrier catalyst (AlCl3) and no UV light

□ UV light and no catalyst

□ only heat

□ water present

3. Nitration of benzene uses:

□ concentrated HNO3 and concentrated H2SO4

□ bromine water

□ dilute NaOH

□ hydrogen and a catalyst

4. Under UV light with no catalyst, the halogen substitutes:

□ in the side-chain (free-radical substitution)

□ in the ring

□ nowhere

□ at the catalyst

5. A Friedel–Crafts reaction (with AlCl3) is used to:

□ add an alkyl or acyl group to the ring

□ remove a hydrogen as a radical

□ oxidise the ring

□ hydrogenate the ring

6. Groups already on a benzene ring direct where the next group attaches.

□ True □ False

A-Level Chemistry · Starter quiz 课前小测 12



7. Benzene reacts mainly by electrophilic substitution, not addition, because that keeps its stable
delocalised ring intact.

□ True □ False

8. An –OH group already on the ring directs the next substituent to:

□ positions 2 and 4

□ position 3 only

□ no particular position

□ the side-chain

9. In electrophilic substitution, after the ring bonds to the electrophile:

□ an H+ is lost, restoring the stable ring

□ the ring opens up

□ another electrophile adds

□ a radical forms

10. Arenes such as benzene typically react by:

□ electrophilic substitution

□ electrophilic addition

□ nucleophilic substitution

□ free-radical addition

A-Level Chemistry · Starter quiz 课前小测 23



30. Hydrocarbons Answers ·答案

A-Level Chemistry

1. this keeps the stable delocalised ring, while addition would destroy it

Substitution preserves the aromatic stabilisation; addition would break up the delocalised system.

2. a halogen-carrier catalyst (AlCl3) and no UV light

The catalyst makes the electrophile for ring substitution; UV with no catalyst gives side-chain free-radical
substitution.

3. concentrated HNO3 and concentrated H2SO4

The conc. acid mixture generates the NO2
+ electrophile, giving nitrobenzene.

4. in the side-chain (free-radical substitution)

UV light starts free-radical substitution in the alkyl side-chain.

5. add an alkyl or acyl group to the ring

Friedel–Crafts alkylation/acylation adds a carbon-based group to benzene.

6. True

This is the directing effect.

7. True

Addition would break the delocalised ring and lose its stability, so substitution (swapping an H) is favoured.

8. positions 2 and 4

–NH2, –OH and –R are 2,4-directing; –NO2, –COOH and –COR are 3-directing.

9. an H+ is lost, restoring the stable ring

Losing H+ from that carbon restores the delocalised ring, completing the substitution.

10. electrophilic substitution

Substitution keeps the stable ring intact.
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A-LEVEL CHEMISTRY • EXERCISE SHEET

30.1 Arenes

Name: Class: Date: Total: 11 marks

KEY WORDS electrophilic substitution亲电取代• arene芳烃• nitration硝化• friedel–crafts acylation傅克酰基化
• benzene苯

Objective
Build the skills to answer exam questions on arenes 芳烃 — the reactions of benzene
and methylbenzene, the electrophilic substitution 亲电取代 mechanism, side-chain
vs ring substitution, and directing effects 定位效应.

You must be able to:

• give the reagents, conditions and products for benzene’s reactions (halogenation, ni-
tration, Friedel–Crafts, oxidation, hydrogenation)

• describe the electrophilic substitution mechanism (e.g. nitration)
• explain why benzene substitutes rather than adds
• predict where a second group goes from directing effects

1 Worked examples

Reactions and mechanism

A-Level Chemistry • 30.1 Arenes 1
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chlorobenzene

nitrobenzene

methylbenzene

phenyl ketone

cyclohexane

Cl2, AlCl3

HNO3/H2SO4

CH3Cl, AlCl3

CH3COCl, AlCl3

H2, Ni
(addition)

Benzene keeps its stable ring, reacting mostly by electrophilic substitution (addition
only with H2)

• nitration: conc. HNO3 + conc. H2SO4, 25–60 °C → nitrobenzene.
• Friedel–Crafts: RCl (or RCOCl) + AlCl3, heat → alkyl/acyl benzene.
• side-chain oxidation: hot alkaline KMnO4 then acid → benzoic acid.

NO+
2

1. ring attacks
the electrophile

→ +

NO2H

unstable
intermediate

→

NO2

+ H+

2. lose H+:
ring restored

Electrophilic substitution: the ring attacks the electrophile, then loses H+ to restore
the stable ring

Why substitution, not addition? Substitution keeps the stable delocalised ring;
addition would destroy it.

A-Level Chemistry • 30.1 Arenes 2
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2 Practice
2.1 Give the reagents and conditions for the nitration of benzene. [2]

2.2 Name the electrophile formed in the nitration of benzene. [1]

3 Exam-style questions
3.1 Benzene reacts with CH3COCl and AlCl3. This is an example of: [1]

• A Friedel–Crafts acylation
• B nitration
• C side-chain oxidation
• D hydrogenation

3.2 Methylbenzene is treated with Cl2 in UV light with no catalyst. Substitution
occurs at the: [1]

• A ring, at positions 2 and 4
• B ring, at position 3
• C side-chain (–CH3)
• D both ring and side-chain equally

3.3 Describe the mechanism of the nitration of benzene. Include the formation of the
electrophile and use curly arrows in words. [4]

3.4 Nitrobenzene already carries a –NO2 group. Predict and explain the position a second
nitro group will take. [2]

A-Level Chemistry • 30.1 Arenes 3
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Solutions
2.1 concentrated nitric acid and concentrated sulfuric acid; 25–60 °C / warm.

2.2 NO+
2 (the nitryl/nitronium cation).

3.1 A. RCOCl + AlCl3 adds an acyl group — Friedel–Crafts acylation.

3.2 C. UV light with no catalyst gives free-radical substitution in the side-chain.

3.3 the acid mixture makes the electrophile NO+
2 ; the delocalised ring electrons form a

bond to NO+
2 , giving a positively charged intermediate; the C–H bond breaks and H+ is

lost; this restores the delocalised ring, giving nitrobenzene.

3.4 –NO2 directs the next group to position 3; because –NO2 is an electron-withdrawing
(deactivating) group that directs to the 3-position.

A-Level Chemistry • 30.1 Arenes 4
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A-Level Chemistry: w25 41Name: A-Level Chemistry: w25 41Name: 22

9701/41/O/N/25© UCLES 2025

8 (a) In the electrophilic substitution of arenes, different substituents can direct to different ring 

positions.

  (i) Describe the directing effect of the –NO2 group. Explain your answer.

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

 .....................................................................................................................................  [1]

  (ii) The nitration of arenes uses a mixture of concentrated HNO3 and concentrated H2SO4 to 

generate the NO2
+ electrophile.

   Write an equation for the formation of the NO2
+ electrophile.

 .....................................................................................................................................  [1]

 (b) Carbon-carbon bond formation is an important reaction in organic synthesis.

  Fig. 8.1 shows the synthesis of compound Q from benzene in two reaction steps.

reaction 1 reaction 2

compound P

compound Q

O

Fig. 8.1

  (i) Draw the structure of compound P in the box in Fig. 8.1. [1]

  (ii) Suggest reagents and conditions for reactions 1 and 2 in Fig. 8.1.

reaction 1  ..........................................................................................................................

reaction 2  ..........................................................................................................................

 [2]
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A-Level Chemistry: w25 41Name: 23

9701/41/O/N/25© UCLES 2025 [Turn over

 (c) Separate samples of C6H5Br and C6H5CH2Br are added to warm AgNO3(aq).

  State the expected observations, if any. Explain your answer.

  C6H5Br with AgNO3(aq) ................................................

  C6H5CH2Br with AgNO3(aq) ................................................

explanation  ...............................................................................................................................

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

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

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

 [3]

 (d) Acyl bromides, RCOBr, react readily with H2O.

  The mechanism of this reaction is similar to that of the reaction of H2O with acyl chlorides, 

RCOCl.

  (i) Name the mechanism of this reaction.

 .....................................................................................................................................  [1]

  (ii) Complete the mechanism in Fig. 8.2 for the reaction of RCOBr with H2O.

   Include all relevant lone pairs of electrons, curly arrows, charges and dipoles.

   Draw the structure of the intermediate.

intermediate

products

O

C

R Br

O

H H

Fig. 8.2

[4]

 [Total: 13]
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A-Level Chemistry: w25 42Name: 20

9701/42/O/N/25© UCLES 2025

9 Compound X is made from benzene by the route shown in Fig. 9.1.

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 (a) Describe the bonding in benzene, C6H6.

  Your answer should include:

• the hybridisation of the six carbon atoms

• the types of bond between the carbon atoms

• the orbitals that overlap to produce the bonds between the carbon atoms

• the type of bond between the carbon atoms and the hydrogen atoms

• the orbitals that overlap to produce the bonds between the carbon atoms and the 

hydrogen atoms.

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

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

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

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

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

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

 .............................................................................................................................................  [3]

 (b) Describe the reagents and conditions required for step 1 in Fig. 9.1.

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

 .............................................................................................................................................  [1]
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A-Level Chemistry: w25 42Name: 21

9701/42/O/N/25© UCLES 2025 [Turn over

 (c) In step 1 of Fig. 9.1 benzene reacts with +CH3.

  Complete Fig. 9.2 to show the mechanism for this reaction, including:

• the movement of electron pairs using curly arrows

• the structure of the intermediate involved.

+CH3 CH3

intermediate

+ ................

Fig. 9.2

 [3]

 (d) Describe the reagents and conditions required for step 2 of Fig. 9.1.

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

 .............................................................................................................................................  [2]

 (e) Identify the reagents required for step 3 of Fig. 9.1. Compound W is the product of this step.

 .............................................................................................................................................  [1]

 (f) Name compound W.

 .............................................................................................................................................  [1]

 (g) The reagents commonly used for step 4 will not reduce the –COOH group.

  Identify the reagents and conditions required for step 4 of Fig. 9.1.

 .............................................................................................................................................  [1]
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A-Level Chemistry: w25 42Name: 22

9701/42/O/N/25© UCLES 2025

 (h) Benzene can also be used as a starting material to make compound Y.

COOH

compound Y

NH2

  Describe how the route described in Fig. 9.1 (repeated below) can be changed to give 

compound Y instead of compound X.

  Explain your answer.

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

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

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

 .............................................................................................................................................  [2]

step 1

CH3

step 2

CH3

NO2 NO2

W

NH2

X

step 3

COOH

step 4

COOH

benzene

Fig. 9.1

 [Total: 14]
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A-Level Chemistry: w25 42Name: 23

9701/42/O/N/25© UCLES 2025

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 

at www.cambridgeinternational.org after the live examination series.
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5 (a) Describe and explain the shape of benzene.

  In your answer, include:

• the shape and bond angle in the ring

• the hybridisation of the carbon atoms

• how orbital overlap forms σ and π bonds between the carbon atoms in the ring.

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

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

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

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

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

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

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

 .............................................................................................................................................  [4]

 (b) Fig. 5.1 shows two reactions of benzoic acid.

O

COOH COOH COOH

reaction 5 reaction 6

 Fig. 5.1

  (i) Suggest reagents and conditions for reaction 5 and for reaction 6 in Fig. 5.1.

reaction 5  ..........................................................................................................................

reaction 6  ..........................................................................................................................

 [2]

  (ii) State the type of reaction for reaction 5 in Fig. 5.1.

 .....................................................................................................................................  [1]

* 0000800000014 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

DFD

816



A-Level Chemistry: w25 44Name: 15

9701/44/O/N/25© UCLES 2025 [Turn over

 (c) In the electrophilic substitution of arenes, different substituents can direct to different 

ring positions.

  (i) Describe the directing effect of the –CH2CH3 group.

   Explain your answer.

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

 .....................................................................................................................................  [1]

  (ii) The alkylation of arenes uses a mixture of CH3CH2Br and FeBr3 to generate the 

CH3CH2
+ electrophile.

   Write an equation for the formation of the CH3CH2
+ electrophile.

 .....................................................................................................................................  [1]

  (iii) Complete the mechanism in Fig. 5.2.

   Include all relevant curly arrows and charges. Draw the structure of the 

organic intermediate.

COOH COOH

+CH2CH3

+ ............

organic intermediate

 Fig. 5.2

 [3]

  (iv) Write an equation to show how FeBr3 is regenerated after the reaction in Fig. 5.2.

 .....................................................................................................................................  [1]

[Total: 13]
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