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1095-01 (Legacy CH4) · New spec Unit 4 Topic 1 · A2 unit, first sat 2017, 80 marks, 1h 45min paper

REVISE.wales

CHEMISTRY — UNIT 4 · Arenes & Aromatic

Substitution

Topic 4.2 — Aromaticity, benzene reactions and electrophilic aromatic substitution

Benzene’s delocalised π system, the mechanism of electrophilic substitution, nitration,

halogenation, sulfonation, Friedel-Crafts acylation and alkylation, side-chain oxidation, and

activating/deactivating directing groups on the ring.

Legacy 2008 specification

Estimated time for entire question pack: ~12 h 24 min

Derived from the legacy CH4 paper’s pace of ~1.3 min/mark, padded for long-prose and synthesis answers (465 marks over
28 questions).

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack, not a single

mock paper. It contains every question from the legacy WJEC

CH4 papers (2008 modular spec, Jan 2010 – Jun 2016) that

maps onto the new-spec A2 Unit 4 Topic 4.2.

Questions are ordered by source paper date.

INSTRUCTIONS

Use black ink or black ball-point pen. Show all working —

quality of written communication will affect marks. A

calculator is allowed. You will need the WJEC Periodic Table /

Data Booklet.

All question content is © WJEC CBAC Ltd. and reproduced for revision

purposes.

For Examiner’s use only

Q Source Max Mark

1 Jan 10 Q2 12

2 Jan 10 Q4 20

3 Jun 10 Q3 15

4 Jun 10 Q5 20

5 Jan 11 Q1 13

6 Jan 11 Q2 12

7 Jan 11 Q3 15

8 Jan 11 Q4 20

9 Jun 11 Q1 13

10 Jun 11 Q5 20

11 Jan 12 Q1 13

12 Jan 12 Q3 15

13 Jun 12 Q1 19

14 Jun 12 Q3 11

Q Source Max Mark

15 Jun 12
Q5

20

16
Jan 13
Q4 20

17 Jun 13
Q4

20

18
Jun 13
Q5 20

19 Jan 14
Q2

13

20
Jan 14
Q3 14

21
Jan 14
Q4 20

22 Jan 14
Q5

20

23 Jun 14 Q1 13

24 Jun 14
Q3

15

25
Jun 14
Q4 20

26 Jun 15 Q1 12

27
Jun 15
Q4 20

28 Jun 16
Q5

20

Total 465
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Arenes & Aromatic Substitution — what the new spec asks

WJEC GCE A Level Chemistry (from 2015) · Unit 4: Organic Chemistry & Analysis · Topic 4.2.

Benzene structure

Planar 6-membered ring; each C is sp2 hybridised.

6 p-orbitals overlap above and below ring ⇒ delocalised

π system (6 e−).

All C–C bond lengths equal (139 pm), between single
(154) and double (134).

Enthalpy of hydrogenation evidence: −208 kJ vs

predicted −360 kJ ⇒ extra stability ~152 kJ.

Electrophilic substitution mechanism

Step 1: electrophile E+ attacks π system → arenium ion
intermediate (loss of aromaticity).

Step 2: H+ lost from sp3 carbon → aromaticity restored.

Substitution preferred over addition because addition
would destroy aromatic stabilisation.

Curly arrows from delocalised ring (semicircle) to E+,

then C–H to ring.

Nitration

Reagents: conc. HNO3 + conc. H2SO4, ~55 °C.

Electrophile: NO2
+ (nitronium ion).

H2SO4 + HNO3 → H2NO3
+ + HSO4

− → NO2
+ + H2O.

Above 55 °C, dinitration occurs; in industry, used to

make TNT and dye precursors.

Halogenation & Friedel-Crafts

Br2 with FeBr3 (or AlBr3) catalyst → bromobenzene +

HBr.

Cl2 with AlCl3 → chlorobenzene + HCl.

Friedel-Crafts alkylation: RCl + AlCl3 → R+ → substitutes

H on ring.

Friedel-Crafts acylation: RCOCl + AlCl3 → RCO+ → ketone

product (preferred — no polysubstitution).

Directing & activating groups

Activating (e−-donating, ortho/para): –OH, –NH2, –OR,

–CH3.

Deactivating (e−-withdrawing, meta): –NO2, –COOH,

–CHO, –CN, –SO3H.

Halogens: deactivating but still ortho/para directing.

Phenol much more reactive than benzene; nitrobenzene

much less reactive (further nitration needs harsher

conditions).

Side-chain oxidation

Alkyl side chain on benzene oxidised by hot conc.

KMnO4.

Methylbenzene → benzoic acid (C6H5COOH).

Any length side chain oxidises to single –COOH (C
closest to ring).

Benzene ring itself is resistant to oxidation.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »
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Arenes & Aromatic Substitution in one page

Quick-reference notes — revisit before each question.

Why substitution > addition

Addition would destroy the delocalised
π system worth ~152 kJ. Substitution
preserves aromaticity, so it’s
thermodynamically favoured despite

higher activation energy.

Nitration mechanism

HNO3 + 2H2SO4 → NO2
+ + 2HSO4

− +

H3O+.

NO2
+ attacks ring → arenium ion → loss

of H+.

Friedel-Crafts

Alkylation: RCl + AlCl3 → R+ + AlCl4
−.

Acylation: RCOCl + AlCl3 → RCO+ + AlCl4
−.

Acylation preferred (no
polysubstitution).

Directing rules

Lone pair / +I donors (–OH, –NH2, –OR,

–R): activate, direct 2,4 (o/p).

–I/–M (–NO2, –COOH, –CHO): deactivate,

direct 3 (m).
Halogens: deactivate but o/p.

Phenol vs benzene

Phenol so reactive it brominates with

Br2(aq) at RT (no catalyst); white 2,4,6-

tribromophenol precipitate.

Side-chain oxidation

Hot conc. KMnO4 oxidises any alkyl side

chain to –COOH (one C remains,

attached to ring). e.g. propylbenzene →
benzoic acid.

Crib sheet — revision compilation for Chemistry Unit 4 Topic 1. Questions begin overleaf.
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Source: WJEC CH4 (2008 modular spec, Jan 2010 – Jun 2016)
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