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CHEMISTRY — UNIT 4 · Carbonyl Compounds &
Carboxylic Acid Derivatives
Topics 4.3 & 4.4 — Aldehydes, ketones, carboxylic acids and their derivatives (esters, acyl

chlorides, amides)

Nucleophilic addition to C=O (HCN, NaBH4), distinguishing aldehydes from ketones (Tollens’ /

Fehling’s / 2,4-DNPH), the triiodomethane test, esterification, acid-chloride reactivity, amide
hydrolysis and the iodoform reaction.

Legacy 2008 specification

Estimated time for entire question pack: ~4 h

Derived from the legacy CH4 paper’s pace of ~1.3 min/mark, padded for long-prose and synthesis answers (150 marks over
10 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 4.3 & 4.4.

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 Jun 10 Q2 15

2 Jun 11 Q2 15

3 Jan 12 Q4 20

4 Jun 12 Q4 20

5 Jan 13 Q1 12

Q Source Max Mark

6 Jun 13 Q1 12

7 Jun 13 Q3 15

8 Jan 14 Q1 13

9 Jun 16 Q2 13

10 Jun 16 Q3 15

Total 150



PAGE 2 · SPECIFICATION REMINDER Chemistry · 4.3 & 4.4 · 2015 spec

Carbonyl Compounds & Carboxylic Acid Derivatives — what the new

spec asks

WJEC GCE A Level Chemistry (from 2015) · Unit 4: Organic Chemistry & Analysis · Topic 4.3 & 4.4.

Carbonyl reactivity

C=O is polar (δ+ on C, δ− on O).

Aldehydes RCHO more reactive than ketones R2CO (less

steric, less inductive).

Nucleophiles attack C; H+ adds to O.

C=O resists addition more than C=C (need stronger

nucleophiles).

Nucleophilic addition

HCN: adds across C=O → 2-hydroxynitrile. Use NaCN +
dilute H2SO4 (HCN toxic).

Mechanism: CN− attacks Cδ+, alkoxide intermediate
protonated.

Product racemic (planar C=O attacked from either face).

NaBH4 reduces RCHO → RCH2OH, R2CO → R2CHOH.

Distinguishing tests

Tollens’: Ag+(NH3) reagent → silver mirror with

aldehydes only.

Fehling’s: Cu2+ complex → brick-red Cu2O with

aliphatic aldehydes only.

2,4-DNPH: both aldehydes and ketones give orange/red
precipitate (mp confirms identity).

Triiodomethane test: I2/NaOH with methyl ketones (or

CH3CH(OH)R) → yellow CHI3.

Carboxylic acids

RCOOH weakly acidic: Ka 10−4–10−5.

–COO− stabilised by resonance (charge delocalised over

both O).

Electron-withdrawing groups (e.g. –Cl) increase acidity;

+I groups decrease it.

React with carbonates/hydrogencarbonates → CO2

(test).

Esters

Esterification: RCOOH + R′OH ⇀ RCOOR′ + H2O (conc.

H2SO4 catalyst, reflux).

Equilibrium — remove water or use excess to drive

forward.

Acid hydrolysis: heat with dilute H2SO4 → reverse of

esterification.

Alkaline hydrolysis (saponification): NaOH → RCOO−Na+

+ R′OH; not reversible.

Acyl chlorides & amides

RCOCl: most reactive carboxylic acid derivative; SOCl2 +

RCOOH → RCOCl.

RCOCl + R′OH → ester; + R′NH2 → amide; + H2O →

carboxylic acid (vigorous).

Amides: RCONHR′; planar around N (partial C–N double

bond character).

Amide hydrolysis: acidic → RCOOH + R′NH3
+; basic →

RCOO− + R′NH2.

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »



PAGE 3 · CRIB SHEET Chemistry · 4.3 & 4.4 · 2015 spec

Carbonyl Compounds & Carboxylic Acid Derivatives in one page

Quick-reference notes — revisit before each question.

Carbonyl polarity

O is more electronegative ⇒ Cδ+, Oδ−.

Nucleophiles (CN−, H−, NH3) attack the

C.

NaBH4 vs LiAlH4

NaBH4 (in water/ethanol): reduces

RCHO & R2CO to alcohols. Doesn’t

touch RCOOH/RCOOR′.
LiAlH4 (dry ether): reduces everything

including RCOOH → RCH2OH and RCN →

RCH2NH2.

Tollens’ / Fehling’s

Both reduced by RCHO, not by R2CO.

Tollens’: silver mirror. Fehling’s: brick-
red Cu2O. Aromatic aldehydes don’t

reduce Fehling’s (only Tollens’).

Iodoform test

I2/NaOH(aq) gives yellow CHI3
precipitate with CH3CO–R or

CH3CH(OH)–R groups. Positive for

ethanol, propan-2-ol, propanone,
ethanal, but NOT methanol.

Esterification

RCOOH + R′OH ⇀ RCOOR′ + H2O.

Reversible. Use conc. H2SO4 catalyst +

heat. Use excess alcohol or remove
water to drive forward.

Acyl chlorides

RCOCl most reactive carboxylic
derivative. + ROH → ester; + R′NH2 →

amide; + H2O → acid (steamy fumes of

HCl).

Crib sheet — revision compilation for Chemistry Unit 4 Topic 2. Questions begin overleaf.
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Question 1 (cont.) WJEC CH4 Jun 2010 · Q2 15 marks



Question 2 WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 2 (cont.) WJEC CH4 Jun 2011 · Q2 15 marks



Question 3 WJEC CH4 Jan 2012 · Q4 20 marks
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Question 10 (cont.) WJEC CH4 Jun 2016 · Q3 15 marks



END OF QUESTION PACK

10 questions · 150 marks · ~4 h
Source: WJEC CH4 (2008 modular spec, Jan 2010 – Jun 2016)

Curated for WJEC Chemistry 2015 spec A2 Unit 4 — Topic 2 (4.3 & 4.4)

© WJEC CBAC Ltd. Pack layout © revise.wales for revision purposes only.


