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REVISE.wales

CHEMISTRY — UNIT 3 · Thermodynamics — Born-
Haber, Entropy & Gibbs
Topics 3.6 & 3.7 — Lattice energies, Born-Haber cycles, enthalpies of solution and hydration,

entropy and Gibbs free energy

Constructing Born-Haber cycles to find lattice energy, predicting trends from ionic polarisation

(Fajans' rules), explaining enthalpies of solution / hydration, and using ΔG = ΔH − TΔS to predict the

feasibility of a reaction.

Legacy 2008 specification

Estimated time for entire question pack: ~1 h 41 min

Derived from the legacy CH5 paper’s pace of ~1.3 min/mark, padded for long-prose and calculation answers (63 marks
over 5 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

CH5 papers (2008 modular spec, Jun 2010 – Jun 2016) that

maps onto the new-spec A2 Unit 3 Topic 3.6 & 3.7.

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 Q1 12

2 Jun 11 Q2 11

3 Jun 12 Q2 11

Q Source Max Mark

4 Jun 13 Q5 20

5 Jun 15 Q2 9

Total 63



PAGE 2 · SPECIFICATION REMINDER Chemistry · 3.6 & 3.7 · 2015 spec

Thermodynamics — Born-Haber, Entropy & Gibbs — what the new

spec asks

WJEC GCE A Level Chemistry (from 2015) · Unit 3: Physical & Inorganic Chemistry · Topic 3.6 & 3.7.

Lattice energy

ΔHlatt: enthalpy when 1 mol of solid ionic compound

formed from gaseous ions.

Always exothermic (negative).

More negative when ion charges ↑ or ionic radii ↓.

Theoretical lattice energy assumes purely ionic;

covalent character makes experimental more

exothermic.

Born-Haber cycle

Cycle relates ΔHf to atomisation, ionisation, electron

affinity, lattice.

ΔHf = Σ(ΔHat) + Σ(IE) + Σ(EA) + ΔHlatt.

All enthalpies are 'per mole' and standard (298 K, 1 atm).

Use Hess's law to find the unknown step.

Solution & hydration

ΔHsol = ΔHlatt + ΣΔHhyd (cations + anions).

ΔHhyd exothermic (water dipole attracted to ion).

Small, highly charged ions ⇒ more exothermic

hydration.

Soluble ⇒ |ΔHhyd| ≥ |ΔHlatt|.

Fajans' rules & polarisation

Small, highly charged cation polarises anion electron

cloud.

Large, highly charged anion is easily polarised.

⇒ more covalent character; experimental lattice E

differs from ionic model.

AlCl3 is more covalent than NaCl; AgI more covalent

than AgF.

Entropy

ΔS = total disorder change. Gas > liquid > solid.

Solids dissolving: usually ΔS > 0.

More moles of gas on products side ⇒ ΔS > 0.

Universe: ΔStotal = ΔSsystem + ΔSsurroundings.

Gibbs free energy & feasibility

ΔG = ΔH − TΔS (T in K, ΔS in J K−1 mol−1 ⇒ convert!).

ΔG < 0 ⇒ thermodynamically feasible.

Endothermic + ΔS > 0: feasible if T > ΔH/ΔS.

Exothermic + ΔS < 0: feasible if T < ΔH/ΔS.

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



PAGE 3 · CRIB SHEET Chemistry · 3.6 & 3.7 · 2015 spec

Thermodynamics — Born-Haber, Entropy & Gibbs in one page

Quick-reference notes — revisit before each question.

Born-Haber cycle (NaCl)

Na(s) → Na(g): +ΔHat

Na(g) → Na+(g): +IE1

½Cl2(g) → Cl(g): +ΔHat

Cl(g) → Cl−(g): −EA1

Na+(g) + Cl−(g) → NaCl(s): +ΔHlatt

Sum = ΔHf(NaCl).

Lattice energy trend

ΔHlatt ↑ (more −ve) with q+q−/r ⇒ MgO

> NaCl. Smaller / more highly-charged

ions ⇒ more exothermic.

ΔHsol = ΔHlatt + ΔHhyd

For NaCl: ΔHlatt = +787, ΔHhyd(Na+) =

−406, ΔHhyd(Cl−) = −378 ⇒ ΔHsol = +3 kJ

mol−1 (slight endothermic).

Fajans' rules

More covalent when (a) small high-

charge cation, (b) large high-charge

anion, (c) cation with non-noble e−

config (e.g. d10 Ag+).

ΔS signs

+ve: more gas moles; solid → liquid →
gas; mixing.
−ve: gas moles ↓; gas → liquid; gas →
solid.

Feasibility temp

Endothermic + ΔS > 0: spontaneous

above T = ΔH/ΔS.
Exothermic + ΔS < 0: spontaneous
below that T. Remember: ΔS must be in

kJ K−1 mol−1!

Crib sheet — revision compilation for Chemistry Unit 3 Topic 5. Questions begin overleaf.



Question 1 WJEC CH5 Jun 2010 · Q1 12 marks



Question 1 (cont.) WJEC CH5 Jun 2010 · Q1 12 marks



Question 1 (cont.) WJEC CH5 Jun 2010 · Q1 12 marks



Question 1 (cont.) WJEC CH5 Jun 2010 · Q1 12 marks



Question 2 WJEC CH5 Jun 2011 · Q2 11 marks



Question 2 (cont.) WJEC CH5 Jun 2011 · Q2 11 marks



Question 3 WJEC CH5 Jun 2012 · Q2 11 marks



Question 3 (cont.) WJEC CH5 Jun 2012 · Q2 11 marks



Question 3 (cont.) WJEC CH5 Jun 2012 · Q2 11 marks



Question 4 WJEC CH5 Jun 2013 · Q5 20 marks



Question 4 (cont.) WJEC CH5 Jun 2013 · Q5 20 marks



Question 4 (cont.) WJEC CH5 Jun 2013 · Q5 20 marks



Question 5 WJEC CH5 Jun 2015 · Q2 9 marks



Question 5 (cont.) WJEC CH5 Jun 2015 · Q2 9 marks



END OF QUESTION PACK

5 questions · 63 marks · ~1 h 41 min
Source: WJEC CH5 (2008 modular spec, Jun 2010 – Jun 2016)

Curated for WJEC Chemistry 2015 spec A2 Unit 3 — Topic 5 (3.6 & 3.7)

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


