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an ionic lattice

Lattice energy and Born—Haber

Lattice energy Z1&£E is the enthalpy change when 1 mol of an ionic solid forms from
gaseous ions. It is always exothermic. A Born—Haber cycle i Z-I4 {A7&#5 applies

Lattice energy

Hess's law around the formation of the solid: atomisation — ionisation — electron
affinity — lattice energy, closing with AHy.

More negative (stronger) for a higher ionic charge and a smaller ionic radius.

Lattice energy: worked example Enthalpies of solution and hydration

—AH e To dissolve, pull the lattice
NaCl from the cycle ionic solid (break lattice) gaseous ions apart, then hydrate 7k& the
AHpaee = AH—(AHy+IE+EA) = —411—(107+122+496—349) = —787kJ mol ! <‘attici)H (zghmf(g) + 0 (g) ions:
sol hyd
(dissolve)\ /(hydr;te) AHso) = —AHa + Athd
aqueous ions
Lattice energy is more negative (stronger) for a higher ionic charge and a smaller (Na*(aq) + CI"(aq)) Hydration 7k & #4575 is more

ionic radius — both strengthen the attraction. exothermic for higher charge &

AHag = = A + Ay smaller radius




Entropy AS

Entropy /i measures the number

Entropy and free ene gy entropy increases: A5 > of arrangements (“disorder”).

:::: '.".2 m solid — liquid — gas,
eeoe | 1% %% dissolving: AS >0
eeo0e e o
m more gas molecules: AS >0
lid (ordered liquid d out o s
solid (ordered) qut gas (spread out) AS® = Zsi'oducts - Z Sr_e\actants-

Chemical Energetics

LEntropy and free energy

Gibbs free energy AG AG: worked example
» , . Gibbs free
29 positive fA 54b'|'egalme energy E7ETE MAE: AH = +120kJ mol~", AS = +0.200kJ K~'mol~!
q easible only at
AH neg. [ low tem- AG® = AH® — TAS® at 208 K: AG = 120 — 298 x 0.200 = +60kJ mol~" (not yet feasible)
all temperatures e
feasible only at L q .
N . A reaction is feasible 71T
AH pos. high tem- never feasible
hen AG < 0. Whether it 1
perature when 21 = ether ! Set AG=0: T=2H _ 120 _ 430 _ feasible above 600 K.

is can depend on tempera- AS ~ 0.200

AG = AH —TAS; feasible when AG < 0 Py

Topic 23 — key takeaways

° Born—Haber

o Lattice

Hess cycle to find lattice energy stronger for high charge, small
radius

e Entropy o Gibbs

AS > 0 for more disorder/gas feasible when AG= AH—TAS <
0
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L Recap

Check yourself

o Is lattice energy positive or negative?

e What makes a lattice energy stronger?

e Sign of AS when a gas forms?

o A reaction is feasible when AG is what?

Answers 1. negative 2. higher charge & smaller radius 3. positive 4. negative (or
zero)




