Finally, as promised: Whisky distillery
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Non-ideal mixtures

High-boiling azeotrope,

Temperature

e.g., nitric acid/water

Composition
.4 of vapour

/

a39—9 a3
Boiling point
of mixture
26—,
ae

Low-boiling azeotrope,

e.g., ethanol/water
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Liquid-liquid phase diagrams of
partially miscible liquids

E.g., hexane/nitrobenzene: E.g., triethylamine
Upper critical /water:
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Gibbs energy,
- < Equilibrinm

(a)

Principles of chemical equilibrium

Atkins, Chapter 7

At constant T and p a reaction mixture tends to adjust

its composition until its Gibbs energy is at a minimum
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Describing equilibrium quantitatively:
The reaction Gibbs energy

Example 1 Example 2
OPO;” OPO; OH
0 M%U] N,(g) + 3 H,(g) — 2 NH,(g)
uf:nDH OH I change by An
Glucose-6- Fructose-6- = AG = Uyy3 X 2An - iy, X An

phosphate  phosphate -l X 3An

G6P(aq) — F6P(aq); changeby An A0 _ 2y, — (W, +30y)
= AG = uF6P X An - ”’G6P X An An
AG =46

= A— =Upep — Ugep =A, G
n

general: aA + bB —» ¢cC+dD =




Gibbs energy, G

What is the reaction Gibbs energy?

AG=(cle+duy)—(ap, +buy)
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Variation of A G with composition

Composition dependence of chemical potential: i, = ,u?'+ RTIna,

= ArG:{c(,ué}+RT1naC)+d(,u§-+RT1naD)}
—{a(luf'+RT1naA)+b(,u§'+RT1na3)}‘

={(cuc+aduy) —(aps+budt =
+RT{clna.+dIna,—alna,—-blna,}

. , Standard reaction Gibbs energy
a X a °
= AG=A GZ + RT 1n S D (standard state of pure materials)

a
a, Xa

reaction quotient Q: products/reactants

Ie- o
— IA.G=A G +RTIn . J
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