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The thermodynamic description of mixture

Partial molar Gibbs energy (remember: G =n,G, ; W=G, )

From the definition

Uy = (—) (Chemical potential)
p,Tn

G =nyuy +Nplip

dG = Vdp — SAT + pudn, + pgdng + -+
Fundamental equation of chemical thermodynamics

At constantpand T

dGg = ,LlAdnA + ,qunB + ---

Under the same conditions

dG = dWggg max = Apadng + ugdng + -

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



The thermodynamic description of mixture

The wider significance of the chemical potential

G=U+pV-TS->U=—pV+TS+ G- dU=—pdV —-Vdp + SdT +TdS + dG
dU = —pdV — Vdp + SdT + TdS + (Vdp — SdT + pydny + ugdng + --+)

dU = —pdV + TdS + +udny + ugdng + -

At constant V and S

dU = ppdn, + ugdng + ---

au
YWy = (a_’V)s,Vﬁ IN THE SAME WAY;

_ (%" _ (24
1= \am, Sph = \am, T,V h

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



The Gibbs-Duhem Equation

G =nyuy +nglp The total Gibbs energy of a binary mixture
dG = psdny + ugdng + ngdu, + ngdug
At constant p and T, the term nydu, + ngdug must be equal to zero.

ngduy +ngdug =0 This equation is a special case of the Gibbs-Duhem Equation.

Yon;du; =0 Gibbs-Duhem Equation.
JyaH

For a binary mixture, if one chemical potential increases, then the other must decrease;

Ny

dup = ——d
Up g HUa

For partial molar volume,

np

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



The thermodynamics of mixture

a) The Gibbs energy of mixing of perfect gases

Ny, |Ng T, P T, Pa Pg
T p - with
Pat Pg =P

G,,(p) = G& + RTIn (:49) U= G,

U= ,ue + RTIn (:%9) = ,ue + RTInp variation of chemical potential with pressure (perfect gas)

,u‘9 : the standard chemical potential

G;i = nyly + Nglp = nA(,ufl + RTlnp) + ng (,ug + RTlnp) initial. After mixing p,+ pg = p

Gr = nA(ufl + RTInp,) + ng(u$ + RTinpg)

Gi — G = Apjr G = nARTlnp—A + nBRTlnp—B = AixG = NRT (xylnx, + xglnxg)

p p
Gibbs energy of mixing (perfect gas).

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



The thermodynamics of mixture

Other thermodynamic mixing functions

0G
(E) = —S from this, for a mixture of perfect gases initially at the same pressure;
p
aAmixG . .
AmixS = — a—T = —nR (XA lTlXA + Xp lTlXB) (entropy of mixing, for perfect gas at constant T and
p
p)

Note: Inx<0, it follows that A,,,;,,S > 0 for all compositions.

Enthalpy of mixing;
AG = AH — TAS
NRT (xalnx, + xglnxg) = A1 H — T(—nR(xAlnxA + xBlan))
AnixH = 0 (enthalpy of mixing, for perfect gas at constant T and p)

Text book: Atkins' Physical Chemistry, Peter Atkins, Julio de Paula, James Keeler, 11th Edition, Oxford University Press.



