Recitation: 6
10/09/03

Gibbs-DuhemEquation

Fromfist law:
dU =TdS — PdV + pdN

FromEuler Relation:
dU =TdS + SdT — PdV — VdP + udN + Ndu

Since dU= dU
SdT'—VdP + Ndu =0

IntensiveVariablesare Not Independent!!!
Gibbs Free Energy:
At constanpressureandtemperaturethe conditionfor equilibriumin a systemis obtainedoy

minimizing the Gibbs free energy.

dG = —SdT +VdP + Y pdN;
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At constant pressure and temperature:

dG = pudN;

Clausius-ClapeyronEquation
If two phases are at equilibrium,
G*=G"

At the coexistence lineany changén the Gibbsenergy ofa must bematchedoy a corresponding
changdn the Gibbs energgf 5:

dG* = dG”
Therefore,
— ST 4+ VP = —SPdT + VPdP
Consequently,
dr AVe—B
dP  ASe—B

Gibbs Phase Rule



Let v bethenumberof degree®of freedomthatexistin a systemwith ¢ phasesndm compo-
nents.The phases are considered to be at equilibrium.

Let uscalculatethe numberof variablesthatcanbe controlledin eachphase.For eachphase,
thereare P, T, m — 1 variables.The total number of variabldsr a system ofy is givenby:

#Hvar = p(m+ 1)

If we use the equilibrium conditions, we also hdkie followingequations:

T =T =...=T% = (p - 1)
P*=Pl=...=P*=(p—1)
pe = = =pf =(p-1)m

The totalnumber of equations in the system is then

equ = (m+2) (¢ — 1)
The number of degrees freedom of the system is then givey:
¥ =#var—Fequ=m-+2 — ¢
Thisis the Gibbs Phase Rule
Open Systems
Open SystemsVariables:S,V, N:
dU = TdS — PdV + > pydn;

where

_ou
= anl S,Vn;

Forthe Legendrdransformswe have:
H=U+ PV — dH:TdS—i—VdPJrZ/Lidni
F=U-TS — dF= —SdT—PdV%—zZuidni
G=U-TS+ PV — dG = —SdT+VdP+ZZ:,uidni

o CoH\  OF G
i = on; S.Vin; N on; S,Pn; B on; T,V,n; B on T,Pn;

Thechemicalpotential,;.; hasdifferentdefinitions,dependingon the potential. However,the def-
initions are equivalentas can be seen in the previceguation.

Using the Euler Relations:
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Using First Law,and Euler Relation for the Energyne can get the Gibbs-Duhem Equation:

SAT — VAP + Y " ndp; =0

The Gibbs-Duhenrelationtells you thatthermodynamigotentialsin a systemarenot inde-
pendent.A changen oneof the potentialshasto be accompaniedy a correspondinghangen
therest.

At constantemperatur@andpressurethe Gibbs-Duhenrelationimpliesthat, by knowingthe
thermodynamidehaviorof oneof the components; of the system|t is possibleto determinethe
behaviorof the rest.To do this we haveo do aGibbs-Duhem Integratian

For a compositesystem,at constantpressureand temperature(at mechanicaland thermal
equilibrium),the conditionof equilibriumis suchthatthe systemminimizesits Gibbsfree energy
by changingts compositiony;. Foreachcomponentor whichthereis no constrainin its transfer
acrosghe composite systemiaternal boundaries, the equilibrium condition implies that:

po= o= =
we= o= =
pe o= pp o= =

Forall ¢ phasesandk components.

Note that this equilibrium conditionis valid, aslong asthe internalvariablesthat canchange
arenot coupled. For example,it is commonthat solidschangetheir molar volume astheir com-
positionchangesso,in this casethe conditionof all the chemicalpotentialof : beingequalin all
phasess not the correct one.

Whenp§ > uf, andcomponent canpassacrossthe o/ boundarytherewill be a driving
forcefor themasdlow of i, Apu,; = u?—uf until thesystemeachesanequilibriumstate.uf = pus.
So—dn$ = dnf. Component flows from the high chemicalpotentialregionto the low chemical
potentialregion. The massflow of i is parallelto minusthe gradientof the chemicalpotentialof
component.

Partial Molar Quantities B
For anyextensivequantity,Y’, it is possible to define a corresponding partial quantjty
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Partial Pressures

Whena gasis in equilibriumwith a condenseghasethe activity of component in the con-
densedphase is such that

_n
Pi

wherep; is the partial pressureof component in thegasmixtureand P; is thevaporpressuref i

whenyou havea gasof pure componentovera condensed phase composed only. of

Q;

In general,

a; = Yid;

where~; is called the activitycoefficientof s.

Solutions
It is possible to define a change in the chemical poteptiaf componeni:

du; (P, T, ;) p = RTdIn (a;)

Wherea; is anarbitrary activity function thatjust makeslife easierwhentrying to describethe
thermodynamicsef the systemWe can integrateéhe previousquation on both sidesptaining:

125 (P7 T, xi)RT = ”;’k (P’ T)P,T + RTIn (a’t)
wherey! (T, P) is the reference state at the safeandT’.

The standard stat@ (7, P = 1 atm.) is at P= 1 atm..
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Since ¥/ ~ 0 for condensed matter; ~ 1 for moderate pressures.

In general,

Problem 1

The boiling point of Li is 1620 K.

(a) What is the vapopressure of liquid Li at 1000 K?
(b) Estimate the melting point of lithium from the data given.

Data:



Enthalpyof evaporations 156 kJ/mol
Vaporpressure aboveolid Li is givenby:

19,314
In(P) = 13.049 — %3
Solution 1
(a) Integratethe Clausius-ClapeyroBquation
dn P AH
d(1/T*) R

| Py AH |1 1
n|—=|=—7|=—=
P R T, T

Forthis example, P= 1 atm(at boiling),7; = 1620K,and7, = 1000 K

IHPQZ

~156,000 [ 1 1
8314 |1000 1620

P, =7.6x10"*atm

(b) At the melting point of Li,Ps;ia = Pliguid

13.049 — 19,314 _ —156,000 11 1
T 8.314 T 1620
950.95
147 = ——
T

T =37K



