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Third Law

Forelements in equilibrium state & K, S = 0
For compoundsApply thethird law: At T' = 0, the magnitudeof entropychangen anyre-
versiblereaction will be zero.

e Heatcapacity is), at T — 0

e Absolutezerois unattainableThereis only oneadiabathatcrossesheT” = 0 temperature.
Startingfrom afinite temperatureit is impossibleto find anadiabatigprocesghatwill take
thesystem at a final temperature equal to zero.

See Callen, first part.
Internal Energy: Intensive, ExtensiveParameters

U=U(SV,N)

and weknow (from firstlaw) that
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Therefore,

dU =TdS — PdV + pdN

Equations of State

T =T (S,V,N)
P =P(S,V,N)
p=p(S,V,N)

e Intensiveparameters as a function of extengpgrameters.

e Homogeneougero order:

T (AS,\V,AN) = T (S,V,N)



To completelydeterminethe thermodynamidoehaviorof the systemwe needa numberof
equationof state equal to the number of conjugpters that exisin the energyequation.

Euler Relation
Energyis an extensiveariable:

U(AS,A\V,AN) = XU (S,V,N)
Differentiatingwith respect to\
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If\ =1:
U=TS— PV +uN

Thermodynamic Equilibrium

e EntropyMaximumPrinciple: Theequilibriumvalueof anyunconstraineéhternalparameter
is such as to maximize the entrofiyr the givenvalueof the total energy.

e EnergyMinimum Principle: The equilibriumvalueof anyunconstrainedhternalparameter
is such as to minimize the enerfiyr the givenvalueof the total entropy.
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Figure 1:Equilibrium Conditions
Fig. ?? indicates the conditions for equilibrium for both the entrapg the energy.

By looking atthe diagramon theleft it is evidentthat, at point £/, any possiblechangen the
internalparametersf the systemincreasests internalenergy,0U > 0, andthereforel is a min-
imum andthe systemis at equilibrium. At point A, therearetwo possibilities:eitherthe internal
energyof the systemis decreasedU < 0, orisincreasedlU > 0. The criterionfor equilibrium
establishethatthesystemhasto minimizeits energyto achieveequilibrium. Providedthereareno
constraintghatpreventthe systemfrom doingso, it will changats internalenergyuntil it reaches
point E.

A similar analysiscanbe donefor the diagramon theright: At point £, any possiblechange
in the internalparameter®f the systemdecreaséts entropy,0S < 0. At point B therearetwo
possibilities:eitherthe systemincreasests entropy,0S > 0 or it decreaseg, 6S < 0. Provided
thereare no constraintshat preventthe systemfrom evolving to the equilibrium condition, the



systemwill increases its entropyntil it reaches a maximum.

Thefirst law andthe secondaw canbe combinedso we canhavea generalizectriterion to
determinewether anythermodynamic systems at equilibrium:
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To determinghe allowed changes in the system, the criterion is inverted:
0z=dU —TdS = YidX; <0
The removal of any internal constraintcreatesan internal variable. Removeadiabaticwall

(leaveit diathermal) heatcanbe exchange@ndtheinternalvariableof the systemis its tempera-
ture.

Using Evolution Equation for Simple System:
Fora simple system

dU —TdS + PdV <0

Isolated System:

dU =0 dV =0
—TdS <0
ds >0
MechanicalSystem
dS=0 dV =0
dU <0

The system is time reversibl&here are no dissipatiiesses.
Isentropic,Isobaric

dS=0 dP =0
d(U+ PV) <0
dH <0

Enthalpyis the potential to minimize under constant entrapyl pressure conditions.
Isothermal, Isochoric

dI'=0 dV =0



d(U-TS)<0
dF <0
HelmholtzFreeEnergyis the potentialto minimize underconstantemperaturendvolumecon-

ditions.
Isothermal, Isobaric

dT =0 dP =0
d(U—~TS+PV) <0
dG < 0

The GibbsFreeEnergyis the potentialto minimize underconstanfpressureandtemperature
conditions.

This criterionfor equilibriumis themostusefulfor materialscientistsit will beshownlateron
thatthe Gibbsfree energyminimizationis relatedto changesn compositiondn inhomogeneous
systemsand chemical reactions.

Problem 1
| will try to answer questions regardirig)S.1...



