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Gibbs Phase Rule

@ There are restrictions on the maximum number of phases that can
coexist at a given T" and p or on the number of thermodynamic
variables that can be independently varied at equilibrium.

@ When n number of components, 1) number of phases, there are
(n — 1)1 number of independent chemical potentials because there is
one Gibbs-Duhem relation that relates the n chemical potentials of the
n components within each phase.

@ There are two additional thermodynamic variables T, p, therefore,
number of degree of freedom (NDF) of multicomponent multiphase
mixture is

NDF=(n—1¢p+2—np—1)=n—19+2

@ A triple point of a p — T' phase diagram for a material with a fixed
chemical composition,

NDF=n—-v+2=1-34+2=0 NIE
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Gibbs Phase Rule

@ Since
NDF=n—9%+2>0—=>1% <n-+2

SO
wmax =n+2

@ For a single-component system, n = 1, the maximum number of
phases that can coexist at thermodynamic equilibrium is 3.

@ Along the phase boundaries of a one-component p — T' phase diagram,
NDF=n—-¢y+2=1-2+2=1

@ Within the single-phase field of a phase diagram
NDF=n—-9+2=1-1+2=2

which implies that one can vary both T' and p simultaneously without
leaving a single-phase field. J
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Claperyon Equation

@ In p— T plot, at a/3 phase boundary, we have

u*(T,p) = p’(T,p)

@ Since we have,
dAp = —AsdT + Avdp

at phase boundary,
0= —As*B4T + Av*Bdp

@ Therefore,
dp As*B B sP— s
dT  Ave=B b — pa
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Claperyon Equation

@ By second law, for a reversible process,

Qaﬁﬁ

a—fp __
As = Tg‘_}B

where Q®# is the heat released or absorbed for the transition of one
mole of « phase and 3 phase, and TP represents the equilibrium
transition temperature at a given pressure.

@ At constant pressure,

Q&—)B — Aha—>6
therefore,

@_ Aha—>,8

dT  TApe—8

which is the Clapeyron equation.
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Claperyon Equation

@ In general, for a transition of a lower temperature phase to a higher
temperature phase, the heat of the transition is positive,

AR >0  ARSTY >0

if Av > 0, then slope of phase boundary at p — T diagram is positive,
and when Av < 0, then it is negative.

A vF > pF s Y
p
a B 14
dp dp
T
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Clausius-Claperyon Equation

o Considering a phase transition of a liquid() to vapor(v). Since

Avlﬁv — ¥ — ’Ul ~ Y

proceed to
dp Ahl%v
dr — Tw
@ From 1 mol ideal gas law,
o BT
p
proceed to
dlnp ARV
dT"~ RT?

which is the Clausis-Clapeyron equation.
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Clausius-Claperyon Equation

@ The normal boiling point T} of a liquid is the temperature at which
the liquid is at equilibrium with its vapor phase at 1 bar. The heat of
evaporation at the normal boiling point is labeled as Ah;.

@ Assume the heat of evaporation only depends on temperature,

T T

ARTY(T) = AhS + / (c5(T) — c(T))dT = Ahy + | Acy(T)dT

Ty Ty

o When Ac,(T) = 0 then AR!7Y(T) = AR, the heat of evaporation is
independent of temperature, then

dinp  Ahy _ Ahy [dT
T _RT2_>/dlnp_ R | T2

proceed to

Ahy
RT te NE
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Clausius-Claperyon Equation

@ Atp=1barand T =T,

Ahy Ahy
- +c=0—=c=

In (1) =
n(l) = -2 RT,

then

@ When A, is assumed to be a constant rather than 0,
ARV = Ahg + Acy(T — Tp)
The Clausis-Clapeyron equation becomes

dlnp  Ahy + Acy(T — Tp) a b

dT RT? T2 T

where
Ahy — Ac,Ty, b Acy
a=— =

R R S
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Clausius-Claperyon Equation

@ Then we have a
Inp = T +bInT + ¢

@ At triple point, we have
o (T, p) = p!(T,p) = p* (T, p)

and we have

l—v
lnpt'r‘ — i + bl—)v lnT’tr + Cl—)’u
tr
as—)v
lnptr — _ T + bs%v ln ET + Csﬁl)
tr
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Size Effect on Phase Transition Temperature

@ For a nano-scale material, the contribution of surface energy to the
phase transition temperature cannot be ignored. The chemical
potential of a spherical particle is

27510
o= 2 s
r
where p, is the chemical potential of a particle with radius 7, u is
the chemical potential of a solid with infinite size, v, is solid-liquid
interfacial energy, and v is the molar volume of the solid.
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Size Effect on Phase Transition Temperature

@ At the solid-liquid equilibrium, with labeling the melting temperature
T, for infinite particle size as T, at which

i = i
where 4! is the chemical potential of atoms in the liquid.

@ The entropy of melting is given by
Ahy,
Asy = ——
Sm T
where Ah,, is the enthalpy or heat of melting.

@ A solid particle of size 7, the chemical potential of atoms inside the
particle must be equal to the chemical potentials of atoms in the
liquid,

2950 o
=H

S __ S
IU”I’_ILLOO+ r \||J
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Size Effect on Phase Transition Temperature

@ Assuming that the heat Ah,, and entropy As,, of melting are
independent of temperature, we have the melting temperature T, of
particle size 7,

Ahg, T — T
l s 0o r
— =Ah,, — T, —— = Ah;,————
H oo Too " T
then T T 5
l s oo — 4r VstV
— = Ah =
lu iu’oo m Too r

therefore,

27510
T.=(1- T
" ( rAhm> o
As 7 increases, T, approaches to T.
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