PHY 341/641
Thermodynamics and Statistical Physics
Lecture 26
Chemical potentials and phase equilibria (Chapter 7 in STP)

¢ Phase diagrams
¢ Van der Waals equation of state
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Reminder — second exam in April
-- student presentations 4/30, 5/2 (need to pick topics)
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Review:

Clausius - Clapeyron Equation - - approximate P(7) for liquid - gas coexistence
dP L,

d7 - T(VA - Vb‘)

Example: A=vapor B== water

L, =2.257x10°J | kg =40.7x10° J/mole T 2373.15K

R, T
V,~—— (permole) R, =kN,,
V,=0
db Ly P dP L, dT

= = =
dr R, T? P R, T?

L .
In(P) = constant ——“42- = P(T) = Pe """
R, T
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Approximate liquid-gas vaporization curve from Clausius-
Clapeyron equation:
P(T) _ Poefl.‘,,/)z,,r
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The van der Waals equation of state
-- More realistic than the ideal gas law; contains
some of the correct attributes for liquid-gas phase
transitions.

Ideal gas equation of state: PV = NkT

2

van der Waals equation of state : (P +a %)(V ~bN)= NkT

here a, b are material - dependent parameters

Dimensionless variables:

~ 2 ~
P =27 L P ng(é)k]' ﬁESbE
a 8 \a 14

. = 8T .~

van der Waalsequation of state: P = 35 3p

Some motivation for van der Waals equation of state
Johannes Diderik van der Waals — Ph. D. Thesis written in
1873 (The Netherlands) -- received Nobel Prize in 1910

General potential between two particles:
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: NkT N?
van der Waals equation of state: P=-———<-a—-
V-bN) "V
[ sustance | _a0%evm) | b(10*m)
water 9.55 50.7
so, 11.9 947
co, 6.3 713
0, 238 529
Ar 236 53.8
N, 236 64.3
H, 0.428 443
“He 0.0597 39.4
From: Baierlein, Thermal Physics
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: NkT N?
van der Waals equation of state: P=-———<-a—
(v-bN) "V

WV,
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For comparison - - ideal gas equation of state: P = %

L5 AN ecreasing values of T




Dimensionless variables:
~ 2 ~
P= 27(b—JP T= z [EJkT p= 3bﬂ
a a Vv

van der Waals equation of state : P= :’0—{—3;32
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hysical
Examinatian of compressitility in vander Waalsmaterial:
K:,i[al) J[iﬂj
4 zﬁfm' P\OP Jpy N §£27[b—2]P
for: 13:3’0—~—3[72 “
-5 N
TEH(E)]CT
. 8 \a
_ peaw
ap] 7 4
ap T.N a
F = 2
27b
wr =2
¢ 27
V, =3bN

Behavior of the thermodynamic potentials for the van der
Waals equation of state

2
In terms of unscaled variables : (P + a%J(V —bN)= NkT

Helmholz freeenergy F: P= —('EJ
o )rx
y
F==[PdV + NKTw(T)

v 2
= {[ NkT —aN—zjdV + NKTw(T)
Vv

V —bN

2
=—NKT In(v —bN)—aN7 + NkTw(T)




Behavior of the thermodynamic potentials for the van der
Waals equation of state

2
F =—NkT|n(V—bN)—aN7+NkTw(T)
Gibb's free energy :
2
G=F+PV ==NkT In(V —bN)—aN7+ PV + NkTw(T)

In scaled variables with

§TNUL N a @ 8 \a

2
G=F+PV =-NkT In(V —=bN )- aN7+ PV + NkTw(T)
z =7§f|n((§71jbzv)735+§+w'(f)
3 P P
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Behavior of Gibbs chemical potential :
3(T.P.5)=-2F In[(g—lJij—&S L@
3 p p

=7§f|n[§71]735 L@ m
3 P P

- T =115
g
£=08
6
4405

Gibbs chemical potential at coexistence point

T=09 P=0647
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