PHY 341/641
Thermodynamics and Statistical Physics

Lecture 27

Chemical potentials and phase equilibria (Chapter 7 in STP)

¢ Van der Waals equation of state
¢ Chemical reactions
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022012 | APS - no class; take-home exam
18 | 20572012 | Exam due - Ising model 55 030772012
19 | 20772012 | Ising model 5657 03092012
20 [ 310972012 | Phass transtormation 55510
3122012 | Spring Break
3142012 | Sring Break
3162012 | Spring Broak
21 [ 31972012 | Many panicle systems 6162 [Hwi9 03232012
22 | 32472012 | Fermi and Bose particles 6364
23 | 3232012 | Bose and Fermi pariicles 65611 |Hw 20 03282012
24 [ 3262012 | Bose ana Ferm panicies 65611
25 | 2282012 | Phass tansformations 7173 [Hw21 033002012
26 | 3302012 | Van der Waals Equation T4
) 7 | 4022012 | Equisboum constants 7475 [HW22 041042012
28 [ 4/0472012 | Equitbriom constants 75
41062012 | Good Friday Holiday

Second exam: April 9-13

-- student presentations 4/30, 5/2 (need to pick topics)
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Behavior of the thermodynamic potentials for the van der
Waals equation of state

2
F =—NkT In(v —bN)faN7+ NKTw(T)
Gibb's free energy :

2
G=F+PV ==NkT In(V —bN)—aN7+ PV + NkTw(T)

G N PV
=Z = kTIn(V —bN)—a—~+—+ kTw(T
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Note : In principle g = g(P,T) so that we should
eliminate the N and ¥ dependence using the
NKT N?

v-on) ‘77

van der Waals equation of state: P =
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Behavior of the thermodynamic potentials for the van der
Waals equation of state

Using scaled variables with
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2
G=F+PV =-NkT In(V —bN)—aN7+ PV + NkTw(T)
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Behavior of Gibbs chemical potential :
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Gibbs chemical potential at coexistence point
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Figure 7.7: Plot of the dimeusiouless Gibbs free energy per particle § as a function of Pat T = 0.97.

and fixed density. The system is metastable along the dashed curves.

Analysis of gas-liquid coexistence conditions
General conditions on Gibbs free energy
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When both liquid and gas phases are present at fixed 7':
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Integating by parts :
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Analysis of gas-liquid coexistence conditions -- continued

On coexistene curve:
&Ry, 7)-g(F,,,T)=0 and P=F, =P,

= L gas

Vig
g(Fy 1) =8Py, T) = e | PV
i ¢ Piig Pas N VJ‘

Vig

P 1
:W(V,“]—Vgu )—ﬁpi['PdV:O

flﬂl—~ ~
a7, -7, )—ﬁ[\PdV:O

tig — ¥ gas

v,

lig gas

<

1 2 3 4

v

Figure 7.8 Maxwell equal area construction. The pressure P where two phase coexistence begins
determined 50 that the arcas above and below the horizontal line ase cqual. In this

P-V diagram for van der Waals material at 7/7.=0.9
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istence curve for the van der Waals equation of state as a function of the
7. Alsopl
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Phase diagram for van der Waals material
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Extension of analysis of Gibbs Free energy to analyze
chemical equilibria:

Consider the following example:
H,0 < H"+ OH"
Constraint on number of molecules of each type:
+IN, +IN, —1IN, ,=0=>"V.N,
Change in Gibbs Free energy for this system:
dG =—=SdT +VdP+_ wdN,

Atequilibrium: dG=0
At equilibrium with constant 7 and P: )" 11,dN, =0
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