PHY 341/641
Thermodynamics and Statistical Physics

Lecture 27

Chemical potentials and phase equilibria (Chapter 7 in STP)

e Phase diagrams
e Clausius-Clapeyron equation



| | 22902012 | AFS —no class; take-home exam | | |

3022012 | APS — no class; take-home exam

18 | 3/05/2012 | Exam due — lsing model 55 HW 17 03/07/2012
19 || 3/07/2012 | Ising model 65T HW 18 03/09/2012
20 || 3/09/2012 | Phase transformation 5.8-5.10

IN22012 | Spring Break

3M14/2012 | Spring Break

3M62012 | Spring Break

21 || 31192012 | Many particle systems 5.1-6.2 HW 19 03/23/2012
22 | 3/21/2012 | Fermi and Bose particles 6.3-6.4
23 || 3r23/2012 | Bose and Fermi particles 5.5-6.11 HW 20 03/28/2012
24 || 3/26/2012 | Bose and Fermi particles 6.5-6.11

- 25 || 3/28/2012 | Phase transformations 71-7.3 HWW 21 03/30/2012

26 || 3/30/2012 | Phase transformations, continued ¥.1-T.3

4/02/2012

4/04/2012

4/06/2012 | Good Friday Holiday

Reminder — second exam in April
-- student presentations 4/30, 5/2 (need to pick topics)



Thermodynamic description of the equilibrium between
two forms “phases” of a material under conditions of

constant T and P

Review of Gibb's Free energy :
G=G(T,P,N)=E-TS+PV =F +PV
dG =-SdT +VdP + #dN

G
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Example of phase diagram :

fusion
curve

solid G;giﬁl
vapor pressure
sublimation triple curve
curve \ point gas
T
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Phase diagram for water:
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dG, +dG; =0
-S5,dT +V,dP +g,dN, —S.dT +V,dP + g,dN,; =0
= g,dN, + gzdN; =0
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g,dN,+9g.dN; =0
Assuming: N, +N; =N

— dN, =—dN,
:(gA_gB)dNA:O = Ja =Up
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gA(T’ P): gB(T’ P)
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Clausius - Clapeyron Equation

gA(T’ P): gB(T’ P)
dgA(T’ P): ng(T’ P)
09 5
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MEMOIRE

SUR LA

PUISSANCE MOTRICE DE LA CHALEUR,

Pan E. CLAPEYRON,

INGENIEUR DES MINES.

Journal de I'Ecole polytechnique 23: 153—-190 (1834)
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II. Ucber die bewegende Krafl der VWirme und
die Gesetze, welche sich daraus fiir die F¥Vdrme-
lehre selbst ableiten lassen; con R. Clausius?t),
{ Schbuls won 5. 297.}

—

—_—

II. Folgernngen ans dem Carooc'schen Grundoatzo In
Yerbinduox mit dem Yorlgen,

Carnﬂt hat, wie schon ohen erswihnt wwurde, angenom-
men, dofs der Erseuquny von Arbeit ols Aequivalent ein
blofser Ueberyang wvon Wirme aus eimem warmen in cinen
kalter Korper entspreche, ohne dofs die Quonmtitdi der Wdrme
deebed verringert werde.

Der letzte Theil dieser Aupahme, nEmlich dajs die
Quantitit der Wirme nnverringert bleibe, widerspricht no-
seresi friiheren Grondsatze, und muds daher, wenm wir
diesen festhalten wollen, wverworfen werden, Der ersle
Theil dagegen XKann seivem Haoptinhalte nach forthestehen,
Dennt wenn wir auch eines eigenthimlichen Aequivalentes

1Y Zo berichsigen fat:
5 274 Z, 8 1. nield nénlig at. nithip,

$.506 Z.8 1 (%g) . ‘E.

Annalen der Physik Volume 155, Issue 4, pages 500-524, 1850



http://onlinelibrary.wiley.com/doi/10.1002/andp.v155:4/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/andp.v155:4/issuetoc

Clausius - Clapeyron Equation

dP  A(S/N)
dT AV /N)
For a phase change involving the " Latent Heat":
AS = L s
T
dP L.

d—T_ T(VA _VB)



Clausius - Clapeyron Equation

dP L s

d—T_ T(VA _VB)

Example: A=ice B=water

L,. =3.35x10°J /kg T =273.15K

7

V, =1.09070x10"m>/kg i
VB = 100013)(10_3 m3 / kg :_3‘?5 | solid «— melting

d P 4 saturation

d—T:—135X107 Pa/K W
3k
oL

vapor
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Clausius - Clapeyron Equation

dP L g

d—T i T(VA _VB)

Example: A =vapor B=water

L, =2.257x10°J / kg T =373.15K

7

V, =1.673m°/kg | uid
V, =1.043x10°m%/kg sl soia [ meling

g—_ll:_) — 362 X103 Pa/ K Z: sublimation jw)
2 /V

vapor

P

1 1 1 | l
250 260 270 280 290 300
T



Clausius - Clapeyron Equation - - approximate P(T) for liquid - gas coexistence
dP L s

aT TV, -V,)
Example: A =vapor B== water
L, =2.257x10°J /kg = 40.7x10°J/mole T >373.15K

V, = Ry T (permole) R,, =kN,,
Vy =0
dP L, P dP L, dT

= — =
dT R, TZ P R, T?

In(P) = constant —i — P(T) = Poe—LAB/RMT
M



Approximate liquid-gas vaporization curve from Clausius-
Clapeyron equation:

P(T)=Pe te/fuT

100 200 3?_& 400 500
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