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1 Clausius-Clapeyron equation 

• On coexistence line 

µ α(T, P ) = µ β(T, P ) 

dµα(T, P ) = dµβ (T, P ) 

dP ΔS ΔH dµα = −SαdT + V αdP = = 
dT ΔV T ΔV 

dµβ = −SβdT + V β dP 
Clausius-Clapeyron 

dµα = dµβ 

ΔH for isothermal transformation ΔS = 
=⇒ (Sα − Sβ)dT = (V α − V β)dP | {z } | {z } 

T 

ΔSβ→α ΔV β→α 

2 Using the C-C equation: Vapor pressure 

• On coexistence line, vapor pres-
sure is saturated at PSAT 

– If excess vapor pressure is 
added, vapor will condense 
to reapproach PSAT 

– If vapor pressure is re-
duced, solid will sublime to 
reapproach PSAT 

– Example of Le Chatelier 
principle 
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• Calculate PSAT by integrating the CC equation 

ΔH 
dP ΔV = dT =⇒ need: (ΔH(T, P ), ΔV (T, P )) 

T 

• Transformation quantities can be found fro standard values by inte-
grating in the (T, P ) plane 

• Calculating ΔH(T, P ) 

dH = CP dT + V (1 − Tα)dP Z T Z P 

ΔH(T, P ) = ΔH(T0, P0) + dΔH + dΔH 
P T T0 P0 Z T Z P 

= ΔH(T0, P0) + dT 
0 
ΔCp + dP 

0 
Δ(V (1 − Tα)) 

T0 P0 

• Calculating ΔV (T, P ) 

dV = V αdT − V βdP Z T Z P 

ΔV = ΔV (T0, P0) + dΔV + dΔV 
P T T0 P0 Z T Z P 

= ΔV (T0, P0) + dT 
0 
Δ(V α) + dP 

0 
Δ(−V β) 

T0 P0 
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• In general this requires knowing CP (T, P ), V 
0 
(T, P ), α(T, P ), β(T, P ) 

for both phases 

• For vaporization of a condensed phase over a limited temp. range, can 
simplify using 3 assumptions : 

1. ΔH ≈ const. 

2. V g � V S , V l =⇒ |ΔV | ≈ V g 

3. Gas behaves ideally 

3 Gibbs phase rule: how many phases can 
coexist at equilibrium ? 

# deg of freedom = # variables - # independent constraints 

DoF = 2 Ph - 3 (Ph -1) = 3 - Ph, Gibbs phase rule for nary systems 

• 1 phase region −→ DoF = 2, e.g. (T,P) plane 

• 2 phase region −→ DoF = 1, e.g. coexistence line 

• 3 phase region −→ DoF = 0, e.g. triple point 
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