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Types of Equilibria and Equilibrium 

Three types of equilibria must be satisfied to have 
equilibrium established under all constraints

Thermal equilibrium

Mechanical equilibrium

Chemical equilibrium

I II NT T T= = =

I II Ng g g= = =

I II NP P P= = =



The Chemical Potential

The molar Gibbs free energy of pure component is also 
known as chemical potential (symbol μ).

because it is the thermodynamic potential of the chemical 
species at constant T, and P:
If the chemical potential in one phase is higher than in 
another phase, the species will migrate into the phase with 
the lowest chemical potential
If the chemical potential is the same in two or more phases, 
then the species can exist with equal probability in any of 
these phases.

For a pure species, “chemical potential” and “molar 
Gibbs free energy” are synonymous.
For mixtures, there is a distinction as each component 
in the mixture has its own chemical potential (μi). 



Mathematics of the Chemical Potential

The chemical potential for a 
pure substance is given as:
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(a) In this case the molar volume of the solid is smaller 
than that of the liquid and μ(s) increases less than μ(l). 
As a result, the freezing temperature rises. (b) Here the 
molar volume is greater for the solid than the liquid (as 
for water), μ(s) increases more strongly than μ(l), and 
the freezing temperature is lowered.
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Phase Diagrams: P-T Projection

For water: Ttp = 0.01°C, Ptp = 0.6117 kPa

For water: 
Tc = 373.95°C, 
Pc = 22.06 MPa



Carbon phase diagram

Graphite Natural diamond Industrial diamond



Equilibrium Curves’ Meaning (P-T Projection)

The slope of the vapor-liquid 
equilibrium (VLE) curve gives the rate 
of change of the vapor pressure of 
the liquid with temperature.
The slope of the vapor-solid
coexistence curve is equal to the 
change of the vapor pressure of the 
solid (sublimation pressure) with 
temperature.
The inverse of the slope of the liquid-
solid coexistence line gives the 
change of the melting temperature
of the solid with pressure.



Slopes of Equilibrium Curves

The slopes of all coexistence curves can be found from 
the equality of the Gibbs free energy (chemical 
potential) at equilibrium.

G is related to (P,T) which are equal, at equilibrium, in 
both phases.
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The Clapeyron Equation 

G is related also to the enthalpy and entropy at 
saturation by:

Substitute to get the Clapeyron equation which relates 
the enthalpy and volume changes to the slope of the 
coexistence curve.

This is an exact equation derived from thermodynamics.
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Interpreting the Clapeyron Equation

∆H, ∆V, and ∆S are all nonzero away from the fluid critical point, 
and approach zero as the critical point is approached.
None of the coexistence curves has a zero slope.

Due to the non-zero value of both the entropy and enthalpy changes 
accompanying phase transitions.
Due to ∆V being non-zero.

Generally, the heat of fusion and volume change on melting are 
positive.

Leads to the positive slope of the S-L curves.
Water is an exception to this.
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Clausius-Clapeyron Equation

Applies to vapor-liquid and vapor-solid equilibria.
At temperatures for which the saturation pressure is not very high:

Assumes the vapor phase is an ideal gas:

Substitute in the Clapeyron equation

This equation is referred to as the Clausius-Clapeyron equation.
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Simplifications in the Clausius-Clapeyron Equation

The latent heat of vaporization is a function of temperature. 
Assume it is independent of temperature over a narrow 
temperature range to obtain:

This equation can be used for:
Correlation of vapor pressure data in a narrow interval.
Interpolation of vapor pressure data.
Extrapolation of vapor pressure data (caution!).

The latent heat of vaporization is not constant, it decreases with 
temperature and vanishes at the critical point.
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EXAMPLE 6.3 (Kortesky) Estimation of the Enthalpy of Vaporization from 
Measured Data
Trimethyl gallium, Ga(CH3)3, can be used as a feed gas to grow films of 
GaAs. Estimate the enthalpy of vaporization of Ga(CH3)3 from the data of 
saturation pressure vs. temperature given in Table E6.3.5.





Vapor Pressure Models

Clausius-Clapeyron

Antoine

Riedel

Harlecher-Braun
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Estimation of Latent Heat of Vaporization

Latent Heat 
of 

Vaporization

T at NBP

Group 
contribution 

UNIVAP,

Trouton’s 
rule

Riedel’s 
equation

T other than 
NBP

Watson’s 
correlation



Estimating ∆hvap at Normal Boiling Point (NBP)

Trouton’s rule gives a rough 
estimate:

Riedel’s equation gives estimates 
to within 5% of the experimental 
values:
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Estimation at T ≠ TNBP

The Watson’s correlation may be used to estimate the 
latent heat of vaporization of a liquid from knowledge of 
a single point.

2

1

0.38

2

1

1
1

r

r

Th
h T

 −∆
=   ∆ − 

Ex. Water

Example:
a) Estimate the latent heat of vaporization water at its NBP 

using Trouton's rule, and Riedel's equation.
b) Estimate the latent heat of vaporization of water at 

300○C.
c) Compare your results with those reported in the steam 

tables.



Pitzer’s Acentric Factor
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Pitzer’s Acentric Factor: Definition

The two parameter Corresponding States Theory (CST) fails to 
correlate data other than these for simple fluids.
Development of the acentric factor (to deviate from spherical 
shape of simple fluids)

The Acentric factor (ω)
For simple fluids (Ar, Kr, Xe) is ~ zero.
Positive (greater than zero) for all other fluids.

Exception: Quantum fluids (H2, He, Ne) which do not conform to 
CST unless some effective critical parameters are introduced.
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