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Residual Gibbs Energy

Chemical equilibria establishes the equality of the molar Gibbs 
energy of the phases that are present.
Alternative forms suitable for calculations can be obtained.
First, express the Gibbs energy in terms of its residual:

This equation can be written for the any phase e.g., liquid and 
vapor.

The ideal-gas term is the same in both phases because it depends only on 
temperature and pressure, which are the same in both phases. 
Conclusion: residual Gibbs energy of the phases are also equal:
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Definition of Fugacity

The equality of residual Gibbs energies 
among phases is equivalent to the chemical 
equilibria equation, but has the advantage 
that it involves residual properties, whose 
calculation does not require a reference 
state.
Fugacity is introduced using the following 
definition:

Fugacity coefficient is defined as
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Chemical equilibrium in Terms of Fugacity

Since the residual Gibbs energy is the 
same in both phases, the fugacity at 
saturation satisfies the conditions:

The equality of fugacities is an 
alternative statement of the 
necessary and sufficient condition for 
phase equilibrium

It is the basis for all phase equilibria 
calculations, whether we are dealing with 
pure substances or with mixtures.
The equality of the fugacity coefficients is 
a special result and applies to pure 
substances only.
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Fugacity in the Ideal-Gas State

The limiting values of fugacity and its coefficient in the 
ideal-gas limit follow easily by noting that GR = 0 in this 
limit:
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Relationship of Fugacity to the Gibbs Energy

The term fugacity comes from the Latin fugere (“to 
flee”)

Refers to the tendency of species to “escape” to the more 
stable phase. 

Fugacity is an auxiliary property related to the Gibbs 
energy which is a fundamental thermodynamic property 
at equilibrium.
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Why Use Fugacity?

Fugacity is equivalent to the Gibbs energy with respect 
to defining the conditions of phase equilibrium.

Fugacity
• Does not require a 

reference state.
• Has a well defined 

(and simple) value in 
the ideal-gas state.

Gibbs energy:
• Requires a reference 

state.
• Its value in the ideal-

gas state (P → 0) 
approaches −∞.



Roadmap to Fugacity
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Calculation of Fugacity for Compressed Liquids—Poynting Equation

Molar volume is essentially independent of pressure for 
compressed liquids:

A practical result is obtained if we choose the initial 
state to be the saturated liquid at the prescribed T:
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Example 7.4-Matsoukas: Saturated Liquid
Calculate the fugacity and fugacity coefficient of saturated liquid water at 25°C.



Example 7.5-Matsoukas: Poynting Factor
Calculate the fugacity and fugacity coefficient of water at 25°C, 100 bar, using data 
from the steam tables.



Calculation of Fugacity Using Tabulated Properties

Self-read



Fugacity From Compressibility Factor

Transform the integration of fugacity to 
obtain the result:

Use the truncated virial EOS:
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Example 7.7-Matsoukas: Fugacity of Steam
Estimate the fugacity of steam at 300°C and 70 bar if the only information available 
is the density of steam at this state, 33.898 kg/m3.



The Virial EOS

Second virial coefficients are easily obtained in compilations or estimated using 
Pitzer’s Correlation.
Third virial coefficients and higher are not easily obtained or estimated.
Virial EOS is usually truncated to the second term.

Boyle’s temperature 
(B = 0)

For –ve B: Z < 1 (Attractive forces)
For +ve B: Z > 1 (Repulsive forces)
For Boyle’s temperature B = 0 and Z = 1 (Attractive = repulsive forces)



Pitzer’s Correlations for Second Virial Coefficients

Applies to nonpolar gases
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Example: Estimate the compressibility factor for steam at 300°C and 70 bar. 
Compare your result to the value given in steam tables at these conditions.

w 0.344 R (J/mol.K) 8.314

Tc (K) 647.3 T (K) 573.15

Pc (bar) 220.48 P (bar) 70

Pr 0.317489

Tr 0.885447

B0 -0.42969

B1 -0.14771

Bhat -0.4805

Z 0.82771

B (m3/mol) -0.00012

V (m3/mol) 0.000563V(m3/kg) 0.031303

Vsteam (m3/kg) 0.0442



Generalized Compressibility Factor Charts

𝑍𝑍 = 𝑍𝑍0+ω𝑍𝑍1



Fugacity from Generalized Graphs

The residual Gibbs energy can be calculated from the 
residual enthalpy and entropy.

Charts have been developed to utilize the Lee-Kessler 
equation of state with corresponding states theory (
reduced units).
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Example 7.13-Kortesky Determine the fugacity and the fugacity coefficient 
of ethane at a pressure of 50 bar and a temperature of 25°C using 
generalized correlations.

ln𝜙𝜙0=-0.216 ln𝜙𝜙1=-0.060

there are significant deviations from ideality. Since 𝜙𝜙<1, we surmise that
attractive forces dominate. This result is expected since the system is around 
the critical point of ethane, where intermolecular interactions are large.



Example 7.8-Matsoukas: Calculate the fugacity of benzene at T = 64°C, P = 34 bar 
using the Lee-Kesler method.
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Example 7.8-Matsoukas: alternate solution using Poynting method



Fugacity from Cubic Equations of State

Convert the integration from volume explicit to pressure 
explicit to obtain:
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Cubic EOS Coefficients in Compressibility Form
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Vapor (Vapor like): ideal gas (Z = 1).
Liquid: Reduced covolume (Z = B').



Solution Methodology for SRK EOS

1. Obtain (Tc;Pc;ω). 2. Find b in SRK EOS.
3. Find a in SRK EOS
•Determine κ.
•Determine α.
•Determine a(T).

4. Determine reduced 
parameters A' and B'.

5. Evaluate the cubic constants in the Z expression.

6. Solve the cubic for the 
roots and determine if they 
fall in the subcooled liquid, 

superheated vapor, 
supercritical or the two 

phase coexistence region.
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Roots of a Cubic
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One real root (molar 
volume of supercritical 

fluid)

Two negative or conjugate 
complex roots with no 
physical significance)

T= Tc

Three equal real roots 
representing molar volume 

of the critical fluid.

T< Tc

Maximum positive root for 
vapor molar volume

Minimum positive real root 
for liquid molar volume if > 

B

Intermediate real root for 
spinodal or metastable

limits.



Fugacity Expressions for PR and SRK EOS

SRK

PR

Requires the compressibility factor at the pressure and 
temperature of interest.
If the polynomial equation for Z has three real roots, the 
proper root must be selected based on the phase of the
system.
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Example 7.9-Matsoukas: Fugacity from the SRK
Calculate the fugacity of CO2 vapor at 4.5°C, 15 bar, using the SRK equation.



Effect of T and P on the Fugacity

The effect of temperature and pressure upon the 
fugacity can be derived and are given by:
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Saturation Pressure from Equations of State

For phase equilibrium in a 
single-phase system; the 
equilibrium criterion establishes 
the relationship between 
pressure and temperature at 
saturation:

This equation can be solved for 
Psat by trial and error.
Psat is defined below Tc.

𝜙𝜙𝑉𝑉 𝑅𝑅,𝐵𝐵sat = 𝜙𝜙𝐿𝐿 𝑅𝑅,𝐵𝐵sat



Algorithm

Numerically, we seek a pressure 
such that the fugacity coefficients 
at L and V are the same.
This may be done by trial and 
error.

Guess a pressure and solve for the 
compressibility factor.
In this region, there are always three 
real roots.
The smallest root to calculate the 
fugacity coefficient of the liquid and 
the largest root to calculate the 
fugacity coefficient of the vapor.
If the two fugacity coefficients are not 
equal, we pick another pressure and 
repeat until 𝜙𝜙𝐿𝐿 and 𝜙𝜙𝑉𝑉 agree to 
within an acceptable tolerance.

From Sandler, page 323.



Phase Diagrams from Equations of State

To obtain the properties of a pure 
fluid at any prescribed T and P, we 
need

An equation of state
The ideal-gas heat capacity as a 
function of temperature.

The equation of state allows the 
calculation of:

all residual properties and
the determination of the phase 
boundary, namely of the saturation 
pressure and the properties of the 
saturated phases.

Thus we have the tools to compute 
the entire phase diagram of the 
pure fluid.

From Sandler, page 304.
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