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1.8.8: Fugacity Measures Nonideality of a Gas
We have seen that, for a closed system, the Gibbs energy is related to pressure and temperature as follows:

For a constant temperature process:

Equation  can be evaluated for an ideal gas:

At constant temperature, :

This expression by itself is strictly applicable to ideal gases. However, Lewis, in 1905, suggested extending the applicability of this
expression to all substances by defining a new thermodynamic property called fugacity, , such that:

This definition implies that for ideal gases,  must be equal to . For non ideal gases,  is not equal to . The ratio between
fugacity and pressure is:

where  is the fugacity coefficient. The fugacity coefficient takes a value of unity when the substance behaves like an ideal gas.
Therefore, the fugacity coefficient is also regarded as a measure of non-ideality; the closer the value of the fugacity coefficient is to
unity, the closer we are to the ideal state. In the zero-pressure limit, fugacity approaches ideal gas behavior:

For mixtures, this expression is written as:

where  and  are the partial molar Gibbs energy and fugacity of the i-th component, respectively. Fugacity can be readily
related to chemical potential because of the one-to-one relationship of Gibbs energy to chemical potential, which we have
discussed previously. Therefore, the definition of fugacity in terms of chemical potential becomes:

Even though the concept of thermodynamic equilibrium is given in terms of chemical potentials, the above definitions allow us to
restate the same principle in terms of fugacity. To do this, previous expressions can be integrated to obtain:

At equilibrium:
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