
CH.5 Fugacities in Gas Mixtures 

 

 

Fugacity from volumetric data: (exact relations) 

 more useful 

where the fugacity coefficient is defined by 

 

 

 
Most forms of the equation of state are pressure explicit. 

 



5.1 The Lewis Fugacity Rule 

 

Fugacity of component i in a gas mixture is related to that of pure gas at the same  

temperature and pressure by 

 
assuming Amagat’s law ii vv   over the entire pressure range 

or   

Lewis rule assumes that i is a function only of temperature and pressure but not of 

composition 

  A good approximation at low pressures where the gas phase is nearly ideal. 

  A good approximation whenever i is present in excess (say, yi>0.9). Exact in the limit as 

yi 1  

  A fair approximation whenever physical properties of all the components are nearly the 

same. 

 



5.2 The Virial Equation of State 

The problem of calculating fugacities for components in a gaseous mixture is equivalent  

to the problem of establishing a reliable equation of state for the mixture. 

Parameters in the virial equation of state are directly related to intermolecular forces. (a 

sound theoretical foundation!) 

 

B is the second virial coefficient, C is the third virial coefficient.. 

Virial coefficients are independent of pressure and density. They depends on temperature. 

 

 

 

 



As a power series in the pressure 

 

Two sets of coefficients are related by 

 

 

Eq (5-9) is better than (5-10) when truncated after the third term.  

Experimentally, B is obtained from low-pressure PVT data by the definition 

 

Similarly, 

 

 



Reduction of PVT data to yield second and third virial coefficients 

 

 

B from the intercept, C from the limiting slope 

 

 



 methyl 

acetate 



 

The density series, Eq. (5-9) is more successful, and gives a good representation of the 

compressibility factor to about one half the critical density for many gases. 



The second virial coefficient takes into account deviations from ideal behavior that result 

from interactions between two molecules. 

The virial coefficients are given as an integral of intermolecular potential. For simple, 

spherical molecules 

derived by Mayor 

The third virial coefficient takes into account …. . from interactions of three molecules. 

 

where   called May f-function 

B and C are functions of temperature. 

For complex molecules, the intermolecular potential depends not only on the distance but 

also on the relative orientation, and expressions for B and C become more complicated. 

(Monte Carlo calculations are often used.) 

 



5.3 Extension to Mixtures 

The composition dependence of virial coefficients are given by a generalization of the 

statistical-mechanical derivation. 

The second virial coefficient corresponding to the i-j interaction is given by 

 

Bii and Bjj are those of pure components. 

For a binary mixture, the second virial coefficient is 

depending on compositions 

For a mixture of m component, from a rigorous generalization 

    proof in advanced text 

For the third virial coefficient for mixture 

 

In a binary mixture, there are four Cijk coefficients. 

 

For a mixture of m component 

 

 



If experimental data are available for several compositions, the cross coefficients can be 

Obtained from 

   
 

 



 

 

In contrast, constants in empirical equation of state cannot be easily extended to mixtures 

with somewhat arbitrary mixing rules.



5.4 Fugacities from the Virial Equation 

 

The viral equation for a mixture, truncated after the third term, is 

 

Substituting into 

 

we have 

 

For a binary mixture 

 

 

But (5-28) is limited to moderate densities. 

Theoretical calculation of B and C is restricted to relatively simple substances. 



 

Omitting the third virial coefficient 

 

where  

When the volume-explicit form of the virial equation is used 

 

which is more convenient because it uses pressure. 

Both are valid only at low densities not exceeding (about) one-half the critical density. 

 

 



5.5 Calculation of Virial Coefficients from Potential Functions 

 

Ideal-Gas Potential 

  = 0  

 virial coefficients = 0 

 ideal gas law 

 

Hard-Sphere Potential 

 the hard-sphere diameter 

 



Substituting into (5-19) 

    pure component 

  mixture 

The hard-sphere model is a highly oversimplified picture of real molecules because its 

second virial coefficient is independent of temperature. 

 

Sutherland Potential  (two parameter) 

 

reasonably successful in fitting experimental second virial coefficient data 

 

Lennard-Jones Potential   (the best known two parameter model) 

 

where  is size parameter (or the collision diameter) and  

 is energy parameter (the depth of the energy well). 

 

B is obtained from numerical integration. 

 



reduced 

(dimensionless) 

LJ potential is only an approximate model. 

One set of parameters (,) obtained from the second virial coefficient are not the same as  

another set of parameters (,) from viscosity data. 

 



/k in units of temperature 



The Square-Well Potential   (three parameters) 

  

 

for example, R~ 1.5 for argon, methane  

The second virial coefficient is analytically obtained as 

  

Good agreement can often be obtained between calculated and experimental second virial 

coefficients.  

 

Exp-6 Potential   (three parameters) 

 

 



  determines the steepness of the repulsive wall. 

 
 

Kihara potential  (three parameters) 

 

where a is the radius of the spherical molecular core. 

hard billiard ball with foam-rubber 

Because it is a three-parameter function, Kihara’s potential is successful in fitting 

thermodynamic data for a large number of nonpolar fluids. 

 



 

a* is the reduced core size.  
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superior to the LJ 

potential. 



 

 

 



The difficulty of determining “true” potential 

  for argon 



for neopentane 

The various potential functions differ very much from one another. 

 



Stockmayer Potential 

 

 

 

in other form 

 

 

Dipole moment is not a potential parameter. It is determined independently. 

 

 

The effect of polarity is to lower the second virial coefficient due to increased attractions. 

 



 

 

 

 

 

 



5.6 Third Virial Coefficients 

 

 

 

In the derivation, pairwise additivity of potential was assumed such that  

 

because little is known about three (or higher) body forces. 

 

 

For a*=0, the results are those obtained from LJ potential. 



Nonadditive correction 

The first-order correction (Axilrod-Teller correction) 

ijkjkikijijk   

 

   



 

with parameters determined from the second virial coefficient 

 

using unique two-body potential determined both from second virial coefficient and gas-

phase transport properties. 



 

Little work has been done on the third virial coefficient of mixture. 

Experimental data of the third virial coefficient are scarce and of low accuracy, so it is 

difficult to  

Make meaningful comparison between calculated and experimental results. 

 

 

 



  


