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Abstract – In this work, proposed analytical formulae for calculating second virial coefficient using 

Stockmayer potential which are selected according to the structural properties of molecules, allow to 

calculate of many thermodynamic properties of polar real gases. Using this analytical formulae, fugacity 

coefficient of gases H2O has been calculated in wide temperature ranges using the second virial coefficient. 

The calculation results were compared with the literature and the results were found to be consistent. 
 
Keywords – Second Virial Coefficient, Stockmayer Potential, Fugacity Coefficient 

 

 

INTRODUCTION 

 

As it well known, the fugacity coefficient has been 

widely examined in phase and chemical reaction 

equilibrium works involving gases at high 

pressures [1-4]. The fugacity coefficient is the ratio 

of fugacity to pressure, and it is equal to one for 

ideal gases [2-4]. Fugacity coefficient is important 

many industries and engineering field. It is widely 

used, especially in the petroleum industry and 

engineering science. To investigate the fugacity of 

real gases, many experimental and theoretical 

methods have been suggested by researchers [4].  

In addition, the fugacity coefficient of real gases 

can be accurately determined using the second 

virial coefficient at low density considering 

Stockmayer potential for polar molecules [4-5]. 

For calculate the fugacity coefficient of polar 

molecules according to the second virial 

coefficient, the selection of the intermolecular 

interaction potential is very important [5-6]   

Therefore, Stockmayer potential can be preferred 

to calculate the fugacity coefficient of polar 

molecules with second virial coefficient [5-6].  

However, accurate and precise determining the 

fugacity coefficient of all gases is still one of the 

problems in chemical thermodynamics. 

 

In this study, analytical method has been presented 

for the fugacity coefficient using the second virial 

coefficient for polar molecules. The resulting 

analytical method allows the fugacity coefficient of 

the polar real gases to be calculated accurately and 

precisely. 
 
 

MATERIALS AND METHODS 

 

Second virial coefficient 

The second virial coefficient can be defined 

following as [4]: 
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𝐵(𝑇) = 2𝜋𝑁𝐴 ∫(1 − 𝐸𝑥𝑝[𝑢(𝑟12) 𝑘𝐵𝑇⁄ ])                                                                                               

(1) 

  

where 𝑁𝐴 is Avogadro constant,  𝑢(𝑟12) is 

intermolecular interaction potential, 𝑘𝐵 is 

Boltzmann constant, and T is temperature.   

 

    To obtained formula for the second virial 

coefficient with Stockmayer potential, Eq. (3) used 

in the following form: 
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Here, ( ) ( ) ( )* * 32 3AB T B T N = , we obtained 

the following form second virial coefficient [7]: 
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Fugacity coefficient 

 

The fugacity coefficient can be expressed in terms 

of second virial coefficient following forms [5]: 

 

 

𝝓 = 𝒍𝒏(
𝒇

𝑷
) = 𝑩(𝑻)

𝑷

𝑹𝑻
−

𝑩(𝑻)𝟐

𝟐
(
𝑷

𝑹𝑻
)
𝟐

                                                                                                                  

(5) 

 

 

 

Here, f is fugacity factor, P is pressure, R   is 

universal gas constant, T  is temperature and B(T) 

is second virial coefficient. By substituting Eq. (4) 

into Eq. (5), we obtained analytical formula to 

calculate the fugacity coefficient with the second 

virial coefficient for polar real gases.  
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Table 1.  The compared with fugacity coefficient of H2O with other method 
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 NUMERICAL RESULTS and DISCUSSION 

 

An analytical method for the fugacity coefficient 

by using the second virial coefficient with the 

Stockmayer potential of polar real gases is 

presented in this paper.  The analytical method 

proposed for calculating the fugacity coefficient 

of gases is exactly general and free of any 

limitation on its applications. The fugacity 

coefficient of the gas H2O was calculated using 

Mathematica 7.0 software to show that the results 

of the calculation are accurate and precise. The 

calculated results were compared with literature 

data. As can be seen from Table 1, the analytical 

formula for wide ranges of temperature and 

pressure gives values very close to the literature 

data [61].  When the fugacity and pressure are 

equal to each other, the fugacity coefficient 

becomes equal to one and the polar gas shows the 

ideal behavior. As shown in Table 1, the fugacity 

of the H2O is approximately equal to the pressure 

at some temperature values. 
 

 

CONCLUSION 
 

The accurateness and definiteness, of the 

obtained analytical formula, are confident and 

can be proposed for the assessment of the 

fugacity coefficients of polar real gases.  As the 

pressure approaches zero, the gas shows 

behaviors such as the ideal gas. Here, the 

fugacity coefficient equals the pressure value. 
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