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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 H20 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.
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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]

35

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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where N, is Avogadro constant,

u(ry,) is

intermolecular interaction potential, kg s

Boltzmann constant, and T is temperature.

To obtained formula for the second virial
coefficient with Stockmayer potential, Eg. (3) used

in the following form:
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The making the following substitute T~ = &/k,T

x=r/o, and t=87"?4%/sc®, the second virial

coefficient of Eq. (2) as following form:
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Here, B"(T")=B(T)/(2zN,0°/3), we obtained
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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]:

o =n(L) = B2 "0 (L)
()

Here, f is fugacity factor, Pis 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.

37

Iimi - ((—1)'“ (_1)m]+El(4/T*)k:O,n:1

other cases



Table 1. The compared with fugacity coefficient of H,O with other method

f/P f/P f/P f/P
P(atm) | T(K f/P (8] p(atm) | T(K f/p Experiment
(atm) () / Experiment (atm) () / [8] al [8]
al [8]
98.692 0.92579 | 0.87 - 592.15 0.6296 | 0.48 -
3 723.15 9 3 4 723.15 53 9
773.15 0.94;097 0.30 0.935 773.15 0.694166 0584 0.596
873.15 0.92154 0.3?4 0.961 873.15 0.790335 0.772 0.747
973.15 0.976429 0.37 - 973.15 , 0.85535 0.§3 -
1073.1 | 0.98261 | 0.98 0.986 1073.1 0.900103 0.91 0.899
5 2 9 5 1
1173.1 0.99 - 1173.1 0.93154 0.95 -
5 0.98825 4 5 3
1273.1 | 0.99219 | 0.99 - 1273.1 0.954055 0.97 -
5 2 2 5 8
197.38 79315 0.85710 | 0.76 - 789.53 793 15 0.539679 0.41 -
5 5 3 9 1
773.15 | 0.88543 0.781 - 773.15 0.614636 0.250 0.508
0.92456 | 0.89 0.913 0.7307 | 0.66 0.684
873.15 4 4 873.15 15 3
973.15 0.94;925 0.84 - 973.15 0.811945 0.19 -
1073.1 | 0.96552 | 0.97 - 1073.1 0.869073 0.88 0.884
5 6 0 5 2
1173.1 | 0.97663 | 0.98 - 1173.1 0.909777 0.94 -
5 8 7 5 3
1273.1 | 0.98444 | 0.99 - 1273.1 0.939213 0.97 -
5 4 0 5 4
394.76 79315 0.73462 | 0.59 - 986.92 793 15 0.462561 0.35 -
9 8 9 3 3
773.15 0.787398 0.57 0.714 773.15 0.544217 0.;14 0.459
873.15 0.8%481 0.(&)30 0.824 873.15 0.675593 0.(?2 0.634
973.15 | 0.90108 | 2° - g73.15 | O-170M% 1075 -
1073.1 | 0.93224 | 0.93 0.937 1073.1 0.839113 0.85 0.853
5 1 7 5 9
1173.1 | 0.95382 | 0.96 - 1173.1 0.888524 0.92 -
5 3 8 5 8
12;3.1 0.96913 0.38 - 12?53.1 0.924603 0.3?7 -
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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 H.O 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 H20 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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