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ABSTRACT

The virial coefficients provide valuable information on the intermolecular forces of a particle. Thus 
measurement of the second virial coefficients for Methane is described. The result of second virial 
coefficient for Lennard Jones is tabulated over a wide range of temperature. At low temperatures (T ≤ 
300 (K), the virial coefficients B (T) is negative, where the attractive part of the interaction potential so 
that there is a good agreement between experimental and calculated results. There is a large discrepancy 
at higher temperatures (T˃300 (K), the second virial coefficients B (T) is positive, and where the repulsive 
part of the interaction potential for molecule is dominates. For Methane, from the calculated second virial 
coefficient, we obtain the Boyle’s temperature,  . At this temperature methane molecule is considered as 
an ideal molecule.

Keywords: Second virial coefficient; Lennard-Jones potential; Boyle’s temperature

INTRODUCTION

The virial coefficients provide valuable information on the 
intermolecular forces of a particle. Using different type of 
potential, the virial coefficients for several materials have 
been calculated over a wide range of temperature [1-3]. The 
behavior of a substance in its gaseous or liquid state tends to be 
dominated by the fact that the molecules within it exert forces 
upon one another. We do, of course, have the concept of a 
perfect gas, for which PV=RT, an equation which results when 
all intermolecular forces are set to zero, but real substances only 
approximate to this in the gaseous state at low pressures. At 
higher pressures, generally above a few bars, the influence of 
the intermolecular forces becomes increasingly important until 
at about 100 bars pressure they may even dominate [4,5]. This 
conditions cause the intermolecular forces become different 
from zero i.e., the molecule is highly affected by interaction 
either by an attraction or repulsion with an equation of a state 
given by [6,7].

Where V, p, and T are the molar volume, pressure, and absolute 
temperature while R is gas constant. The temperature dependent 
quantities B (T) are known as C (T) the second and third virial 
coefficients, respectively. Lennard-Jones showed in another 
remarkable work showed that for intermolecular potentials 
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written as binomials of arbitrary powers of the intermolecular 
distance, the corresponding second virial coefficient B (T) 
can be calculated exactly as an infinite power series. The 
intermolecular potential between the molecules of the real gas 
is the Lennard-Jones potential. So, the second method consists 
in finding the inversion temperature Ti evaluating dB/dT=0 
numerically. Hence, the temperature at which B (T)=0 is called 
the Boyle temperature [8].

The brief description of intermolecular potentials would be 
understood from the energy of interaction, U, of two molecules 
at a separation, R, with the function rewrite as, U(R). Then the 
energy dependent second virial coefficients is

Where N_a Avogadro’s number and k is is Boltzmann’s 
constant. A fair Approximation to U(R) for many molecules is 
given by the Lennard-Jones potential:

This is strongly repulsive (positive) at small R and weakly 
attractive (negative) at large R. the potential contains only two 
parameters; σ and ε. σ is called the collision diameter of the 
molecule. It is equal to the separation at which U(R)=0. ε is the 
depth of the potential well at the point at which is a minimum. 
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Reasonable values for σ methane can be obtained from the size 
of the molecule 3.8 Å. But information on ε is more difficult 
to obtain. Thus one reasonable way to obtain this result is to 
compare calculated value for B (T) with experimental one [9].

The purpose of this work is to prepare theoretical estimation 
values of effective temperature dependent potential, second 
virial coefficient for Methane (CH

4
) which helps to obtain the 

Boyle’s temperature. This is used to calculate the temperature-
dependence of second virial coefficient for Methane which 
compares the work with the experimental results.

EXPERIMENTAL

For evaluating the second viral coefficient and Boyle temperature 
‘’VIRIAL’’ program was applicable at a given and known values 
of σ and ε/k.

RESULTS AND DISCUSSION

From the plot of root mean square value (Δ) versus ε/k is 
perfectly an upward parabolic curve shown from Figure 1. 
This parabola has a minimum value so that from this graph by 
using the equation given   and using mathematical laws the first 
derivative of the function (i.e., dy/dx=0), results x=ε/k=177.26 
(at this value the respective y coordinate=RMS (root mean 
square value)=Δ=error=6.39). R-squared (regression coefficient) 
value R2=0.975, this indicates that the constructed curve would 
be acceptable and relate the parameter between Δ and ε/k 
(i.e., the failure between them is week). The minimum value 
of the parabola indicates an optimum value for ε/k. There for, 
analyzing such a parameter once help to understand deviations 
become minimum between calculated and experimental values 
of second virial coefficient B(T).

The variation of second viral coefficients B (T) with temperature 
is shown in Table 1 and Figure 2. From the table and graph 
the calculated values of B(T) over the given temperature range 
coincide closely with the experimental values. This relation 
indicates the parameter ε/k is a good estimation of that which 
describes the molecule. Second virial coefficient, B (T) shows 
qualitative agreement with experimental values.

Table 1: Comparison of calculated and experimental values of B (T) with 
temperature in (K) at ε /k=177.26 (K) and σ=3.8 Å.

Virial coefficients (B(T) /in cm3 mol-1

Temperature/K
Experimental value of 

B(T)
Calculated value of  

B(T)
110 -344 -338.164
120 -284 -289.106
130 -248 -250.261
140 -217 -218.776
150 -191 -192.764
180 -133 -136.333
200 -107 -110.19
250 -67 -66.2983
300 -42 -39.1261
350 -27 -20.6649
400 -16 -7.31021
500 -1 10.7116
600 9 22.307

From experimental data on the second virial coefficient of B 
(T) methane shown from Figure 2 is the best fit of Lennard-
Jones parameters [1]. At low temperatures (T ≤ 300 (K), the 
virial coefficients B (T) is negative, where the attractive part 
of the interaction potential so that there is a good agreement 
between experimental and calculated results. There is a large 
discrepancy at higher temperatures (T˃300 (K), the second virial 
coefficients B (T) is positive, and where the repulsive part of the 
interaction potential for molecule is dominates shown in Figure 
2. The temperature at which B (T) tends to zero is called the 
Boyle’s Temperature TB [1]. For Methane, from the calculated 
second virial coefficient, we obtain the Boyle’s temperature,  . 
At this temperature methane molecule is considered as an ideal 
molecule (i.e., neither attraction nor repulsion is dominated) 
[6].

CONCLUSION

The virial coefficients provide valuable information on the 
intermolecular forces of a particle. Thus measurement of the 
second virial coefficients for Methane is described. The result 
of second virial coefficient for Lennard Jones is tabulated over 
a wide range of temperature. At low temperatures (T ≤ 300 (K), 
the virial coefficients B (T) is negative, where the attractive part 
of the interaction potential so that there is a good agreement 
between experimental and calculated results. There is a large 
discrepancy at higher temperatures (T˃300 (K), the second 
virial coefficients B (T) is positive, and where the repulsive part 
of the interaction potential for molecule is dominates.
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Figure 1: Depth of potential (ε/k) dependence variation of the root 
mean square value, Δ, of the deviation between calculation and 
experiment for Methane at σ=3.8 Å.

Figure 2: Temperature dependence variation of the second virial 
coefficient for Methane. Calculated curve (red) and Experimental 
curve (black). Second graph is 400 (K) ≤ T ≤ 600 (K). Note: (    ) 
Experimental value; (    ) Calculated value.
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