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ABSTRACT 
Using the Gaussian 2003 software and MP2/ 6–311 ++ G** method for He: He, Ne:Ne and 
MP2/6-31G method for Ar: Ar, Kr: Kr and HF/STO-3G method for Xe: Xe, the optimized 
interaction energies between two like atoms of rare gases (He, Ne, Ar, Kr and Xe) as a function 
of the distances between the centers of two considered atoms were evaluated and the results 
were interpreted according to the Lennard – Jones equation . In addition, the second virial 
coefficient of each rare gas was calculated upon the appropriate equations of statistical 
thermodynamics. The resultent coefficients were comparable with those are available in the 
literature. 
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INTRODUCTION
1The Lennard – Jones potential is one of 
the simple models that approximates the 
interaction between a pair of notral 
atoms or molecules [1, 13, 15, 18]. The 
simplified from of Lennard – Jones 
potential, VL – J, is as follow [1, 3, 4, 
8]: 

12 6( )− = −L J
A BV r
r r

                                     (1) 

where r is the separation of the centers of 
two atoms or moleculs and A and B are 
the desired constants.The plot of V(r) 
versus r intercepts the r axis at r = σ, 
where V(r) = 0 and has a minimum at r = 
re , where V(r) = -ε , while ε is the depth 
of the potential well (Fig.1) 

In order to improve the equation (1), 
we may pay attention to the fact that at  
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r =σ, we have V( r ) = 0 and at r = re, 
V(r) = - ε and ( / ) 0V r∂ ∂ =  at r = re [3, 
4, 7].  

These conditions lead to the following 
results [1, 13, 14]  

 
A = 4ε σଵଶ ; B = 4ε σ଺                        (2) 
 
And 
VL – J(r) = 4ε ቂሺ ஢

୰
 ሻଵଶ െ ሺ ஢

୰
 ሻ଺ቃ           (3) 

 
Equation (3) is quite straight forward in 
application .If we take r = 2.5σ , we will 
obtain the value VL-J(r) = - 0.0163ε 
which is labeled as " truncated Lennard – 
Jones Potential "  
 
VL-J(rc) = VL-J (2.5 σ) ؄ - 0.0163Ԗ  (4) 
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function of separation, r, of two like 
atoms were calculated by using the 
Gaussian 2003 software MP2/ 6–311 ++ 
G** method for He: He, Ne: Ne and 
MP2/6-31G method for Ar: Ar ,Kr:Kr 
and HF/STO-3G method for Xe: Xe. 
Then, the interaction energies between 
two like atoms, Eint (r) as a function of 
separation, r, were evaluated by means 
of following equation: 
 

( ) ( ) ( ) –  int r e rE E E ∞=
                        (12) 

 
where Ee(∞) refers to Ee(r) at a long 
separation, where the Eint(r) ؄ 0. 
We assume that Eint coincides with the  
Lennard – Jones potential, VL-J(r) in 
equation (3). 

The calculated values of Ee(r) and 
Eint(r) ؠ VL-J(r) for each of systems 
He: He, Ne: Ne, Ar: Ar, Kr: Kr and 
Xe: Xe, are gathered in tables 1, 3, 5, 7 
and 9 and ploted in figure, 2-6. 

In addition, the second virial 
coefficient for each rare gases was 
calculated upon equation (11) and the 

resultant values are given in tables 2, 4,  
6, 8 and 10. 

In order to calculate equation (3) and 
then integral (11), we desine two 
programs by using matlab 2012 
software. 

The values of Eint(r) (table 1) were 
represented by an equation like eq. (3) with 
 k (k represents the 31.5= ߝ 2.75Å and = ߪ
Boltsmann constant). Then, by means of 
these values and equation (11), we 
estimate the values of B at 100 K and 600 
K. The results are given in table 2, that are 
comparable with those can be found in the 
literature [2]. 

The procedure was repeated for Ne: Ne, 
Ar: Ar, Kr: Kr and Xe: Xe systems. The 
obtained results are given in tables 3, 5, 7, 
9. 

The values of Eint(r) (table 3) were 
represented by an equation like eq. (3) with 
 31.6k. Then, by means= ߝ Å and 2.84 = ߪ
of these values and equation (11), we 
estimate the values of B at 100 K and 600 
K. The results are given in table 4, that are 
comparable with those can be found in the 
literature [2]. 

 

Table 1. Total electronic energies, Ee(r), of two atoms of He and interaction energies between them, Eint(r), as a 
function of He: He separation “r”  

0
/r A  Ee(r)/hartree Eint(r)/hartree Eint(r)/k Eint(r)/J molecule-1

0.50 -4.7176 1.0517 332000 4.58E-18 
0.875 -5.5211 0.2482 78300 1.08E-18 
1.25 -5.7148 0.0545 17200 2.37E-19 
1.625 -5.7581 0.0112 3530 4.88E-20 
2.00 -5.7672 0.0021 663 9.15E-21 
2.375 -5.769 0.0003 94.6 1.31E-21 
2.75 -5.7693 0.0 0.0 0.0 
3.125 -5.7694 -0.0000.1 -31.5 -4.36E-22 
3.50 -5.7694 -0.00001 -31.5 -4.36E-22 
3.875 -5.7693 0.0 0.0 0.0 
4.25 -5.7693 0.0 0.0 0.0 
4.625 -5.7693 0.0 0.0 0.0 
5.00 -5.7693 0.0 0.0 0.0 
5.375 -5.7693 0.0 0.0 0.0 
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