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Abstract 

Reduced sccoiid v i r lo l  coefiaents and lhc~r  first and second dclivatlvc:. with respecl fo reduced temperature T* 
%re evnlu;~lcd for Lunnaid-Jonzs ( 4 - 4  and (5-ni polentiala orcr a ranse of T* = 0.3 to 500. 

Empir!cd eqoatlons lor thc reduced virfal caeliicrents :ind their derivatives are presented. Force constants lor 
L.1 Ox ill pi1tci11i:d arc  cbziliialcd lor ? B  pure suhstnncer and tcn mixtures and Boyle temperature and rolurnc iar 28 
purc inb~l:inics mu w~lu :~ tcd .  

Kevwenlc: Vm.d coeilir~entc, g&\~o~smmiwl~~ics, I.cnn,ud-Jones potential. Boyle temperatore. 

1. Introduction 

To evaluate the thermodynamic properties using virial equation of state, a knowledge of 
vil-ial coefficients is essential. Virial coefficieuts may be evaluated by using a potential energy 
function. By using mixing rules it is possible to evaluate the thermodynamic properties of 
mixtures. it1 thc present study a general Lennard-Jones potential'. namely. 

$( r )  = Ar-" - p F r n  (1 

has been used 

Lennnrd-Jones2 has derived an expressiori for the evaluation of second virial coellicients 
using equatloii (2)  which can he written as 

*Prcaenl address Dep:irlrnent o l  Clrcrn~cal Engmeriiig, M S. Ramaiah Instilute 01 Iechnillogy. Rangalore 
560 054. 
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2. Present work 

In the present study, the second virial coefficients for LJ(4 - n) and LJ(5 - n )  polcntials are 
evaluated over a reduced temperature of 0.30 to 500.0. The temperature derivatives of the 
second virial coefficients are evaluated using the equations 

BT(TC) = T*(dB*/dT*) 
and 

B;(T*) = T * ~ ( ~ ~ B * / ~ T * ' ) .  

2.1. Empirical equation for B*, 6': and B: 

The values of B*(T*), B: (T*) and B:(T*) evaluated are fitted to an equation of the form 

b(T*) = A +BIT* f C/(T*)' + D/(T*)3 + E/(T*)4 + F/(T*)5 (6) 

where 4 is one of B:, and BT 

For getting a better fit, the data are fitted over two ranges, namely, T* = 0.3-2.10 and 
T* =2.0-11.0. The second virial coefficients and their temperature derivatives and the 
constants of <he polynomial for B*(T*) evaluated for 1j(4 - n) and 1j(5 - n) potentials are 
available with the authors. 

2.2. Evaluation of Boyle temperature and volume 

Boyle temperature is the temperature at which the second virial coefficient is zero, and 

Table I 
T$ and B:, values for (m - n) potential 
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Boyle volume is the voliimc which corresponds to that lernperatnre. For each valuc of m 
for 1..!(4-n) and IJ(5 - n) potentials, values of T* and BT at which the value of B* is 
smaller than 10- ' are ev3luated ( T a b l ~  I). Eoyoyie temperature and voiurile can be evaluated 
using the equations: 

and 
VB = Bf".bO 

2.3. Application of LJ(m - n) potential to purr gases 

The LJ(n1- 11) potential is applied to 28 pure substances. The force constants clk and b, 
are evaluated for cach potcntlal functlon by a non-hear least-squares technique. From 
these sets thc values of r / k  and h, which gave the lowest value of the sum of squares of 
deviation in calculated B(T) values are selected as the hest (Table 11). 

2.4. Application to mlxtures 

For the ev;~loation of force constants of mixtures, following mixing rules are used: 

z;, = (C;,.C,,)~'~ (9) 

0,) = (10) 
and 

In the present study, only binary mixtures are considered. The calculated values of B,, 
the mlxture second virial coefficient are evaluated for various mole fractions and potential 
functions. For a mixture, the potential function which gives the minimum sum of squares 
of deviation in calulated and experimental mixture second virial coefficients is chosen as 
the best (Table 111). 

A comparison of mixture properties evaluated by LJ(6-12) potential with the LJ(m- n) 
potential shows that the latter prcdicts mixture second virial coefficients better. Similar 
observation is found in the case of pure substances also. 

The computat~ons were made in double precision on an IBM 360144 digital computer. 

Nomenclature 

A, B, C, D, E, F = constants in eqn (8) 
W )  L second virial coefficients, cm3mol-I 
R*(T*) = T*(dR*/dT*) = first derivative of the second virial coefficient 

BT(T*) = B(T)/b, = reduced second virial coefficient 
B:(T*) = T * ~ ( ~ ~ B * , ' ~ T * ~ )  = second derivative of the second virial coefficient 

= mixture second virial coeficienl 

B,, = interaction second virial coeficient 
dJ(7.*) = one oCB*(T*), BfIT*), B:(T*) in eq11 (6) 
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Greek letters 
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