J Iadan Inst Sci, Mar-Apr 1989, 69, 137-142
" Indian Institute of Science

Application of Lennard-Jones (i, m) potential to
pure gases and gaseous mixtures

S. KALYANI* anp D. N. SESHADRI

Department of Cherucal Engmeering, Indian Institute of Science, Bangalore 560012,
Received on November 27, 1987; Revised on June 6, 1988,
Abstract

Reduced sccond viral coefficients and their first and second derivatives with respect to reduced temperature 7+
are evaluated for Lennard-Joues (4 —n} and (5—a) potentials over a range of 7% = 0.3 to 500.

Empirical equattons for the reduced virfal coefficients and their derivatives are presented. Force constants for
LJ {m, n} potential are evaluated for 28 pure substances and ten mixiures and Boyle temperature and volume for 28
purc substances are evaluated.
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1. Introduction

To evaluate the thermodynamic properties using virial equation of state, a knowledge of
virial coefficients is essential. Virial coefficients may be evalnated by using a potential energy
function. By using mixing rules it is possible to evaluate the thermodynamic properties of
mixiures. In the present study a general Lennard-Jones potential®, namely,

Qry=Ar""—pr~™ 1)
has been used.

Lennard-Jones? has derived an expression for the evaluation of second virial coeflicients
using equation (2) which can be written as
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2. Present work

In the present study, the second virial coefficients for LJ(4 — 1) and LJ(5 — n) potentials 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

BH(T*)= T*dB*/dT™) (4)
and
BY(T*) = T*d?B*/dT*), )

2.1. Empirical equation for B*, BY and B%
The values of B¥(T*), B (T*) and B¥(T*) evaluated are fitted to an equation of the form
&(T*)= A + B/T* + CAT*? + D/(T*? + E{T*?* + FAT*? (6)

where ¢ is one of BY, and B}.

For getting a better fit, the data are fitted over two ranges, namely, T* = 0.3-2.10 and
T*=20-11.0. The second virial coefficients and their temperature detivatives and the
constants of the polynomial for B*(T*) evaluated for LJ(4 — n) and LJ(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 !

T% and B} values for (in — n) potential

m n T% B}y
4.0 50 59.29 0.1937
4.0 6.0 3217 0.2923
40 10 216 03726
40 80 17.15 (4383
40 100 1227 0.5379
40 120 9.917 0.6095
40 140 8.541 0.6632
4.0 180 7.006 07383
4.0 200 6533 0.7656
4.0 280 5442 0.8380
50 70 9.728 05188
50 80 7.849 0.5794
50 9.0 6.687 06282
50 100 5901 06685
50 120 4.906 0.7311
50 150 4.082 0.7968
50 200 3.385 08659
50 300 2782 0.9390

50 400 2,505 09774
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Boyle volume is the volume which corresponds to that temperature. For each valuc of m
for LJ(4 —n) and LJ(S —n) potentials, values of T* and B* at which the value of 8* is
smaller than 1077 are evaluated (Tabie I). Boyle temperature and volume can be evaluated
using the equations:

Ts=T}e/k 0]
and
VH= B)lkli'b()' (8)

2.3. Application of LJ{m — n} potential to pure gases

The LJ(m — n) potential is applied to 28 pure substances. The force constants &/k and b,
are evaluated for each potential function by a non-linear least-squares technique. From
these sets the values of £/k and b, which gave the lowest value of the sum of squares of
deviation in calculated B(T) values are selected as the best (Table II).

2.4. Application to mixtures

For the evaluation of force constants of mixtures, following mixing rules are used:

5y = o) o

0, = (O'xi'o'jj)uz (10)
and

LEDESTR (1

In the present study, only binary mixtures are considered. The calculated values of B,
the mixture 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 ITI).

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

The computations were made in double precision on an IBM 360/44 digital computer.

Nomenclature

A,B,C,D,E F = constants in eqn (8)

B(T) = second virial coefficients, cm®mol ™!
B*(T*)=T*dB*/dT*) = first derivative of the second virial coefficient
BX(T*) = B(T)/b, = reduced second virial coefficient

BX(T*) = T*}d?B*/dT*%) = second derivative of the second virial coefficient
B, = mixture second virial coefficient

B = interaction second virial coefficient

o1 = one of B¥(T*), BHT*), B3(T*) in cqn (6)
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mn = parameters in Lennard-Jones potential, egn (1)
N = Avagadros’ number

T = temperature, “K

T* =T/e/k) = reduced temperature

XX, = mole fractions of components i and j

Ty = Boyle temperature, ‘K

Vs = Boyle volume, cc/mole

Greek letters

A = parameters in Lennard-Jones potential, eqn (1)
4 = collision diameter, A
£ = depth of the potential well
g/k = parameter in Lennard-Jones potential, “K.
o) = potential energy function
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