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Abstract

* Liqud - vapour cquilibna of polar Lennard -Jones flutds 1s studied taking into account of dipole and quadrupole moments We employ

an cffective Lennard-Jones (ELJ) (12-6) potential to calculate cntical pont location for a range of values of both u o p“’ /(ec) and Q*" = Q2 Iea)

Our rcsults are 1n good agreement with the Monte—Carlo simulation data
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1. Introduction

The purpose of the present work is to study the phase equilibria
of polar fluid consisting of Lennard — Jones (L.J) (12-6) spheres
with embedded point dipoles and linear quadrupoles. Recently,
Karki er al [1] have derived effective 1.J (12-6) potential for
estimating the thermodynamic properties of molecular fluids.

In the present work, we improve the effective LI (12-6)
potential and apply it to study the phasc cquilibria of the polar
l.ennard - Jones fluids.

2. Potential model

We consider a fluid whosc molecules interact via pair potential
of the form

u(r 0, @,)=uy(r)+u,(rw,w,), )]
where r=1r, —r, | is the centre — to — centre distancc and ®,
represents the orientational coordinates (6, ,9,) of molecules i.
Here, u,(r) is the Lennard - Jones (LJ) (12-6) potential

uy(ry=4ef@n'-(a1n°], (2)

where ¢ and @ are, respectively, the well-depth and molecular
diameter, and u (r) is the angle — dependent part, which is taken

ua=u”u+uﬂq+uqq. 3)
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where, Uy, 1, and u, . arc contributions due to dipole - dipole,

gq
dipole — quadrupole and quadrupole — quadrupole interactions,
respectively.

3. Effective pair potential

Karki ef al [1] have expressed the orientation - independent

‘preaveraged’ pair potential in the compact form

w(n=4e {(A,z(o 11 ~[Ag(a 1) + Ay ]

+A|0(G/I')",])+(/‘“(G/[')” +Al‘(o/l.)| i +A|5(G/r)l5)}‘
4
T*=kT/ e,

u**=u’/(ec’) and 0** =Q%/(ec’) the explicit
cxpressions of the coefficients A are given as

In terms of the reduced quantities

A, =1+(1712T*)(u*?)?, (5a)
Ag=(1/4T*) u*? Q**, (5b)
Ao = (7120 T*) (Q*%)?, (5¢)
A, =1+(T71800 T*%) (u**)*, (5d)
A,,:(IIST*‘z)(u*z)ZQ*z, (6a)
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Ay =(6135T*) u*? (Q*2)2, (6b)

As =(18/245T*) (0*%)* (6<)

Karki et al [1] have neglected the terms appearing in the
second bracket of the right hand side of eq. (4). In the present
study we consider these terms to obtain the effective pair
potential.

We approximate 0/r=o/r,,,i,,=2'”(’ {2] and using the

coefficients A, . we definc the terms

A=N2Du* +(1142)" )y (u** 0*?)

+(7/202)")(Q*)?, M
B=(2"°/5)(p*2)2 Q*z +(6/35(2)l/6)p*2 (Q*z)z
+(18/245(2)"%) (@*?)", ®)
C=(7/800) (u**)*. 9)
Then eq. (4) can be expressed in the LI (12-6) form
vin=4e, [0, /n" =0, /1] (10)
where
6=0,l0=F", (1
€=e; le=(1+(BIT*)+(CIT*Y) F? (12)
and
F=(1+AIT*)/(1+(BIT*)+(C/T*")). (13)

Then the polar fluid can be treated as the LY (12-6) {luid.

4. Critical constants

In order to test the theory we apply it to estimate the critical
temperature 7., critical volume V... For the LJ (12-6) fluid, they

are given by
T *=kT-/le =126 (14a)
Vo*= Vo /No' =31 (14b)

In order to estimate the critical constants for polar fluids, we

replace € — € and 0 — 0 incq. (14). Thus, we get
To*= 126 €, (15a)

Ver= 316", (15b)

Eq. (15a) may be solved by the iterative process. Knowing
T *, we obtain the reduced critical density p*=1/V¢ * for
the polar fluid.

The values of the critical temperature 7.* and critical density
p*arec compared with the Monte Carlo (MC) data (3] i
Table 1 for various values of ¢ ** and Q**. The resulting T,* 1y
a bit higher than MC values except at y*? =2.0and Q*?=2),
where the situation is reversed. Howcever, the resulting p*1y

higher than the MC values throughout the range of y** and
Q*2 considered here. On the whole, the agreement is good.

Table 1. Values of the ¢ntical temperature 7,* and criical density p; for
vanous dipole moment ﬂ,z and quadrupole moment Q*,

L Pct
I w2 Q"
Present MC Present MC
1.00 1.00 1.82 1792002 034 0.34 £ 0.0
1 00 2.00 245 2422002 036 033 +x00]
200 100 2 06 2002002 0134 032 001
200 200 262 2652003 035 033+ 001t

5. Concluding remarks

The effective pair potential for the polar L (12-6) fluids 15
expressed in the LJ (12-6) form by simply replacing € — €, (T#)
and 0 — 0 (T*). The values of €; and ¢, which decrease
with increasc of T*, depend on *? and Q*?. The effective I.J
(12-6) potential is cmployed to cstimate the critical temperature
T * and critical density p* over a wide range of gy ** and Q*°.
The agreement with the MC | 3] data is good. This theory can be
cmployed to calculate other thermodynamic properties. This is
not attempted hcre.
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