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Previous studies have indicated that most of the existing theories of mixtures tend to fail for
solutions containing species with large molecular size and intermolecular energy differences. In
this work a dense fluid mixture theory, which is similar to the mixture theory of imperfect
gases, is introduced. This theory is applicable for mixtures of molecules with large size and
energy differences. The new theory is shown to be successful in predicting properties of
Lennard-Jones fluid mixtures at, both, finite concentrations and infinite dilution.

I. INTRODUCTION

Statistical mechanics is of central importance in the fun-
damental study of mixtures and prediction of mixture prop-
erties. It provides equations that enable one, at least in prin-
ciple, to calculate the thermodynamic and transport
properties of mixtures from a knowledge of quantities on the
molecular level. The energy and pressure equations’? allow
the calculation of the internal energy and the compressibility
factor from the molecular distribution functions and the in-
termolecular potentials of molecules in the mixture. The
Kirkwood-Buff solution theory® provides equations for the
isothermal compressibility, partial molar volumes, and the
derivatives of the chemical potential with respect to mole
fractions x; in terms of the mixture radial distribution func-
tions alone.

Exact equations for #-molecule distribution functions in
terms of (# + 1)-molecule functions are available.* The
Yvon-Born-Green* and the Kirkwood” integral equations
are of this category of equations. In addition, a relation
between the two-body and three-body distribution functions
is derived by Salpeter® which is given by an infinite series of
irreducible clusters. The difficulty of working with the infi-
nite number of terms forces one to make simplifying assump-
tions. The Kirkwood superposition approximation® is one
such closure assumption suggested in order to solve the inte-
gral equations for the distribution functions. The method of
topological reduction was also utilized to derive integral
equations for the distribution functions. In this approach a
relation between the total and the direct correlation func-
tions is assumed, in addition to the relation which defines the
direct correlation function. The Percus-Yevick? and the
hypernetted chain'? integral equations are derived using
this method. Except for the simplest models for pair interac-
tions, such as hard sphere model, mixture calculations using
the integral equations approach are extremely complicated
and do not always produce the expected results."

The perturbation theory'* divides the potential func-
tion into a reference part and a perturbation part. The refer-
ence part represents a potential model for which the thermo-
dynamic properties are known, such as the hard sphere
model. The variational theory?’ provides inequalities which
may give least upper bound and highest lower bound to the
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Helmholtz free energy. In both, perturbation and variational
theories, a reference system, for which thermodynamic
properties and radial distribution functions are known, is
needed. Mixture calculations based on these theories, al-
though simpler than the integral equations approach, are
still lengthy and usually no closed form expressions can be
obtained.

The conformal solution theory® presents yet another al-
ternative to calculate mixture properties. The basic assump-
tion in this theory is that all species interact by potential
functions which have the same functional forms and they
differ only in the values of the parameters of the model po-
tential. Radial distribution functions of mixtures are ap-
proximated by that of a pure reference fluid, with the appro-
priate scaling of distance, temperature and density. Van der
Waals mixture theory is a more widely used two-parameter
conformal solution theory in this class. The van der Waals
theory was extended to a three parameter potential, in which
the stiffness of the potential function can be varied.’ A num-
ber of other conformal solution theories have been derived.
The mean density approximation,'®!! the hard sphere'® ex-
pansion, and the density'? expansion theories are among
those suggested.

The mixture theory of imperfect gases'® has the advan-
tage of being applicable to all classes of mixtures, but it is
limited to low densities. In the current work the imperfect
gas theory is used to develop a mixture theory which is sim-
ple and applicable to asymmetric mixtures at all state condi-
tions.

Ii. THEORY

In the theory of imperfect gases the compressibility of a
pure gas can be represented by a viral expansion of the form

P/kT=p+B(T)p*+ C(Dp*+ -, (1)
where P is the pressure, 7 is the temperature, and & is Boltz-
mann constant. The quantities B(T),C(T),... are called the
second, third,... virial coefficients, respectively. The virial
coefficients are functions of temperature only and their
forms depend on the gas under consideration.

For multicomponent systems'> Eq (1) takes the follow-
ing form:

P/kT=p+ B, (Tp*+C,(Tp’ + -, (2)
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where the mixture virial coefficients B,, and C,, are given by

B, = 2“: i x,x; By, (3
=h1j=1

C.= i 2 z X% %3 Cigg o (4)
=1/=1K=0

In the above equations ¢ is the number of components in
the mixture, and x; is the mole fraction of component i. It is
worth mentioning here that the ith virial coefficient is relat-
ed to irreducible clusters of i molecules. Thus, in the virial
expansion, the N-body problem is reduced to a series of one-
body, two-body, three-body problems, and so on.

The derivation of the virial equation is based on the as-
sumption that the pressure can be expanded in powers of the
absolute activity. The resulting series has a radius of conver-
gence beyond which the series no longer represents the fluid
pressure. Since the virial expansion diverges when used for
liquids the radius of convergence might have something to
do with the gas-liquid phase transition. Nevertheless, this
expansion is quite exact for mixtures of gases regardless of
the relative differences in size, shape, and nature of the mole-
cules forming the gas.

Theoretical treatment of liquid mixtures has required
new methods that are directed more towards the many-body
nature of liquids as discussed in the introduction. However,
in order to develop an analytic theory of mixtures which can
take advantage of the versatility of imperfect gas theory for
asymmetric mixtures, the present theory is introduced. In
this theory the pure dense fluid pressure is represented by the
following expression:

P/kT = f(p,T:{a'"}), (5)

where {2} is a set which its elements represent either the
intermolecular potential energy parameters, or the constants
of a pure fluid equation of state. Extension of Eq. (5) to
multicomponent mixtures can be achieved through different
mixture theories. In the present theory it is assumed that Eq.
(5) can be expanded as a power series in density as follows:

P/kT =p + B(T{a'"})p* + C(T:{a})p* + -+,
(6)
where the virial coefficients B,C,... depend on some, or all, of
the / parameters {a@‘"}. By utilizing the theory of mixtures of
imperfect gases Eq. (6) can be extended to mixtures and the
resulting mixture virial coefficients will then have the fol-
lowing forms:

B, (T,{a,('{)}) = ‘zl .Z] x;x;B; (T;{a,gjl)}), (N
i=1j=
C, (T{ai'}H
= Zl S kz x.%;%, Cyy (T{a L{aP {aP D), (8)
i=1j=1k=1

and so on up to the / + 1st virial coefficient.

In Egs. (7) and (8), {a{"} is the set of parameters for
the mixture under study. Provided that the unlike interac-
tion virial coefficients can be obtained, the above set of /
equations can be solved for the / unknowns {a‘"}. These
parameters when replaced in Eq. (5) would provide a mix-
ture theory which can be used for multicomponent mixture

calculations. This mixture theory is specially useful when
the results from the other mixture theories are difficult to
obtain, or when there is no mixture theory available for the
class of mixtures under consideration.

Equations (7) and (8) are derived from expanding the
pressure in powers of density as shown in Eq. (6). If one
expands the internal energy, rather than the pressure, then
the following relations can be obtained

dB, < < dB,
TiF= Z Zxx Y (9)

NPT
i=1j=1 aTr

de _ ¢ c 4 quk
aT 2 2 2 g

The mixture parameters obtained from Egs. (9) and (10)
should be replaced in the equation for the internal energy.
Any other property can then be calculated from the appro-
priate thermodynamic relation. The constraint of replacing
the mixture parameters only in the equation for the property
which they are derived from is not necessary when the mix-
ture parameters are temperature and density independent.
Note that Eqs. (9) and (10) may be integrated with respect
to temperature, and the constants of integration evaluated
from the condition at 7= . This yields Egs. (7) and (8),
which still have to be replaced in the equation for the internal
energy.

(10)

Ill. EXAMPLES OF APPLICATIONS

To illustrate the use of this theory, it is applied to a one-
parameter, a two-parameter, and a three-parameter model
dense fluids. Then it is used to predict properties of a model
dense fluid (Lennard-Jones mixtures) for which computer
simulation data are available.

A. One-parameter model

Hard sphere fluid is a suitable one-parameter model.
The compressibility factor Z of this fluid is represented well
by the Carnahan-Starling equation'*

Z=P/pkT=(1+y+y*—y*)/(1—yp)? (11)

where y = 7mpo’/6 and o is the diameter of the hard sphere.
For extension of a one-parameter model to mixtures only
one equation (the second virial coefficient expression) is
needed. In this case Eq. (11) gives the following expression
for the second virial coefficient, which turns out to be the
exact expression as derived from statistical mechanics,

B= lin; (Z - 1)/p =2mc/3. (12)
pa
The mixture parameter o,,, can now be obtained from Eq.
7):
o =zzxixjo'?j' (13)

This expression is identical to the size mixing rule in the van
der Waals mixture theory. Replacing Eq. (13) in Eq. (11)
gives the hard sphere mixture equation.
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B. Two-parameter model

The van der Waals equation is a two-parameter model
which is given by

p/kT =p/(1 — bp) — ap*/kT, (14)

where @ and b are two constants for a specific substance.
Since this is a two-parameter equation two mixture expres-
sions (based on the second and third virial coefficients) are
needed. From Eq. (14) one gets the following expressions
for the second and third virial coefficients of the van der
Waals equation

B=b—a/kT, (15)
C=b2 (16)
The mixture parameters are then
172
@ = b, kT =3 Y x,x;(b;kT — a;), (18)

where C;’s are calculated according to Eq. (16). The equa-
tions derived from the internal energy, Egs. (9) and (10),
give the following result:

a, = 2 Z xx;a;.

Although the van der Waals equation is a two-param-
eter model, only one of the parameters is needed in calculat-
ing the residual internal energy, which is given by

19

(20)

This is the reason behind obtaining only one relation, namely
Eq. (19), when the internal energy is used to get the mixture
parameters.

U, =ap.

C. Three-parameter model

The variational-Yukawa equation is an example of a
three-parameter fluid model. In this model the molecules
interact by a one-Yukawa-potential function ¢, which is giv-

en by
¢(r*)={oo r*<l’
—e/r*exp| —z(r* - 1)], r*>1
where r* = r/0, o is the hard core diameter, € is the value of
the potential at its minimum, and z is a third parameter
which determines the steepness of the attractive tail. Jedrze-
jek and Mansoori'® derived a pure fluid equation of state for

this potential based on the variational theory. Their equation
is given by

(A—A*)/NkT=y(4 —3p)/(1 —y)? — 120G /T*,
(22)

(21)

where
G =zL /[12p(L + Se*)],
L=19[{(1 +y/2)z+ (1 + 2],
S=(1—-p)2 + 6p(1 — y)z> + 18yz — 12p(1 + 2p),

and T* = kT /e. The second, third, and fourth virial coeffi-
cients, as obtained from Eq. (22), are

E. Z. Hamad and G. A. Mansoori: Theory of mixtures

B=1b,{1-—B(z)/T*}, (23)
C=5/82{1 — y(2)/T*}, (24)
D=9/32b3{1 — 6(z)/T*}, (25)

where
by = 2mwa>/3),
B(z) =3(z+ 1)/7,
y(2) = 6[y, — 24(1 + 2)%—%]/52°,
and
82) = [ — s — 6(1 +2)e{P(z +4) + ¥

+4(z + D} + 144(1 + 2)%e — %] /25,

The quantities ¥,,1,, and ¢, are polynomials in z which are
given by

¥, =52 — 423 — 1222 + 24z + 24,
v, =22~32246
and
Yy =22(z+ 1)(2° — 62% + 182 — 24).

The mixture parameters are then obtained by solving the
following set of equations:

o, {1-B(z,)€,/kT} =3 3 x,x,(3/2m)B,, (26)
o5, {1 —y(z,)e, /kT}

=Y 33 x.x,%, (3/27)*Cy, (27)
@ {1 —68(z,)e, /kT}

=33 > > xxx%,(3/2m) Dy, (28)

where B, C,

i i

x» and D, are obtained from Eqgs. (23)-(25).

D. Lennard-Jones model

Next the current mixture theory is tested by comparing
its prediction of mixture properties to exact values. Simula-
tion data for mixtures of model fluids are very useful in test-
ing mixture theories because for such mixtures one can
eliminate the errors resulting from the inadequate represen-
tation of the potential functions and other sources. The Len-
nard-Jones potential, which is given by

#(r) = 4e{(a/r)"* — (0/1)®}, (29)

is a widely studied model potential. Mixture simulation data
for a wide range of size and energy ratios for this potential
model are available. The data are used to test the current
mixture theory and the result is also compared to the predic-
tion of the van der Waals mixture theory.

To apply the proposed mixture theory one needs an
equation which describes the behavior of the pure fluids.
Ree'® and Nicolas et al.” have proposed equations of state
for Lennard-Jones fluid. In this work Nicolas et al.” equa-
tion is used. Since the Lennard-Jones fluid is a two-param-
eter fluid, the second and third virial coefficients are needed.
The expressions for the second and the third virial coeffi-
cients, as derived from Nicolas ef al.!” equation, are
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= (270*/3)B* = 2mo /3) [ X, + X,/ T** + X,/T*
+X,/T* + X;/T*], (30)
C= (2mo’/3)’C* = 270’/3)*[Xg + X/ T* + X/ T**
+ (Xo + X50)/T* + X,,/T*],
(31)
where X,’s are numerical constants of the equation. The mix-

ture parameters €,, and o,, are then defined by solving the
following set of equations:

C*(kT /¢,,)/B**(kT /€,,)
2
=22 Zx:xjxkcyk/(Z » x"xfsB"f) '
O =2 T XX

It should be pointed out that the expressions for €,, and o,,
according to the present theory differ from the expressions
based on the van der Waals mixture theory, which are given
below

€,0,, = =33 xxe a;,
o, =Y > xx0.

The use of Egs. (32) and (33) in calculating €,, and o,
requires a knowledge of the unlike interaction third virial
coefficients Cy;,Cjx,CissCyiic (i#j7# k). There exists no
exact way of obtaining such unlike interaction coefficients
from pure component coeflicients when the potential func-
tion is not known. However, the following approximations
exist in the literature.

(1) The first approximation is based on C; for hard
sphere mixture, which is known exactly. When the ¢,;’s, in
C, for hard sphere, are replaced by {18C,;/57°}'/¢ the fol-
lowing approximation is obtained'®:

Cu = VI5[Ay + Ay + A + 18(A ;A A
+ 16{(Ay A2 + (A A2
+ (A A )1/2} 9A2/3(Al/3 1/3)
— 9A2/3(A1/3 A1/3 2/3X (Al/3

(32)

o, B*(kT /€;)/B*(kT /e,,). (33)

(34)

(35)

1/3)]
(36)

where A, = [ (C}{*+ C{)/2]°.
(2) The second approximation is based on the statistical
mechanical expression for the third virial coefficient which,

subject to several simplifying assumptions,'® reduces to

Cijk = (Cijcikcjk)l/3, (37)
where C; is obtained from the third virial coefficient of pure
component i by replacing all the parameters {a‘”} by those
of the pair ij,{a{"}.

(3) A number of scaling approximations have been test-
ed by comparison with exact values of C,,, for square-well

and Lennard-Jones potentials. As a result the following
expression is recommended?®:

Ciy = (27N, /3)2[0,-jaikajk ]2C *(kT /ey,
where

(38)

6049

E\Ziks(eijeikejk)’ (39)

and C*=C/[(27N,/3)?0®] is the reduced pure fluid
third virial coefficient.

(4) In another effort to develop an expression for Cj;,
Eq. (38) was modified empirically to become?!

Ci = QTN /3)?[ (05 + 0y + 04)/3]°
XC*(kT /e), (40)

where C * and € have the same definitions as in Eqgs. (38)
and (39), respectively.

Equations (32) and (33) along with the different ap-
proximations for the unlike interaction third virial coeffi-
cients are used to calculate Henry’s constant, pressure and
internal energy of Lennard-Jones mixtures at various condi-
tions.

Henry’s constant of component i in a mixture H, is de-
fined by*?

In(H,/kTp) =u3/kT = (u, — p*)=/kT, (41)

where 117 is the residual chemical potential of component i
in the mixture at its infinite dilution. From Eq. (41) it can be
shown that when the compressibility factor of the fluid is
given in the form Z = f(po?, kT /€,,) as in the case of Len-
nard-Jones model, then Henry’s constant of component /in a
multicomponent mixture is given by

ln( il [

ka NkT Nieo NkT
Sl ‘1'31] (Z. ) 42)
03. aNl Ni=0 ’

where G, and U, are the residual Gibbs energy and internal
energy, respectively. The superscript (@) indicates a solute-
free mixture (i.e., with x, = 0). For binary mixtures €®, ¢
G?,U?,and Z ® are properties of the pure solvent. Equation
(42) is valid for all density independent choices of the pa-
rameters.

When Eq. (42) is combined with the proposed model
for o,, and €,,, Egs. (32) and (33), Henry’s constant for
component 1 of a binary mixture takes the following form:

In(H,/pkT)
= po, /KT + [U,,/NKT + T*B 5, (Z, — 1)/B,,]
B,,Cr0r(1 +3C120/Cpy — 48,,/B5,)
T‘(2B£2 C222 - CEZZBZZ)
+2[B,/B,, — 11(Z, — 1). (43)
In the above equation B' and C' are derivatives of B and C
with respect to the reduced temperature T *, respectively. In
a similar manner it can be shown that the van der Waals
mixture theory gives the following expression for Henry’s
constant:
In(H/pkT)
=#2r/kT+ 2(012/022)3(612/622 _— 1) Uz,/NkT“{" 2
X [(01,/05,) — 11(Z, — 1). (44)

The Henry’s constant predictions by Eqs. (43) and (44) are
shown in Figs. 1 and 2 along with the computer simulation
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In (Hv/KT)
-2.0

~4.0
T
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T
.
7

-12.0 -10.0

A 4 L e I e, L M
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.7% 2.00
f

FIG. 1. Henry’s constant for Lennard-Jones mixture vs /= €,,/¢,, with
042 = 0y atkT /€, = 1.2and po*,, = 0.7. The points represent the simula-
tion data (Ref. 22) and the solid curve represents the van der Waals theory.
The prediction of the new model is shown with C,,, from Eq. (36) {dotted
line}; from Eq. (37) {chain-dotted line}; and from Eqgs. (38) and (40)
{dashed line}.

data of Lennard-Jones mixture? for different energy and
size parameters ratios.

According to Fig. 1 the van der Waals theory predicts a
linear dependence of Henry’s constant on f = €,,/€,, while
Eq. (43), with Egs. (37)-(40) for C,,,, predicts the same
behavior as the simulation data. The quantitative agreement
of Eq. (43) with the simulation data is also good particularly

1.0

0.5
-

0.0
u

In (Hv/KT)
-0.5

-1.0

-1.5

-2.0
——

— e — L L L 4
0.00 025 050 0.9 1.00 125 1.50 1.7%5  2.00
h

-2.5

FIG. 2. Henry’s constant for Lennard-Jones mixture vs 4 = (0,,/03,)>
with €,, = €,,. The prediction of the new model is shown with C,,, from Eq.
(36) {dotted line}; from Egs. (37) and (38) {dashed line}; and from Eq.
(40) {chain-dotted line}. For other details see caption to Fig. 1.

when C,,, is calculated from Eq. (37). The approximation
for C,,, as given by Eq. (36) is not as good as the other three
approximations. The reason for this could be due to the fact
that the approximation given by Eq. (36) is derived from the
repulsive ‘“hard-sphere” third virial coefficient in which
there are no accounts for attractive energies. Figure 1 also
indicates that the prediction by Eq. (43) is sensitive to the
approximation used for Cy; . Figure 2 shows the comparison
for molecules with the €,,/€,, = 1 but different size ratios
h = (0,,/0,,)° In this figure the van der Waals theory pre-
dicts a linear dependence of Henry’s constant on 4, while the
prediction based on Eq. (43) with the use of the different
approximations for C, is in better agreement with the simu-
lation data. One may conclude from Figs. 1 and 2 that the
dependence of C;;, on size as given by Eq. (38) is better than
that given by Eq. (40). In addition, Eq. (36) seems to be
limited to molecules with €,,/¢€,, close to unity. Due to this
observation, and for the sake of clarity, only predictions with
the use of Eqgs. (37) and (38) for C;;, are reported in the
remaining figures.

In addition to the infinite-dilution test one should test a
mixture theory at finite concentrations and for different size
and energy ratios of species of the mixture. Comparison of
the compressibility factor and the internal energy of a num-
ber of equimolar mixtures with the computer simulation
data®*** is presented in Figs. 3-7. Figure 3 shows the com-

2
©
€11/€22= 1.0
T =200 K
w - §
s /
™ o
—-—-""-:-___-%-
2
<}
e
-« l B |
< e:11/522 =45 :
=F T=200K ”/‘m
° L
| .
N L

e F

[
EL ""'.’.,',,—..'..’”. ,,,, Tl
<
[¢]

1.00 1.25 1.50 1.75 o

T11/05

FIG. 3. Variation of the compressibility factor of equimolar Lennard-Jones
mixture with o,,/05,. The points represent the simulation data (Ref. 24) at
p* = 0.8 (circles) and at p* = 0.9 (squares). The solid curve represents the
van der Waals theory. The energy equation prediction of the new model is
shown with Cy, from Eq. (37) {dashed line}; from Eq. (38) {dotted line}.
The chain-dashed curve represents the pressure equation prediction of the
new model.
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4.0

35

3.0
T

0,,/05, = 1.0
T=270K
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4.5

e E"

3.5

[ 0,,/0,,=20
T =200K

i 1 L

1.0 2.0 3.0 40 5.0
€1/€2

3.0

FIG. 4. Variation of the compressibility factor of equimolar Lennard-Jones
mixture with €,,/€,,. The points represent the simulation data (Refs. 23
and 24). For other details see caption to Fig. 3.

pressibility factor as a function of ¢,,/0,,. For €,,/€,, =1
the van der Waals mixing rule predicts a constant value of
the compressibility. On the other hand the model proposed
in this work, Eqgs. (32) and (33), perform much better both
qualitatively and quantitatively.

In addition Fig. 3 shows that when o,,, and €,,, of the new
model are replaced in the pressure equation, the prediction is
better than when they are replaced in the energy equation for
€,,/€;, =1 and T=200 K. When such a comparison is
made at a number of other conditions, it was found that

2
)

0,,/0,, = 1.0

u, /KT

1.0 2.0 3.0 4.0 5.0
6”/622

FIG. 5. Internal energy for equimolar Lennard-Jones mixture at 270 K and
p* =0.8. The points represent the simulation data (Ref. 23). For other
details see caption to Fig. 3.

<
w
L ]
o
3
L ;,'..'..',.'._— .......... B,
o
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(=]
2}
e
St
0,,/0,, =13
€,,/€,, =30
<
- . . . .
50.0 100.0 150.0 200.0 250.0 300.0

T, K

FIG. 6. Variation of the compressibility factor of equimolar Lennard-Jones
mixture with temperature at p* = 0.8. The points represent the simulation
data (Ref. 23). For other details see caption to Fig. 3.

while the compressibility prediction by the two methods is
about the same, the internal energy prediction from the ener-
gy equation is much better than that from the pressure equa-
tion. To understand this behavior one should notice that in
calculating the internal energy from the pressure equation,
derivatives of the unlike interaction third virial coefficients
are needed. Due to the approximate nature of those coeffi-
cients, their derivatives would have a larger error, especially
near the maximum of Cj, . It seems that this is the source of
the large error in the internal energy values, when it is calcu-

0.0

-2.0 -1.0

-3.0

i
-
s |
S
33
1
<
©
1
e
~
]
(-3 -
3 0,,/05 = 1.3
€1/€2= 3.0
=
? - 1 L -
50.0 100.0 150.0 200.0 250.0 300.0

T.K

FIG. 7. Variation of the internal energy of equimolar Lennard-Jones mix-
ture with temperature at p* = 0.8. The points represent the simulation data
(Ref. 23). For other details see caption to Fig. 3.
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lated from the pressure equation. In the remainder of the
calculations reported here, all mixture properties are calcu-
lated from the energy equation.

Figure 3 also shows the compressibility factor at €,,/
€,, = 4.5 for two different densities. At this large value of
€,,/€,, the van der Waals mixing rules predict a decrease in
the compressibility factor with increasing 0,/7,,, which is
opposite to what the simulation data shows. The new model
predicts the correct behavior with good accuracy. Note that
at o,,/0,, close to unity the two models predict almost the
same values, but as the ratio o,,/0,, increases the van der
Waals model start to deviate from the simulation data, while
the new model continues to predict the compressibility with
the same accuracy.

Figure 4 shows the compressibility as a function of €,,/
€,, for two values of 7,,/0,,. The general trend of Fig. 3 is
also observed here. A noticeable difference in this figure is
the relatively large deviation of both models at 7= 270 K.
The pure fluid equation could be the source of the error in
this case because 7* = kT /¢,,~8 is outside the recom-
mended temperature range'” (0.5<T *<6) of this equation.
Figure 5 shows the prediction of the residual internal energy
as a function of €,,/¢€,,. The new model is again in better
argument with the simulation data. This is more pronounced
at large €,,/€,, values.

To study the effect of temperature on the accuracy of
prediction by the two models, the compressibility and the
residual internal energy are plotted vs temperature in Figs. 6
and 7 for 0,,/0,, = 1.3 and €,,/¢;,, = 3.0. The proposed
model is again in better agreement with the simulation data
for compressibility. The van der Waals theory predicts nega-
tive compressibilities below 56 K. In predicting the internal
energy the van der Waals theory performs slightly better for
temperatures less than 160 K.

V. CONCLUSIONS

A new dense fluid theory, for mixtures consisting of spe-
cies with large size and energy differences has been devel-
oped. This theory is based on the theory of dilute gas mix-
tures. The new theory is tested for mixtures of
Lennard-Jones fluids and it is compared to the van der
Waals mixture theory. It is found that at size and energy
ratios close to unity the two theories perform equally well.
As the size and energy differences between the species of the
mixture increase the prediction of van der Waals theory de-

teriorates, while the prediction by the proposed dense fluid
theory remains accurate.

Since this new theory is based on the imperfect gas mix-
ture theory it is quite accurate for mixture predictions at low
densities. It is demonstrated here that at high densities pre-
dictions by the new theory are also accurate. The perfor-
mance of the new theory is also tested at different tempera-
tures. The theory is found to predict mixture properties quite
well for a wide range of temperatures.
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