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Theoretical relations for excess properties, AGF and AHE, of liquid mixtures whose molecules
are representable by convex bodies, were derived from Boublik’s perturbation theory and semi-
empirical equations for the pair distribution function of a reference system. A non-spherical
Kihara potential is considered and the thickness of representative bodies is determined from
a generalized Barker-Henderson’s theory. Computed results for binary mixtures N, + Ar.
N, + 0,, N, + CH, and benzene—cyclohexane are in reasonable agreement with the experiment.

In the last few years, there has been a considerable development of perturbation theories as a tool
for studying the liquid state. As it is well-known these theories are based on the selection of a re-
ference system, usually related to a hard core potential, similar in some way to the real system.
Once the distribution function of such a system is known, it is a simple matter to calculate the
perturbation contribution to the Helmholtz energy. The usual reference system for monoatomic
fluids is the hard sphere system which provides a physically reasonable model and its distribution
function is fairly well-known. However, the selection of the potential and its split-up are not
so clear for polyatomic fluids, since distribution functions depend on molecular orientations
and are poorly known.

One of the attempts to overcome these difficulties is due to Boublik!. He assumes potentials
where interactions depend only on the shortest distance between cores and uses a pair distribu-
tion function averaged over all the orientations. Besides, several analytic expressions in agree-
ment with Monte Carlo results are proposed for pair distribution functions.

It came out that recently derived expressions for pure N, gave excellent results'. On the other
hand, simple expressions for distribution functions and very simple potentials, too, have been
applied for mixtures of hard convex bodies with a thickness independent of temperature?.

The purpose of this work is to calculate excess properties, AG® and AHF, of some
binary mixtures applying a realistic potential and taking into account thickness
variation with temperature.

THEORETICAL

We consider a system made up of different types of molecules (1,2, ...) not neces-
sarily spherical. They interact through a Kihara potential with non-spherical core
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and geometrical functionals volume, surface and (4m)”" (mean curvature) are V;, S,
and R;, respectively. Following Boublik!, we define a reference system and that
of representative hard bodies.

According to Weeks-Chandler—Andersen theory (ref.*), the perturbation and the
reference potentials are:

12 6
ujy = &; {(%) _2<2;>}+5ij9 0 = qy; (n
“;5:0; Q > 4jj

ufy = —&ij, 0 £ q; (2)
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where ¢ is the shortest distance between the Kihara cores, ¢;; is the potential well
depth for the species i and j, g;; is defined by

I
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ufj

u(a;) = —e; 3)

and
u=u"+ uk. 4

The representative hard convex bodies are the parallel bodies with the distance d;;
from the Kihara potential cores. This thickness of hard convex bodies is computed
from a generalization of Barker-Henderson relation?,

di; = _r”[l — exp (—uji(Q)/kT)] do - )

0
The combining rule
diy = (d + d)[2 (6)
is assumed to be valid.

Boublik has shown* that taking only the first term in a perturbation expansion,
the Helmholtz energy of an actual system is given by

F—F* FC—F* 0
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where the superscript o refers to the system of representative hard convex bodies, n is
the particle number density, x; the mole fraction of component i, and

Sisor; = Sij + 8nR;j0 + 4mo® =
= S; + Sj + 8n(R; + R)) ¢ + 8nRR; + 4mo*. (8)

Let us now define h;;(o) as:

hij(e) = gi(e) — 1 ©)

It has been found? that h;;() may be given approximately by
hi(e) = Ay + By S MRy g0 < g < by (10)

i+o+)
hi(e) =0 for o> by
with
S;; + 4nR;;b;;

A =[1L - ?, () ) [l B Skl bt I 11
i= 1= ai0] 4rR;b;; + 4mb}; (tn

S;; + 8mR;,b;; + 4mb}
B, = :)_0 N el i;9ij ij 12
s = lga(0) ~ 1] 4R;;by; + 4mb}, (42
b;; = Rij/gioj(()). (13)

Several expressions for the Helmholtz energy and the pair distribution function
at contact are known; we use those derived by Boublik®.

g°(0) = L (SiT; + S;T)s + SiSy(r = 1) + 2Sisjfs (14)
1—v (1 = v)*Sis; 9L = v)* Sy
0 _ 2 s?
!:ﬂ—l]n(l—v)+L+Lz (19)
NkT  \9mp? n(l = o) 9no(l = v)
where
i = 4T[Ri3/si (16)
Q= Ri2 (17)
and for any functional:
y = aniYi. (18)
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1t should be pointed out that in Eq. (7), the origin for the potential term is at the
Kihara core while for the distribution function term is at surface of the representative
hard convex bodies. Since these bodies are parallel to the cores, the relationship
between the shortest distances is

Q?j = 0;j — dij -
With this in mind, we define:
z=olg;;; by =dylg; and 4y = (di; + byfg, (19)
so that the perturbation potential as a function of z is:

uly(z) = —g <1

1IA

ufz) = g4(z7'?—2z7%) z>1 (20)

and the equation (1) is written as:

F—F* F'—F* p Loy
= ——— + — ) XX;q;;€;4 — ile —d) S; ;dz +
NkT NKT 2kT§j 13 ’{ LUg {0 = ) Sivass

0
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1
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(z71% = 2279) SH“jdz} —
- nxixjg?j(o) Sitdyy+i {dij - anu[l — exp (_ﬁ“ir,'(Q))] dé’} (21)

as long as 4;; > 1, the most common situation. Carrying out the integration, we get

F - F* _F° — F*

n 245 45°
+ Eﬁg XiX;qii€i; [(aij - Pij)( = - —"“) +

NKT NKT 3 9
A4 An10 2475 Phtt
+ (B — ny) [ =T )+ (3, — my, ij T +
( j J)( 5 10 ) (V; J)( S 1 )
o5 8 Bis 9 72
+ ey - o) B = ) + (- =) - M|, 22
3 ( ’ 3) 2 ( BT )T\ T 22
where
m;; = Si; + 4nd? — 8nR;d;; (23
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n; = 8nq;;R; — 8nd;jq;; (24)
pi; = 4ngj; (25)
t; = S;; — 4nR;;d;; (26)
by = 47[Rijqij (27)
a; = (4 + 1) py; (28)
Bij = ni(Ai; + 1) + v(g5(0) — 1 — 4y) (29)
Vig = my(Aiy + 1) + £5(g5(0) — L — 4y) (30)
° a1y
M = nx;x;g%(0) Sitayy 4 {dii - J [t — exp (—Bui;)] dg} . (31)
)
TABLE I
Parameters of the Kihara Pair Potential and Geometric Functionals of Cores
Substance N, 0, Ar CH, Benzene  Cyclohexane
Ref. 6 7 8 9 10 10
q,107'%m 3-60 3-64 3-307 315 2:96 3-052
(e/k), K 117 130 147-2 226 8523 950-5
R, 107'%m 0-2325 0111 0164 0-4974 1-167 0-853
S, 10720 ;2 0 0 0-338 1-38 14:22 342
Vv, 10730 m? 0 0 0-019 0-084 2:49 332
TaBLE 11
Excess Thermodynamic Functions for Equimolar Mixtures
System Ar+ N, N,+ CH, N,+ 0, CgHg+ CgHj,
T, K 84 91 77 298-15
AGE,, I mol ™! 60 197 41 375
AGE,, Y mol ™! 34 141 42 360
AHE,, Y mol™* 43 157 119 339
AHE, Tmol ™! 50 - 44 828
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The main interest of Eq. (2) is that now we can obtain Helmholtz energy easily
from the parameters and the thickness of representative hard convex bodies.

RESULTS AND DISCUSSION

Eq. (22) has been applied to calculate the excess thermodynamic functions of four
binary mixtures Ar-N, at 84 K, N,-O, at 77 K, N,-CH, at 91 K and benzene—cyclo-
hexane at 298-15 K. Parameters of the Kihara pair potential and the geometric
functionals of assumed cores are given in Table I.

Combining rules &; = (e;¢;;)"/* and q;; = 3(q;; + g;;) were considered and
AGE and AHE calculated under assumption of AVE = 0.

Values of excess functions AGE and AHF of equimolar mixtures determined from
Eq (22) (AH® was calculated by numerical derivation) are compared with experi-
mental data in Table II. .

Table II shows that the calculated value for AH® and especially for AGE agree
fairly well with experiment. It is seen that systems of large complex-molecules are
described by the theory with similar degree of accuracy as systems of small nearly
spherical molecules. This fact. gives evidence in favor of considering the perturba-
tion theory of convex molecules as proper tool of describing general systems of non-
polar compounds. Deviations are due before all to the used combining rules and the
oversimplified relations for the average correlation function.

It appears that the use of more detailed description of intermolecular interactions
does not result in an improve of the agreement in excess thermodynamic functions;
this follows from the comparison with previous studies of one of the authors®.
Therefore, it seems necessary to employ the more sophisticated relations for the
average correlation functions (e.g. that of ref.“) and more complicated treatment
including better combining rules for interaction parameters when seeking out im-
provements in description of molecular mixture behaviour.
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