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The mean spherical model approximation (MSMA) has heen suceessfully
usedd by differont werkers to derive the struetures of liquids.  The
square-well attractive tail in the prosent case combined with MSMA,
rcsults in simple closed analytical expressions {or surfaco fension. an
oquilibrium property wud shewr viscosity and  self-diffusion cceflicient,
the transport. properties of liquids. It is gratifying to note that theve is a
good agreement. between the caleulated and experimental values with
the same set, of parameters for hoth types of properties aloug with the
effective mass prescription.

1. INTRODUCTION

There is now considerable ovidence (Gopala Rao & Murthy, 1974, 1975: Gopala
Rao & Nammalvar, 1975, 1976) that a useful model 1o clucidate the structural
propertics of both metallic and non-metallic liguids is the mean spherical model
approximation (MSMA). One of the hey arees of the future development of this
model is its application to some other propertios of liquids like surface tension,
an oquilibrivm property and also shear yviscosity and sell-diffusion ccefficients.
ar equilibrium property and also shear viscosity and self-diffusion cocflicients,
vhe transport properties. It is with this intorest, wo propose to test the validity
of the closed analytical simple expressions derivod, especially for these properties,
using tho square well (SW) potential along with the MSMA
2. THEORY

We start with the Fowler’s expression for surface tension (Fowler, 1937) which
is given by
7p*

y="0 1" ,7:.1 (r)g(r)dr e ()

where, g(r) is the radial distribution function (RDF),
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u(r) is the intermolecular force potential, and rest of the symbols have
thoir usual connotations.

For SW potential we have

I
= 400, r=JAc
— 0, r+ o Ao .. (2)
We write
dugr) X(T) J u(r)
au(r T KgT
ar = = —kgT ¢ B dr (e R ) (3)
and
wu(r)
l(llr( : }\"T) — a:/K"TB(T—-U), 0O<r<a
— (=B S Qe). 7 < Ad e (@

[Tere, ¢ and A aro the depth and hreadih of the SW potential model under consi-
deration.

Now terminating the upper limit of the integral in eq. (1) at Ao, splitting
tho integral into regions of 0 to o and o to Ao and then imposing the delta func-
tion propertics we can write eq. (1) as

mp? I..,’I’a'“

y - fg(er) — (1 — ¢~ Fn

Jg(Aa)At] - (D)
whero, ¢ g(o) is the RDF evalnated ad # slightly greater than o and g(Ar) is that
evaluatod at » slightly less than Ao
We reeall from statistical considerations (Exring of «l. 1967) that
9(o) — — (o)

Hore c(o) is the direet correlation function (DCF) evaluated at 7= o in the
Worthoim-Thiele solution of Percus-Yeviek (PY) equation for hard spheres
(Wertheim, 1963: Thicle 1963) given by

() = =L [ren=en (14 J(5)+gaem( )]

=

mpod . . . . .
where, 9 —= f’ is the packing fraction and p is the number density.
)
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Thus, °
9l0) = (11—“;’17{‘)‘: )

The relution between DCF and RDF at r — As for tho potential function under
discussion is given by (Egelstaff. 1967)

(o) = (1—e ™1 00) L))
and

c(Ao) =— r.-o ... (8)

(3
kp?’
by virtue of MSMA. Substituting for g(a) and ¢(Ag) lrom eqgs. (6), (7) and (8)
and roarranging the torms cq. (5) finally assumes the form

. 3BTy [ At 1492 ] (9)

4V LkgT (1—9)2
The calculated values of surface tension trom eq. (9) have beon givon along with
experimontal valuos in table 2. The necessary potontial parameters {tuken {rom
socond virial cocflicients havo been listed in teble 1 (Rivschiclder el «f 1954). The

Tablo 1. Potontial paremeters from second virial coefficiont

81 Liquids

Dm.- o, giien
No. A UK A
1. Argon J—l_(;:‘.’. 6;.4 B l_ 86
2. Neon 2.382 19.6 1.87
3. Krypton 3.362 98.3 1.85
4. Xenon 3.760 1927.7 1.86
5. Nitrogen 3.299 53.7 1.87
6. *Bromine 4.258 523.34 1.56
7. Carbon dioxide 3.917 119.0 1.83
8. Methano 3.40 88.8 1.86
9. Etnane 3.636 244.0 1.652
10. Propane 4.418 347.0 1.464
11. Butune 4.812 387.0 1.476
12. Ethylono 3.347 222.0 1.677
13. *Pentano 5.422 386.2 1.52
14. *Bonzene 5.17 840.1 1.37
15. toam 2.61 1290.0 1.20

*Parainetors aro obtained from comprossibility sum rulo.
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molar volumes have been obtained from densities available elsewhere (Interna-
tional Critical tables, 1928).

Table 2. Surfuce tension of liquids

X dyne/em.

Sl Liguds Temyp, Mol. Vol. ——— e
No. 'K c.e Cal. Obs.
|“:“7AI'L'-U|7| S E_VS(i.‘) S ;.28.(;01 N ];:?)(:—-_ --_lii.é()
2. Noon 26.0 16 26 4.40 5.5V
3. Krypton 119.8 34.73 16 K8 16.10
. Xonon 165.0 12 95 20,26 19 30
A, Nitrogon 71.0 34,00 .20 9 39
6. Bromo 2013.0 H0 H0 43 68 A1.H/0
7 Carbon dioxide 248 0 45.74 9. 64 .13
8. Mothano 111.7 37.83 13.60 16.00
9. Lthane 173.0 03.46 15.41 —
10, Mopane 1493.0 70.30 11.66 —_—
11, Batano 293.0 96 H0 10 92 —_—
12, lthyleno 262.0 68.29 705 —
13, DPentane 204.0 120 11.84 13.72
14.  Bonzouo 203.0 89.0 27.37 28.60

15. Wader 363 0 18.606 47.50 60.75

“The procedure depicted above can also be adopted to get an exprossion for
the shear viseosity of liquids.  Using Born-Green's equation (Johnson el al 1964)
the shear viscosity is given by

2nf m \t P du
= "‘_( — _) I ny(r)<=(r) ridr e (10)
10\ kgT 0 dr
where, ny(r) — p*a(r)

Making uso of the delta function property eq. (10) hecomos

2 m \V —e/kpT’ -
AT (LB';) phaTot{g(o) —gAo)(1—e T2 )au), e (1)
which ultimately with MSMA results
w= Y50 (arryy . (12)

whero, X = =T
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Eq. (12) dovs not give encouraging results as, at this stage, one has to take into
account the concept of effoctive mass due to caging effect ax has already been done
by sovoral workers (Egelstaff 1967: Gopala Rao 1975; Gopala Rao ef al, unpub-
lished). The effective mass of the molecule can be caleulated by assuming it
to be & sphere of diameter 1* and is given by

mayg(a) ( ’(;) ! (13)

Hore /* is the correlation Jength and is taken to be equal {o the lattice constants
[rom X-ray data as is genorally done (Gopala Rao 1975 Gopala Rao e al. un-
published).

Taking this otfective mass into consideration og. (12) can bo finally written as

] m /2
u = 0.8{ J’Ig(qzi_tgg]):’ﬁifn }:\' . (14)

The ¢q. (14) has boon used 1o caloulato the shear viscositios of some typical liquids
and have been given i table 3.

Table 3. Shear viscority of liquids

mpoiso
8l.  Liquids Tomp. Mol. Vol. * e —
No. K .. i Cal Obs,
l. Argon T T 86.0 ——Z—b_(;(r b.43 ’ 2.5“_— i 240
2. Noon 25.0 16.20 4.52 0.90
3. Krypton 119.8 34.73 5.69 3.60 3.8
4, Xenon 165.0 42.96 6.18 h.03 5.60
5. Nitrogen 7.0 34.00 5.66 1.75 2,00
6.  Bromiuc 203.0 50.50 .67 11.06 10 00
7. Carbon dioxide 203.0 57.14 5.570 0.574 0.7
8. Motnane 1.7 37.83 5.89 1.27 1m0
9. Ethanc 186.0 54.9 8.19 1.719 1.62
10. Ethylenc 172.0 50,0 (.44 1.18 1.50
11. Pentane 203.0 112.0 10.3 2.368 2.40
12. Benzene 293.0 89.0 9.76 6. 8306 6.50

13. Water 363.0 18.65 4.53H 2.37 3.17
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Following Chapman-Enskog procedurc for SW fluids (Recd and Gubbins
1973; Longuet-Higgins and Valloau 1956) we write the frictional coefficient I’
as

r=% ( ﬂ/;':T)* po*| glo)+2%a) | 2T — P —22}] .. (15)

pIE T x¥(2%+e/kpT)b e-*2dx
0

The function X has been calculated numerically fors various values of reduced
tomporature by Luks et «l (1966). The self-diffusion coefficient D is then given
by
p Kot
ml
With the concept of effective mass and using eqgs. (7) and (8) for g(Ao) eq. (6) can
bo written as

(16)

().]530'{ kaT'V }“

7 \Mg(o)l*3
D= I V¥ e L (17)
#HO)+— o ~4{e — g —2;}
KyT(e —1) ‘B

liq. (17) hus been employed to caleulate the self-diffusion coefficionts some
liquids and have boon listed in table 4 along with the experimental values, *

Table 4. Self-diffusion cocfficionts of liquids

D em?[roc.
SL. Liquids Tomp. Mol. Vol —_—
No. °K c.c. Cal. Obs.
1 Aggm  86.0 28.00  1.45  1.60
2. Noon 25.0 16.26 1.361 —
3. Kryptov 119.8 34.73 1.30 1.70
4. Xonon 165.0 42.95 0.93 1.30
5. Nitrogen 74.0 34.00 1.666 —
6. Bromine 293.0 50.50 1.45 ?: 037*
7. Mothane 111.7 37.83 3.00 3.70
8. TPontanc 293.0 112.00 1.86 5.18
9. Benzeno 293.0 89.00 1.56 1.91
0 18.15 2.94 2.44

10. Wator 208.

*Compared with ealeulatod value of Longuot-Higgins & Poppies, J. Chom. Phys..
25, (1956) 884.
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Discussion

Exemplifying the model presented in this paper the three propoertien viz.
surface tension, shear viscosity and self-diffusion coefficients of several liquids
have been calculated. It is gratifving to note that there is good agreement.
hetwoen the theory and the experiment. Especially considering the fact that
surface tension, a macroscopic property is now rolated 1o the potential parameters,
the values obtained are of considerable interest. Wherever tho scond virial
coefficient data aro not available a differout method 1o evaluate the potential
parameters had been songht for. This involves tho usago of compressibility sum
rule: which is related to the isothermal compressibility, a quantity that can be
moasured aceurately from an exporiment. The parameters thus oblained yield .
reasonably good result.

Like oquilibrium property, the transport properties are also very important in
dotormining the correctnoss of tho molocular model one considers.  Tho agreements
in tho cases of viscosity and self-diffusion coefficient caleulations are generally
very good oxcopt in fow cases. The concept of effective mass utilised prosents
a true picture und is a better description than multiplying the calculated values
by some corroction factor as has heen done earlier by soveral workers (Vadovie
& Colver, 1971).  Because of the well supported features weo conclude that the
MSMA is a good description for nonmetallic liquids.  This view is also supported
by tho equation of state we derived sometimes back with MSMA and in its success-
ful applications in evaluating various thermodynamic propertics (Gopala Rao
& Joarder, unpublished).
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