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A relation has been derived between surface tension of pure substances and the parameters
of the Lennard-Jones equation for intermolecular potential. The substitution for these para-
meters from empirical relations makes it possible to calculate the surface tension from critical
temperature and critical volume of the substance considered. The derived relation has been veri-
fied by comparing the calculated values of surface tensions with the values measured for 22 pure
substances.

In our previous papers!™3, the expression for calculating the surface tension
>

of pure substance y was derived from the thermodynamic condition for equilibrium
in a system in which a force field acts:
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where ¢ is the adsorption potential defined as the work necessary for transferring
one mol of molecules considered from the bulk phase to a certain place in the surface
layer, gg is the density in the surface layer, M molecular mass and s is the distance
from the phase boundary. The value of adsorption potential @ is a function of the
distance from the phase boundary. To be able to derive this function it is necessary
to use some of the relations for the dependence of intermolecular potential ¢ on the
distance of centres of two interacting molecules. In one of our foregoing works!,
the intermolecular potential was expressed by the equation ¢(r) = — 4/r® and on mak-
ing use of some simplifying assumptions, the relation between surface tension
of pure substances, their saturated vapour pressure and density was derived.

* Part VII in the series Surface Tension of Binary Solutions of Non-Electrolytes; Part VI:
This Journal 37, 327 (1972).
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THEORETICAL

The intermolecular potential between two identical particles will be expressed here
by the equation*

o(r) = 4el(o]r)** = (or)°]. @

On the assumption that intermolecular forces are central and additive we get, for the
intermolecular energy of one particle inside a system, the relation

E, = J‘ @(r) N dnrt dr =
d

= —%anﬁ(l/f) + l‘,—anw’z(l/dg) s (3)

where N is the number of particles in unit volume, ¢ and ¢ are the parameters of the
Lennard-Jones equation (2), r is the distance of centres of interacting molecules
and d is the distance of centres of two adjacent molecules.

Now we will consider a molecule which is close to the surface and which therefore
is not surrounded by the other particles uniformly in all directions. The distance
of the centre of molecule from the phase boundary will be denoted by s. The inter-
molecular energy of such a particle is then given by the relation:

Es = qu;(r) NQ2nr? + 2nrs)dr = ~EnNeo®(1]d*) —
4
— $nNeoS(s[d*) + gnstT”(l/dg) + 4nNeg'?(s[d"®) 4

for the case that the centre of the molecule considered is nearer to the phase boundary
than its diameter d (s < d) and by the relation

Es = '[ o(r) N 4nr? dr + J o(r)N(2nr? 4 2nrs)dr =
d

=~ 5nNeoS(1/d®) + 4nNea®(1/s%) +
+2nNea }(1]d%) — FEnNeo'(1]d%) ©)

for the molecules whose centre is at a larger disténce from the surface than their
diameter (s > d).
The adsorption potential @ can be then calculated from the equation
® = $nN,Neo®(1/d®) — nNNea(s[d*) —
—enN,Nea'?(1/d%) + $nN,Neo'¥(s]d*°) for s<d (6)
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and

@ = InN,Neo®(1[d®) ~ % nNyNea*}(1/s°) for s> d, (7)

where NV, is the Avogadro number.

If we substitute these relations for @ into Eq. (/) and for og we insert o = 0o(Es/E.,)
where ¢, is the density in the bulk liquid phase' we will get the relation for the surface
tension:

6 12\ -1
"—3+19“’—) ]ds. )

If the distance d to which the centres of two adjacent molecules can come up is put
equal to o we will get, by solving Eq. (8) for the calculation of the surface tension,
the relation

y = 040225 . 10*tN2(0,[M)? e0* =
= 0:6325 . 10%(0,,/M)? (¢/k) o*, 9

where k is the Boltzman constant, density g, is in units of g cm™3, e/k in K and o
in nm.
The values read from tables can be substituted for the parameters of the Lennard-

—Jones equation ¢ and ¢ or they can be calculated from critical quantities according
to the empirical relations®

elk = 076T,, o = 0-0841V}/3, (10)
where Ty is inserted in K and ¥ in ecm® mol™!. By inserting these relations into
Eq. (9) we get the relation which enables us to calculate the surface tension of pure
substance from its density and critical quantities:

y = 0:24047(¢0,/M)* T V.}3 . (1)
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This relation has been verified by calculating surface tensions of 22 organic non-
polar or weakly polar substances. These values are compared with experimental

ones in Table 1.

DISCUSSION

As we can find out from the table the mean error of surface tension calculated ac-
cording to Eq. (1]) is +6-08%. The maximum found error is for toluene, the lowest
errors are for benzene, 2-methylhexane and methylcyclopentane.

TaBLE 1

Comparison of Experimental Surface Tensions 7, with Values Calculated from Eq. [¢[L%

Substance Tk Vk 020°
n-Pentane 470-4 310616  0-6238
n-Hexane 5080  316-141  0-6993
n-Heptane 540-2 421-134  0-6836
Isopentane 461-0 308024 0-6196
3-Methylpentane 504-4 366-809 06642
2-Methylhexane 53141 432-30 0-6788
2,3,3-Trimethylbutane 5315 395-54 06900
Benzene 561-7 256:636  0-8789
Toluene 5939 319-801  0-8669
o0-Xylene 6312 376:086  0-8800
m-Xylene 6168 383-416  0-8641
p-Xylene 6159 385465 0-8610
Ethylbenzene 617-2 318-:095 0-8671
Chlorobenzene 632-4 308073  1:1062
Bromobenzene 6702  323:513  1-4952
Tetrachloromethane 5564 275915 1-5940
Cyclopentane 511-8 259-815  0-5729
Cyclohexane 5532 309-713  0-5293
Methylcyclopentane 5328 322-689 07486
Methylcyclohexane 5539 372168  0-7653
Diethyl ether 4668 278123 0-7135
Ethyl acetate 5232 286-318  6-9006

Yexp

16-00
18-41
19-65
14-99
1812
19:17
18-7

2889
2852
30-1

28-63
2836
2920
32:65
3572
26-76
22:57
251

22-18
23-73
17-06
2375

Yeale

17-60
18-81
19-06
16-28
18-91
19-14
17-59
27-88
3263
2727
2635
2631
2649
30-53
32-44
25-80
23-03
23-86
21-90
21-44
18-88
24-81

Deviation

%

+-10-00
+ 217
— 298
- 8:58
-+ 435
— 011
— 545
— 002
+14-40

— 724
— 928
— 649
— 920
— 360
+ 2:04
— 450

+1069
+ 446

“ Values of the quantities Ty, V, 030° and ¥, are taken over from the literature®.
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The experimental values of surface tensions of 22 chosen pure substances would be
best represented by the relation

y = 0:24346(g,[M)? T V3 . 12
@ k"k

The constant in this equation differs from the theoretically determined one only
by 1-20%. This relatively very good agreement which, however, could be influenced
by the choice of substances compared, despite the fact that this choice has been
incidental, justifies us to assume that the model considerations used in deriving
describe well the real behaviour of non-polar or slightly polar substances.
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