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1. Modelling of the interface

The structure of liquid-vapour interfacial region can be stu-
died by computer simulation or integral equation theories. In
spite of appreciable efforts which were devoted to the study of
correlation functions in the inhomogeneous region of liquids the
details of the distributions are not yet known. In our laboratory
we have succeeded in solving the Born-Green-Yvon-Bogolyubov equa-
tions for the liquid-rigid wall system /1/ and to some extent also
for the liquid-vapour interface /2/.

In this work we report some numerical results about the
dependence of the transverse and normal component of pressure ten-
sor upon the form of the density profile and upon the pair corre-
lation function. Harasima /3/ pointed out that within the approxi-
mation due to the Fowler model /4/ the excess of transverse pressu-
re is exhibited as the compression A px,y > O and mot as a
tension.

The components of the pressure tensor can be calculated in

the following way:
2

X
S '”_i V(r) @ (2)) Q(2,) &(F),F,) dF,

(1)

X4 refers to any of three Cartesian components of the radius

pi(Z) = ?(z) kT -
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vector between particles 1 and 2 (see Fig. 1). Let the Gibbs divi-
ding surface coincide with the density discontinuity and thus
px(z) and py(z) are identical and represent the components of
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transverse stress while pz(z) is a normal stress. The Lennard-
Jones pair potential is denoted by V(r), while (J(z) and g(?1,?é)
are the density profile and pair correlation function, respectively.

Fig. 1. The meaning of the geo-
metrical symbols appearing in vapour
equation (1).

liquid

The surface tension can be expressed as the integral of the
negative excessof the transverse component of the pressure tensor
over z coordinate

- | o - ny w (2)
where Py is the bulk limit of the diagonal values of the pressure

tensor and is equal to the isotropic value, which can be expressed
in the following way

Pp = ?kT -?_FT?_S r3Vi(r) g(r) dr (3)

The simplest model of the interface is due to Fowler /4/. In
this model it is supposed that the density profile has the form of
a step function and that the pair correlation function is liquid-
like up .- to the surface. The value of the surface tension in the
Fowler model depends upon what is inserted for Py in (2). If one
inserts (3) or pz(z) one gets a-negative, or a positive result,
respectively.

The fact that two equally reasonable suppositions lead to
results which differ in sign means that the model of discontinuous
density profile involves a high degree of internal inconsistency
This means that the supposition of step-like density profile is
not appropriate and we introduce the following model for the den-
sity profile and pair correlation function:
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Q(z) = ?vap + 0.5 (?uq‘ ?Vap) tanh (2z/1) ()

8(F),Ty) = o (F),F)) gy;0(rp) + (1=l (F,F) 8,,,(r)) (5)

vap

where ol ('F1 ,?2) is a weighting function which was defined in terms
of mean density § = (?(r1) + ? (r2))/2:

(P = Q- 0L (P10 - Prap) (6)

with ?liq and ?vap being the density of liquid and vapour, re-
spectively and 1 is the width of the interface. gliq(r) was taken
from Verlet’s molecular dynamics results /5/.

Expressions (4) and (5) define our model for liquid-vapour
interface uniquely. The Fowler model is characterized by 1l =Owhile
the realistic value of the parameter 1 defining the thickness of
the interface, as determined by computer simulation in the vicinity
of the triple point /6/ is 1 = 1.66 -
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Fig. 2. The transverse (a) and normal (b) component of pressure tensor as a
function of z coordinate calculated for various values of the interface
thickness 1.

2. Results and discussion

We evaluated the transverse and normal component of surface
tension for several values of 1. The results are depicted in Figu-
re 2. We can see that the introduction of finite width of the
liquid-vapour interface remedies the inconsistenciesat 1 = 0. With
increasing value of 1 the system approaches hydrostatic equilibrium
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which is exhibited py a weakening of the excess of normal com-
ponent of pressure tensor. It is interesting to point out that
the deviation from the hydrostatic equilibrium with the interface
has its minimum between 1 = 1.5¢ and 1 = 1.66 This is in
perfect agreement with the results of molecular dynamics simula-
tion by Walton et al. /6/ who showed that close to:the triple point
( ? liq.© 0.797 6’3; kT/E = 0.723) the surface thickness is equal
tol =1.628 . We may, of course, not expect that such a simple
model as we have introduced above would lead to a complete equili-
bration of the interface.

Figure 3 shows the integral expressing the surface tension
according to (2) as a function of 1. The full line corresponds to
Py = px(— 0o ) and the broken line to p, = pz(z).

Fig. 3. The surface tension as

calculated by means of eq. (2).
Full line: Inserting p_(-o00 )=
=pz(-cx: ) for Py bréken line
pb = PZ(Z)-

The surface tension is given in
units & /4 2.
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