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Surface tension of equilibrium spherical drops in the vapor phase
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The dependence of surface tension of equilibrium spherical drops in the vapor phase on
their size at the saturation vapor pressure was studied. The calculation was based on the lattice-
gas model in the quasichemical approximation, which takes into account the correlation effects
of the nearest interacting molecules. The methods for calculation of the surface tension using
a reference surface were considered. The key method is the calculation using an equimolecular
reference surface. In the calculation by determining the force moment balance of the transition
region, the reference surface is shifted toward the liquid phase of the drop, although the surface
tension values are rather similar for both methods. For equilibrium drops, the notion of tension
surface was found to be absent. The temperature dependences of the surface tension were
studied. The critical sizes of the drops corresponding to the conditions of drop stability as
a condensed phase were elucidated.
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The problem of calculation of the thermodynamic
properties of drops remained topical for a long period of
time. These properties are needed both to determine ther-
modynamic characteristics of vapor—liquid systems and to
describe the dynamics of new phase formation process-
es.!=4 Transition to molecular models is rather slow.3—10
Due to severe computation problems related to the use of
integral equations,3—8 the characteristics of drops!S are
often calculated using the van der Waals theory of capil-
larity,”-%-10 the density functional theory,'—14 and molec-
ular dynamics. The approach based on the lattice-gas mod-
el (LGM)16—19 was used not only to calculate the planar
vapor—liquid interfaces®7-20—23 put also to describe curved
surfaces.24:25

Using the molecular theory,16:17 the possibilities of de-
scription of the state of drops were extended: apart from
metastable drops, it became possible to study equilibrium
drops, which exist at a saturation vapor pressure. This
work reports the first calculation of the surface tension (o)
of equilibrium drops. Comparative analysis of the key
methods of determination of the ¢ value for equilibrium
drops, which are similar to the calculation methods of ¢ in
the thermodynamics and continuum mechanics for meta-
stable drops, was carried out. The results of these calcula-
tions in terms of the density functional theory were con-
sidered previously.26

We will restrict ourselves to qualitative description of
the molecular distribution and will take into account the
interactions of only the nearest neighbors in the quasi-
chemical approximation.

Model

A drop formed by molecules with diameter A will be
modeled by a system comprising spherical monolayers sur-
rounding the drop center. Each monolayer has width A
equal to the molecular diameter and consists of elementa-
ry cells or units with the volume v, = A3. As the drop radius
R, we take the radius of the sphere inside which the drop
has homogeneous properties. The transition or interfacial
region consists of k spherical monolayers including one
liquid monolayer and one vapor monolayer (Fig. 1). Let
us enumerate the spherical monolayers of the transition
region ¢ (1 < g < x) from the liquid (¢ = 1) to the vapor
(g = x). We will assume that all units within one monolay-
er have the same properties and will ascribe the type desig-
nated by the number of this monolayer g to all of them.

Fig. 1. Schematic fragment of a drop with radius R whose inner
part (/) is filled with the liquid and the outer part (3) is filled with
vapor. The liquid to vapor transition region (2) consists of
k spherical monolayers of width A including one liquid monolay-
er and one vapor phase monolayer.
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The considered system is an analog of equilibrium two-
phase system at the given temperature 7. All sizes in the
system (drop radius, width of the transition region, efc.)
will be measured in the A units.

For large drops, deviations of the structural fragments
from the strictly regular rectangular lattice are minor.16:17
For the spherical layers of a drop, one can retain the lay-
by-layer way of description of the number of bonds z, ,(R)
formed by a molecule located in monolayer g with the
nearest neighboring molecules located in the same mono-
layer, p = g, or in the neighboring monolayers, p = gx1

g+l
and Y.z, ,(R) = z (zis the lattice coordination number).

p=q-1 .

For a regular rectangular lattice, the numbers z,, , are con-
stant. For example, for z = 6, we have Zgqr1 = 1, 244= 4,

The number of units in a spherical monolayer at R > 5
is to a high accuracy equal to Nq(R) ~4nr?, r=R+qg— 1.
For every type of units g, we will define £, = N (R)/N, i.e.,
the fraction of units of the given type in the transition
region, where N = i N,(R) is the number of all units in
the transition regiofy.’

With allowance for the balance condition of bonds bet-
ween neighboring layers Ny (R)z, ;+1(R) = Ny (R)zg41 ,(R),
the numbers z,, ,(R) will be specified by the relations

Zga 1t (R = (1= 0/Pzg 1,

2yl (R) = [1+ Q2 —0)/r+ (1 = 0)/r?]zg 411 (¢))

20q(R) =244 — 211 = 0)/RI1 + [1/QR2ggs1- @

Equations (1) and (2) are interpreted as approxima-
tion expressions for two limiting cases: o = 0 and o. =1.17

The transition region can be regarded as analog of an
equilibrium two-phase system at a given temperature 7.
Since no external forces act on the drop, then according to
the LGM theory,!8 which takes account of the inhomoge-
neity of filling of the system units and interactions be-
tween the nearest molecules, one gets the following set of
equations!?

Pq = [eq/(l - eq)]Aq(R)’ 1 Sq <K, (3)

which relate the local isothermal pressure Pq to the local
densities of the fluid 6, in the monolayers of the lig-
uid—vapor transition region. The nonideality function of
the system A,(R) in Eq. (3) is specified by the formula

q+1
Ag(R)Y= TT(Sy )%™,

p=q-1

where S, , =1 + xt, ,, #,, is the conditional probability
that a molecule in monolayer p is located near a unit of
monolayer ¢,18 x = exp(—Bean), €an iS @ parameter of
lateral interaction of the nearest molecules; B = (kBT)*l,
kg is the Boltzmann constant. TheKaverage density of the

transition region is defined as 6 = Y, F,8,.
g=1

Free energy of the system. Free energy related to the
transition region is written in the quasichemical approxi-
mation?’ in the following form:

E=Y Y FM8, )
i=A,V

i _ AA
My = Ajaean 2.2, (R)G )y —
P

~p~'(In6}, +0.5% z, ,(R)In[0] ,/(6}6%,)]. ©)
¥4

Here the index A implies an occupied unit, and the index
V means a vacant unit; §,A =6,,6,Y=1—-6,",6, 7 are the
probabilities that a pair of particles i and j are located in
the neighboring units in monolayers g and p, A;, is the
Kronecker symbol (this contribution is absent for vacan-
cies). Expression (4) for the free energy is normalized to

one unit of the system.
Determination of the width of the transition region

For the sake of simplicity, consider the system with
the coordination number z = 6. For a specified tempera-
ture T, according to the Maxwell rule,18:19 determine the
saturation vapor pressure Py(7) and the densities of the
coexisting liquid and vapor phases, 6(1) and 8", respec-
tively, in the bulk phase. Substitute Pq = P(7) into the set
of equations (3). This gives the so-called equilibrium set of
equations. The smallest « value at which a solution 6
(1 £ g <) to the considered set exists will be taken as the
width of the transition region; this will be called the densi-
ty profile of the transition region. The transition region
profile changes monotonically with increase in ¢ from 6,
=0 to 6, = 0M). For a specified drop radius R, the found
value will be designated k(R). As shown by calculations,
the width of the interfacial region of the drop x(R) does
not exceed the width k of a planar interface at the same
temperature.

The solution of the equilibrium set of equations (3)
does not depend on the way of determining the surface
tension o. This allows one to compare the existing ther-
modynamic definitions of the surface tension as applied to
equilibrium drops using one and the same concentration
profile.

In metastable drops, pressure jump occurs at the sepa-
rating reference surface. The position of this surface af-
fects the surface tension and the pattern of the concentra-
tion profile.16

The surface tension of the drop
and the dividing surfaces

The spherical monolayers of the transition region can
be regarded as spherical surfaces with the curvature radius
determined by the monolayer number: = R+ g — 1. The
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number of the monolayer determining the tension surface
will be designated by p,.

The following methods for determining the position
of the reference surface exist in thermodynamics:1—7
1) equimolecular method; 2) method based on the use of
tension surface; 3) method that implies that the moment
of forces in the transition region is equal to zero.®

These methods are considered below.

1. The equimoleculear surface is defined based on the
lack of excessive adsorption of the substance, i.e., p, = p,
is found by solving the equation

Pe K
S E6,-0,)= Y F,(8,-6,). (6)

g=1 g=pe+l

2. The tension surface is determined by the p, value at
which ¢ is maximum on variation of p, within the interfa-
cial region, 1 < p, < k. This maximum is designated by o,
and, hence, p, = p,,. The tension surface is constructed
using the tangential component of the pressure tensor.6—3

3. The surface where the moment of forces relative to
the pg plane is equal to zero is introduced for the tangential
component of the local pressures.®—8 The position of the
dividing surface p, is found by solving the equation

Ps K
S M) () -, -n)= Y IM) D) -u e -1,), ()
g=1 g=ps+l

wherer,=R+q—1lur,=R+p,—1.

The surface tension o for a fixed sphere radius is deter-
mined based on the excess of the Helmholtz free energy in
the transition region. The ¢ value can be expressed through
average local pressures and the tangential pressure com-
ponents Mqv in the layers ¢, which are represented in the
LGM by local expansion pressures.!” For the dividing sur-
face positions p, and p,,, the surface tension ¢ is found
from the formula

o=(/F) T F, M) —u)+ ¥ MY -pol ®)

I<g<p; pr<gsk
Here the chemical potential
u,=p~{In6,Y + zIn[e,,YV/(6,")?1}

is found on the basis of Mqv at 6, = 0,, the layer number p,
determining the position of the reference surface. The
layers with g < p_ have higher density, and p, is the chem-
ical potential of the liquid phase; for g > p,, the layers
have low density, and p, is the chemical potential of the
vapor phase.

For the dividing surface pg corresponding to the condi-
tion of zero moment of forces, the surface tension o is
found from the equation

1
6= —| 3 r,MOV —p)+ Tr,MOY —u)| )

Ts La=n g>7;

Previously, 16 for calculation of the surface tension, the
purely thermodynamic definition of ¢ through average lo-
cal pressure MqV was used. In this work we employ the
traditional definitions used in mechanics of the surface
tension through the tangential component of the pressure
tensor. Let M, (DY and M,MV be the tangential and nor-
mal components of the pressure tensor, which are related
to the average local pressure MqV value by the expression
MqV = (2Mq(T)V + Mq(N)V)/3.

The equilibrium drops are characterized by the equali-
ty condition of the chemical potentials (. = u; = n(7))
inside the drops and in the vapor phase at the saturation
vapor pressure Py(7T) and given temperature 7. This means
that the internal pressure values in the vapor and the liquid
coincide being equal to ©t(7); therefore, expression (8) for
thermodynamic definition of the surface tension®16.27 can
be written in the form

o=

M=

F,M) —n(T)|/F,. (10)
1

q

The imposing additional condition of equality of the
chemical potentials of molecules in the interfacial region
means that the normal components of local pressures are
equal in all layers of the interfacial region of equilibrium
drops, i.e., MMV = MV = MY = n(T). From this it
follows that M,(DV = (3M,Y — M,™V)/2, therefore

K
o= 3 Fy (MDY =MV F, =
g=1

=(3/2) i F (M"Y —n(T)|/F,. (11)
q=1

The additional account for the mechanical condition
of equality of normal components in all layers between the
vapor and the liquid gives an expression that differs from
the purely thermodynamic definition of surface ten-
sion®16.17 by a constant factor of 3/2. From this it follows
that the dimensionless ratio 6/cy, (o, is the surface tension
for a regular rectangular lattice) does not depend on the
additional account of the mechanical equilibrium.

Properties of the interfacial region

The molecular models, unlike thermodynamic ones,
allow one to calculate the density concentration profile of
the interfacial region. A method of determination of the
width of the interfacial region k(R) and the density con-
centration profiles of the transition region is described
above. The radius of the liquid part of the drop R is an
additional state parameter of the drop—vapor system. The
« value depends on the radius R and the temperature.1—7

The temperatures are presented in the dimensionless
form t = T/T,, where T is the critical temperature in the
bulk phase (defined as the temperature at which two-phase
regions (indicating separation into layers) disappear.
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Fig. 2. Effect of the number of the layer ¢ in the interfacial region on the local concentration 6
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surface tension /0, (¢) for drops with size R =30 (), 120 (2), 480 (3) for t = 0.55. Here and below, the drop radii (R) were expressed
in the lattice structure parameter values A related to the Lennard-Jones potential parameter e as A = 1.12e.

In addition, for the simplicity of designations, we will use
n, instead of M, and r, instead of n(7).

Figures 2 and 3 show the curves that demonstrate the
effect of the drop radius and temperature on the properties
of the interfacial region. A comparison of Figs 2, a and
3, a, which show the concentration profiles of the interfacial
region for three dimensions of drops, shows that an in-
crease in the temperature results in increase in the width
of the interfacial region. At low temperature (t = 0.55, see
Fig. 2, a), the profiles for R = 120 (2) and 480 (3) almost
coincide with the bulk profile, whereas at high temperature
(t = 0.82, see Fig. 3, a), the profile even for R = 480 (3)
differs from the bulk profile.

Figures 2, b and 3, b present the local Ty — Ty values
used in relations (8) and (11) to calculate the surface ten-
sion. Their distribution over ¢ determines the final ¢ val-
ues. These values are distributed in different ways in the
transition region for different R. With increase in temper-
ature and, hence, increase in the width of the interfacial
region, their maximum values sharply decrease and the
curves become smoother. The r, — m values starting from
zero sharply increase and after reaching a maximum,
decrease almost equally sharply to a negative value, and
then slowly increase to zero. In addition, since it follows
from relation (7) that Ps <Ming, then p, are shifted to-

Ty <mp
ward the drop liquid phase: p < 3.

q

The o(q) values (see Figs 2, cand 3, ¢) decrease mono-
tonically with an increase in the layer number g (1 <g<x),
as the monolayer ¢ determines the position of the ref-
erence surface p,, the denominator £, in relation (10)
increases with increase in ¢, while the numerator re-
mains constant. Hence, the maximum of o(g) is at-
tained for ¢ = 1. This leads to the key conclusion:
the traditional thermodynamic notion of the tension
surface as the reference surface located inside the transi-
tion region for which the ¢ value is maximum is inappli-
cable to the equilibrium drops. The lack of the tension
surface for metastable drops at low temperatures was
noted previously.1® Therefore, below we consider only
two ways of calculation of the surface tension: the equimo-
lecular method with the choice of p, from relation (6)
and the method based on the condition that the mo-
ment of forces is equal to zero with the choice of pg from
relation (7).

The pattern of the concentration profile at high tem-
peratures is shown in Fig. 4 for t = 0.96. It can be seen that
near the critical temperature, the position of the concen-
tration profile differs appreciably from the profile in the
bulk phase even for R = 800.

The position of the equimolecular dividing surface p,
is unambiguously determined by the concentration pro-
file. The position of the surface pg at which the moments

12 ¢q 2 4 6

8§ 10 12 ¢ 2 4 6 8 10 ¢

Fig. 3. Effect of the number of the layer ¢ in the interfacial region on the local concentration 8, (@), r, — m value (b), and the surface
tension o/cy, () for drops with size R = 30 (7), 120 (2), 480 (3) for T = 0.82. The points in Fig. 3, a correspond to a planar interface.
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Fig. 4. Dependence of the local filling degrees inside the interfa-
cial region near the critical temperature for 1 = 0.96: calculation
for drops with the radius R = 800 (/) and the bulk (2).

of forces within the interfacial region become equal de-
pends on the distribution of Ty — Ty values present in rela-
tion (9) over ¢. The distribution of these values over mono-
layers ¢ for a planar interface at different temperatures is
shown in Fig. 5. As the temperature increases, the &, —
values rapidly decrease; therefore, for t=0.96 these values
are shown in the inset on an enlarged scale. It can be seen
that the maximum r, — 7y values and, hence, the p, values
are shifted to low ¢: ¢ < 3.

Figure 6 shows the temperature dependences of the
geometric parameters of the interfacial region for a planar
interface: the width of the interfacial region x (curve 1)
and the positions of reference surfaces p,, (curve 2) and p;
(curve 3). As the temperature increases, both the width of
the interfacial region and the number of the layer of the
equimolecular dividing surface p, also increase. At a first
approximation, p, = /2. At low temperatures, the posi-
tion of the reference surface py is close to the p, values but

th — Ty
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Fig. 5. Dependence of m, — m; on the number of the layer g of
the interfacial region of a planar boundary for t = 0.55 (1),
0.68 (2), 0.82 (3), and 0.96 (in the inset) for an equilibrium drop
with the radius R = 480.
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Fig. 6. Dependence of « (1), p, (2), ps (3) on 1 for a pla-
nar interface. The inset shows the dependence of surface ten-
sion oy, on 1.

upon increase in the temperature, the pg value remains
almost constant.

The inset in Fig. 6 presents the dependence of the
surface tension of a planar interface on the temperature.
This is consistent with experimental data.®” Over a broad
temperature range, this dependence is linear and only in
the vicinity of the critical temperature some flexure is ob-
served. The ¢ value does not depend on the calculation
method, because relations (8) and (9) for a planar inter-
face produce one and the same result. These bulk values,
designated by o, will be used subsequently to normalize
the o(R) values.

In Table 1, the p, and p, values for the same system
parameters R and t as in Fig. 5 are compared. As the
temperature increases, the pg value remains almost con-
stant, whereas p,, increases.

Figure 7 illustrates the effect of the size of drops on the
width of the interfacial region. For different temperatures,
the value vy = V,;/Vyop, i-€., the fraction of the volume of
the interfacial layer V. = Eq=2‘<—1Nq(R) on the full drop
volume Vo, = Viig 1 Vi is presented. Here Vy;q = 4nR3/3
is the volume of the liquid part of the drop. As the drop

Table 1. Values p,, and p, for drops with the radius R = 30 (I),
120 (II), and 480 (I1I) at the same t values as in Fig. 5

T Pe Ps

I I1 1 I 11 1
0.55 3 4 4 2 3 3
0.68 3 3 4 2 2 3
0.82 4 4 5 2 2 2
0.96 7 8 8 2 2 2
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Fig. 7. Dependence of y= V,/ ¥, On the drop size R fort=0.55
(1), 0.61 (2), 0.68 (3), 0.75 (4), 0.82 (5), and 0.89 (6) at . = 0.5.
The inset shows the dependence of the number of layers of the
transition region x on the drop radius R; the reduced tempera-
ture t values are indicated in the curves.

size increases, the fraction of the interfacial region in the
total volume of the drop sharply decreases.

As the temperature increases, the width of the interfa-
cial region x, and, hence, the value y = V,/V,,, increase
(see the inset in Fig. 7). At R =500, the V, value is 3.5% of
the total volume of the drop for t = 0.62 and 6% of the
total volume of the drop for T = 0.82. In the case of small
drop sizes, the fraction of the interfacial layer in the total
drop volume sharply increases. Near R = 50 this fraction
reaches 40—50% and in the case of R = 10, the interfacial
region predominates in the total drop volume.

Figure 8 shows the range of variation of p, for drops
with a radius from 8 to 103 depending on temperature. The
calculation was carried out for seven R values (with a nearly
constant increment on a logarithmic scale). It can be seen
that the scatter of p,, values is only about two monolayers.

Pe
25 F
20 |
15 F
10 |
5 ‘AL___;_ e
0..6 Oj7 018 0.I9 T

Fig. 8. Ranges for p, variation for drops with the size R = 8—1000
vs. the reduced temperature t.

The behavior of curves in Fig. 8 coincides with the behav-
ior of the p, curve in Fig. 6 plotted for a planar lattice.

Dependence of the surface tension
on the drop radius

Figure 9 depicts the calculated dependences of ¢ on
the size of drops for different temperatures normalized to
the surface tension of a planar lattice 6/c. The calcula-
tion was carried out with the parameter oo = 1/2. It can be
seen that with an increase in the drop radius, 6 — o, mono-
tonically, and for lower temperature (t < 0.75), surface
tension jumps are possible. The possibility of such jumps
was postulated earlier.4 These jumps take place at small
radius R values; this brings about the question of com-
mensurability of the transition region width and the size of
the molecule. In the traditional thermodynamic construc-
tions, it is assumed that the size of the molecule can be
neglected. As the temperature increases, the number of
monolayers k increases and the relative change in k be-
comes less significant at larger R.

6/0y

1.0 F [

0.8

0.6

0.4

0.2

100 200 300 400 500 600 R

G/0y

O .: 1 1 1 1
200 400 600 800 R

Fig. 9. Dependence of 6/c,, on the drop size for t = 0.55 (1, 1),
0.61(2,2),0.68(3,3),0.75(4,4"),0.89 (5, 57), 0.96 (6, 6") at
oa=1(I—6)and 0 (1"—6").
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An important role is played by the size range over which
the difference between 6(R) value in the drop and the bulk
oy, value can be neglected. The region in which the differ-
ence between o(R) and the bulk o, value is 1% for low
temperatures T = 0.55 and 0.61 starts already at R > 100.
For medium temperatures, the region with this insignifi-
cant difference between c(R) and oy, starts when R = 600
for 1 =0.68 and R = 2500 for T = 0.75. At high tempera-
tures a similar difference is observed only at R = 35000
(t =0.82) and R =~ 103 (t = 0.89). This is related to the
increase in the width of the transition region and conver-
gence of the 81 and V) values on temperature rise. Pre-
viously, this fact was disregarded. To simplify the thermo-
dynamic analysis, bulk value of the surface tension is most
often ascribed to relatively small drops.

Different methods for determining the reference sur-
face can give different values of surface tension. Neverthe-
less, calculations by formulas (8) and (9) for o = 0 give
rather similar results, which is demonstrated in Fig. 10. It
can be seen that both calculation methods give approxi-
mately the same ¢ value.

The temperature dependences of the surface tension of
the drops for a number of fixed radius values ranging from
8 to 103 are presented in Fig. 11. As above, the values were
normalized to the bulk oy, for every temperature. Curves of
two types can be distinguished.

For the first type of curves, for R > 40 the surface
tension is positive starting from low temperature. As tem-
perature increases, ¢ decreases, although in the inter-
mediate temperature range, the curves may be some-
what non-monotonic. Near the critical temperature,
all curves are characterized by negative o(R), which
is indicative of instability of drops of this size at high
temperatures.

G/Cy
1.0 F

0.8

0.6 [

0.4

8 16 32 64 128

256 512 R

Fig. 10. Dependence of the surface tension calculated by the
equimolecular method (continuous lines) and from the equality
condition of the moments of forces (dashed line) in the interfa-
cial region for 1 = 0.55 (1), 0.61 (2), 0.68 (3), 0.75 (4), 0.89 (5),
0.96 (6) at .= 0.5.
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Fig. 11. Dependences of 6/c,, for drops with sizes R from 16 to
1000 on the reduced temperature t. The drop radii R are indicat-
ed at the curves.

For the second type of curves at R < 30, ¢ increases
with temperature rise from negative values to a certain
maximum and then decreases to negative values, as in the
first type of curves. In the case of a positive maximum, for
drops of these size range, a temperature region exists in
which equilibrium drops are stable. These drops (R = 16)
cannot exist at low or high temperatures due to negative
surface tension. Meanwhile, for R =8, it was found that ¢
< 0 and, hence, the drop is unstable at any temperature.
Since negative surface tension values imply drop instabili-
ty, they are not presented in Fig. 11.

The critical sizes of drop formation

Figures 9—11 presented above indicate that there exist
solutions to the set of equations (3) for which ¢ are nega-
tive. A surface tension equal to zero implies the loss of
stability of the drop as the liquid phase. Actually the con-
dition 6 = 0 means that under these conditions the con-
sidered system does not form two phases. This occurs at
some critical size of the drops.

It follows from Fig. 11 that the condition ¢ = 0 can be
attained both by increasing temperature near the critical
temperature and by decreasing the drop size. In the former
case, the system occurs near large thermal fluctuations
and the chosen radii become smaller than the average
phase of fluctuations at the given temperature. In the lat-
ter case, the "phase"” inside the drop becomes unstable due
to large fraction of the interfacial region in the total drop
volume (see Fig. 7).

Figure 12 shows the temperature dependence of drop
size R, corresponding to the onset of the formation of the
second phase (6(R;) = 0) at three values of parameter o.

The zero o value corresponds to drops at low tempera-
tures and o = 1 corresponds to slightly curved monolayers
of large drops.!? It is natural to assume that oo depends on
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Fig. 12. Drop size corresponding to the onset of formation of the
new phase (Ry) at o =0 (1), 0.5 (2), 1 (3) and for linear approxi-
mation of o 7) (4) vs. temperature t. The inset shows the depen-

dence of the number of layers of the interfacial region x on t at
a=0(Hul 3.

temperature and, as a first approximation, to be restricted
to the linear dependence on T: a(t) = (t — 10)/(1 — 1),
where 1, = 0.55 is the triple point temperature. Curve 4
(see Fig. 12) refers to the given linear approximation
of (7).

For all of the considered o values are characterized by
decrease in R at 1<0.75 and fast growth of Ry att > 0.75.
In addition, an increase in o entails increase in R,. When
o = 0.5, they are close to average values between the R,
values for oo = 0 and oo = 1. For linear approximation of
o(T), the R, values change from the value corresponding
to o = 0 (at T = 0.55) to the value corresponding to o = 1
(att—>1).

The solution of the set of equations (3) at specified R
and T'values represent some equilibrium distribution pro-
file of molecules 6, (1 < g <x). The existence of this profile
does not answer the question whether or not the found
solution refers to a stable liquid phase of the drop. This
question can be answered considering the sign of the sur-
face tension. If it is positive, the phase is stable, while
when it is negative, the phase is unstable.

Figure 13 presents a comparison of the concentration
profiles (a) and dependences of the normalized surface
tensions 6/cy, (b) on the layer number of the interface g at
1= 0.82. The calculations were carried out for small drops.
The concentration profiles shown in Fig. 13, a have simi-
lar form, and the sign of the surface tension cannot be
estimated from their pattern. In Fig. 13, b, the sign of 6 is
retained and the surface tension either decreases with in-
crease in the number g if 6 > 0 (curves 2—4) or increases if
o <0 (curve I).

0 a
0.8}
0.6 F
0.4 F
02 f
2 4 6 8 10 12 ¢
6/0y b
V.
02F v
\\v
A 3 ~—.
-~ ——v-
0.1} A~ . T
2 A‘A\&KA—A
0 L ® @ —0—0—0—0—0——@ ® Py P °
1
—0.1f
2 4 6 8 0 12 ¢

Fig. 13. Concentration profiles (a) and normalized surface ten-
sions 6/cy, (b) vs. the number of the layer of the interface ¢ for
1= 0.82. The calculations were calculated for drops with the size
R=6(1),10(2), 15 (3), and 20 (4). The dots in Fig. 13, a show
the concentration profiles for a planar interface.

Nevertheless, the more sharply the profile changes and
the lower the width of the interfacial region, the smaller c.

Analysis of the theoretical equations!®17 has shown
the theoretical possibility of existence of equilibrium drops
at equal vapor and liquid pressures. Apparently, vapor
phase clusters or associates for highly non-ideal fluids are
formed by the same mechanism.!® Analysis of the states of
the system preceding the condensation phase transition
where the associates themselves acquire the properties of
a new phase with increase in the size is of interest by itself.
It is known that only these states correspond to thermody-
namic assumptions of the simultaneous equality of the
chemical potential of the molecule and the pressure inside
the drop and in the bulk vapor phase.4=7 The existence of
critical drop size corresponding to stability conditions of
the drop as a condensed phase was demonstrated.

The effect of the surface tension of equilibrium spheri-
cal drops in the vapor phase under saturated vapor pres-
sure as a function of their size and the temperature depen-
dences of the surface tension of drops with different size
were studied for the first time. Over the whole size range,
the o(R) is lower than that for the bulk phase o,. It was
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found that for equilibrium drops, the notion of "tension
surface" is absent. The numerical values of the surface
tension for the equimolecular surface and for the surface
corresponding to equilibrium to the moments of forces in
the transition region are rather close to each other.

The calculations illustrate good prospects for the use
of the proposed microscopic approach!6:17 for the descrip-
tion of thermodynamic characteristics of drops. The mod-
el can also be used to describe the behavior of small vapor
bubbles in the liquid phase. Since the lattice model is
widely used in practice,29—23 this approach allows one to
use this model for curved surfaces.
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