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Abstract—Based on the analysis of the characteristic pattern of the disjoining pressureisotherm in thin wetting
film on a macroscopic solid insoluble condensation nucleus, the conditions imposed on the initial value of the
coefficient of condensate spreading over the nucleus surface and the conditionsimposed on the nucleus size are
formulated. When these conditions are fulfilled, the droplet emergence on a nucleus occurs via the formation
of theliquid film with a uniform thickness surrounding the nucleus.

INTRODUCTION

As was shown in [1], the stage of the creation of
condensate thin filmswith overlapping surface layersat
the nucleus—film and the film—vapor interfaces plays an
important role in the theory of the nucleation of super-
saturated vapors on insoluble wettable nuclei. Special
properties of thin films related to their essentia inho-
mogeneity can be described, for example, using the dis-
joining pressure isotherm or the isotherm of adsorption
from the gaseous phase on a solid substrate. These iso-
thermsareinterrelated, and if we know one of them, we
can obtain the other one.

The digoining pressure was originally determined
for plane-parallel films [2]. This notion can aso be
applied to the uniformly thick films on a curved sub-
strate, for example, on a spherical solid nucleus, pro-
vided that its curvature is not very large [1].

Generdlization to the case of nonuniformly thick
films is also possible: the digoining pressure at each
point at the substrate surfaceis equal to its value corre-
sponding to the local film thickness[2, 3]. In this case,
it isimportant that the film thickness should vary rather
sowly along the surface; i.e., the absolute value of the
local angle of thickness profile tilt should be small.

Whether the film is uniform or not depends on the
wetting conditions of the surface and the nucleus size.
In the case of partial wetting of a uniform nucleus sur-
face, the film is separated into the thin wetting film and
the sessile droplet representing small lens. Naturaly,
the disjoining pressure isotherm or the adsorption iso-
therm completely determine both the wetting condi-
tions and the precise profile of the thickness of such a
nonuniform film [3, 4], provided that the substrate cur-
vatureis preset. However, the entire disjoining pressure
isotherm is not easily measured, and its theoretical
description is rather complicated because surface

forces are governed by many factorsthat are significant
within different thickness ranges[2]. At the same time,
knowledge of the entire digoining pressure isothermis
not required at all in the theory of heterogeneous nucle-
ation to discuss the conditions of the creation of drop-
lets in the form of uniform films. Therefore, it seems
useful to formulate, via a relatively small humber of
characteristic parameters, the wetting conditions of the
uniform surface of an insoluble nucleus and the forma-
tion conditions for a uniformly thick film formed as a
result of adsorption from vapor, which is transformed
into the condensation on a nucleus. The significance of
these conditions is stipulated by the existence of the
developed analytical theory [1, 5, 6] describing thermo-
dynamics and the kinetics of condensation and deter-
mining the possibility of barrierless nucleation.

1. RELATIONSHIP BETWEEN THE DISJOINING
PRESSURE ISOTHERM AND THE WORK
OF WETTING FOR UNIFORMLY THICK FILM
ON A NUCLEUS

Let usrecall some relations connecting the work of
nucleus wetting and the digjoining pressure, which are
important for further discussion. According to [1], the
isotherm of digoining pressure I (in the case when this
concept can be used) in a thin condensate film with
radius R on a solid wettable nucleus with radius R, can
be related to the depending on the film thickness R—- R,
dimensionlesswork of nucleuswetting in the following
manner:
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where k is Boltzmann’s constant, T is the temperature,
and oY is the surface tension at the vapor—condensate
interface.

As follows from (1.1), the work of wetting fr at
R — co isequa to

2
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On the other hand, at R —» oo, the expression for the
work of wetting tends to a quite definite limit:

_ 4nR(0*" - 0"
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where oY and o® are the surface tensions at the
nucleus—condensate and the nucleus-vapor interfaces,
respectively. Formula (1.3) is known as the Dupré for-
mula. Let usintroduce designation Ao = oY% — 6B, Ine-
quality Ao < 0 correspondsto the film that wetsthe sub-
strate.

Comparing (1.2) and (1.3), we conclude that

fy (1.3)

R%Idl?ilizl'l(fz—Rn) =o®-0"-c"®. (19
"R

Difference s= o¥? — 0¥ — g°® = |Ac|- o*® is called the
spreading coefficient. For the case of compl ete wetting,
when the film covers the substrate uniformly and com-
pletely, s> 0. Note that since the evidently non-equilib-
rium (for the given system) value of surface tension o¥?
for a“dry” nucleus surface is present in the definition
of this parameter, the spreading coefficient thus deter-
mined isthe non-equilibrium magnitude corresponding
to the spreading of a liquid over the “dry” surface.
Therefore, unlike equilibrium spreading coefficient s, =

yB

o, —0Y"— g%, whichisdetermined at the equilibrium

surface tension OZB, this parameter can be both nega-
tive or positive. The equilibrium spreading coefficient
is always negative or equal to zero, s, < 0.

We can derive expressions connecting the equilib-
rium surface tension and the spreading coefficient with
their non-equilibrium values obtained for a flat “dry”
surface. The work of wetting (it is convenient here not
to use its dimensionless value) of the unit area of a
“dry” substrate surface by the liquid phase (i.e., by
the infinitely thick film) is written similarly to (1.2) as

—F M (hydh — o®. The work of wetting of the unit area

of the “equilibrium” surface of aflat substrate, i.e., the
substrate already covered with the film of a certain

thickness, is then equal to —(, M (hydh — o°. Hence,

using (1.4), for the flat surface, we obtain the following
relationships:
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= (M(h)dh, 1.
S _! (h) (1.5)
[+ he
s. = [M(h)dh, s, = s—(M(h)dh, (1.6)
d I
and
he
(1.7)

olf = GVB—J'I'I(h)dh.
0

2. ADSORPTION AND EXPONENTIAL
ASYMPTOTICS OF THE WORK OF WETTING
AND DISIJIOINING PRESSURE

Asis seen from the above discussion, it isimportant
to know the initial part of the disjoining pressure iso-
therm in order to estimate the conditions for the forma-
tion of a uniformly thick film. For a sufficiently thin
film, the digoining pressure isotherm is determined by
the surface adsorption properties. Note that we are
dealing here with polymolecular adsorption, which
always precedes the condensation in systemswith com-
plete or partial wetting. In fact, there is no distinct dif-
ference between these phenomena, and the adsorption
of several tens of molecular layers can already be con-
sidered to be the condensation. For flat adsorption
films, the dependence of adsorption I" on concentration
nP of vapor molecules at theinitial part of an adsorption
isotherm can be represented [7] as

r=Ke(nP)"™ @.1)
where K is a certain constant, which can be deter-
mined experimentally; parameter misequal to unity for
the energy-homogeneous adsorbing surface (the Henry
isotherm), whereas for the energy-heterogeneous sur-
face its value does not exceed five (the Freundlich iso-
therm). These isotherms are rather universal (the pow-
ers depend on the energy homogeneity of the surface),
and constant K- depends on the types of surface and
adsorbate.

Naturaly, in the case of polymolecular adsorption,
the real adsorption isotherm differsfromisotherm (2.1)
in the range of thicknesses corresponding to the equi-
librium with almost saturated and, even more so, with
supersaturated vapor. This differenceisto be discussed
below and, as will be shown, does not affect the final
result.

In order to find the digoining pressure isotherm IM(h)
corresponding to the adsorption isotherm (2.1), let us
derive the expression for the chemical potential of a
film. To this end, we consider the vapor, which isin
equilibrium with aflat thin film. Chemical potentials of
vapor and film are identical and equal to b = b, +
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ln(nﬁ/nf’o), where b, and nfo are the dimensionless
chemical potential (expressed in KT units) and the satu-
rated vapor concentration, respectively. Using (2.1), we
specify this formula as b = b, + min(h/l,), where

I, = Kr(n®)"/n is a certain characteristic film thick-
ness, and n isthe number of molecules per unit volume
of aliquid phase. Then, for the chemical potential by of
the spherical film with the outer radius R formed
around the spherical nucleus with radius R, with allow-
ance for the capillary pressure we have:

ap
Zoa +mInD,
kTn°R Ia

bg = 2.2)

where h = R- R,. On the other hand, it is known from
the theory of heterogeneous condensation of com-
pletely wettable nuclel [1] that

20" _N(h)

bg = - <.
kTn"R kTn

2.3)

From this expression, we obtain asymptotics for M(h)
in the region of low thicknesses (or, for brevity, the
adsorption asymptotics):

M(h) = —-mn°kTIn(h/l,), (2.4)
In spite of sign “—", thisvalue is positive, because this
asymptoticsistrue a h <1, when the logarithm is neg-
ative.

Using (1.1), wefind the following expression for the
adsorption asymptotics of the work of nucleus wetting
ah<R;

hyy_ 4TR, ap

— _ 2 a _
f(h) = —4nRihn’mL Uyant

(2.5)

Such an asymptotics of the work of wetting operatesin
theregion of very thin filmswith thicknesses of units of
Angstroms, whereas for thicker films (with the thick-
ness of dozen of angstréms or thicker) the exponential
asymptotics of the work of wetting, which results from
the structural forces, isin operation:
f(h) = f.[1-Cexp(-h/lg)], (2.6)
where |5 is the parameter with a meaning of the corre-
lation length, and C is a certain positive constant. For-
mula (2.6) suggests the monotonic achievement of the
limiting value of the work of wetting f— As follows
from (1.1) and (1.4), inthiscase, MN(h)=>0and s> 0.

If it is assumed that the exponential asymptoticsis
true up to the thinnest films, just aswas donein [1], we
can formulate the condition required for the maximum
to exist at the curve of the chemical potential of a con-
densate in anucleus. Indeed, as follows from (1.1) and
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(2.6), the derivative of disoining pressure M'(h) with
respect to film thicknessis equal to:

f.C
m(h) = =<

——expl 0 2.7)
4R, g

With allowancesfor (2.3), (2.7), and (1.3), the equation
for radius R, corresponding to the maximal chemical
potential has the following form:

0 Ro— R

26”® _ |Ad|C
= exp o

R I3
Constant C can be determined, if we assume that the

work of the formation of a zero-thick film is equal to
zero. Then

(2.8)

4TIR?

Tt
f*(1—C)+F”cr"B = 0. (2.9)
Expressing f7from (1.3), we obtain
c = 8ol-0"_ s (2.10)

iAol aol

Finally, substituting C from (2.10) into eguation (2.8)
and ignoring the difference between R, and R, (assum-
ing that |5 < R,) in the left-hand side of this equation,
we find:

SR
Ry—R, = lsgiIn—=.
52120

@2.11)

To provide inequality R, > R, it is hecessary to fulfill
the condition

21%0%°

S>
R;

: 2.12)

which can definitely be violated at a sufficiently low
(albeit positive) spreading coefficient s. If thisinequal-
ity is violated, the maximal chemical potential is not
realized at physicaly correct (positive) values of the
film thickness.

However, this inequality should be understood as
the limitation on the applicability of the exponential
asymptotics of the work of wetting (2.6) at low film
thicknesses, rather than the rea limitation on the
spreading coefficient, because it is related to the finite
vaue of IM'(h) for the exponentia asymptoticsat h — 0.

Because, in redlity, '(h) — —oo, the equation for
the maximum chemical potential of the condensatein a
nucleus has always a physically correct root. If it falls
into the range of very thin films, the exponential
asymptotics cannot be used.
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Fig. 1. Dependence of (1) the left-hand and (2) the right-
hand sides of equation (3.3) on film thickness.

Thus, to determine thermodynamic characteristics
at sufficiently small film thicknesses, it becomes neces-
sary to use some other approximations, say the Henry
or the Freundlich isotherms.

3. SEWING OF ADSORPTION
AND EXPONENTIAL ASYMPTOTICS
OF THE WORK OF WETTING

L et us assume that the work of wetting for very thin
filmsis determined by the adsorption asymptotics (2.5),
while for rather thick films, it is determined by the
exponential asymptotics (2.6). Let us sew these two
asymptotics: we assume that there is a thickness h, at
which adsorption approximation (2.5) isvalid at h< h
whereas exponentia approximation (2.6) of the Work
of wetting with constant C' (whichis, in general, differ-
ent than C) operates at h > h,. Let us require that the
sewing process be smooth, i. e thework of wetting and
its derivative should be characterized by the continuity
in the point h, (the requirement of continuity of the
derivative |sequwa| ent to that of the digoining pressure
isotherm or the curve of the chemical potential for the
condensate). These requirements are expressed mathe-
matically by the set of equations:

h
fa [1 —C'exp E—l—%}
S

2
4T[Rno_q[3

T , (G0

h
_ 2
= —4T[ann“hp%L— Inﬁg_

' h
i, & expE—H = 4mR?mn°In-2,

ls s Ia

Thickness h,, corresponding to sewing and constant C'
are unknown variablesin this set of equations. After the
substitution of the value of f—from (1.3) and some sim-
plifications, the set acqui reﬁ%e following form:
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h h
IAGIC'eXpE—I—S% = —mn"kTh,H —In5 + s,
A
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h,
mn°KkTlgIn=L.
Ia

h
|Ac|C'exp E—I—‘%
S

Let us analyze the conditions of the solution of this
set of equations. Using the second equation, we can
exclude constant C'. Then, the first equation in (3.2) is
transformed into:

s
mn°kT

h
(Is+hg)In® = h,— (3.3)
A

Taking into account that approximation (2.5) istrue at
h<1,, we can conclude that physically correct solutions
correspond to the negative values of the left-hand side
of equation (3.3). Thus, condition (see Fig. 1) of the
physically correct solution of equation (3.3) and simul-
taneoudly that of set (3.2) appear in the following form:
s>mnkTl ,. (3.4)
By the construction of sewing procedure, equa-
lity (1.5) for theinitial spreading coefficient isautomat-
icaly fulfilled if the sewing is possible, i.e, if sys
tem (3.2) has a physicaly correct solution. The case,
when h, > 1, and C' < 0, cannot be regarded as physi-
cally correct

L et us make estimates for water under standard con-
ditions. Surface tension g®® = 70 dyne cm™?, and n® =
3.3 x 10?2 cm3. At room temperature, KT=4.2 x 104 erg.
Then, we have s/n°KT = (5/0°®) x 5.0 x 10-® cm. Substi-
tuting this estimate into (3.4), we find

s
an5A-

mo

(3.5)

A<

Letbeh, <1, theninthefirst equation of wstem (3.2
we can neglect unity compared with In(hy/1,). Further,
using the second equation, thefirst equationin (3.2) can
be rewritten as:

—mn°kT(Is+ hp)ln% =s. (3.6)

>

At h, < |g, the approximate solution of this equation
has the followi ng form:

S 0

h, = l.expe- . (3.7)
P U mnekTiH
Now we rewrite equality (3.6) asfollows:
h,
-mn"KTlgln ? D(IAOI “B)%L—— (3.8)

Hence, using the second equation of system (3.2), we
obtain
COLLOID JOURNAL
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Comparing (3.9) and (2.10), we can see that the cor-
rection to constant C related to the correction to the
exponential asymptotics for thin films is characterized
only by the second order of smallness with respect
to hy/ls:

. _ |Ao|—o%®
C = e
3.9)

5070 (3.10)
s

c DC[ 1@@2},

i.e,itisrelatively small.

4. PHYSICAL MEANING OF THE CONSTRAINT
ON SPREADING COEFFICIENT

The meaning of the constraint (3.4) can be under-
stood, if wetakeinto account equality (1.5). Setting the
behavior of curve N(h) at a sufficiently low thickness h
by adsorption asymptotics (2.4), we thereby set the

value of integral Jz M (&)de for the small valuesof h. In

our case, thisintegral is positive, because the approxi-
mation (2.4) istrue at h< |, where theintegrand is pos-
itive. It is important that the behavior of integra

JE M (&)d¢ within thisthicknessrange be determined by

the adsorption properties of a surface:
h

[ = —mn°kThin? + me®kTh,  @.1)
0

I

In fact, the disjoining pressure isotherm becomes
different from (2.4) as h approaches |, this difference
being mostly pronounced for complete wetting. Figure 2a
illustrates the disjoining pressure isotherm for the case
of complete wetting; Fig. 2b shows the isotherm
obtained by the sewing procedure described above
(al'so corresponding to complete wetting), and Fig. 2¢c
represents the case of incomplete wetting. Dotted lines
in Figs. 2a and 2c show curves (2.4) of the adsorption
asymptotics of the digoining pressure in the range
where it noticeably differs from the real isotherm.

Even if it is not assumed that the exponential
asymptotics operates at rather large film thicknesses,
we can nonethel ess obtain constraint (3.4). Thisalows
us to consider the cases of both complete and incom-
plete wetting. In the case of complete wetting, the esti-
mate

h la

J'I'I(E)dE >Ir| (§)dE > mn°KTl, 4.2)
0 0

istruefor al h> 4.
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Fig. 2. Digoining pressureisothermsfor (g, b) complete and
(c) incomplete wetting. Isotherm shown in Fig. 2b was
obtained by the sewing method.

A sufficient condition for the incomplete wetting is
the existence of such film thickness h,, at which

JTI(E)dE <0, (4.3)
he
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i.e., the thickness at which the spreading coefficient
becomes negative. The same condition can be rewritten
using theinitial spreading coefficient s and the integral
over theinitial part of the disjoining pressure isotherm:

h h

e

fﬂ(ﬁ)di —Il'l (§)de = S—J’”(E)dﬁ <0. ¢4

e

Then it can be concluded that the sufficient condi-
tion of incomplete wetting is the existence of such a
film thickness h, at which

h

e

S<I”(E)d€, (4.5)
0

and, hence, the necessary condition of complete wet-
ting is the fulfillment of condition

h

s >I|'| (€)dg (4.6)
0

for any film thickness h. Hence, using estimate (4.2),
we obtain (3.4) asthe necessary condition for complete
wetting.

As is seen from the above discussion, the condition
of (3.4) type is not bounded by the concrete choice of
the approximation for the initial part of the (h) iso-
therm but isthe generally known fact. The specific pat-
tern of the adsorption isotherm affects only the value of
the right-hand side of condition (3.4). The general fact
isthat, even at the positiveinitial spreading coefficient,
the forming adsorbate (condensate) film can substan-
tially change the wetting conditions.

It is the spreading coefficient that precisely charac-
terizes the wetting. We can introduce the current
spreading coefficient, which is dependent on film thick-
ness.

Sne(h) = Il'l (€)de. 4.7
h

Subscript “ne” reminds us that this value is generaly
the non-equilibrium parameter.

The behavior of the disoining pressure isotherm
and the work of wetting at low film thicknesses is
unambiguoudly determined by the (2.1) type expres-
sion or other similar isotherms of polymolecular
adsorption. The behavior of the value of s — s(h) =

J’EI‘I (§)dg in the range of low h is also determined. If

appears that condition OI'I (&)d¢ > sisfulfilled for a

certain h falling into the domain of the applicability of
approximation (2.4), it means that s,(h) < 0. In this
case, upon further condensation, the surface will act as
thoughitispartially wetted, evenif theinitial spreading
coefficient s = 5,4(0) was positive.

TAT YANENKO et al.

Note that the use of thicknessto describe adsorption
films is to some extent formal; the adsorption deter-
mined correctly both for very thin and thicker adsorp-
tion films has the physical meaning. However, we use
the thickness, considering it to always be proportional
to the adsorption. All the procedures performed above
can be rewritten in terms of the dependence of the
chemical potential of condensate on adsorption using
expression (2.3) that relates the digoining pressure
with the chemical potential. The sewing procedure
described above can be physically understood to be the
sewing of the asymptotics of the condensate with
respect to adsorption.

5. FORMATION OF NONUNIFORMLY THICK
FILM AND THE CONSTRAINT
ON NUCLEUS SIZE

The equation of the droplet profile expressing the
constancy of chemica potential in a film has the fol-
lowing form:

P.—N=AP=P"-P" = congt, (5.1)

where P, and I are the local values of Laplacian and
digoining pressures, respectively.

Let us assume now that, in the case of incomplete
wetting, the profile of nonuniformly thick film on the
curved substrate (i.e., on the solid nucleus) has, simi-
larly to the case of aflat substrate, theform of auniform
thin film contacting with the droplet-small lens. Thetop
of this droplet represents almost a spherical segment
with a certain radius of curvature Ry; the Laplacian
pressurein this part of adroplet is much higher than the
disjoining pressure; hence, Ry 120%%/AP. More exactly

20"
Ry

where H isthethickness of aliquid layer at the top of a
small lens.

However, in the bottom part of thisdroplet thereisa
transition zone from the meniscus to the uniformly
thick film where both Laplacian and digjoining pres-
sures are significant. For the uniform film with thick-
ness h, a the nucleus surface with radius R,,, we can
write:

—-M(H) = AP, (5.2)

20°" _
o, () = aP. (5.3)
Hence
206" 20" _
R _Rn+he = M(H)-M(hy). 5.4

In the case under consideration, the left-hand side of
this eguation is positive; hence, the right-hand side
should also be positive. This condition imposes certain
constraints on a possible pattern of the digoining pres-
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sureisotherm. For example, we can see at once that the
monotonically decreasing isotherm M(h) cannot satisfy
equation (5.4).

Considering the limiting case of a flat substrate
(R, — =), we can seethat, inthis case, the I'(h) curve
should have the negative part in order to form adroplet-
small lens. Indeed, during the unlimited growth of Ry,
the contact angle tends to a constant value, and, hence,
thickness H is directly proportional to R;. In this case,
the M(H) value decreases rather quickly (usualy in an
exponential manner with the power larger than two),
thusresulting in condition M(h,) < 0 derived from (5.4).

Figure 3illustrates the typical pattern of the digoin-
ing pressure isotherm for the case of incomplete wet-
ting. The caseisalso possible when theisotherm hasno
positive B-branch. For the curve shownin Fig. 3, equa-
tion (5.4) results in two important constraints. Let us
consider them below.

Nuclei of Small Szes. If the film thickness h is so
small that falls on the a-branch of the digoining pres-
sureisotherm and M(¢h) > M¢h,,,,), then such afilm can-
not be separated into a till thinner film and droplet-
small lens, because it should contradict equation (5.4).
In the absence of the positive (3-branch, the separation
does not occur under the condition M(h) > 0. However,
the values of the disjoining pressure at the a-branch are
usually so large that the constraints IM¢h) > M(,,,,) and
M(h) > 0 on the film thickness are practically identical.
Therefore, for simplicity, hereafter we assumethat such
aconstraint is the inequality M(h) > 0.

If the nucleus is so small that the nucleating center
corresponding to the maximum chemical potential falls
into the indicated region of very thin films, the separa-
tion can occur only during the further growth of the
nucleus. In this case, the threshold supersaturation
resulting in the condition of barrierless nucleation, as
well asthe curve of the chemical potential and the work
of nucleus formation in the vicinity of the critical size
in the subthreshol d region of supersaturations are deter-
mined in the same manner as in the case of condensa-
tion on completely wettable nuclei.

Let us find the quantitative solution corresponding
to this case. According to (2.3), film thickness h,, for
the nucleus with the maximum (threshold) value of
chemical potential will be determined by the equality:

20"

'(hy) = —=2——.
) = R TRy

(5.5)

Assuming that derivative M'(h) is monotonically
increasing function on the a-branch, let us write the
condition indicating that critical nucleus falls into the
given region of low film thicknesses in the form of
M'(hy,) < M'(hy), where h, is the smallest root of equa-
tionMh)=0,i.e,
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(%)

a-branch

Fig. 3. Typical disoining pressure isotherm for the case of
incompl ete wetting.

20"
(Ry+ )’
This condition is reduced to the upper bound of the

valueof R
[ 20%
R,+hy< |[-———.
" ' (ho)

Such a constraint does not arise when conditions (2.12)
and (3.4) of the applicability of exponential approxima-
tion (2.6) for completely wetting films are fulfilled.

According to Derjaguin and Zorin's data [8] for
water films on the glass surface, hy =~ 70 A, M'(hy) ~ -7 x
10" dyne cm3, thus resulting in condition R, + hy, <
140 A. Sincehy, < h, =70 A, this condition corresponds
to very small nuclei, which are ailmost beyond the con-
ditions of the applicability of the concept of the digoin-
ing pressure for describing the properties of thin films
on nuclei.

Nuclel of large sizes. Let us denote the difference
between the values of the digjoining pressures in the
maximum and minimum at the isotherm by All. For the
isotherm shown in Fig. 3thismeansthat AN =T(h,,,,) —
M(h,,;,)- When the positive -branch is absent, Al =
_I_I(hmin)-

SincelN(H) - M(hy) <A, itispossible, using (5.4),
to write the following inequality:

20"
_— < ATl.
Ry R,+he

Here, the sign of equality corresponds to the limiting
case hy=h;,, H=h,,,.

Assuming that h, < R,, we can rewrite thisinequal -
ity in the form

> —1'(hy). (5.6)

5.7

20°°

(5.8)

Ry, Renl

Ry 20°F

(5.9)
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Let usanalyzethisinequality. If the size of the drop-
let-small lens is sufficiently large, it can cover the
noticeabl e part of anucleus. Under the conditionswhen
the radius of droplet-small lens Ry is larger than the
radius of nucleus R,, the dropl et spreads over the entire
nucleus, and the film thickness becomes uniform.
Apparently, this corresponds to the situation when the
Laplacian pressure suppresses the fine structure of the
digoining pressure. However, when R, > R;, from
(5.9) we have

20"

Ri= AR

(5.10)
and, correspondingly,

20°"
R, > S
According to [2], for water films on quartz, Al =
5 x 10% dyne cm?; the surface pressure of water is equal
to 0®® = 70 dyne cm. Thus, ratio o®®/AM = 102 cm,
and condition (5.11) imposed on R, acquires the form
R,> 102 cm.

However, when the radius R, exceeds R, we arrive

at the inequality:

(5.11)

20°°
Al

as the condition of the uniform spreading of the liquid
film over the nucleus. Evidently, inequality (5.12) is
only sufficient condition. Note that the larger All, i.e.,
the deeper the minimum (the larger the contact angle),
the smaller the range of nucleus sizes satisfying condi-
tion (5.12) is.

R, = (5.12)

CONCLUSION

Hence, let us summarize the results of the study
reported in thiswork. Once conditions (2.12) and (3.4)
imposed on the initial spreading coefficient are ful-
filled, the range of sizes of condensation nuclei
appears, where the exponentia approximation (2.6) of
the work of nucleus wetting can be used in the theory

TAT YANENKO et al.

of nucleation. Once condition (2.12) is violated, the
adsorption asymptotics (2.5) of the work of nucleus
wetting can be used in calculations. When the condition
(3.4) isviolated, the range of the sizes of condensation
nuclei, where the adsorption and exponential asymptot-
ics for the digoining pressure operate in the theory of
nucleation of uniformly thick films, is significantly
bounded by the constraint (5.7). Nonethel ess, the heter-
ogeneous nucleation occurring via the formation of
uniform films on nuclei can still take place within the
entire range of nucleus sizes that satisfies the sufficient
condition (5.12) (even in the case of substances with
finite contact angles). If the condition (3.4) is not ful-
filled for nuclei whose sizes satisfy inequality (5.11),
the emergence of droplets on these nuclei occursin the
form of small lenses.

ACKNOWLEDGMENTS

This work was supported by the Competition
Center for Fundamental Natural Sciences, project
no. 97-0-14.2-31.

REFERENCES

1. Kuni, EM., Shchekin, A.K., Rusanov, A.l., and Widom, B.,
Adv. Colloid Interface Sci., 1996, vol. 65, p. 71.

2. Derjaguin, B.V., Churaev, N.V., and Muller, V.M., Sur-
face Forces, New York: Consultants Bureau, 1987.

3. Churaev, N.V., Starov, V.M., and Derjaguin, B.V., J. Col-
loid Interface Sci., 1982, vol. 89, no. 1, p. 16.

4. Indekeu, J.O., Physica A (Amsterdam), 1992, vol. 183,
p. 439.

5. Kuni, FM., Shchekin, A.K., and Grinin, A.P, Nucleation
Theory and Applications, Schmeltzer, JW.P, Rdpke, G.,
and Priezzhev, V.B., Eds., Dubna: Joint Inst. Nuclear
Res., 1999, p. 208.

6. Kuni, EM., Shchekin, A.K., and Grinin, A.P, Kolloidn.
Zh. (in press).

7. Donohue, M.D. and Aranovich, G.L., Adv. Colloid Inter-
face Sci., 1998, vols. 7677, p. 137.

8. Derjaguin, B.V. and Zorin, Z.M., Zh. Fiz. Khim., 1955,
val. 29, no. 10, p. 1755.

COLLOID JOURNAL Vol. 62 No.4 2000



