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THERMODYNAMICS OF CONDENSATION ON SOLUBLE
NUCLEI OF SURFACE-INACTIVE SUBSTANCES

F. M. Kuni, A. K. Shchekin, UDC 5§536.421.3:541.123
and A. 1. Rusanov

Substansiation is provided for the possibiliry of barrier-less nucleation of a drop in supersaturated vapor on
nuclei of surface-inactive substances soluble in the drop. For the conditions of pracrical interests — when
heterogencous phase transformation occurs with low levels of supersaturarion of the vapor — a determination
is made of all of the thermodvynamic characteristics of heterogeneous nucleation that are needed for kinetics
and are manifest in experiments: the threshold chemical potential of the vapor ar which barrier-less
heterogeneous nucleation becomes possible, the position and half-width of the potential well and potential hill
of the work of heterogeneous drop formation, the activation energy for hererogeneous condensation,
determined by the gradient of the heights of the potential hill and potential well of the work of drop formation.

Realization of the homogeneous mechanism of phase transformation requires levels of supersaturation of the metastable
phase high enough so that such transformations actually rarely occur. More likely is the heterogeneous mechanism of phase
transformation, whereby foreign particles that are almost always present in the metastable phase (albeit in small amounts) serve
as nucleation centers for the stable phase. Common examples of such particles are the salt granules and drops of acid present
(abundant, even) in the winter atmosphere. Such grains and drops are typically highly soluble in condensing moisture.

The present article examines the thermodynamics of nucleation of drops of stihle liquid in vapor supersaturated with
this liquid. Here, nucleation takes place on nuclei that are soluble in the drop but essentially not adsorbed on its surtace. The
key to the study will be the fact, established below, that the main role in heterogeneous condensation oceurring with a low level
of vapor supersaturation is played by drops in which the number of molecules of the condensing substance is many tmes
greater than the number of molecules or ions of the substance present in the vapor from the condensation nuclei. Thus, the
drops consist of weak solutions of the substances but have a much higher concentration of the condensate. Not only do these
circumstances greatly simplify the entire investigation, they also make it unnecessary to assume that the nucleus is completely
soluble in the drop.

Although the substance which is present in the solution inside the drop from the nucleus is relatively small, it
nonetheless reduces the chemical potential of the condensate — the substance condensing into the drop from the vapor. It s
for this reason that heterogeneous condensation is energetically possible before homogeneous condensation. Itis also the reason
that the activation energy in heterogeneous condensation may completely vanish.

The quantity which is of decisive importance for predicting whether or not heterogeneous phase transformation is
energetically possible with a low level of vapor supersaturation is the predicted (by thermodynamics) threshold chemical
potential of the vapor. Beginning with this potential, heterogeneous nucleation occurs without the overcoming of an activation
barrier (it occurs in the absence of an activation energy).

However, the kinetics of the phase transformation is still important in practical terms. A metastable vapor is no!
usually formed instantaneously under natural or artificial conditions (even in laboratory experiments, such as in a Wilson
chamber or a diffusion chamber). However, as was shown in (1, 2], effective heterogeneous formation of supercritical (viable!
drops which can continue to grow unrestrainedly ends long before the moment at which the chemical potential of the vapor
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would reach its threshold value in the absence of vapor absorption by the drops. This in turn means that, in practice,
heterogeneous phase transformation occurs by a barrier-less method. Gradual (controlled over time) creation of metastability
in the parent phase in which heterogeneous phase transformation occurs by the barrier method is useful in engineering
applications because it allows control of the development of the phase transition over time.

It should be noted especially that in a lab experiment which permits instantaneous creation of any initial value of vapor
supersaturation, the level of supersaturation may turn out to be in the "prethreshold” region. In this region, activation energy
is already substantial but is still not great enough to realize heterogeneous phase transformation. It is in this region of vapor
metastability that the greatest amount of information can be obtained on the inverse problem — detzrmination of the molecular
properties of the condensing substance from data obtained in a laboratory experiment.

Kinetic description of the process by which drops overcome an activation barrier requires that thermodynamics provide
knowledge not only of the threshold chemical potential of the vapor, but also specific information on the work of heterogeneous
drop formation: the position and half-widths of the potential well and potential hill of the work; the activation energy,
determined by the gradient of the heights of the potential hill and potential well. All of this information is obtained in the
present article for the prethreshold region of vapor metastability.

The next article will deal specifically with description of the kinetics of condensation on soluble nuclei. Tt will show
that the activation energy in heterogeneous condznsation is equal to the gradient of the heights of the potential hill and potential
well of the drop-formation work, rather than simply the height of the potential hill of the work for a critical drop (as it is in
homogeneous condensation).

Later articles will study the complex effect of adsorption on heterogeneous condensation, as well as the formation of
micelles by a condensation-nucleus substance which is soluble in the drops.

For now, we will discuss results obtained earlier in regard to the thermodynamics of nucleation on soluble nuclei.

Keller [3] was the first to discover the existence of a threshold for barrier-less nucleation on sofuble nuclei of surface-
inactive substances. This threshold corresponds to the maximum on the curve describing the dependence of the chemical
potential of the condensing substance on drop size. The same study also established the following rule: The greater the radius
of the soluble nucleus, the lower the possible maximum value of supersaturation of the vapor. Keller's thermodynamic analysis
was subsequently generalized to the case of the dissociation of the substance of a nucleus dissolved in a drop [4, 5], while the
rule formulated by Keller was experimentally substantiated in {6].

‘Apart from the threshold value of the chemical potential of the vapor, there has been no investigation “of the
thermodynamic characteristics of condensation on soluble nuclei which are necessary for an understanding of the kinetics of
the process (and which are seen experimentally).

Chemical Potential of the Condensate. We will examine a drop located in vapor and consisting of a solution of the
substance of a nucleus in a condensate. We will use » to denote the number of condensate molecules in the drop. We will
use ¥, 0 represent the total number of molecules of the nucleus dissolved in the drop or the total number of ions of this
substance (if it is an electrolyte and dissociates during dissolution). We assume that the substance (if it is an electrolyte)
dissociates completely. Accordingly, the quantity v, will always be an external parameter of the problem.

When we represent the drop as a two-component solution, we are assuming that the condensation nucleus is completely
Soluble in the drop. Here, the nucleus may initially be in the solid or liquid state. In the case of a nucleus composed of a
surface-inactive substance, nearly all of this substance dissolves inside the drop.

We assume that the temperature of the drop is the same as the temperature T of the vapor surrounding it. The
assumption that the drop is thermalized is justified by the fact that a large (compared to the vapor) amount of passive gas with
little capability of exchanging molecules with the drop is almost always present outside the drop. The drop is in mechanical
equilibrium with the vapor and the passive gas:‘Pressure in the drop is composed of the external pressure of the vapor and the
Passive gas and capillary pressure.

We will use R to denote the radius of the drop and b, to represent the chemical potential of the condensate inside the
drop. We express the chemical potential b, in thermal energy units kT, where k is the Bolizmann constant. Chemical potential
is reckoned from the value corresponding to equilibrium of the condensate with the vapor when their contact surface is planer.

As will be shown below, the following inequality is observed throughout the region of » that is important for the theory
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Fig. 1. Dependence of the chemical potential b, of the
condensate in a drop on the number of molecules » of the
condensate.

Here, relative to the component which is present from the nucleus, the solution in the drop will be weak: The relative
concentration of the given component will be equal to the small quantity »,/v. Thus, the above-assumed dissociation in the
solution of the substance of the nucleus turns out to be typical (if it is an electrolyte).

In this case, we have

1y iy 2
R=Q@uwdamH EXv’ (<)

where v, is the molecular volume of the condensing liquid; X is a linear parameter (the radius of an equivalent molecular
sphere).

We will use the familiar formula from the theory of weak solutions for the chemical potential of the component whose
concentration in the solution is high (this formula is also valid when the solution is ionic). Accounting for capillary pressure
in the drop (which is in mechanical equilibrium with the vapor and the passive gas) and considering that this pressure is almost
always many times greater than the pressure of the vapor and the passive gas when we make allowance for the low
compressibility of the liquid we obtain

by ==y, vt *(2_'3)0»"‘! s 3

where

a=4n N\ o/kT 4)

and o is the surface tension of the drop. Since the substance of the nucleus is not surface active, expression (1) means that
o will almost always coincide with the surface tension of the pure condensing liquid. The quantity a can be regarded as
dimensionless molecular surface tension (the analog of the Etvesh molar surface tension).

Having chosen » as the variable to describe the drop, we will study the dependence of b, on ». We will use the
subscript 0 to denote values of quantities at the value », of the variable » for which the following is valid

(3b,/3 V) =0 )
Using (3), we obtain
vo = (9 v,,,la)"’ | ©
(bu)o = 40/9 V:{‘ . (7)
76,3V lg = ~3ai2T w5, (3b/d V), =52a/81 vy - )

In accordance with (5) and (8), the chemical potential of the condensate b, reaches its maximum (b,)o at the point ¥
= vg. Thus, the subscript 0 characterizes values of quantities at the maximum of the chemical potential of the condcn&af“
The existence of this maximum is due to the fact that a decrease in » is accompanied by a decrease in the chemical patential
of the condensate of the substance which is formed in the solution inside the drop from the condensation nucleus.
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Figure 1 shows the dependence of b, on ». The fact that this dependence decreases monotonically wiul @ uccicase o
v in the region in which (1) is not observed and chemical potential b, is analytically unknown is a thermodynamic consequence
of the stability of the solution. Thus, the maximum of b, at ¥ = g is unique. The fact that b, approaches — o at v - 0 can
be explained as follows. When » = 0, i.e., when the situation which is the opposite of (1) exists, the solution inside the drop
again becomes weak (and can be described analytically). However, it becomes weak only in relation to the component which
comes from the vapor. In accordance with the thermodynamics of solutions, the main contribution w b, is made by the term
In (v/v,). This term also approaches — o at » = 0.

The equality

by = max b, = (bp)o 9

obviously determines the threshold value by, of the chemical potential of the vapor b expressed (as b,) in thermal energy units
kT. This potential is reckoned from the value corresponding to equilibrium of the vapor with the condensing liquid when their
contact surface is planer. 1f b = b, then the drop is nucleated on the condensation nucleus in the vapor without'a barrier.

We can use (7) and (9) to obtain

(10

b =429 vg:

while (6) also yields

bp=2(2a) .27 e (11)

which expresses by, directly in terms of the number of molecules or ions of the condensation nucleus. Equation (11) is the
Keller formula [5]. '

Expanding b, into a Taylor series in the neighborhood of the point ¥ = vy and using (5) and (7)-(8), we obtain

-

3 -
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The following is the condition of smallness of the discarded term with the third derivative of b, with respect to » at the point
v = y, relative to the retained term with the second derivative of b, with respect to » at this point

13lv—vo /9 vy <1 (13

this condition also defining the region in which approximation (12) is valid.
Equilibrium and Critical Drops. We will use the subscripts ¢ and ¢ to characterize quantities pertaining to the

equilibrium and critical drops. These drops are in stable and unstable chemical equilibrium with the vapor, respectively.
We have

(by)e=b, (by)=b (14)
(3b,/3v), >0, (3b,/3v). <0 (15)

(see Fig. 1).

In the subthreshold region 0 < b < b,,, the vapor is metastable and equilibrium and critical drops exist. When b =
by, these drops coincide. Above the subthreshold region, i.e., atb > by, equilibrium and critical drops are generally absent,
Below the subthreshold region, i.e., atb < 0, only equilibrium drops exist.

Since barrier-less drop nucleation occurs in the vapor at b 2 b, all of the thermodynamic information important for

kinetics at b > by, is given by the value b,, obtained from Eq. (10) (or (11)). Accordingly, we will subsequenty be interested
in the important (for kinetics) subthreshold region of vapor metastability 0 < b < by,
We write the chemical potential of the vapor b in the form

b=hy(1—€) (l6)
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where ¢ is its relative deviation from the value b,. A program we are developing will find all of the thermodynamic

characteristics needed for the kinetics of heterogeneous nucleation (and manifest in experiments) as functions of ¢ in the
subthreshold region, where 0 < ¢ < 1.

Using (12) and (14) and considering (10) and (16), we obtain
be=vo [106€)3). 1o =wy 1410 (7
As is clear from (17), observance of condition (13) at » = »_and » = v implies that
(39 (be) < (18)

In accordance with (2), we have the following in the region in which condition (13) is valid:

(R-Ry)yRy=w-vy)3r, (19)
where
Ry =Xy 20)
It follows from (17) and (19) that
R,=Ry [1-12€317]. R.=R, |1+12¢€ 317 n

Work of Drop Formation. We will use F, in energy units kT, to express the work of heterogeneous formation of
a drop in vapor on a condensation nucleus. When thermal and mechanical equilibrium exist between the drop and the vapor
and passive gas, we have the differential relation (7}:

dFBv=bh, b 22

which accounts for the fact that the number of molecules or ions of the substance formed from the nucleus remains unchanged
inside the drop (here, it is also assumed that the drop is not capable of exchanging molecules with the passive gas).

Equation (22) will be used as the basis for the remainder of our investigation. This relation is valid for any value of
vapor chemical potential b (both positive and negative). Equation (22) is simple because of its differential form and the use
of » as the variable to describe the drop. The differential form of (22) — in which the work F is determined only 10 within
the constant term — not only turns out to be sufficient, but also makes it easier to obtain all of the important (for the kinetics
of heterogeneous nucleation) information on nucleation work. All of the calculations would be considerably more diffic ult it
we used the finite-difference expression for work.

Using (22) as our basis and in succession allowing for (14), (15), and (5), we obtain

23)
(3F V), =0, 3F3v)=0 EW
(3TF31%), >0, (3*F3v). <0 25)

(@ Favi =0

Thus, at the points » = »,, » = »_, and » = »;, the work has a minimum, maximum, and point of inflection, respectively. 8%
a function of ». ‘ .

Figure 2 shows the dependence of F on v as follows from (22) and Fig. | (and is consistent with (23)-(25)- we
considered the fact that F | ,_o = 0: The condensation nucleus is initially present in the vapor, so that no work is required
for its formation. As a result, F, < 0. In accordance with (17), an increase in ¢ (a decrease in supersaturation’ i
accompanied by further separation of the points » = v, and ¥ = v_ (0 the left and right of the point » = vg (which i
independent of ¢). Here, the minimum F, and maximum F_ of the work F increase. From this moment on, the mequ.:lm k.
< Qs invalid (it was assumed valid in Fig. 2). The inequality F, < 0 is always valid
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Fig. 2. Dependence of the work of drop formation F on the
number of condensate molecules ».

With allowance for {10) and (16), we find from (12) and (22) that

3 F da ]
- = i € - = t "‘I)|: (26}
ar Y, l o ¥, ]

throughout the region in which (13) is satisfied. The interval », < v < v, falls within this region when restriction (18) is
satisfied.

A quantity which is important in kinetics is the activation energy

AF=F -F, @n

— the gradient of the heights of the potential hill and potential well of the work F (see Fig. 2). Integrating Eq. (26) over v
from v, to v, and allowing for (17) and (6), we obtain

Y

AF=lo0 e - (28}

Taking into account (23)-(24), we have the approximations

Folgtuw=ta) 3, (r-r, ' <Ara (29)
F=lo-Jie-v 0 dr ). - i35 30

where
Ave= (23 F V) dvemi2 @ v, S (3D

The quantities Av, and A, determine the "half-widths" of the potential well and potential hill of F. We will use the term
“near-equilibrium” and "near-critical” in describing drops for which the variable v lies within the neighborhoods | » — ¥, |
SAv and | v-5. | < Ay of the points v = v and v = .

As is clear from (26), the below incqualities serve as the condition of smallness of the discarded (in (29) and (30))
terms with the third derivative of F with respectto v atv = v and » = v, relative to the retwined (in the same equations) terms
with the second derivative of F with respect to » at the same two points

N

,
SV 3 W) 1. Ar.3(ne—rg) €1 (32

These inequalities also express the condition that heterogeneous phase transformation occurs by the barrier method (they express
complete manifestation of the potential well and potential hill of the work F). Inequalities (32) and the validity of Eq. (26)
itself at y,~Av, A v < v, + Ay (rather than just at v, < v S »,) will be substantiated in the next section.

Using (26) and (31) with allowance for (6) and (17), we obtin

Are=Adr =270 C2a) rpe (33

Db Webe) = Avetre-vo)= 23 A F)?
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Prethreshold Region of Vapor Metastability. As will be shown in the next article, the rate of heterogencous
nucleation of supercritical drops which subsequently grow without restraint dépends on AF as exp(— AF). Regardless of the

concentration of condensation nuclei in the vapor, we will be interested only in the part of the pre-threshold region of vapor
metastability in which

3€AFL30 (33)

In fact, to the right of this region, i.e., at AF 2 30, the exponent exp(—AF) is so small that heterogeneous nucleation almost
never occurs. To the left of this region, i.e., at AF < 3, inequality (32) is violated (as is clear from (34)) and the exponent
exp{—AF) is already quite substantial. Heterogeneous nucleation then takes place almost without a barrier, which simplities
the kinetics of heterogeneous phase transformation to the extent that only the value of by, given by (10) (or (11)) is needed out
of all of the thermodynamic information obtained above (the same was true of the region b = b,).

In accordance with (28) and (35), we have

€~ v,,’” (36)
where we have taken into account that the range of (AF)!7 is considerably narrower than the range of AF. Accordingly, we
have put (6'2AF/16)}3 ~ 1.

As has already been noted, the heterogeneous mechanism of phase transformation merits special study in that it opens
up the possibility of phase transformation at a low level of supersaturation of the parent phase. Focusing on this possibility

and noting, in accordance with (11), that it arises when the condensation nuclei are sufficiently large, we will henceforth
assume that

t

v > 1 (37)
We will refer o the region of metastable vapor in which (35) is observed and, thus, in which ¢''? satisfies (36), as the
"prethreshold” region. By virtue of (36) and (37), the following is valid in this region

e <t (38)

1t can be seen from (36)-(38) that the prethreshold region occupies only a very narrow zone within the subthreshold region 0
< £ < 1. The width of this zone is on the order of the distance of the zone from the upper boundary of the subthreshold
region. The prethreshold region will be the focus of our next investigation.

We will show that in this region — specifically, under condition (37) — all of the assumptions used above in the
analytical theory are still valid.

1t follows from (38) that restriction (18) must be observed. Further, a requirement that inequalities (32) be observed
follows from (34)-(35). Then, it is clear from (17) and (38) that the inequalities Ay /v, < < I, Ay Jv, < < 1, are satisfied
with larger domain than inequalities (32). This justifies use of (26) notonly at v, <» <, butalsoat ve-av, € v € v + B¥c
Thus, the near-equilibrium and near-critical neighborhoods | »—v, | < Av, and|v—v.| < v, of the points » = v, and v = V¢
do not overlap but do lie near the point » = . ]

The foregoing, when considered together with (6) and (37), shows that inequality (1) is observed with a large margin
of error throughout the region of » that is of importance for the theory v,-av, <v L v *+ OV

Taking this into account, after (36) we see that extraction of the square root from the latter yields not just an esdmﬂ‘f-
but the approximate equality £1/4 = »_ =16 (we ignore the factor (6!/2AF/16)V% in the right side of this expression, since !
is nearly equal to unity by virtue of (35)). It follows from (33) and ¢!/é = 4,!/4 that

dve = Ar, = 2730 Qe ,,"’./. (39

in which ¢ is generally omitted.
In accordance with (37) and (39), we have
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Av, 1, Av > (40)

In particular, the value of inequalities (40) lies in the fact that they permit [8] a continuum treatment of the variable » (which
is in essence discrete) within the limits of the potential well and potential hill of the work F.

Discussion of the Thermodynamic Laws of Heterogeneous Condensation. In accordance with (3), the chemical
potential b, of the condensate in a drop formed on a condensation nucleus that is fully soluble in it has two components. The
first, always negative, accounts for the effect of the substance of the condensation nucleus on the drop. The second component,
always positive, describes the effect of capillary pressure on the drop. This component increases relatively slowly with 4
decrease in ». The second component is dominant for sufficiently large values of the variable », while the first component is
more important for relatively small values of this variable. The competition between these two contributions to condensate
chemical potential also explains the existence of the maximum of potential b, in a heterogeneously formed drop.

In accordance with (22) and the condition F | ,_o = 0, the greater the chemical potential of the vapor b, the lower
the work F of heterogeneous drop formation for each value of v.

If b = b, (with b, being equal 10 the maximuin for b,), then, by virtue of (22) and the condition F | ,_o = 0, F
decreases monotonically with an increase in » throughout the physical region v > 0 from 0 at the point » = 0. This shows
that heterogeneous phase transformation definitely occurs without a barrier at b 2 b, as well (this result is unaffected by the
fact that the derivative dF/3v vanishes at the individual point ¥ = »y of the maximum of b, when b = b,,).

Thermodynamic relation (22) and the condition F | ,_q = 0 of course also remain valid in the case of homogeneous
drop formation. However, in this case the chemical potential of the condensate b, (which coincides with the chemical potential
of the drop) is on the whole determined only by the contribution which describes the effect of capillary pressure on the drop.

Using a superimposed tilde to denote quantities for the homogeneous case, we see that the inequalities F | ;.o = 0
are valid for any value of the variable » describing the drop. The second of these inequalities is invariant to the value of vapor
chemical potential b, although it is negative (b, and b, are independent of b). The inequality b, < b, is weakened with an
increase in ». It becomes very weak at v 2 vy and for practical purposes is transformed into the approximate equality b, =
5,. The latter is more accurate, the greater v is compared to wy. Here, the difference F — F is always negative, becomes
pearly independent of », and reaches its limiting value. This value, unimportant in practice, was linked in [9] with the hoped-
for energy benefit from heterogeneous phase transformation compared to the homogeneous mechanism.

The fact that the maximum of b, turns out to be very small for sufficiently large condensation nuclei also explains why
the heterogeneous condensation process can take place in the region of very low degrees of vapor supersaturation.

The fact that the chemical potential of the stabie-phase nuclei has a component which has a sign opposite that of the
contribution from capillary pressure and which increases relatively rapidly in absolute value with a decrease in nucleus size
is also an important characteristic of heterogeneous phase transformation and its energy advantage over homogeneous phase
transformation.

Here, the work done in creating the metastable phase of the nucleus in the course of heterogeneous nucleation of the
stable phase is unimportant. In fact, having been ignored in the above study, this quantity is relevant only to whether or not
muclei can exist in the metastable phase. If such nuclei do exist for one or more reasons — a question which is the starting
point in the analysis of heterogeneous phase transformation in the volume of the metastable phase (as opposed to its external
boundaries) — then the entire subsequent development of heterogeneous phase transformation will be completely determined
by the work that must be done, during the formation of a nucleus of the stable phase, to attach molecules of the metastable
phase 10 a nucleus already present in it. In sum, the total amount of work done should be reckoned beginning with the work
done in creating a nucleus of the stable phase (which is consistent with the condition F | ,_o = 0 cited above). The stipulation
?‘“ the heterogeneous phase transformation occur in the volume of the metastable phase precludes consideration of the

bwndary' mechanism of this transformation {4} on the external boundaries of the metastable phase. The latter mechanism
not play any significant role under artificial conditions, when the volume of the metastable phase is large and, even more

%0, under natural conditions in the winter atmosphere.
. The studies [10, 11] examined the contribution to the chemical potential of the stable-phase nucleus which is opposite
18 sign 10 the contribution from capillary pressure and which increases relatively rapidly in absolute value with a decrease in
the size of the nucleus. This contribution was examined in a problem concerning heterogeneous condensation on nuclei that
)Vcrc pot sofuble in the drops of stable liquid being formed. That problem differs qualitatively from the problem examined
18 the present article, where the condensation nuclei are conversely assumed to be tully soluble in the drops. As was explained
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in [10, 11], the "countercontribution” opposing the contribution of capillary pressure to the chemical potential of the drops is
due 10 the disjoining pressure of the liquid film of the drop between the vapor and the insoluble (in the liquid) condensation
nucleus. This countercontribution has also been shown [10, 11] to be responsible for the existence of the maximum of the
chemical potential of the drop and, together with this, for the possibility of heterogeneous condensation with low degrees of
vapor supersaturation. Here, the degree of supersaturation may be lower, the larger the condensation nucleus.

The laws of heterogeneous phase transformation discovered in [10, 11] and in our study show that the essence of this
process can be understood by determining the above-mentioned countercontribution to the chemical potential of a
heterogeneously formed stable-phase nucleus. If this contribution is found, then a thermodynamic and kinetic theory of
heterogeneous phase transformation can be constructed by the method developed here. Such an undertaking is outside the scope
of the present problem, concerning heterogeneous condensation on nuclei fully soluble in the drops of condensate.

Throughout the above thermodynamic theory of condensation on soluble nuclei (and in earlier studies [3-5] of this
subject) the pressure of the vapor—gas medium on the drop was ignored compared to capillary pressure in the drop.
Nevertheless, in the case of large drops and a high concentration of passive gas in the medium, the capillary pressure may be
comparable to — or even less than — the ambient pressure that was not accounted for in Eq. (3). Taking this pressure into
account, we obtain the additional contribution v, (pg + p — pa) 10 the chemical potential of the condensate b, where p,, p.
and p,, are the density of the number of molecules of passive gas, vapor, and saturated vapor above the plane surface. Due
10 its independence relative 10 », we obtain the same contribution to the threshold value b, of the chemical potential of the
vapor. As a result, by, increases by the amount vpg- Here, we have taken into account that Pg >> P — P when there is
a high concentration of passive gas in the medium. In this case, the value of vjo, will be limited to the threshold value of vapor
chemical potential. If inequality (37) is so strong that the quantity in the right side of (11) is much less than v, then vip,
(independent of v,) will also determine the threshold value b, of vapor chemical potential. It will be the lowest value allowed
by thermodynamics.

We should also note that many researchers who have examined heterogeneous condensation on soluble nuclei in the
winter atmosphere [12-14] have been interested in describing the growth of drops with high concentrations of the dissolved
substance of the nucleus. It was shown in our study that when the condensation nuclei are macroscopic and when there is 4
monotonic decrease in the concentration of the dissolved substance of the nucleus with an increase in the number of condensate
molecules, drops with a high concentration of the nucleus substance turn out to be subcritical for low levels of supersaturation
* of the vapor and thus play no role in the thermodynamics of heterogeneous phase transformation taking place by the barrier
method. This is the situation that prevails for liquid condensation nuclei.

If the nucleus is solid and if, in the course of its dissolution, equilibrium can be established between the solid residue
of the nucleus and the substance of the nucleus in solution inside the growing drop, then the concentration of dissolved nucleus
material will increase with a decrease in the size of the nucleus as it undergoes dissolution. This might in turn lead t0 the
appearance of an additional maximum on the curve describing the dependence of the chemical potential of the condensate 00
the number of condensate molecules. This maximum would be located to the left of the maximum examined in the present
article and would correspond 1o a drop with a higher concentration of dissolved nucleus material. The threshold chemical
sotential of the vapor would then determine the larger of the maxima. The very existence of such an additional maximum and
he role it might play in the thermodynamics of condensation on soluble nuclei have not been discussed previously. _'A
Juantitative description of this maximum cannot be given without specific representations on the enveloping of the soluble solid

wcleus by the liquid condensing on it. Such a description is a separate problem and concerns condensation on solid nuclet
hat are not fully soluble.
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