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The rate of homogeneous nucleation in supersaturated vapors of water was studied experimentally
using a thermal diffusion cloud chamber. Helium was used as a carrier gas. Our study covers a range
of nucleation rates from 3 X 10~ to 3 X 102 cm™3 s~! at four isotherms: 290, 300, 310, and 320 K.
The molecular content of critical clusters was estimated from the slopes of experimental data. The
measured isothermal dependencies of nucleation rate of water on saturation ratio were compared
with the prediction of the classical theory of homogeneous nucleation, the empirical prediction of
Wolk et al. [J. Chem. Phys. 117, 10 (2002)], the scaled model of Hale [Phys. Rev. A 33, 4156
(1986)], and the former nucleation onset data. © 2008 American Institute of Physics.

[DOL: 10.1063/1.3000629]

INTRODUCTION

Nucleation is a critical step in vapor to liquid phase tran-
sition. In most situations the heterogeneous nucleation is im-
portant, that occurs under the presence of foreign nuclei,
aerosol particles, ions, or surfaces. If they are absent, the
process takes place by vapor condensation on its own em-
bryos. This process is termed homogeneous nucleation and
in unary vapor it represents the simplest system for both
experimental and theoretical investigations of nucleation.
The water vapor plays a significant role in the Earth’s atmo-
sphere. It participates in nucleation of more complex binary
and ternary systems as water-sulfuric acid plus surface-active
organic substances such as ammonia or dimethylamine that
lower the surface tension and enhance the nucleation
process.1 Water vapor is the most potent greenhouse gas in-
fluencing strongly both the incoming and the outgoing radia-
tion. Water vapor moderates the Earth’s climate by buffering
large fluctuations in temperature.

Most of the available data on the homogeneous nucle-
ation of water were produced by devices using adiabatic ex-
pansion (Wilson, Volmer and Flood, Allen and Kassner,
Wagner and Strey, Miller et al.; Peters, Viisanen, Viisanen et
al., Luijten et al., Schmitt et al., Viisanen et al., Wolk et al.,
Wolk and Strey 2001, Heath ef al., and Holten et al.);zf16
only several studies used devices based on nonisothermal
diffusion of studied vapor through an inert gas (Heist and
Reiss, Mirabel and Katz, Chukanov and Kuligin, Beloded et
al., and Mikheev et al. 2002).'77%!

Generally, the diffusion based devices, often called the
diffusion chambers, are used both for the determination of
critical supersaturation and for nucleation rate measure-
ments. In these studies, the nucleation rate is usually derived
from the integral flux of droplets recorded by an optical
counter. The inherent presence of nonuniformities in tem-
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perature and supersaturation, and the way of droplets detec-
tion cause difficulties in comparing the results from diffusion
chambers with the results obtained by other techniques. Sev-
eral years ago, the method of droplets detection in the ther-
mal diffusion cloud chamber (TDCC) was modified.?* This
approach allowed us to determine the rate of nucleation, and
its dependence on temperature and supersaturation, indepen-
dently on any nucleation theory. Here this technique is used
to measure the homogeneous nucleation rate in supersatu-
rated vapors of water in helium at four temperatures: 290,
300, 310, and 320 K.

In 1973, Heist and Reiss'’ reported the first onset nucle-
ation data, sometimes called critical supersaturations, in a
thermal diffusion chamber. 35 years later we bring to the
nucleation community a first set of the experimental nucle-
ation rate data from the same device. The obtained data are
compared both with the theoretical predictions and with all
available data of others.

EXPERIMENTAL METHOD

The TDCC used in this work was first presented in detail
elsewhere.” A short overview of the technique is given here.
The basic function of the TDCC is to produce supersaturated
vapor by using nonisothermal diffusion. The chamber is de-
signed so that one-dimensional diffusion of vapor takes place
through an inert carrier gas. The chamber consists of two
circular duraluminum plates, separated by a 25 mm high ring
made of 5 mm thick optical glass with an inner diameter of
160 mm. The effective diameter to height (the distance be-
tween liquid films) ratio is 7:1. To minimize the wall effect,
the ring is wrapped by six equally spaced resistance wires, in
parallel connection, connected to one power supply. The re-
quired unequal heating of the wall is reached by suitable
choice of wires of different resistivities. The bottom plate
covered with a thin film (less than 1 mm) of studied liquid is
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FIG. 1. The schematic picture of the calculated profiles inside the TDCC.

heated. Vapor of the studied substance evaporates from the
film surface, diffuses through an inert gas, and condenses on
the cooler top plate. The condensate flows along the glass
wall back to the pool, so that the chamber can be operated at
a steady state. The type and pressure of the inert gas are
chosen so that the density profile is stable against buoyancy
driven convection. Under such circumstances, the character
of transport processes between the plates leads to a state,
where both the temperature 7" and the partial vapor pressure
p decrease almost linearly with the increasing chamber
height, see Fig. 1. Since the equilibrium vapor pressure p,
decreases with the height more quickly than p, the vapor in
the chamber becomes supersaturated with a maximum super-
saturation S=p/p., reached close to the top plate. By in-
creasing the temperature difference between both plates, the
supersaturation can be increased until it is sufficient for ho-
mogeneous nucleation to start. Temperatures of the liquid
surfaces are not measured directly but temperatures of the
plates are measured instead, the temperatures of the liquid
surfaces have to be calculated. It is assumed that the heat
conduction is the main mechanism of heat transport through
the films.> The self-cleaning nature of the chamber hinders
heterogeneous nucleation. The nucleation induced by ions is
effectively prevented by applying an electrostatic field
(80 Vem™) across the chamber. Stable clusters of the new
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phase are formed and then grow rapidly to become visible
droplets; all this happens inside a thin layer called a nucle-
ation zone (spanning over about 10% of chamber height)
with nucleation rate maximum located somewhat below the
supersaturation maximum. The formed droplets fall back to
the liquid film due to gravity.

The method of precise determination of the nucleation
rate is described in detail in the paper of Brus et al.** 1t uses
a charge coupled device (CCD) camera to record droplet
trajectories online and the algorithms of image analysis to
determine vertical positions of nucleated droplets on digital
images. After evaluating a sufficient number of visible drop-
lets (starting points) in one experiment, we obtain their num-
ber distribution as a function of the chamber height. By di-
viding the number distribution by the photographed volume
and the exposure time we get the homogeneous nucleation
rate (as droplets per cubic centimeter per second) as a func-
tion of the height in the chamber. The homogenous nucle-
ation rate distribution is subsequently fitted by a Gaussian
distribution. This method presents the experimentally deter-
mined homogeneous nucleation rate J.,,(z)dz as a function
of vertical position inside the chamber, z. These local values
of nucleation rate are then related to the corresponding val-
ues of temperature and supersaturation, as calculated using a
one-dimensional model of mass and heat transport in the
TDCC, > see Fig. 2. The resulting dependence J,,(T’,S) is
directly comparable to the theoretical prediction of any
nucleation theory.

In this study we used a purified water (ULTRAPURE,
Watrex s.r.o, electrical conductivity<<0,1 uS/cm, TOC
<10 parts per billion) as the condensing vapor and helium
(Linde, purity of 99.996%) as the carrier gas. The physico-
chemical properties of water and helium are presented in
Table 1. The error analysis, short overview, and comments to
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FIG. 2. The illustration of the experimental data evaluation method in the TDCC. Typical trajectories of droplets recorded by the CCD camera are shown on
the left side of the figure in relation to the dimensionless height z of the chamber. In the three windows of the insert we see the experimentally determined local
homogeneous nucleation rate J, and calculated vertical profiles of temperature 7, and supersaturation S, all as functions of dimensionless height of the

chamber, z.
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TABLE 1. Physicochemical properties of helium, water, and the mixture of water-helium. M is the molar mass,
o and &/k the force constants for the Lennard-Jones (6-12) potential in m and K, respectively, c, the heat
capacity, N the thermal conductivity, 7 the viscosity, 1) the collision integral of the type (i,j) as defined in
Hirschfelder er al., T the temperature in K, 7, the critical temperature, T}, the temperature of the normal boiling
point, P, the equilibrium vapor pressure, P the total pressure, P, the critical pressure,  the surface tension, AH
the enthalpy of vaporization, D, the binary diffusion coefficient, « the thermal diffusion factor, x the molar
fraction, A the factors in the Wassiljewa equation estimated by Mason-Saxena method (Reid e al.), and k the
Boltzmann constant. Indexes: v—vapor, g—gas, vg—vapor-gas mixture, l—liquid.

Property Equation Unit Ref.
Helium
M, 4.0026 kg kmol™! 37
o, 2.551x 10710 m 37
& /k 10.22 K 37
¢, 20.786 J mol™! K~! 37
A, (~5.8543 X 1073+2.686 06 X 107X T—7.001 13 X 10~ Wm™ K 38
XT?+1.07396 X 1071 X T3-6.017 68 X 1075 X T*)
X 4.1868 X 100
7 1.4083 X 107°7"%/(T+70.22) Pas 44
Water
M, 18.015 kg kmol™! 37
a, 264110710 m 37
g,k 809.1 K 37
T, 373.15 K 37
T, 647.14 K 37
P, 22.064 X 10*° Pa 37
C,, 4186.8(7.701+4.595 X 107#T+2.521 X 107677 J kmol™' K~ 37
-0.859 X 10797%)
N, 418.68(—1.6487 X 10+ 1.9895 X 107'T) Wm™! K 44
N 0.600 Wm K! 37
o 1000(1.0—((T-273.15)-3.9863)*((T-273.15))) kgm™ 43
+288.9414) /(508 929.2((T-273.15)+68.129 63)))
v 93.663 X 1073+9.133 X 107°7=2.75 X 107777 Nm™! 42
P 133.322(10°), where a=19.301 142-2892.3693/T Pa 42
-2.892736
log 10(7)-4.936 972 8 X 1073T+5.606 905 X 10772
—4.645 869 X 10797%+3.7874 X 10~12T*
AH, 40.68 X 10° J kmol™! 40
Mixed Properties
Dy, 2,663 X 10°2T5((M,+M,) 1 (2M,M.,))*3/ (Pa?, Q) m?s™! 41
X (kT/&,,))
1a [—1.04267 —T/(33.7629-0.358 55X T)] 1 39
X (x0+0.610 43)+0.636 48
Nyg XNyl (0, + A X ) +x N o (X, +A g, x,) Wm! K! 37
Ty 2.596x 10710 m 37
&,/ k 90.93 K 37

the key water physicochemical properties used in homoge-
neous nucleation studies until the present time are provided
in supplementary material online.”’

RESULTS AND DISCUSSION

Homogeneous nucleation rates of water in helium were
measured ranging from 3 X 107! to 3X 10> cm™3s7! in two
sets of measurements to ensure reproducibility of results.
The lower limit of the TDCC is caused by the difficulties in
running very long experiments (many hours) and the higher
limit due to vapor depletion and latent heat release. The
nucleation temperatures studied in this paper covered the

range from 290 to 320 K in steps of 10 K. The lower tem-

perature limit is given by the freezing point temperature at
the cooled top plate of the chamber. The highest operating
temperature is limited by the boiling point temperature of the
chamber’s bottom plate, corresponding to the operating pres-
sure. In order to avoid buoyancy driven convection inside the
TDCC, the total pressure must remain below some limiting
value that depends on the temperature, condensable vapor,
and background gas.zs’29 The pressure in the TDCC was var-
ied from 50 kPa at 7,,,,=290 K to 170 kPa at 7,,,q=320 K.
In this work, we did not test whether the helium pressure has
an influence on the measured nucleation rate due to a very
narrow total pressure range available.

The obtained experimental nucleation rate data are pre-
sented in Table II for both sets of measurements. The nucle-
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TABLE II. The nucleation rates of water in helium. 7}, is temperature of the bottom plate, T is temperature of
the top plate, T, is nucleation temperature, p, is total pressure, Sy is the supersaturation at Ty, and Joy, is

the experimental nucleation rate.

The first set of measurements

T, (K) T, (K) T (K) Pt (kPa) Shuel Joxp (em™ 71

T=290 K

332.04 273.08 290 51.73 3.91 1.39 X 10*0!
332.21 273.12 290 51.98 3.93 1.73 X 100!
333.17 274.18 290 52.26 3.94 1.57 X 10!
333.30 274.18 290 52.28 3.96 1.44 X 10*0!
333.44 274.16 290 52.46 3.98 2.36 X 10*0!
333.57 274.13 290 52.64 4.00 2.59 X 10*0!
333.90 274.07 290 53.07 4.05 4.17x 10"
334.20 274.01 290 53.32 4.10 5.48 X 107!
333.81 274.06 290 51.15 4.06 6.65% 100!
334.19 274.08 290 51.51 4.12 1.12X 102
334.52 274.06 290 51.74 4.17 1.63 X 1092
334.72 274.04 290 51.98 4.20 1.08 X 1092
331.77 273.89 290 50.48 3.79 1.10 X 10+
332.31 273.74 290 53.22 3.85 2.03 X 100
332.15 273.81 290 53.15 3.82 9.54x 107!
331.99 273.84 290 53.15 3.80 1.27 X 10
335.38 275.13 290 52.65 4.14 7.86 X 100!
335.15 375.12 290 52.46 4.11 5.46 X 107!
334.60 275.10 290 52.18 4.03 2.27 %1001
T=300 K

344.77 282.20 300 112.50 3.61 3.32% 100!
344.91 282.15 300 112.76 3.64 4.42 X 10!
345.15 282.11 300 112.98 3.67 6.48 X 107!
345.40 282.07 300 113.17 3.70 8.61 X 107!
345.55 282.02 300 113.26 3.73 1.10 X 1002
345.83 281.95 300 113.52 3.77 1.34 X 102
345.97 281.94 300 113.60 3.79 1.80 X 1002
344.83 281.94 300 116.30 3.63 1.80 X 10*0!
344.48 281.95 300 116.30 3.59 1.00 X 10*0!
344.20 281.98 300 115.88 3.55 7.73 X 10+
344.09 281.97 300 115.83 3.54 7.33 X100
343.90 281.99 300 115.67 3.52 1.79 X 10*%
343.82 283.18 300 109.90 3.41 6.65% 107!
343.67 283.22 300 109.65 3.39 1.04 X 10+
343.58 283.20 300 109.74 3.39 7.98 X 107!
T=310K

353.55 291.77 310 131.12 3.17 1.95 % 10+0!
353.70 291.78 310 131.31 3.18 1.31x 10!
353.93 291.73 310 131.55 3.21 2.03 X 10*0!
354.17 291.77 310 131.88 3.23 2.37% 100!
354.33 291.68 310 132.08 3.25 3.60 X 107!
354.46 291.74 310 132.29 3.26 476 %10
354.61 291.72 310 132.40 3.27 6.36 X 10!
354.77 291.67 310 132.64 3.29 7.85%10*0!
354.92 291.62 310 132.81 3.31 1.18 X 102
355.04 291.59 310 132.93 3.33 1.34 X 1002
355.18 291.57 310 132.21 3.35 1.45 %1002
353.51 291.49 310 134.23 3.18 9.55 % 10*0!
353.29 291.42 310 133.90 3.16 1.72 X 10*0!
353.11 291.43 310 133.69 3.14 6.30 X 1070
352.95 291.45 310 133.50 3.13 4.96 X 10+
352.68 291.46 310 133.20 3.10 3.24 X100
352.44 291.48 310 132.90 3.08 2.10X 1070
352.34 291.25 310 133.41 3.08 1.30 X 100
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TABLE II. (Continued.)
The first set of measurements
T, (K) T, (K) T (K) Pt (kPa) Shucl Jexp (em™s71)

352.08 291.27 310 133.09 3.06 3.30x 107
T=320 K

364.85 300.89 320 171.95 3.01 2.37 X102
364.62 300.93 320 171.61 2.99 1.81 X102
364.42 300.95 320 171.21 2.97 1.59 X 1092
364.11 300.97 320 170.72 2.94 1.17 X 1092
363.80 301.02 320 170.18 2.92 7.96 X 100!
363.61 301.18 320 169.70 2.89 4.59x 10!
363.29 301.24 320 169.16 2.86 1.93x 10!
362.97 301.26 320 168.69 2.84 1.36 X 10+
362.68 301.31 320 168.10 2.81 8.67 X 107
362.35 301.37 320 167.57 278 2.14 X 10
362.36 301.36 320 167.14 2.79 1.90 X 100
362.61 301.47 320 167.53 2.80 2.20X 100

The second set of measurements

T=290 K

335.03 273.47 290 55.54 4.28 1.22 X 1092
334.25 273.5 290 55.17 4.16 5.38 X 10*0!
333.51 273.57 290 54.78 4.04 2.72 X 1070
332.85 273.65 290 54.46 3.93 1.65 % 10+
332.59 273.95 290 54.31 3.86 4.47% 107!
333.28 273.69 290 54.60 3.99 8.67 X 107
T=300 K

343.54 281.57 300 103.16 3.57 1.91 X 10*0!
343.78 281.45 300 103.83 3.61 2.32%x10%0!
344.38 280.86 300 112.37 3.70 6.51x 100!
344.62 280.85 300 112.97 3.73 8.35 X 107!
344.88 280.83 300 113.73 3.76 9.62 X 10*0!
343.61 281.06 300 113.00 3.58 1.63 X 10*0!
343.32 281.08 300 113.24 3.55 1.55 % 10*0!
343.11 281.13 300 113.39 351 7.74 X 107!
343.06 281.15 300 111.36 3.52 2.70 X 10*0!
342.86 281.21 300 111.61 3.48 8.15 X 10%%0
342.65 281.27 300 111.76 3.45 5.85% 100
342.42 281.32 300 111.87 3.42 2.56 X 1070
T=310 K

353.73 290.66 310 140.12 3.24 1.05 X 1002
352.91 290.69 310 139.68 3.16 4.44 X 10+
351.19 391.12 310 138.27 2.97 5.14x 107!
T=320 K

364.60 299.18 320 202.19 3.04 3.59 X 1092
364.16 299.21 320 202.19 3.00 2.10X 1002
363.73 299.29 320 202.19 2.96 1.31 X102
363.30 299.40 320 201.71 2.92 7.38 X 10!
362.86 299.48 320 201.00 2.88 3.18 X 10*0!
362.41 299.58 320 200.29 2.84 2.62% 10!
361.91 299.65 320 199.69 2.79 1.34 X 10*0!
361.46 299.76 320 199.19 2.75 3.96 X 1070
360.98 299.83 320 198.45 2.71 6.68 X 107!

ation rates as a function of the saturation ratio are presented
in Fig. 3. It can be seen that the experimental data are in
qualitative agreement with the prediction of the classical
theory of homogeneous nucleation (CNT).30 However, the
experimental points are about two orders in magnitude lower

at 320 K and about three orders of magnitude lower at 290 K
than the corresponding theoretical curves. In Fig. 3 we com-
pare our experimental data also to the empirical nucleation
rate function of Wolk er al.”! Experimental data fit well at
nucleation temperature of 320 K, but the deviation from the
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/3 10

FIG. 3. The experimental nucleation rates J.,, as a function of saturation
ratio S of water. Filled symbols (from left to right): diamonds—320 K,
triangles—310 K, circles—300 K, and squares—290 K. Solid lines: CNT
calculated for temperatures of 320, 310, 300, and 290 K. Dotted lines: Em-
pirical nucleation rate function of W&lk er al. Dashed-dotted lines: Hale
scaled theory with 1=1.47.

empirical prediction increases toward the lower temperature
isotherms and reaches about one order of magnitude at
290 K.

Comparison with the onset measurements

In Fig. 4 the data of this work are compared to the onset
measurements of Wilson,2 Volmer and Flood,3 Heist and
Reiss,'’ (separately for both carrier gases hydrogen and he-
lium), Peters,7 Mirabel and Katz,18 and of Chukanov and
Kuligin.lg The ratio of the onset saturation ratio to the satu-
ration ratio predicted by CNT theory is plotted as a function
of the nucleation temperature. We have chosen the ratio
Sexp/ Scn on the vertical axis because Fig. 4 presents a com-
bination of data obtained from both the expansion and the
diffusion based devices, each of them using another value of
the onset nucleation rate: e.g., Peters’ takes 10'! cm™ s~!
while this work uses only 2 cm™ s~ as the onset nucleation

v
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FIG. 4. Temperature dependence of the experimental saturation ratio to the
critical saturation ratio calculated by the CNT.
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FIG. 5. A comparison of the scaled nucleation rates of water as a function of
the scaled saturation ratio in the so-called Hale plot.

rates. The data presented here agree well with the data of
Heist and Reiss,17 Mirabel and Katz,18 and of Chukanov and
Kuligin;19 all of these were obtained using diffusion cham-
bers and over similar temperature ranges. All data from dif-
fusion chambers fall just above the prediction of the CNT.”
Experimental data of Wilson® and Volmer and Flood® sit on
the dotted line symbolizing a perfect agreement with the
CNT, while the data of Peters’ lies on the dotted line only at
higher nucleation temperatures but deviates from it toward
lower temperatures.

Comparison with the nucleation rate measurements

In order to compare the experimental data from all avail-
able techniques in a consistent manner and keep the picture
as clear as possible we have chosen a scaled model of nucle-
ation suggested by Hale.***

The so-called Hale plot, see Fig. 5, produces two param-
eters Co[(T./T)—1]%/(In S)> and Q. The first parameter ac-
counts simultaneously for the temperature and supersatura-
tion dependencies in the exponent of the nucleation rate

80

T T
*  this work
A Miller ef af. 1983
v \Viisanen 1991
0 Viisanen ef al. 1993 |
4 Luijten ef al. 1997
m Wolk & Strey 2001
o Mikheev et al. 2002
X Holten et al. 2005
— Kelvin eq.

FIG. 6. Critical cluster sizes as a function of saturation ratio, the solid curve
is a prediction of the critical cluster size calculated using the Kelvin
equation.
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expression. The parameter () is the excess surface entropy
per molecule (divided by k) and is estimated from the experi-
mental values of the surface tension. The effective value of
Q) can be derived from C, by

113
Q:(ﬁxlnlo) . (1)
16
This method offers a way to check the experimental data for
consistency and also provides a basis to compare the experi-
mental nucleation rates of any magnitude measured at arbi-
trary temperatures and supersaturations.

The “Hale plot” given on Fig. 5 uses only the nucleation
rate data, the onset data are excluded. The compared rates
scale well over a wide range of temperatures and supersatu-
rations and the experimental data from this work seems to be
consistent with the data of others. The resulting value of the
parameter C is 23 and the effective value of () is 1.47.

Critical cluster sizes

The critical cluster sizes can be calculated from the
slopes of the nucleation rate isotherms according to the
nucleation the:orem,35

(am) - @

JdIn S

In Eq. (2) n* is the number of molecules in the critical clus-
ter. One can also use the Kelvin equation to obtain the criti-
cal cluster radius r*,

rf= ,
kTIn S

where vjq is the volume of a liquid molecule and S is the
experimental critical saturation ratio. Looking at the Kelvin
equation, one sees that the critical cluster size depends both
on the temperature and the saturation ratio. The number of
molecules in the critical clusters is presented as a function of
critical saturation ratio in Fig. 6. Our critical cluster sizes are
lower than those predicted by the Kelvin equation. This is
not unusual in TDCC measurements, e.g., of 1-butanol or
1-pr0pan0124’36 and is the case here for almost all data. Figure
7, the number of molecules in the critical cluster determined
from our experiments as a function of the number of mol-
ecules in the critical cluster predicted by Kelvin equation,
might be accessed via supplementary materials.”’ Again our
measurements suggest a lower content of molecules in the
critical cluster, see Fig. 7.

CONCLUSIONS

In this study two sets of nucleation rate isotherms (290,
300, 310, and 320 K) of water in helium were measured in a
TDCC; the rates ranged from 3 X 107! to 3 X 10?> cm™s7!.

The obtained experimental results are in a reasonably
good agreement with the prediction of the CNT. The experi-
mental points are two and three orders of magnitude lower
than the theoretical curves corresponding to the isotherms at
320 and 290 K, respectively. Our data compared to the em-
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pirical nucleation rate function of Wolk et al>' fit well at the

isotherm at 320 K, but at 290 K they are about one order of
magnitude lower.

We compared our data to the measurements of others,
both to the onset data and to the nucleation rate measure-
ments. Data of this work agree well with the onset data ob-
tained from diffusion chambers in a similar temperature
range and are just slightly above the prediction of the CNT.
All available experimental nucleation rate data are compared
in the so-called Hale plot. The experimental data from this
work seem to be consistent with the data of others and the
whole dataset scales well over a wide range of temperatures
and supersaturations.

Critical cluster sizes were estimated from the slopes of
measured isotherms and compared to the prediction of
Kelvin equation. Our measurements suggest somewhat lower
content of molecules in the critical cluster than the theoreti-
cal prediction.

A short overview to the key physicochemical properties
of water and possible sources of error are provided via
supplementary materials online.”” There was demonstrated
that the application of any equation of liquid density, surface
tension, and equilibrium vapor pressure used in the homoge-
neous nucleation studies until the present time will have an
impact neither on the calculated profiles inside the TDCC
nor on the obtained experimental results.
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