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Abstract
Full Text
PHYSICAL CHEMISTRY

R. Ya. KUCHEROV and L. E. RIKENGLAZ

ON THE QUESTION OF MEASURING THE
CONDENSATION COEFFICIENT
(Presented by Academician A. P. Frumkin, March 23, 1960)

Numerous experimental works (1,2) have been devoted to the measurement of
the condensation coefficient 𝛼. Depending on the vapor pressure 𝑝0 of the
substance under study, experiments are carried out either by measuring the
rate of evaporation into a vacuum, followed by calculation of the coefficient 𝛼
from Langmuir’s formula

𝜏0 = 𝛼𝑝0(2𝜋𝑚𝑘𝑇 )−1/2, (1)

or by measuring the rate of evaporation and the vapor pressure 𝑝 at the phase
boundary and calculating 𝛼 by means of the Hertz–Knudsen formula

𝜏 = 𝛼(𝑝0 − 𝑝)(2𝜋𝑚𝑘𝑇 )−1/2. (2)

The first method is used for substances with 𝑝0 ≲ 0.1 mm Hg, the second for
substances with higher vapor pressure.

In the present work it is shown that formula (2) must be used with caution,
since it is valid only in the limiting case 𝛼 ≪ 1. The error is connected with
the fact that, in deriving (2), no account was taken of the convective motion
of vapor away from the surface during evaporation or toward the surface dur-
ing condensation, which always accompanies these processes, as well as of the
temperature jump at the vapor–liquid interface.

Allowance for these effects in slow evaporation (i.e., when the evaporation rate
is much smaller than the rate of evaporation into a vacuum at the same tempera-
ture) for the case in which the condensation coefficient 𝛼 and the accommodation
coefficient 𝛽 are equal to unity was made in the authors’work (3). By analogous
reasoning it is easy to show that, for arbitrary values of these coefficients, the
expression for the particle flux density must be written in the form

𝜏 = 𝛼 𝑝0
√2𝜋𝑚𝑘𝑇0

− 𝛼 𝑝√
2𝜋𝑚𝑘𝑇

+ 𝛼𝜏
2 , (3)
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where 𝑇0 is the temperature of the liquid surface, 𝑇 is the temperature of the
vapor at the surface, 𝜏 is the flux density of vapor molecules, and 𝑚 is the mass
of a molecule.

With the aid of simple transformations, neglecting terms quadratic in 𝜏/𝜏0, we
obtain

𝜏 = 2𝛼
2 − 𝛼

1
√2𝜋𝑚𝑘𝑇0

{(𝑝0 − 𝑝) − 𝑝0
2

𝑇0 − 𝑇
𝑇0

} . (4)

To determine the temperature jump 𝑇0 − 𝑇 , let us write the expression for the
energy flux density 𝑄. By analogy with (3) we find that, near the evaporation
surface, the amount of heat carried by molecules moving toward the surface is
equal to

𝑄− = 𝑝√
2𝜋𝑚𝑘𝑇

[2𝑘𝑇 + 𝑈(𝑇 )] − 𝑄
2 , (5)

where 𝑈(𝑇 ) is the internal energy of a molecule at temperature 𝑇 .

The flux of molecules moving away from the surface consists of two parts: evap-
orated molecules and molecules scattered by the surface upon collision with it.
The latter molecules constitute the fraction (1 − 𝛼) of the flux incident on the
surface. The exchange of energy between them and the liquid is characterized
by the accommodation coefficient introduced by Knudsen,

𝛽 = 𝑇𝑟 − 𝑇
𝑇0 − 𝑇 , (6)

where 𝑇𝑟 is the effective temperature assigned to the molecules scattered by the
surface.

Taking the above into account, the amount of heat carried by the molecules
moving away from the surface is

𝑄+ = 𝛼 𝑝0
√2𝜋𝑚𝑘𝑇0

[2𝑘𝑇0 +𝑈(𝑇0)]+(1−𝛼) [ 𝑝√
2𝜋𝑚𝑘𝑇

− 𝜏
2] [2𝑘𝑇𝑟 −𝑈(𝑇𝑟)]. (7)

The density of the heat-energy flux is equal to

𝑄 = 𝑄+ − 𝑄−. (8)

On the other hand, neglecting the contribution of thermal conductivity, which
is usually insignificant for the present problem, we may write
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Fig. 1

Figure 1: Fig. 1

𝑄 = 𝑐𝑝𝑇 0𝜏. (9)

With the aid of (5)—(9), after elementary transformations we find

𝑇0 − 𝑇 = √2𝜋𝑚𝑘𝑇0
2𝑝0

𝜏 [𝑐𝑝𝑇 0 − 2𝑘𝑇0 − 𝑈(𝑇0)]
(𝑐𝑣 + 𝑘/2)[𝛼 + 𝛽(1 − 𝛼)] . (10)

Substituting (10) into (4), we finally obtain

𝜏 = 𝜘𝛼 𝑝0 − 𝑝
√2𝜋𝑚𝑘𝑇0

, (11)

where

𝜘 = 2
2 − 𝛼 + 𝛼 [𝑐𝑝 − 2𝑘 − 𝑈(𝑇0)/𝑇0]/2[𝛼 + 𝛽(1 − 𝛼)](𝑐𝑣 + 𝑘/2) .

The dependence of 𝜘 on 𝛼 for the particular case of a monatomic gas (𝑈(𝑇0) = 0)
at 𝛽 = 1 is shown in Fig. 1. As 𝛼 → 0, 𝜘 → 1, and (11) becomes the Hertz–
Knudsen formula. However, when 𝛼 ∼ 1, neglect of 𝜘 leads to a substantial
error.

In all works on the measurement of 𝛼 carried out at high vapor pressures, the
results were processed with the aid of the Hertz–Knudsen formula. Therefore
those of them which led to the value 𝛼 ∼ 1 must be reconsidered.

Fig. 1

For an experimental verification of the considerations presented here, it would be
of interest to compare measurements of the condensation coefficient of one and
the same substance with 𝛼 ∼ 1, carried out under conditions of evaporation into
vacuum and of slow evaporation. As far as the authors know, such measurements
are lacking.

Received
14 X 1959

CITED LITERATURE
1. O. Knacke, I. N. Stranski, Progr. in Metall Phys., 6, 181 (1956); Russian

transl. in Uspekhi fiz. nauk, 68, 261 (1959).

sovietrxiv.org/items/ru-196001.97643 Machine Translation

https://sovietrxiv.org/items/ru-196001.97643


2. An. N. Nesmeyanov, N. E. Sandamirova, Uspekhi khim., 28, 117 (1959).

3. R. Ya. Kucherov, L. E. Rikenglaz, ZhETF, 37, 125 (1959).

Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-196001.97643 Machine Translation

https://sovietrxiv.org/items/ru-196001.97643

	Abstract
	Full Text
	ON THE QUESTION OF MEASURING THE CONDENSATION COEFFICIENT
	CITED LITERATURE


