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Investigating the action of foreign gases on the characteristics of the photolu-
minescence of vapors of organic compounds, B. S. Neporent (12?) discovered
the following phenomenon. When relatively small amounts of foreign gases are
added to vapors of luminescing molecules, the intensity of the glow, as the con-
centration of the added gas increases, at first decreases rather sharply, and then,
over wide ranges of the concentration of the foreign gas, remains practically con-
stant (see Fig. 1). B. S. Neporent pointed out the clear differences between this
phenomenon and the quenching process and the effect of stabilization of lumi-
nescence discovered by him, and also determined the conditions for observing
it in pure form. In these same works it was shown that the observed decrease
in the intensity of the glow occurs as a result of a weakening of the absorption
of the light exciting the luminescence. The following simple regularity of the
phenomenon was found:

(F' = Fo)/(Fy = F) ~ ny/n,, (1)

here n, is the concentration of luminescing molecules; Fj, is the absorption in the
absence of a foreign gas; F' is the absorption corresponding to the concentration
of molecules of the foreign gas n,; F is the absorption corresponding to n, = oo.
Studies carried out by B. S. Neporent and co-workers (176) also showed that the
weakening of absorption is usually the more significant, the lighter the molecules
of the added gas.

Fig. 1. Change in the luminescence intensity of S-naphthylamine vapor upon
addition of helium. Vapor pressure 0.53 mm Hg, temperature of the lower vessel
375° K, temperature of the upper vessel: 1-407° K, 2—427° K, 3—446° K, 5—
487° K.

The effect described is the experimental basis of the new method proposed in the
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present work for investigating thermodiffusion in gases. Let us consider the ex-
perimental conditions essential for us in studying the luminescence of molecular
vapors. The cuvette containing the substance under study consists of two vac-
uum vessels connected to one another—the lower and the upper. The substance
under study is placed in the lower vessel in the solid or liquid state in excess, so
that the vapor pressure in the cuvette is the saturated one. The temperature
maintained in this vessel corresponds to the desired vapor pressure. Optical
measurements are made with the aid of the upper vessel, the temperature of
which, in order to avoid condensation of the vapors, must necessarily be higher
than the temperature of the lower vessel (in practice by not less than 20-30°).
When a foreign gas is added to the cuvette, owing to the temperature difference
between its parts, a process of thermal diffusion in the mixture of the two gases
and the opposite process of concentration diffusion should occur (7~?). In the
established state the vapor concentration of the substance under study in the
upper vessel will change, and consequently the absorption of light will change
correspondingly as well (the vapor concentration in the lower vessel will remain
the same, since it is determined by the temperature of the condensed phase).

Thus, the relative change in the absorption or luminescence of molecular va-
pors in the system described is a measure of the thermodiffusion properties of
the mixture (of course, possible accompanying effects of other origin must be
excluded). Comparison of the results of the experiments described at the begin-
ning of the article with qualitative ideas about thermodiffusion, concerning the
direction of the effect, as well as the character of its dependences on concentra-
tion, mass and size of the molecules, and on the temperature difference between
the lower and upper vessels, fully confirms the interpretation given here.

Let us turn to the quantitative aspect of the method. In a mixture of two gases
with a nonuniform temperature distribution in the stationary state, owing to the
action of the processes of thermal and concentration diffusion, a concentration
gradient is established, written in the form (19

gradc; = —acycygradInT. (2)

Here ¢4, ¢, are the mole fractions of the two components (¢; + ¢, = 1); T is the
absolute temperature; « is the thermodiffusion constant, determined in the first

approximation of the kinetic theory of gases (710,

a=—=5(C —1)(¢;8) — 359)/(c}Q; + ¢165Q19 + 3Q5), (3)

where C,@Q,S are quantities depending on the masses of the molecules, the
characteristics of their interaction, and the temperature. Let c; refer to the
vapor, and ¢, to the added gas. Since, under the conditions of the method
under discussion, usually ¢; < c,, higher powers of ¢; in the expression ac,c,
may be neglected. Integration of (2), taking into account (3) and the conditions
of the experiment, makes it possible to obtain the dependence of the change in
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vapor concentration in the upper vessel on the concentration of the added gas.
It indeed has the form of the curves in Fig. 1 and is characterized by relations
connecting the experimentally determined quantities with the characteristics of
thermodiffusion:

n S T
In—= =5(C -1 iln—:—awln—.
N0 ( )Qz I’ I’

(4)
(nq is the vapor concentration in the upper vessel; the subscripts 0 and oo
denote the absence of added gas and its presence in an infinitely large amount
(the saturation region); 7" and T” are, respectively, the temperatures of the
upper and lower vessels),

mote (5, Q) (1) )

/
Nio— M S Qs U

Here n} and nj are, respectively, the concentrations of the vapor molecules and
of the added gas in the lower vessel. Formula (5) is valid in the region nj > nj.
In this region practically p) = p,. It is not difficult to see that formula (5)
corresponds to the empirical dependence (1). A very favorable circumstance,
making it possible to obtain the fairly simple relations (4) and (5) and relieving
the experimenter of the need to know the volumes of the upper and lower vessels
and to establish a sharp temperature boundary between them (in contrast to
ordinary methods), is the fact that the vapor concentration near the condensed
phase depends only on its temperature. (The change in the pressure of saturated
vapors under the action of the pressure of a foreign gas by several millimeters
of mercury is usually quite negligible *).) Expressions (4) and (5) include only
relative changes in the concentration n,, proportional to relative changes in the
coefficient of light absorption. Consequently, to determine the thermodiffusion
characteristics appearing in (4) and (5), it is necessary, after establishing the
temperatures of the upper and lower vessels, to measure only the relative change
in absorption or in luminescence intensity as a function of the pressure of the
added gas. In this connection, the “purely optical” investigations carried out
by B. S. Neporent and his collaborators in works (!~%) contain all the neces-

--the necessary data for calculating the characteristics of thermal diffusion and
are thus the material embodiment of the method described in the present work.

At a cursory examination of these experiments, attention is drawn first of all
to the rather high values of the thermal-diffusion constant « following from
the measurement results, usually amounting to several units, which exceeds
the customary values by an order of magnitude (®). This result is naturally
explained by the great difference in the masses and sizes of the molecules of
the mixtures (complex organic compounds and light gases). The record value
a = 3.6 is attained for a mixture of 9-diacetylaminoanthracene with helium
(data of V. P. Klochkov (%)).

sovietrxiv.org/items/ru-196501.88150 Machine Translation


https://sovietrxiv.org/items/ru-196501.88150

Table 1

T 407 427 446 465 487

T’ 375 375 375 375 375
F_/F, 0.77 0.67 0.60 0.55 0.48
o 3.0 29 34 27 27

o0

The linear dependence required by formula (4) is observed quite well in all cases.
Over the not very broad temperature range of the experiments, no distinct
temperature dependence of a was found. As an illustration we give the results
of processing the data of B. S. Neporent (2) for a mixture of S-naphthylamine
with helium (these data are shown in Fig. 1). Table 1 gives the numerical
results of the experiment and the determined values of o . Application of the
results of the theory of thermal diffusion for the molecular model of solid elastic
smooth spheres (71?) makes it possible, from the value of the thermal-diffusion
constant, to estimate the effective “hard” diameter of the B-naphthylamine
molecule. Taking for the effective diameter of the He atom the value 2.1 A,
determined from the viscosity at 400° K, we obtain, for a,, = 3.0, an effective
diameter of 5.6 A for the S-naphthylamine molecule. In view of the crudeness
of the hard-sphere model, this value should be regarded as illustrative.

In conclusion, let us note some possibilities for the application of the method de-
scribed, connected with its essential differences from the usual two-bulb method
with analysis of the composition of the mixture. Owing to its selectivity with
respect to one of the components and to the high sensitivity of concentration
analysis by absorption or luminescence in the described device, measurements
of the thermal-diffusion constant are possible at the edge of the concentration
dependence (¢; < ¢,), including practically at the point ¢, = 0. In this region,
and especially at ¢; = 0, the formulas of thermal diffusion, known for their com-
plexity, are substantially simplified (1°). The described method considerably
broadens the possibilities for investigating gaseous thermal diffusion and, con-
sequently, intermolecular interactions for substances that are solid and liquid
under ordinary conditions (including low-volatile ones). This is all the more
valuable because the experimental material accumulated to date on thermal dif-
fusion relates mainly to natural gases (®). Among the most interesting normally
solid or liquid objects in this respect are metals, as well as organic compounds
with conjugated double bonds, a certain class of which possesses color and often
bright luminescence.

The author expresses gratitude to his supervisor B. S. Neporent for proposing
the study of the problem and for his interest and attention to the work.
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