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The operation of the gasdynamic laser [1 - 4] is based on processges of
vibrational relaxation of polyatomic molecules, which result from paired colli-
sions of the molecules in the volume of the gas.

The purpose of the present article is to show that non-equilibrium expan-
sion of a two-phase gas-aerosol system in a supersonic nozzle can be accom-
panied by inversion of the population of the vibrational levels of polyatomlc
anisotropic molecules, as a result of vibrational relaxation of the molecules
in the adsorbed state on the surface of the aerosol particles. The surface
relaxation greatly increases the number of molecular gases in which population
inversion can be obtained by the gasdynamic method.

We assume that the adsorption has a dynamic character, i.e., within the
time scale characteristic of the problem, the molecule is in the adsorbed state
many times, and that physical adsorption on the surface occurs at a temperature
higher than the critical two-~dimensional-condensation temperature [5].

The dependence of the average lifetime of the molecule in a two-phase gas-
aerosol system on the type of vibrational level of the molecule 1s due to the
Jjoint action of three factors: 1) the adsorbed molecule is oriented in a defi-
nite manner relative to the surface of the adsorbent; 2) the damping of dif-
ferent vibrational modes of the molecule depends on 1ts orientation in the ad-
sorbed state; 3) the time of stay on the surface also depends on the orienta-
tion of the molecule. For clarity, we shall consider the COz molecule, and to
simplify the calculations we assume that the rotational motion of the molecule
in the adsorbed state is suppressed and that the molecule can be oriented
elther parallel or perpendicular to the surface.

Let us determine the dependence of the time of stay of the molecule in the
adsorbed state on its orientation. The density of the fluctuating electro-
magnetic fields, which exists near the surface of the adsorbent, decreases like
1/r® with increasing distance r from the surface. The energy of interaction of
the molecule with this field gives the dispersion component of the Van-der-
Waals forces. If we assume that the main cause of the difference between the
absorption energies for two orientations is the change of the distance between
the center of the molecule and the surface of the absorbent, then

y =E, /By =ib/a)?,

where a and b are the dimensions of the electron cloud of the molecule parallel
and perpendicular to the molecule axis. Taking b/a = 0.7 for the CO, molecule,
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we get vy = 0.34. The time that the molecule stays in the adsorbed state de-
pends exponentially on the adsorption energy

r = roegp(E/kT) ,

B TL _ E.L-E' _ . E'
1"... r“ = exp(——-,—&.-— = exp [ - —k—-F (1 -—y) »
where 1/t = 1012 - 105 sec” ! is the frequency of the oscillations of the

molecules relative to the adsorbent surface [5]. In the adsorption of €02 on
charcoal we have E = 6.5 kcal/mole [5], n = 0.1 at T = 900°K, and n = 10-% at
T = 300°K. If the molecule is strongly elongated in one direction, then the

difference between the adsorption times is large.

Let us determine the damping of different vibrational modes of the mole-
cule as a function of the molecule orientation on the surface. We assume to
this end that the oscillatory motion of the COz molecule can be represented by
four linear oscillators, two of which, the symmetrical (mO0) and the antisym-
metrical (0OO0m) wvalence oscillations, are directed along the molecule axis, the
z axis, and the directions of the two others, comprising a doubly degenerate
deformation (Om0O) oscillation, coincide with the directions of the x and y
axes; we assume that the damping of all four oscillators is the same and equal
to § if the direction of the oscillations is perpendicular to the adsorbing
surface, and equal to zero if the direction is parallel to the surface. We
assume also that the probability of deactivation of the molecule 1s small with-
in the time of a single stay in the adsorbed state, p = ©§ << 1. The depend-
ence of the damping of the different vibrational modes on the molecule orienta-
tion is shown in the table.

Orientation 1 Lifetime in
{ m00) 1 (0m0O) —] (00m) adsorbed state
i o [ o0ls 0 7
1 5 0 0 & 1

Let us determine the ratio of the lifetime Tu of the CO,; molecule in the
two-phase system at the upper laser level (00°1) to the average lifetime 1, at

the. four lower levels (10°0), (02%0), (02%0), which have equal populations
owing to the resonant exchange in the gas phase

&

0w '1.5+3"'15 Vg

L) 4 & 45

1
n

The formula shows that the lifetime of the molecule at the lower level is
shorter by a factor 1/n than the lifetime at the upper laser level.

In supersonic wind tunnels and in gasdynamic lasers there is a common
reason why flow in the supersonic part becomes two-phase. The reason is the
volume condensation of the vapors of those substances which are contained in
the form of slight admixtures in the gas and have a noticeable vapor tension
compared with the total gas pressure.

The presence of aerosol particles in the gas stream causes attenuation
of the transmitted infrared radiation, owing to the absorption and scattering
by the minute particles. Let us estimate the total attenuation of a plane
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wave for two cases: water droplets, N ~ 10! ecm™%, D = 30 2, using the value of

the complex dielectric constant for a radiation frequency v = 1000 em~', and
also metallic. spheres of copper having the same dimension and the same density,
at the same frequency. The photon free path in a two-phase medium is £ ~ 1/No,
and in the former case & v 0.1 km while in the latter it i1s 30 times larger (o
is the total-attenuation cross section).

The authors are grateful to Yu.B. Konev, I.I. Sobel'man, and D.T. Shalunov
for useful discussions.
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The electronic theory of alloys, based on the method of pseudopotentials,
is presently being successfully develeped (cf., e.g., [1, 2]). As follows from
the theory, an important contribution to the total energy of the alloy is made
by the electrostatic energy of the lon lattice in the field of the uniformly-

distributed negative charge. The expression for the electrostatic energy Ees

of a completely disordered binary alloy was obtained in [1] by generalizing
the corresponding expression for the Ebs of the band structure of the glloy.

It turned out that both Ees and EbS consist of two parts each, the energy of

the "average" ion lattice (which contains the sum over the reciprocal-lattice
points) and the so-called difference energy, which is proportional to
(ZA - ZB)2 (ZA and ZB are the charges of the ions of type A and B), and

expressed in the form of a sum over all the reciprocal-space points allowed by
the cyclic boundary condition, with the exception of the reciprocal-lattice
vectors.

As is well known, the electrostatic energy of a system of charges in a
homogeneous compensating field is convenlently determined with the aid of the
Ewald transformation. Ewald's method employs a parameter n, which character-
izes the dimensions of the Gaussian charge-distribution "caps" over the lattice
points. The value of n is chosen such as to ensure optimally rapid convergence
of the geries. The final result should in this case be independent of n. How-
ever, the expression given in [1] for Ees does not satisfy this requirement,

since the first term (the electrostatic energy of the "average" crystal) does
not depend on n, whereas the second is a function of n.

We shall show in this paper how to effect the Ewald transformation for an
alloy with an arbitrary ion placement. It turns out here that in a disordered
alloy, in the absence of short-range order (the case congsidered in [1]), the

expression for Ees has no difference term at all. If, on the other hand, there

is a correlation in the placement of the ions (short-range order), then the

155



