Isotope separation in a supersonic stream
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Nitrogen isotopes were separated by ultrasonic expansion of a hot mixture of the reagents through a
nozzle. The results uncover a possibility of separating the isotopes of reagents with high freezing

temperature.

In chemical reactions that occur under thermody-
namic disequilibrium conditions, isotope separation
becomes possible, From the results obtained in [*2
it follows that the separation efficiency increase rap-
idly with decreasing translational temperature of the
gas. This may impose a significant limitation on the
separation of the isotopes of many reagents with a high
freezing temperature, This difficulty can be circum-
vented by rapid cooling of the gas, say in a supersonic
stream, It is known that a gas escaping through a
nozzle can be cooled to temperatures much below its
freezing point. The deviation of the vibrational tem-
perature of isotopic molecules from the translational
temperature of the gas can be realized either by sub-
sequently exciting, in one manner or another, the vi-
brational degrees of freedom of the molecules, or by
using the difference between the velocities of the vibra-
tional and translational relaxations of the molecules.

In the latter case, two isotopic-separation schemes are
realized,
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1. Loweving of the tvanslational tempevature of iso-
topic molecules, A gas heated to a high temperature
and consisting of isotopic molecules is passed through
a nozzle, Its translational temperature is then greatly
decreased, whereas the vibrational temperature changes
insignificantly, If a cold binding agent is now added to
the gas, then a chemical reaction will take place, in
which the molecules containing the heavier isotope en-
ter at a higher rate, t1+2!

2. Lowering of the translational temperature in a
reagent mixture undev theymodynamic equilibvium,
The separation of the isotopes of element A occurs in
a reaction of the type

A,C+BD 24, B+CD (i =12). (1)

The equilibrium concentrations of the reagent molecules
and of the reaction products are determined from the
relation
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Mass spectrum of the reaction products: the scale of spec-
trdgram b is one-tenth the scale of spectrogram a. The mass
peaks 28, 30, and 23 of spectrogram a are shown under con-
ditions when the apparatur is saturated.

k“.lA,-C][BD]=kzl.[A,.B][CD], @)
where %, and &, are the rate constants of the direct
and inverse reactions.

We shall assume that the vibrational temperature of
the reagent molecules varies slowly enough with time,
In this case, a quasistationary equilibriun'l state can
be reached when the quantities that enter in (2) depend
only on the translational and vibrational temperatures
at the given instant of time,

We assume futher that the direct reaction is due to
the vibrational temperature of the molecules AC. If
the activation energy €¥ of the inverse reaction is much
lower than the activation energy €¥ of the direct re-
action, or if the rate of the V-T relaxation for the mol-
ecules AB and CD is much larger than for the mole-
cules AC, then when the vibrational temperature of the
molecules AC deviates from the translational temper-
ature of the gas, the constants k,; and %,; satisfy the
relations!!?

Ay ¢
ki /&, = P (’v— 7)) ka~ by (3)

72 JETP Lett., Vol. 22, No. 3, August 5, 1975

where Ay/v is the relative shift of the vibrational fre-
quency of the molecules A;, C, and T is the transla-
tional temperature of the gas in energy units (with the
constant ky; larger for the molecules A;C containing the
heavier isotope).

Let the mixture of molecules AC and BD be heated
to a high temperature T, and let the reaction (1) take
place., The concentration of the reaction products is
determined by relation (2), where the reaction rate
constants %,; and k,; are calculated at the temperature
To. If we now cool the mixture as it escapes from the
nozzle to a temperature T < T, then, owing to the large
difference between the rates of the vibrational and
translational relaxation in the system there can be es-
tablished a quasistationary state, in which a deviation
of the vibrational temperature of the molecules AC
from the translational temperature is realized, It
follows from (2) and (3) that under these conditions the
reaction products (the molecules AB) will be enriched
with the heavy isotope of element A,

For an experimental verification of the possibility
of separating the isotopes by cooling the gas of reagents
in a supersonic stream, we used the nitrogen-oxidation
reaction, In an explosion chamber, where the mixture
H,: 0,: N, (N,0) (0. 1: 0, 15: 0, 4 atm) was exploded, the
molecules O, and N, entered in the reaction N,+ 0,
=2NO at a temperature 2500-3000°K. This gas mix-
ture was then expanded through a nozzle in a low-pres-
sure chamber, and its translational temperature was
then lowered to 300-350°K. The reaction products
(the NO molecules) were frozen out in a nitrogen trap.
The NO was analyzed with an SN-8 mass spectrometer
using a chromatograph, The obtained mass spectrum
is shown in the figure, The concentration of the **NO
and *NO molecules corresponds to the peaks I3 and
I, respectively, The ratio of these peaks, Iy /I
~1/100, indicates that the NO molecules have become
enriched with N by more than a factor of two com-
pared with its natural content (~1/250).
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