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Abstract—We present the results of an investigation into the interaction of SF6 molecules and clusters in a
molecular beam with resonant IR laser radiation at different stages of the beam evolution along the axis of its
propagation. The beam has been formed as a result of gas-dynamic expansion of a mixture of SF6 with argon
carrier gas during expansion from a pulsed nozzle. The experimental setup and the investigation method are
described. It has been shown that selective vibrational excitation of SF6 molecules with a specific sulfur iso-
tope by a CO2 laser near the nozzle edge causes suppression of the clustering process of these isotopic mole-
cules. Selective IR excitation of clusters under the conditions of the formed cluster beam leads to isotopically
selective dissociation of clusters. Depending on the experimental conditions including different distances of
the irradiation zone of particles from the nozzle edge, the results of measuring the efficiency and selectivity
of molecular clustering suppression and cluster dissociation processes are presented. It has been shown that
both of these processes make it possible to achieve high selectivity values for the 32S and 34S sulfur isotopes.
In the case in which the clustering of SF6 molecules was selectively suppressed, selectivity values α ≥ 25–30
have been obtained. Upon selective dissociation of (SF6)2 dimers under similar expansion conditions of the
gas mixture, selectivity values α ≥ 20–25 for 32SF6

32SF6 dimers with respect to 34SF6
32SF6 dimers have been

obtained. Particular attention has been paid to measurements at a high dilution of SF6 in argon under condi-
tions of predominant formation of (SF6)mArn mixed clusters. The potential of using studied processes as a
basis for the technology of the laser isotope separation are discussed.
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INTRODUCTION

At present, investigations on the development of
low-energy laser isotope separation methods in mole-
cules remain very important [1–13]. The development
of the method of selective multiphoton IR dissociation
of molecules, which is well known [14–17] and which
has been successfully applied in practice to the separa-
tion of carbon isotopes [18–21], in the case of ura-
nium isotopes, is considerably impeded due to a rela-
tively high energy consumption of the process, the
absence of powerful laser systems, and a number of
other factors [1]. Thus, to dissociate a UF6 molecule,
it is necessary to absorb about 40–45 IR photons with
a wavelength of 16 μm; i.e., the energy absorption per
molecule is about 3.1–3.5 eV.

One way to develop the low-energy laser isotope
separation methods is to use physical and chemical
processes, the activation energy of which does not
exceed 0.3–0.5 eV [1–13]. Such activation energies are
specific to physicochemical processes of adsorption
and desorption of molecules on surfaces, including the
surface of large clusters, as well as for the processes of
dissociation and fragmentation of weakly bound van
der Waals molecules [1].

Among low-energy laser isotope separation meth-
ods with the use of IR lasers, the method of isotope-
selective suppression of clusterization of molecules
applying IR lasers at the nozzle exit upon gas-dynamic
expansion and the method of isotope-selective IR dis-
sociation of small molecular van der Waals clusters are
considered to be the most promising. These
61
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Fig. 1. Schematic of experimental setup. Numbers 1–4
indicate characteristic regions of the gas jet in which pro-
cesses of clusterization of molecules and dissociation of
clusters can be affected (see Section 2.2 for details).
QMS—quadrupole mass spectrometer.
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approaches were demonstrated for the first time in
[22]. We note that we successfully used the former of
these methods for the bromine-isotope-selective con-
trol of clustering of CF3Br molecules both with each
other [23] and with argon atoms [24]. The selectivity
values obtained in these studies were relatively small;
however, the results of these experiments showed that,
first, the method of isotopically selective suppression
of clustering can be successfully applied to molecules
with a small isotope shift of laser-excited vibrations
(for CF3

79Br and CF3
81Br isotopomers, its value is cor-

rect value is 0.124 cm–1) and, second, in the case of
suppression of clustering of CF3Br molecules with
argon atoms, it is possible to achieve higher values of
the selectivity than in the case of suppression of clus-
tering of CF3Br molecules with each other.

This paper presents the results of our experiments
on isotopically selective suppression of clusterization
and selective dissociation of clusters with SF6 mole-
cules with a natural content of sulfur isotopes. The iso-
topic shift in SF6 is much larger than in the case of
CF3Br, which allowed us to expect to achieve signifi-
cantly higher selectivity values. For this purpose, spe-
cial attention was paid to experiments with a large
dilution of SF6 in argon, at which (SF6)mArn mixed
clusters predominantly form.

1. EXPERIMENTAL SETUP 
AND INVESTIGATION METHOD

1.1. Experimental Setup

The setup (Fig. 1) involves two high-vacuum
chambers, one of which contains a pulsed molecular-
cluster beam source, and the other contains a quadru-
pole mass spectrometer (QMS). The upper limit of the
registration range of mass numbers of the mass spec-
trometer was m/z = 300 amu. As an ion detector, a
VEU-6 secondary emission electronic multiplier was
used in the QMS. The chambers of the molecular
beam source and the QMS were separately evacuated
by two turbomolecular pumps. The QMS was con-
trolled with a PC. To excite molecules and clusters in
the jet, we used a frequency-tunable cw CO2 laser. The
setup also contained a pulse synchronization system
and a data acquisition and processing system.

An SF6 molecular cluster beam was generated in
the source chamber by the gas-dynamic cooling of a
gas mixture of molecules under study with an argon
carrier gas due to supersonic expansion through a
General Valve modified pulsed nozzle [25], the diam-
eter of the exit hole of which was d = 0.16 or 0.25 mm.
The pulse repetition rate of the nozzle was 1 Hz.
Depending on the pressure and gas composition above
the nozzle, the duration of the nozzle opening pulse
was varied from 0.3 to 1.6 ms (at half-height). The gas
pressure above the nozzle was varied in the range P0 =
130–300 kPa. A Beam Dynamics (Model 1) skimmer
OP
(with a hole diameter of 0.49 mm), located at a dis-
tance of 50 mm from the nozzle, cut out a molecu-
lar/cluster beam from the central part of the super-
sonic f low produced by this nozzle. The thus formed
beam entered the ionization chamber of the QMS.
The distance from the nozzle edge to the ionization
chamber of the QMS was 570 mm.

A discretely tunable cw CO2 laser was used in
experiments. The laser power can be varied between
13–15 W. Using copper mirrors and a NaCl focusing
spherical lens with a focal length of f = 110 mm, the IR
radiation of the laser was introduced through a NaCl
window into the chamber with the molecular cluster
beam. The diameter of the IR spot at the focal point of
the lens was ≈0.5 mm. The laser beam intersected the
molecular-cluster beam at an angle of 90°. The beam
could be displaced along the axis of the molecular
cluster beam with a movable translation stage. To vary
the laser power, radiation attenuators were used. A
maximum laser radiation power introduced into the
chamber was about 10 W, which corresponds to the
radiation intensity of ≈5 KW/cm2. The tuning of the
CO2 laser to particular lasing lines was monitored with
an optoacoustic cell filled with ammonia. The ammo-
TICS AND SPECTROSCOPY  Vol. 127  No. 1  2019
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nia IR absorption lines served as references for tuning
the frequency of the CO2 laser.

1.2. Investigation Method
Figure 1 schematically shows key regions of forma-

tion of a cluster beam upon gas-dynamic expansion of
a gas mixture close to the nozzle edge, in which parti-
cles were irradiated by a CO2 laser. Upon gas-dynamic

expansion at the nozzle edge, several stages can be dis-
tinguished [23, 25, 26] that proceed in different
regions of the jet (Fig. 1).

Region 1 is characterized by rapid cooling of trans-
lational and internal degrees of freedom of molecules
accompanied by the energy transfer to the kinetic
energy of the directed motion of the f low and by the
medium transition to the supersaturated state, which
leads to the formation of seed clusters.

Collisional region 2 in which, on the one hand, the
gas-dynamic cooling of molecules is continued and,
on the other hand, the process of growth of clusters in
the jet proceeds with some heating of the system due to
the condensation energy.

Region 3 lies behind the “freezing” boundary in
which a transition to the collisionless motion of parti-
cles and stabilization of the cluster system occurs.

Region 4 is located between the skimmer and the
QMS, and beam particles f ly freely in it.

To study the influence of the resonant IR exci-
tation of jet molecules on the formation of the cluster
beam at different stages of clustering process, particles
in the corresponding regions of the jet on the path of
the f low were irradiated and changes in the beam
parameters in the detection region were registered.
The signal of the cluster component can decrease for
several reasons [23, 25, 26].

In region 1, a local increase in temperature due to
IR excitation of molecules can be realized, which will
prevent the formation of seeds. In the ideal, this may
prevent the further clustering of molecules. Under
conditions of a strong dilution of molecules by the
inert gas, when the probability of collisions of mole-
cules with each other is small, one can selectively sup-
press the clustering of molecules of only excited type
(certain isotopomer).

The IR laser irradiation of particles in region 2
results in the vibrational heating of molecules and
clusters that were formed in the jet by this moment. In
this case, a partial fragmentation of clusters is possible.
Particles are heated simultaneously with their compet-
ing gas-dynamic cooling (especially, in the presence of
a carrier gas) and, also, with some further change in
the cluster composition of the jet (growth of clusters,
evolution of the size distribution).

Upon irradiation of particles in region 3, in which
there are no collisions, the action of the IR radiation is
mainly reduced to the heating of clusters and to their
OPTICS AND SPECTROSCOPY  Vol. 127  No. 1  2019
fragmentation, which manifests itself in a correspond-
ing decrease in the signal of the cluster component of
the beam. Therefore, depending on the particular
position of the jet irradiation region, the excitation of
jet particles by the resonant IR laser radiation in
regions 1–3 considered above can result, either in the
suppression of clustering of molecules or in the disso-
ciation of formed clusters.

Selectivity α of the laser control over the clustering
of molecules was measured as follows. The value of
selectivity α was determined based on the measure-

ments of the ion signals of SF6SF  and SF5Ar+ cluster

fragments from homogeneous and mixed clusters in

the beam, as well as of the SF  ion signal, a significant
contribution to which is made by fragmentation of
clusters. In experiments, we measured the fraction
contribution q = (q1, q2, q3) to the ion signal to be

detected from each of the three sulfur isotopes, 32S,
33S, and 34S, with respect to its initial natural ratio. The
measured mass peaks were fitted by a Gaussian func-
tion, then, the values of q were determined. The values
of the selectivity upon excitation of the ith isotopomer
of SF6 molecules with respect to the jth isotopomer

were defined as α(i/j) = (1 – jq)/(1 – iq). Such a deter-
mination of the selectivity implies that the formation
of different isotopic modifications of clusters, in par-
ticular, dimers, occurs statistically. A similar tech-
nique was also used to determine the selectivity of dis-
sociation of clusters (see below).

We note that, in this work, in the process of selec-
tive dissociation of clusters, because of a low natural

concentration of 33S (0.75%), we mainly studied the

change in the ratio between the 32SF6 (95%) and 34SF6

(4.2%) isotopomers.

2. RESULTS AND DISCUSSION

Experiments were performed using argon as a car-
rier gas. In preliminary measurements with an SF6/Ar

mixture, the working pressure range of the mixture
above the nozzle and the degree of the gas dilution
were selected, which were found to be P0 = 130–

220 kPa and SF6/Ar = 1/80–1/200, respectively.

In studies of processes of isotopically selective sup-
pression of the clustering of molecules and dissocia-
tion of van der Waals clusters, it is necessary to pre-
cisely adjust the position the laser beam with respect to
the nozzle edge. This circumstance is illustrated in
Fig. 2, which shows the dependence of the relative
(laser on/laser off) value of the SIR/S0 cluster signal

(with respect to the 32SF6
32SF  peak) on the distance

of the particle irradiation zone (laser spot) from the
nozzle edge, which was obtained upon irradiation of
particles by the 10P(14) laser line (at the frequency of

949.48 cm–1). An SF6/Ar gas mixture at a pressure

ratio of 1/100 and a total pressure of P0 = 133 kPa was
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Fig. 2. Dependence of the relative value of the SIR/S0 clus-

ter signal (with respect to the peak from 32SF6
32SF  ions)

on the position of a laser beam (the images of the nozzle
edge and laser spot are scaled). The irradiation was per-

formed by line 10P(14) of a CO2 laser (949.48 cm–1) at a

radiation power of 9 W. An SF6/Ar = 1/100 mixture at a

total pressure of P0 = 133 kPa was used.
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used above the nozzle. This laser generation line is in
rather good resonance both with the absorption spec-

trum of free 32SF6 molecules [27] and with the spec-

trum of the high-frequency absorption band of

(32SF6)2 dimers [28–30].

Figure 2 shows the size of the laser spot and also the
position of the nozzle head. The ion peak at 273 amu
was taken as a cluster signal, which corresponds to the

32SF6
32SF  ion fragment of the (SF6)2 dimer. A dip

near the nozzle edge can be clearly seen in the depen-
dence presented in Fig. 2. At the minimum, the signal
from this line falls to ~40% of the initial value (without
irradiation of the jet). As the distance from the nozzle
increases, the signal is partially restored (to ≈80%) and
then remains unchanged. The width of the dip is
≈1.4 mm, or five to six nozzle calibers (diameters) (in
this experiment, a nozzle with a hole diameter of d =
0.25 mm was used). The signal in the range of negative
displacements corresponds to the contact of the laser
beam with the nozzle edge. The observed dip corre-
sponds to the region of prevention (suppression) of the
clustering of SF6 molecules as a result of their vibra-

tional excitation [23, 25, 31]. As the distance of the
irradiation region of particles from the nozzle
increases, we pass to the region of developed and “fro-
zen” condensation; therefore, a decrease in the ion
signal in this region is mainly related to the dissocia-
tion of clusters by the IR laser radiation [23, 25, 31].

Therefore, in the course of the preliminary experi-
ments presented above, conditions were found under
which it is possible to realize the sulfur-isotope-selec-
tive action on the processes of clusterization and dis-
sociation of clusters.

+
5
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2.1. Selective Suppression of Clustering of Molecules
The frequency of the laser IR radiation has a signif-

icant influence on the process of suppressing the clus-
tering of SF6 molecules both between themselves and

with argon atoms. In experiments, particles in a
molecular beam were excited using two lines of the

CO2 laser: 10P(16) (at a frequency of 947.74 cm–1) and

10P(34) (at a frequency of 931.00 cm–1)—curves 1 and
2, respectively, in Fig. 3a. The former of these two

lines is in good resonance with 32SF6 molecules [27],

while the latter is resonant with 34SF6 molecules [32].

Figure 3a presents the dependences of the value of

the 32SF6
32SF  dimeric ion signal on the distance of

the particle irradiation region from the nozzle edge
(the beam cross section dimension at the focus is
shown at the bottom of the figure). It can be seen that
the measured curves behave significantly differently.
On curve 1, for the laser beam position close to the
nozzle edge (where it is still possible to act on free

molecules), the signal from 32SF6
32SF  dimers is sup-

pressed almost completely. As the laser beam is dis-
placed away from the nozzle edge, the value of this sig-
nal is restored almost to the initial level. The strongest
decrease in the cluster signal is observed upon reso-
nant excitation of molecules near the boundary of the
nozzle edge, where molecules are still free (clusters
have not yet been formed). With increasing distance
from the nozzle, condensation of molecules begins,
the spectrum of formed particles comes out of reso-
nance, and the dimeric signal is restored. (SF6)2

dimers practically do not absorb the IR radiation from
the laser at the 10P(16) line.

Another pattern is observed if the radiation at the

10P(34) laser line, which is resonant with 34SF6 mole-

cules, is used for the excitation [32]. The excitation of
this isotope component near the nozzle edge under the
conditions of these experiments hardly should affect

the 32SF6
32SF  signal because of the selectivity of the

process, which is indeed the case. At the same time,
the 10P(34) line falls into the range of the absorption

band of the 32SF6
32SF6 dimer [29]. Therefore, a

decrease in the corresponding ion signal is explained
by the dissociation of dimers, which are increasingly
formed with increasing distance of the excitation
region of particles from the nozzle. The attainment of

saturation of the 32SF6
32SF  signal can be related

either with the insufficient laser radiation power or
with the contribution from clusters of larger sizes to
this signal.

The dependence on the distance for the ion signal
from another isotopic modification, namely,

34SF6
32SF , upon irradiation at the 10P(34) line is sig-

nificantly different from the dependence for the

32SF6
32SF  ion. This is clearly demonstrated by Fig. 3b
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Fig. 3. (a) Dependences of a normalized signal from

32SF6
32SF  ions on the distance of the irradiation region

from the nozzle edge at different IR radiation frequencies:

(1) line 10P(16) (947.74 cm–1) and (2) line 10P(34)

(931.00 cm–1). (b) Dependences of a normalized signal

from (1) 32SF6
32SF  and (2) 34SF6

32SF  ions on the dis-

tance of the irradiation region from the nozzle edge upon

irradiation on line 10P(34) (931.00 cm–1). The radiation
power was 5.8 W; an SF6/Ar = 1/200 mixture at a total

pressure of P0 = 200 kPa was used.
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(cf. the upper and lower curves). In this case, the laser

excites 34SF6 molecules and, correspondingly, upon

irradiation of particles near the nozzle edge, the for-

mation of 34SF6
32SF6 dimers is suppressed.

It is significant that, for all products, the character-

istic spatial length of the “dip” (see Fig. 3a) is about

0.4–0.5 mm, which is approximately equal to the

diameter of the laser beam. Therefore, the length of

the region in which the clustering of molecules is sup-
OPTICS AND SPECTROSCOPY  Vol. 127  No. 1  2019
pressed most efficiently is apparently no more than
two to three nozzle calibers.

Passing to the quantitative characteristics of the
process of selective prevention of clustering, it should
be noted that, apart from the tuning accuracy of the
CO2 laser to lines, the frequency of which is resonant

with vibrations of corresponding isotopomers, as well
as the accurate spatial localization of the IR radiation
caustic with respect to the nozzle edge, the value of the
selectivity is also affected by the radiation power of the
CO2 laser. In particular, experiment shows that the

selectivity of clustering suppression process decreases
with increasing power of the IR radiation. Thus, upon
suppression of clustering of SF6 molecules with each

other, the selectivity dropped from a maximum value
of α ≈ 20 at a laser power of P ≈ 2 W to α ≈ 3 at P ≈ 8 W.

It should be noted that we succeeded in obtaining
even greater selectivity in the process of preventing the
clustering of SF6 molecules with argon atoms upon the

formation of (SF6)mArn mixed clusters under condi-

tions of strong dilution of the mixture above the noz-
zle. Figure 4 shows the fragment of the mass spectrum

in the range of 168 amu, which contains the Ar32SF

and Ar34SF  ion peaks without IR irradiation (open
circles) and upon irradiation at the 10P(16) CO2 laser

line, which is in resonance with 32SF6 molecules

(closed circles).

Figure 4 clearly shows the distortion of the natural
ratio between sulfur isotopes as a result of the IR exci-
tation: the calculated value of fraction contribution q
to the ion signal for 32S, 33S, and 34S isotopes is q =
(0.56, 1, 1), which means that there is no action on
34SF6. This formally corresponds to an infinitely high

selectivity of the process of preventing the clustering of
SF6 molecules with argon atoms; however, taking into

account the instrumental error, we believe that the
selectivity in this experiment is α ≥ 25–30.

2.2. Selective Dissociation of Clusters

To realize selective dissociation of (32SF6)2 dimers,

we used the 10P(34) laser line (with the frequency at

931.00 cm–1) in order to eliminate and/or reduce the

probability of excitation of 32SF6 monomers on this

line. The frequency of this line is considerably tuned

away from the center of the absorption band of 32SF6

molecules [27] but coincides well with the low-fre-

quency absorption band of (32SF6)2 dimers [28–30].

An SF6/Ar mixture was used at a pressure ratio of

1/200 and at a total gas pressure above the nozzle of
P0 ≈ 163 kPa. At such a pressure, a significant fraction

of (32SF6)2 dimers is present in the beam. Initially, in

test experiment, the jet was irradiated near the nozzle
exit, where the number of dimers should be minimal.
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Fig. 4. Ar32SF  and Ar34SF  ion peaks: (open circles) ini-

tial signal in the absence of the IR irradiation and (closed
circles) signal after the IR excitation on line 10P(16) of a
CO2 laser. The radiation power was 7.2 W; an SF6/Ar =

1/200 mixture at a total pressure of P0 = 200 kPa was used.
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As should be expected, in this case, no selective disso-
ciation of dimers was observed.

Upon irradiation of the jet at a distance of 2 mm
from the nozzle edge (in this experiment, a nozzle
with a diameter of d = 0.16 mm was used), i.e., in the
region where clusterization was completed to a large
extent, we observed a distortion of the natural isotope

ratio between the signals from 32SF6
32SF  and

34SF6
32SF . In this case, we can introduce selectivity

parameter α as a ratio of loss β of the corresponding

isotopic components of the 32SF6
32SF6 and 34SF6

32SF6

dimers: α = β(32, 32S)/β(34, 32S), β(i, jS) = 1 – i, jS/i, jS0,

where i, jS and i, jS0 are the values of the corresponding

ionic dimer signals after the irradiation of particles and
before their irradiation, respectively. Then, at a dis-
tance of 2 mm from the nozzle edge, the selectivity is
α ≈ 2.

The selectivity of dissociation of 32SF6
32SF6 clusters

with respect to 34SF6
32SF6 clusters manifests itself

much more clearly in the case when particles are irra-
diated in the “frozen” beam region far from the nozzle
edge and when the clustering process is totally com-
pleted. This follows from Fig. 5, which shows the mass

spectra of the SF6SF  dimeric ion fragment with its

isotopic modifications without irradiating the jet and
when the jet is irradiated at the 10P(34) laser line

(931.00 cm–1) at a distance of 7 mm from the nozzle.

As can be seen from Fig. 5, a rather considerable

(more than 20%) decrease in the 32SF6
32SF  ion signal

is observed, while the 34SF6
32SF  ion signal remains

almost unchanged within the statistical error (the cal-
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OP
culated value of fraction contribution q to the ion sig-

nal for 32S, 33S, and 34S isotopes is q = (0.88, 1, 1)).
Taking into account the measurement error, the esti-
mated value of the dissociation selectivity of
32SF6

32SF6 dimers relative to 34SF6
32SF6 dimers is

α ≥ 20–25.

In the end of this section, we point out the factors
that determine the isotopic selectivity upon preventing
clusterization and dissociation of clusters. To ensure
the effective excitation of molecules containing target
isotopes, first of all, a high optical selectivity is neces-
sary. If we will proceed from the data on the width and
the shape of the IR absorption spectra of SF6 isoto-

pomers at a low (about 50 K) temperature [33] and a
small (about 60 MHz) radiation width of the CO2

laser, we can state that the optical excitation selectivity

of 32SF6 molecules with respect to 34SF6 molecules at a

frequency of 947.74 cm–1 (at the 10P(16) laser line) is

αexc(
32S/34S) > 102.

The selectivities of the process of suppression of
clustering of molecules that we obtained are consider-
ably smaller than this value. In our opinion, the fol-
lowing factors could be the reasons for the decrease in
the selectivity. First, because of a high concentration
of molecules in the excitation region, an efficient
vibrational–vibrational energy exchange between
32SF6 and 34SF6 molecules may occur. It is likely that

this is the main factor of the loss of selectivity in the
process of control over the clustering of molecules.
Second, in the region of excitation of molecules near
the nozzle exit, the jet still remains to be rather hot,
and, therefore, the temperature of particles can be
considerably higher than 50 K, and, consequently, the
TICS AND SPECTROSCOPY  Vol. 127  No. 1  2019
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optical selectivity of the excitation of particles will be
smaller than the value indicated above. In addition,
because the size of the laser spot in our experiments is
rather large (≈0.5 mm in diameter), the irradiation
region of particles significantly exceeds the region of
localization of the maximum selectivity of molecule
excitation with respect to both their concentration and
their temperature. In the jet that rapidly expands in
space and in time, these parameters vary strongly even
within the limits of the irradiation region itself.

The factors listed above should not affect the pro-
cess of selective dissociation of clusters due to the
action on a much more homogeneous medium with a
steady-state concentration of particles and tempera-
ture. From this point of view, the process of selective
dissociation of clusters has an advantage over the pro-
cess of suppression of clustering. However, broader
absorption spectra of clusters (due to the occurrence
of the size distribution of clusters) compared to mono-
mers in a cold molecular jet can lower the optical
selectivity, especially in the case of small isotopic shifts
in laser-excited vibration.

3. CONCLUSIONS

We investigated processes of isotopically selective
suppression of the clustering of SF6 molecules with Ar

atoms upon gas-dynamic expansion of an SF6–Ar

mixture and dissociation of (SF6)mArn van der Waals

clusters under the action of resonant IR radiation from
a CO2 laser.

It was found that both of these processes allow
achieving high values of the selectivity with respect to
32S and 34S sulfur isotopes. Thus, in the case of selec-
tive suppression the clustering of SF6 molecules with

argon atoms using the SF6/Ar = 1/200 mixture, the

selectivity values α ≥ 25–30 were obtained. Upon
selective dissociation of (SF6)2 dimers under similar

effusion conditions of the mixture, slightly lower
selectivity values were obtained: α ≥ 20–25 for
32SF6

32SF6 dimers with respect to 34SF6
32SF6 dimers.

A detailed analysis of the condensation process of
molecules upon their gas-dynamic expansion from the
nozzle allows to reveal certain advantages and disad-
vantages inherent in the examined processes as applied
to the possibility of their use as a basis of isotope sep-
aration technology, as well as to compare them with
each other. Upon suppression of clustering, resonant
IR radiation affects the region of the beam that con-
tains cold molecules, which potentially ensures high
optical excitation selectivity. At the same time, the
spatial dimension of the region in which optimal con-
ditions for the excitation of molecules are realized is
quite small, as a result of which the region of irradia-
tion of particles in our experiments (≈0.5 mm in diam-
eter) exceeded the region of localization of maximum
selectivity, which was one of the reasons for its lower-
ing. In view of the above, the possibility of irradiating
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particles in a much wider region of space without
appreciable loss in the optical excitation selectivity of
clustered molecules is an advantage of the isotope-
selective dissociation process. At the same time, the
possibility of broadening the absorption spectrum due
to the presence of clusters of different sizes and,
thereby, a possible decrease in the selectivity should be
taken into account here.

In conclusion, we should emphasize that the
results that we presented above demonstrate only the
potential capability of using the considered processes
for the implementation of low-energy technology of
laser isotope separation. In fact, they make it possible
to estimate the parameters of the elementary separa-
tion event such as its selectivity and efficiency/pro-
ductivity. To develop the technology, it is necessary to
solve a whole number of problems. In particular, it is
necessary to ensure the possibility of efficient use of
the “expensive” laser radiation. This problem can be
solved, amongst other things, by the correct choice of
the nozzle geometry (profile, slit construction, etc.).
Another problem is related to the need for physical
separation of the target isotope from the main particle
flow. Here, there are also a number of opportunities to
realize such a separation [34]. All this allows us to
expect that, with sufficient effort, there is a real possi-
bility of developing a new technology for laser separa-
tion based on the studied processes or their combina-
tions.
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