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Abstract Infrared multiphoton absorption and dissociation
of 1,2-dichloroethyltrifluorosilane molecules under the ac-
tion of pulsed TEA CO2 laser were experimentally studied.
The composition of dissociation products was analyzed. The
only products of dissociation have been found to be stable
molecules: chloroethylene and trifluorochlorosilane. Disso-
ciation proceeds via chlorine atom transfer from carbon to
silicon. The silicon isotope-selective infrared multiphoton
dissociation was performed at different wavelengths of the
CO2-laser radiation. High degrees of silicon isotope separa-
tion have been achieved.

PACS 82.50.Bc · 82.30.Lp · 31.15.Ew

1 Introduction

In the past decade, the interest in the applications of isotopi-
cally pure silicon materials for semiconductor technology
has been growing worldwide, in particular, after the ther-
mal conductivity of highly enriched 28Si had been found
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to be almost 60% higher than that of naturally abundant Si
at room temperature [1]. Subsequently, this result was re-
defined: it was found that the enhancement of the thermal
conductivity was about 10% at room temperature, whereas
at low temperatures the thermal conductivity of isotopically
pure Si exceeds that of the naturally abundant Si by a fac-
tor of 8 [2]. This makes it relevant to study the infrared
multiphoton dissociation (IR MPD) of silicon-containing
molecules in order to find the most appropriate compounds
for the laser-induced silicon isotope separation technol-
ogy.

Silicon has three stable isotopes with the natural com-
position: 92.22% (28Si), 4.69% (29Si), 3.09% (30Si) [3].
Separation of Si isotopes by means of infrared laser ra-
diation has been studied [4–11]. The most impressive re-
sults have been achieved in experiments on MPD of the
Si2F6 species [6–10]. Kamioka et al. [6, 7] reported that
the MPD of Si2F6 molecules, induced by pulsed CO2 laser
radiation, has revealed significantly higher dissociation ef-
ficiency and high isotope selectivity under mild radiation
fluences lower than 1 J/cm2. The enrichment coefficient
(selectivity) reached 30 for the 30Si isotope and 6 for the
29Si isotope.

Despite such impressive results, it is not evident that
Si2F6 might be considered as the best object for the silicon–
isotope separation by means of IR MPD. The molecule
contains two Si atoms and the rare isotopes are contained
mostly in “isotopically mixed” molecules, such as 28SiF3–
29(30)SiF3. This fact limits the isotopic effect as during the
dissociation of these isotopically mixed molecules, the 28Si
isotope and the rare one (29Si or 30Si), would pass equally
into products. In addition, we could expect that the isotopic
shift in the molecular vibrational frequencies in the isotopi-
cally mixed molecules should be less than that in the isotopi-
cally pure molecules.
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Silicon isotope selective IR MPD of compounds contain-
ing single silicon atoms, such as SiH2F2 [12], SiF3C6H5

[13, 14, 19], SiF3CH3 [15, 16], SiF3CHCH2 [17],
Si(OCH3)4 [18] was studied previously. The maximum iso-
tope selectivities reached for the IR MPD of these molecules
were found to be lower than that for Si2F6. From the analy-
sis of spectroscopic and kinetic characteristics of the MPD
of these molecules, one can conclude that the main reason
for the higher efficiency of the Si2F6 MPD is its low dis-
sociation threshold (188 kJ/mol [7]) compared to the other
molecules studied [11–19] (around 420 kJ//mol). Therefore,
the further search of the compounds should be limited to
those containing only one silicon atom and possessing a rel-
atively low dissociation threshold.

Haszeldine et al. [20–24] experimentally studied the ther-
mal decomposition of halogenoalkylsilanes. They showed
that the halogenoalkylsilane compounds, in which a halo-
gen atom is present at α- or β-carbon relative to silicon,
essentially easily undergo the unimolecular decomposition
via the intramolecular rearrangement involving the unimole-
cular transfer of halogen from carbon to silicon. It was
shown that dissociation with the β-halogen atom transfer
proceeds via a four-center transition state and leads to the
formation of stable products, olefin and halogen-substituted
silane:

Dissociation energies for these reactions are in the range
of 100–160 kJ/mol [20]. A similar transfer of α-halogen pro-
ceeds via a three-center transition state and is followed by
the formation of halogen-substituted silane and carbene.

The low dissociation energy makes the unimolecular de-
composition reactions of halogenoalkylsilanes, proceeding
via the halogen atom transfer from carbon to silicon, promis-
ing for the isotope selective IRMPD. Recently, the IR MPD
of SiF3CH2Cl under exposure to CO2-laser radiation was
studied [25]. It has been found that the presence of the
chlorine atom at α-carbon significantly improves the char-
acteristics of the silicon isotope-selective dissociation com-
pared with a similar molecule SiF3CH3. The disadvantage
of SiF3CH2Cl for selective IR MPD is that one of its dis-
sociation products is a singlet methylene 1CH2 which is
a very reactive intermediate initiating a complex sequence
of secondary reactions. Therefore, the halogen-substituted
alkylsilicon compounds with a halogen atom at β-carbon
are more appropriate for the isotope selective IR MPD since
stable products are formed in the unimolecular decomposi-
tion of such molecules: halogenated silane and olefin mole-
cules.

In this study we report the experimental investigation of
the silicon isotope selective dissociation of SiF3C2H3Cl2
molecules induced by a pulsed TEA CO2 laser irradiation.
The dissociation of these molecules is expected to occur via
the chlorine atom transfer from carbon to silicon:

SiF3C2H3Cl2 → SiF3Cl + C2ClH3 (R.1)

The only IR MPD products of SiF3C2H3Cl2 have been
found to be chloroethylene and trifluorochlorosilane. The
silicon isotope composition of the latter varies depending
on the frequency of the laser radiation.

2 Experiment

SiF3C2H3Cl2 was synthesized from SiCl3C2H3. At the first
stage SiCl3C2H3 was converted to SiF3C2H3 using the reac-
tion with SbF3. Then, equal amounts of gaseous SiF3C2H3

and Cl2 were mixed in a glass vessel. After that, the mixture
was exposed to weak UV light through quartz windows. The
SiF3C2H3Cl2 was extracted from the reaction mixture using
fractional condensation. The amount of the main impurity,
SiF4, did not exceed 1% of the amount of SiF3C2H3Cl2.

2.1 Radiation source

A tunable pulsed TEA CO2-laser was used as a source of the
IR radiation [26]. The maximum pulse energy of the laser
was about 5 J. The laser beam was collimated in front of the
input window of a reaction cell by an aperture of 1 cm in di-
ameter. The energy of the laser radiation pulse was varied by
changing the discharge energy and the laser cavity pressure.
To change the pulse energy significantly, a set of parallel-
sided CaF2 plates was used. The average energy of the laser
radiation was measured with an optical power meter in front
of the cell and behind the cell. The unfocused uniform laser
beam was used throughout all the experiments.

Typically the laser pulse has a 150-ns peak and a 1-µs
nitrogen tail with approximately equal energies in the peak
and in the tail. In some experiments we used a CO2/H2/He
laser mixture instead of the CO2/N2/He mixture [26]. With
this mixture, the tail of the laser pulse was with 300-ns sig-
nificantly shorter and the energy of the tail was about 25%
of the total energy.

2.2 Experimental

All the experiments have been carried out under the batch
cell conditions, at room temperature. Samples of neat
chloromethyltrifluorosilane with natural abundance of sil-
icon isotopes were irradiated. The reaction cell was a Pyrex-
glass cylinder with NaCl windows. The length of the reac-
tion cell was 42 cm; the cell diameter was 3 cm. The cell
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content was analyzed using a MH-1303 mass spectrometer.
The cell was continuously connected to the ion source of the
mass spectrometer through a glass pinhole of about 20 µm
in diameter. Therefore, the cell content could be analyzed
at any moment during the laser irradiation. The concen-
tration and isotope composition of SiF3CH2Cl were deter-
mined from the m/e = 132–138 lines of the mass spectrum.
The concentration and isotope composition of the SiF3Cl
MPD product were determined from the m/e = 120–124
lines of the mass spectrum. The isotope analysis of these
species was hindered by the superposition of the mass spec-
tra of the compounds containing different chlorine and sili-
con isotopes. To overcome this problem, a special software
was developed to determine the composition of 35Cl–37Cl
and 28Si–29Si–30Si isotopes taking into account all the lines
in the mass spectrum. The corresponding algorithm is de-
scribed in Ref. [25].

IR spectra were measured with a Fourier-transform in-
frared (FTIR) spectrometer (Bruker Vector 22) with the
spectral resolution of 1 cm−1.

2.3 Computational details

Geometry calculations of the reactants, products, and inter-
mediates were performed with the GAUSSIAN98 suit of
programs [27]. Those were fully optimized and the funda-
mental frequencies were calculated using the density func-
tional theory at the hybrid B3LYP level [28, 29] with the
6-31G(p,d) basis set and the unrestricted formalism for the
case of radicals. Geometries of transition states (TS) were
found using the QST2 procedure [30] and then optimized.
The TS geometries were confirmed by frequency calcula-
tions of the same level of theory presenting one imaginary
frequency corresponding to the transition vectors pointing in
the direction of the reaction coordinate. The structures cor-
responding to the local minima (reactant and products) were
as well confirmed through the frequency calculations, where
all frequencies have to be necessarily real at local minima.

3 Results and discussion

3.1 Infrared spectrum

The most intensive bands in the IR spectrum of 1,2-dichlo-
roethyltrifluorosilane are located in the region of 850–
1020 cm−1. The IR spectrum in this region is shown in
Fig. 1.

The vibration frequencies of SiF3C2H3Cl2 were calcu-
lated using the B3LYP procedure. The frequencies are listed
in the first column of Table 1. The region of 850–1020 cm−1

covers the ν15–ν19 vibrations of SiF3C2H3Cl2. The ex-
pected relative intensities of these vibrations are shown in

Fig. 1 FTIR spectrum of SiF3C2H3Cl2 in the spectral region of
CO2-laser radiation. Resolution 1 cm−1, pressure 2.5 Torr, length of
the reaction cell 18 cm. Vertical lines indicate the relative intensities of
calculated vibration bands of the molecule

Fig. 1 by the vertical lines. According to the B3LYP proce-
dure, the assignments of these bands are as follows: the band
at ν15 = 881 cm−1 corresponds to the symmetric stretch vi-
bration of the SiF3 group; the band at 990 cm−1 corresponds
to two asymmetric stretch vibrations of the SiF3 group ν17

and ν18, which have slightly different frequencies. The weak
bands at 935 and at 1030 cm−1 correspond to the rocking
vibration of the CH2 group ν16 and to the stretching vibra-
tions of C–C bond ν19. The latter band could partially over-
lap with the absorption band of the SiF4 impurity.

The second column in Table 1 shows the isotopic shifts,
the difference of the frequencies of 28SiF3C2H3Cl2 and
29SiF3C2H3Cl2. The frequencies of the molecules contain-
ing 29Si and 28Si were calculated using the same set of the
force constants. The largest isotopic shifts are expected for
Si–F asymmetric stretch vibrations ν17 and ν18.

3.2 Infrared multiphoton absorption and dissociation

A few laser lines in the 10R branch of the CO2 laser co-
incide with the strong bands ν17 and ν18 in the vicinity of
990 cm−1. Figure 2 presents the dependence of 〈n〉—the av-
erage number of absorbed photons per molecule on the laser
fluence measured at the 10R42 CO2-laser line (992 cm−1).
One can see that the efficient multiphoton excitation of
SiF3C2H3Cl2 is achievable even at essentially low laser flu-
ences. The average number of absorbed photons per mole-
cule reaches 15 at 0.5 J/cm2. When the laser fluence is lower
than 0.15 J/cm2, the dependence is linear. The correspond-
ing absorption cross section, derived from the slope of the
liner dependence, was found to be 8.6 × 10−19 cm2.

Figure 3 presents the dependence of the IR MPD prob-
ability β (an average probability of a single molecule to
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Table 1 Experimental and calculated vibrational frequencies of
28SiF3C2H3Cl2 and calculated corresponding isotopical shifts for the
29Si, 30Si—substituted SiF3C2H3Cl2. Calculated vibrational frequen-
cies for the transition state of reaction (R.1) are also shown

N Calculated Experimental ν (TS), cm−1

28ν, cm−1 28ν–29ν, cm−1 ν, cm−1

1 28.2 −0.0002 − i · 425.8

2 81.2 0.0089 − 46.0

3 100.2 0.039 − 85.4

4 130.4 0.080 − 151.5

5 197.5 0.13 − 200.6

6 226.6 0.10 − 230.0

7 234.0 0.10 − 275.9

8 310.1 0.70 − 306.7

9 344.4 1.43 − 365.3

10 398.8 0.52 − 377.9

11 429.9 2.76 438 406.7

12 633.7 0.30 640 443.7

13 721.0 0.08 732 501.9

14 767.2 0.009 782 674.6

15 886.4 4.52 881 819.0

16 941.8 0.96 935 831.2

17 1006.4 8.74 991 841.3

18 1022.1 8.66 1030 929.6

19 1049.6 0.302 1126 982.0

20 1183.9 0.027 1169 1060.3

21 1199.1 0.57 1234 1109.7

22 1289.0 0.010 1273 1193.1

23 1352.1 0.019 1311 1302.7

24 1483.4 0 1441 1501.0

25 3092.5 0.0037 2958 3153.7

26 3101.2 0.0018 − 3175.7

27 3163.0 0.0064 − 3281.5

dissociate during a single laser pulse) on the laser flu-
ence for SiF3C2H3Cl2 molecules. It was measured at the
10R(42) CO2-laser line. The sample pressure was 0.3 Torr.
For comparison, the same data for Si2F6 molecules [31] and
SiF3CH2Cl [25, 32] are shown.

Apparently, SiF3CHClCH2Cl molecules dissociate con-
siderably easier than Si2F6 and SiF3CH2Cl. The dissocia-
tion rate is readily detectable even at fluences <0.1 J/cm2.
When the laser fluence is higher than 0.5 J/cm2, more than
half of the sample molecules dissociate within a single pulse
of the laser radiation.

The mass spectrometric analysis of the reaction cell con-
tents after the irradiation shows that the only products of dis-
sociation are SiF3Cl and C2H3Cl, and their concentrations
are approximately equal. The product composition confirms
that the dissociation proceeds via the Cl atom transfer from
carbon to silicon (R.1).

Fig. 2 Average number 〈n〉 of absorbed photons per molecule as a
function of the laser fluence, measured at 10R(42) CO2-laser line
(992 cm−1) at 300 mTorr sample pressure

Fig. 3 Laser fluence dependence of the average probability β that a
single SiF3C2H3Cl2 molecule dissociates during the single laser pulse,
measured for the 10R(42) CO2-laser line (992 cm−1) at 300 mTorr
sample pressure

Both products, SiF3Cl and C2H3Cl, are stable molecules.
They are gaseous at room temperature; but have different
boiling points. The boiling points of the end products are
lower than that of SiF3CHClCH2Cl. Thus, separation of the
reaction mixture is easy to achieve using a low-temperature
fractional condensation/evaporation procedure. For this pur-
pose, the reaction mixture after irradiation was frozen in the
glass appendix attached to the reaction cell, at liquid nitro-
gen temperature (−196◦C) by immersing the appendix into
liquid nitrogen. Then the liquid nitrogen was removed and
the appendix was allowed to warm up slowly (∼0.05 K/s);
the temperature and the pressure in the reaction cell were
continuously recorded during the temperature rise. Figure 4
shows the corresponding pressure–temperature (P –T ) dia-
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Fig. 4 Typical P –T diagram of the reaction mixture after irradiation

gram of the reaction mixture of the dissociation products and
the reagent SiF3CHClCH2Cl.

The concentration of each component of the gaseous
mixture is associated with the height of the corresponding
plateau in the diagram. The diagram confirms that the con-
centrations of the products SiF3Cl and C2H3Cl are approxi-
mately equal. The vapor pressure of SiF3Cl at T = −145°C
is about 0.1 Torr, while the vapor pressure of C2H3Cl and
SiF3C2H3Cl2 is less than 0.01 Torr. Therefore, SiF3Cl could
be easily separated from the mixture at this temperature.

3.3 Calculated dissociation probability β

In the reaction of decomposition of SiF3CHClCH2Cl to
SiF3Cl and C2H3Cl, the bonds Si–C and C–Cl are break-
ing while the Si–Cl bond is forming. The transition state
parameters for this reaction were calculated using B3LYP
method with the 6-31G(p,d) basis and the QST2 procedure.
The transition state is rigid. The lengths of the breaking
bonds in the transition state are 2.675 (Si–C) and 2.31 Å
(C–Cl); which is much longer than their initial lengths
(1.87 and 1.80 Å correspondingly). The length of the form-
ing Si–C bond is 2.28 Å, which is close to the Si–C bond
length in the SiF3Cl molecule—2.024 Å. The calculated ac-
tivation energy is 184 kJ/mol.

Also, the vibrational frequencies in the transition state
have been calculated. They are shown in Table 1, column 4.
RRKM calculations of the rate constant k(E) of the uni-
molecular decomposition of SiF3CHClCH2Cl have been
performed using the activation energy and the vibrational
frequencies from Table 1. A standard formula for RRKM
calculations was used [33]:

k(E) = 1

h
· W �=(E)

ρ(E)

Fig. 5 Calculated vibrational energy dependence of the rate constant
of the unimolecular decomposition of SiF3CHClCH2Cl molecule us-
ing RRKM theory. The vertical line shows the dissociation energy of
the molecule. Dash line shows the rate constant calculated using re-
duced set of molecular vibrations

The density of vibrational levels ρ(E) of SiF3CHClCH2-
Cl and the total number of vibrational levels of the transi-
tional state W ∗(E) were numerically calculated using the
direct enumeration method. The results are shown in Fig. 5.
One can see from the figure that the molecule must be es-
sentially overexcited vibrationally to be able to decompose
within the laser pulse duration. The lifetime of the molecule
becomes shorter than 1 µs only at energies >320 kJ/mol.

Using the RRKM calculations, the linkage could be es-
tablished between the average number of absorbed laser ra-
diation quanta 〈n〉 per molecule and the dissociation proba-
bility β , measured under the same experimental conditions,
if the vibrational energy distribution function of the decom-
posing molecules is known. If it is not known; however, it
could be assumed and then the assumption could be verified
by comparing the calculations with the experimental data in
Figs. 2 and 3. We have performed these calculations assum-
ing that the distribution function over all vibrational modes
is a Boltzmann distribution with a single vibrational temper-
ature Tvib.

The Boltzmann distribution could be written as:

dn(E) = ρ(E)
n0

Zvib(Tvib)
exp

(
− E

kTvib

)
dE (1)

where n0 is the total initial concentration of the molecules,
Zvib is the vibrational partition function of the SiF3C2H3Cl2
molecule, ρ(E) is the density of vibrational levels. Let
us assume that the molecule dissociates, if it is excited up
to energies higher than Ea = 320 kJ/mol. Hence, from (1)
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we can link up the dissociation probability β and the average
number of absorbed quanta per molecule 〈n〉:

β(Tvib) = 1

n0

∫ ∞

Ea

dn(E),

〈n〉(Tvib) = 1

hν

∫ ∞

0
E dn(E)

(2)

The vibrational frequencies of the SiF3CHClCH2Cl
molecule from Table 1 were used in the calculations. The
density of the vibrational levels ρ(E) was numerically cal-
culated using the direct enumeration of all the vibrational
levels of the molecule. The result of calculations is shown
in Fig. 6 by the solid line. The solid squares present the
experimental results, constructed using Figs. 2 and 3. One
can see that the experimental dissociation probabilities are
significantly higher than the calculated ones. Therefore, the
assumption about Boltzmann energy distribution of the de-

Fig. 6 Calculated probability β(〈n〉)—solid line, and experimental
β(〈n〉)—squares. Dash line shows β(〈n〉) calculated using reduced set
of molecular vibrations

composing SiF3C2H3Cl2 molecules is not valid. In reality,
the fraction of molecules which have enough energy to dis-
sociate is much higher than it is predicted by the calcula-
tions. In the calculations, the assumption was made that all
the 27 vibrational modes of the molecule have the same
vibrational temperature. The mismatch between the experi-
ment and the calculations might indicate that the vibrational
modes of the excited molecule are not in total equilibrium.

This contradiction could be solved easily if expecting that
not all vibrations of the molecule act in a laser excitation.
To illustrate this we made calculations in assumption that
four most low-frequency modes of the molecule do not par-
ticipate in an energy redistribution. Dash line on Fig. 5 il-
lustrates RRKM calculations of the rate constant k(E) in
such assumption. Corresponding calculations for dissocia-
tion probability are presented in Fig. 6 by dashed line. It
was obvious that such simple method of the accounting of
an intramolecular vibrational nonequilibrium is in a good
agreement with the experimental results. Real distribution
can not be obtained in such a simple way.

3.4 Isotope selective MPD of SiF3CH2Cl

Figure 7 shows the dependence of the MPD probability
of the of SiF3C2H3Cl2 molecules on the wave number of
the laser radiation—MPD spectrum (circlets). It was exper-
imentally obtained by tuning the CO2-laser radiation over
the laser lines. Sample pressure was 0.3 Torr, the laser flu-
ence was kept constant at about 0.4 J/cm2 level. For com-
parison, the linear absorption IR spectrum of SiF3C2H3Cl2
in the spectral region in the vicinity of 10 µm is shown by
the dashed curve.

The linear IR spectrum of SiF3C2H3Cl2 in the vicinity
of 10 µ consists of several absorption bands, which partially
overlap (Fig. 1). This could lower the efficiency of isotope
separation. However, as one can see from Fig. 7, the MPD
spectrum is essentially narrower than the linear spectrum.

Fig. 7 Dependence of the
probability of the MPD of
SiF3CHClCH2Cl molecules on
the laser radiation wave
number—MPD spectrum
(circles and solid line). Sample
pressure was 0.1 Torr, the laser
fluence was kept constant at
0.4 J/cm2. The dashed curve
represents the FTIR spectrum
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Fig. 8 Evolution of SiF3Cl+ mass-spectrometric line intensities dur-
ing the irradiation of SiF3CHClCH2Cl. The laser radiation wave num-
ber was 956 cm−1. The vertical dashed line indicates the moment when
the laser was switched on

The dissociation probability β changes by an order of mag-
nitude, when the frequency of the laser radiation shifts by
16 cm−1, the isotopic shift in the spectra of 28Si and 30Si
isotopomers. Therefore, highly selective Si isotope separa-
tion by IR MPD is possible.

When the laser was tuned to the 10P branch
(ν < 955 cm−1), we observed the preferred dissociation of
those molecules with the rare silicon isotopes 29Si and 30Si.
Figure 8 shows the example of the time dependence of the
intensities of two lines of the SiF3Cl mass spectrum during
the laser irradiation. The line with m/e = 120 belongs to the
28SiF35

3 Cl+ ions, and the line with m/e = 122 belongs to
the 30SiF35

3 Cl+ and 28SiF37
3 Cl+ ions. The growth rate of the

line with m/e = 122 line is roughly five times higher than
that of the line with m/e = 120. Taking into account the nat-
ural abundances of silicon isotopes in the reagent, namely,
92.27% for 28Si and 3.05% for 30Si, we can estimate the
relative rate of dissociation of 30Si-containing molecules to
be at least 150 times higher than the relative rate of 28Si-
containing molecules.

The ratio of the first order rate constant was used as a
measure of the isotopic selectivity.

S30 = k30/k28, S29 = k29/k28 (3)

The effective dissociation rate constants k28, k29, and k30

were determined from the growth of the concentrations of
products 28SiF3Cl, 29SiF3Cl, and 30SiF3Cl. These concen-
trations were obtained from the m/e = 120–124 lines of the
mass spectrum by solving the set of linear equations.

Using the linear approximation we obtain:

S30 = k30

k28
= w30/n30

0

w28/n28
0

, S29 = k29

k28
= w29/n29

0

w28/n28
0

(4)

Fig. 9 Spectral dependences of the isotopic selectivities S30 and S29.
Pressure 0.3 Torr. Solid squares—S30, circles—S29

Fig. 10 Pressure dependence of S29, S30 selectivities. Experiments
using short laser pulses are represented with stars for S30 and triangles
for S29

where w30 = d[30SiF3Cl]/dt is the rate of 30SiF3Cl forma-
tion, w28 is the rate of 28SiF3Cl formation, and w29 is the
rate of 29SiF3Cl formation; ni

0 is the initial concentration of
iSiF3C2H3Cl2, i = 28,29,30.

Figure 9 presents the spectral dependences of the isotopic
selectivities S30 and S29 which have been obtained by tuning
the CO2-laser radiation over different rotational laser lines.
The region 957–967 cm−1 corresponds to the gap between
the 10P and 10R branches. All experimental points in Fig. 9
were obtained at a SiF3C2H3Cl2 pressure of 0.3 Torr.

Pressure dependence of the isotopic selectivity was mea-
sured at ν = 952.9 cm−1. The results are presented in
Fig. 10. It was found that the isotopic selectivity stays es-
sentially high over quite a large range of SiF3C2H3Cl2 pres-
sure of up to 5–6 Torr. It drops down sharply for higher pres-
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sure. The S30 decreases by about 10 times when the pressure
changes from 6 to 8 Torr (Fig. 10).

Bagratashvili et al. have shown that the isotopical se-
lectivity decreases due to intermolecular transfer of vibra-
tional energy within the laser pulse duration [34]. If this
were correct, then we should expect the selectivity to de-
crease slower when using shorter laser pulses. To shorten
the CO2-laser pulses, we have conducted the experiments
using a CO2/H2/He laser, which produces shorter pulses.
The results are presented in Fig. 10 with stars for S30 and
triangles for S29.

One can see from Fig. 10 that the isotopical selectiv-
ity has not increased and its dependence on pressure has
not changed significantly upon shortening the laser pulses.
However, the IR MPD probability has increased for the same
laser fluences.

This independence of the isotopical selectivity on the
laser pulse duration in our experiments is unexpected and
contradicts the current view on significance of intermolecu-
lar energy transfer in isotope-selective MPD. We have ap-
plied the kinetic model developed by Bagratashvili et al.
[34] to describe our experimental results. It was found that
this kinetic model is unable to explain the sharp drop in the
pressure dependence of the isotopic selectivity. The S30 se-
lectivity drops tenfold when the pressure increases from 5
to 8 Torr. We could not simulate such a sharp drop at any
values of the model parameters.

The most probable reason for this sharp selectivity de-
crease could be the presence of thermal decomposition
processes of SiF3C2H3Cl2, the contribution of which in-
creases with pressure.

4 Conclusion

The main products of the SiF3C2H3Cl2 IR MPD are sta-
ble molecules SiF3Cl and C2H3Cl. The maximum selectiv-
ity reached for 30Si in our experiments was as high as 240,
which is significantly higher than that for Si2F6, the mole-
cule for which the IR MPD was considered as a base for the
laser technology of silicon isotope separation. High selec-
tivity for 29Si has been achieved (∼35). In all the previous
studies, 29Si could not be enriched at any significant level
[4–19, 25]

Isotopic selectivity remains essentially high up to 5 Torr
pressure. Current research confirms the previous assump-
tion that the silicon organic molecules with β-chlorine or
fluorine atoms should demonstrate the efficient multiphoton
dissociation and the high silicon isotope selectivities [25].
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