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VIBRATIONAL EXCITATION EFFECTS
ON SILANE REACTIVITY IN ITS REACTION
WITH BROMINE ATOMS
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A rate increase of SiH, Br formation in SiH, photobromination under irradiation by a
cw CO, laser is reported. At low SiH, pressures (~ 12 Pa) the radiation effect is shown
to be isotope-selective.

3aperucTpupoBaHO yBeIHYEHHe CKopoCTH obpasomanma SiH,Br mopm peiicTBenem
u3nyueHus HempepsisHoro CO, nasepa Ha doToGpomuposanue SiH, . IokasaHo, uro
npH Hu3KuX fasneHuax SiH, (~ 1—2Tla) pelicTBue M3NyYeHUS M3OTOMMYECKH Ce-
JIEKTHBHO.

The accelerating effect of cw CO, laser irradiation on methyl fluoride photo-
bromination and the possibility to perform a carbon isotope selective reaction in
this system were reported elsewhere [1—4/. It was of interest to verify the pos-
sibility to carry out similar processes for other molecules possessing absorption
lines in the region of CO, laser generation, e.g. silane.

First, the photobromination of silane under UV light of various wavelengths
was studied /5/. The rate constants of silane reaction with bromine atoms in the
ground :(*Py,). and electronically excited (2P1/2) states were: k =3.2 x 1071
exp(—21.8/RT) and 3 x 1073 cm?/s, respectively. These constants imply that the
vibrational excitation of silane molecules can decrease the activation barrier of
the reaction with Br(2P3/2) and thus accelerate it, whereas with Br(’Pllz) (no ac-
tivation barrier) excitation cannot be effective.

The effect of vibrational excitation on silane photobromination was studied on
a setup described elsewhere /1—4/. SiH, was excited by the radiation of the P(20)
line of the 00°1 — 10°0 transition (944.195 cm™) of the cw CO, laser (15-20 W
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power). The reaction was performed in two different vessels. One was a 50 cm
long quartz tube, (ID =2 cm) with two NaCl end windows: to irradiate the vessel
by filtered light of a DRSh-500 mercury lamp (A = 365 nm) to dissociate Br, into
atoms, and by the laser. The other reaction vessel was a 20 cm long quartz tube
of the same diameter with NaCl windows stuck to the edges at a Brewster angle.
The tube was placed between two mirrors (one with a pinhole) for focusing laser
radiation which, reflected by the mirrors, was repeatedly passed through the re-
actor. Temperature measurements of the gas heated by the laser radiation permit-
ted to determine the irradiation intensity inside the reactor which appeared to be
four times higher than in a single pass laser beam reactor. UV light passed through
the cylindrical surface of the reactor normally to the laser beam. The reaction ves-
sel was connected to the ion source of an MX-1303 mass spectrometer via a 10 u
pinhole to permit the online analysis of the concentration of the reactants and
products. The reaction rate was measured by the accumulation of SiHz;Br formed
in the reaction SiHz + Br, — SiH;Br + Br immediately following the slow step

Br + SiH, - HBr + SiH;. The concentrations of 28SiH;Br were measured by the
lines m/e 111 and 112 and 114 of the mass spectrum, respectively. The concentra-
tion of °SiH;Br was determined by the line 113 corrected for contribution from
30SiH; Br. The reaction was studied at room temperature and 0.8 to 0.6 Pa silane
and 13 to 50 Pa bromine. To decrease the rate of vibrational relaxation of excited
SiH4 molecules on the walls, the reaction mixture was diluted with argon to
100300 Pa,

In the single pass laser beam reactor the rate of laser induced ?®SiH;Br forma-
tion increased by 20—30% independently of the absorbing gas pressure. To incre-
ase the effect and to investigate it, we performed our experiments in vessels with
multipass laser beams which raised the reaction rate by a factor of 1.5-2. SiH;Br
accumulation curves for all silicon isotopes (28, 29 and 30) are illustrated in Fig. 1.
The reaction was performed at 2.7 Pa silane, 54 Pa bromine and 270 Pa argon. It
is seen that under laser irradiation the reaction rate increases for all silicon isotopes;
however, the increase is more pronounced in the case of 2°Si. The analysis of the
isotope composition of SiH;Br at the degree of reaction close to saturation indi-
cates that the amount of 28Si and 3°Si differs insignificantly from natural and the
amount of 2°Si grows. The concentration of rare 29 and 30 isotopes in the reac-
tion product SiH;Br vs. the SiH; pressure is illustrated in Fig. 2. A decrease in
the isotope effect with increasing.pressure indicates an important role of excitation
energy transfer between isotopic molecules in this pressure range. The fact that
SiH3 Br is -enriched in 2°Si means that the P(20) line of the CO, laser is absorbed
by 2?SiH, molecules. However, an increase in the reaction rate for 28SiH, cannot
be attributed solely to energy transfer from excited 2°SiH,, since it does not vary
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Fig. 2. Silicon isotope composition (29, 30) of SiH,Br vs. SiH, pressure. Dashed lines corres-
pond to the natural abundance of silicon isotopes 29 and 30
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with decreasing silane pressure. This means that the CO, laser radiation is also ab-
sorbed by 28SiH, molecules although with a lower coefficient compared with
298iH,.

From the dependence of isotope effect on SiH, pressure, the rate constant of
vibrational energy transfer between isotopic molecules can be estimated. The pres-
sure at which the isotope effect reduces by one half corresponds to the equality
of the rates of V —V and V — T relaxations. The experimental rate constant of
V — T relaxation of silane with argon determined according to laser induced IR
luminescence is 6 x 1074 cm®/s.

Taking into account the excited SiH, relaxation on the walls by the diffusion
mechanism, the rate of V — T relaxation is 3 x 10° 1/s at an argon pressure of 133 Pa
(3x10'® 1/cm®). The rate of vibrational energy transfer, which is equal to this
value, is obtained if the transfer rate constant is 6.7 x 1012 ¢m3/s at an SiH*
pressure of 2 Pa (4.5x 10'* 1/cm®).

To estimate the stationary concentration of vibrationally excited molecules gen-
erated under laser irradiation, the SiH, absorption cross section was measured at
the P(20) line of the CQ, laser. At low pressures it equals 3 x 1071° cm?. After
the admission of an inert gas, it increases sharply to 1 x 107*8 ¢cm? at 2000 Pa -
argon. This means that the P(20) line gets to a wing of the SiH, absorption line.
According to the measured absorption cross section and the V — T relaxation rate,
the excess concentration of excited molecules must be 6—12% of the total num-
ber of SiH, molecules at 50~100 W power of IR irradiation and 200 Pa argon
pressure. The thermal equilibrium concentration of vibrationally excited molecules
is 5.4% at room temperature.

The concentration of vibrationally excited molecules under these conditions is
2-3 times higher than the equilibrium value, the reaction rate being twice as high.
Hence, under steady-state conditions, not less than half the rate of the reaction
Br + SiH, — HBr + SiH; is determined by the reaction of vibrationally excited SiH,
molecules.

REFERENCES

oy

. V. P. Strunin, N. K. Serdyuk, E. N. Chesnokov, V. N. Panfilov: React. Kinet. Catal. Lett., 5, 37
(1976).

. L. N. Krasnoperov, E. N. Chesnokov, V. N. Panfilov: Chem. Phys., 42, 345 (1979).

. Yu. N. Molin, V. N, Panfilov, V. P. Strunin: Chem. Phys. Lett., 56, 557 (1978).

. V. P. Strunin, N. K. Serdyuk, V. N. Panfilov: Kinet. Katal., 20, 810 (1979).

. N. K. Serdyuk, V. V. Gutorov, V. N. Panfilov: React. Kinet. Catal. Lett., Vol. 16, No. 4,
(1981).

wr W N

22



