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LASER INDUCED REACTIONS IN SiH,/CF,CFCl MIXTURES
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Abstract. Laser induced reactions in SiH,/CF,CFCl mixtures under total pres-
sure 0.92—2.5 kPa are initiated by a TEA CO, laser at two wavelengths (944.19 cm—1
and 1055.63 cm—1). The final products have a fluorine atom attached to silicon and
a hydrogen atom to carbon, and they are — ethyne, tetrafluorosilane and trifluorosi-
lane. Under these working conditions, a common collisional reaction channel between
energized SiH, and CF,CFCI molecules is initiated.

Pesiome. Bwut ucnonssosan TEA CO, nepeHactpanBaeMblit Jasep C LeJbI0 BO3GYH-
JleHHsl XMMHUYEeCKHX Peakuuil B ra30BOH CMeCH MOHOCHJIAHA W XJ10p1pHQTOpsTeHA NpH 06-
niem Aasienuu 092 — 2,5 kPa. Hecmorps Ha TO, yto cMech Obia ofiyueHa npuH ABYX
naunax BosH (944,19 cm—1 u 1055,63 cm—!1), mONyydauCh OAMHAKOBbIE KOHEYHbie MpO-
LYKTbl—3THH, Terpadropcuaan H Tpudropcunan. Marepec npeacrasaser ToT (akr, 4TO
cootsomenwue SiH,/CF,CFCl o u nocae ofayyeuus octanoch mourd 0e3 H3MeHeHHs.
[Ipu 3TMx paboyux YCJAOBHAX OCYLIECTBISAAMCh OOulHe yHapiibie peakuud B KaHajne
MEXAY SHepreTHUeCKHMH MOJeKy/JaMu MOHOCHJAHA M XJOp TpHU(TOpITEHa.

Introduction

In a mixture of two reactants having different infrared absorption
bands, chemical reactions can be induced by means of laser irradiation. If the frequ-
ency of the laser irradiation is tuned to each absorption band of the two reactants,
different chemical reactions can be expected to occur. The reactions under medium
pressure in a mixture of silane and hexafluorobenzene, reported by Koga et al [1],
are induced by CO, laser irradiation that is absorbed by the two reactants in the gas
phase. These reactions take place as a result of a primary excitation of the separate
components, and stimulation of various other reactions in similar systems is also
probable.

The purpose of the present work is to investigate the progress of laser induced
reactions in SiH,/CF,CFCl mixtures under total pressure of 0.92—2.5 kPa for diffe-
rent relative amounts of the two initial reagents and different duration of irradiation.

Experimental

The experiments were performed with a grating-tuned TEA CO, laser
(Group of Laser Sources and Technologies, University of Plovdiv), operated on the
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P(10) line of the 00°1—02°0 transition (i. e., 1055.63 cm~1) and the P(20) line of the
00°1 —10°0 transition (i. e., 944.19 cm~!). The wavelength frequencies generated by
the TEA CO, laser were checked by means of a model 16-A spectrum-analyser (Opti-
cal Eng. Co.). The typical temporal profile of the pulse, as measured with a photon
drag detector (Rofin, West Germany), consisted of a 150 ns (FWHM) peak followed
by a tail of about 1 ps when the laser was operated with a 4:8:12=CO0O, : Ny : He mix-
ture under total pressure 47.3 kPa. The laser beam energy was measured by an RJ-
7620 energy meter (Laser Precision Corp.). A special cylindrical cell of Symax glass
was made, which had dimensions /=100 mm and id=30 mm and was equipped with
NaCl windows and a stopcock. Depletion of air from the cell was accomplished by a
special vacuum system, and the final pressure was measured with a Pirani VPR-1 va-
cuum meter. The infrared absorption spectra before and after laser irradiation were
recorded with a Perkin-Elmer 621 infrared spectrophotometer, calibrated with poly-
styrene.

Results and discussion

The laser absorption spectra of silane and chlorotrifluoroethene are
almost parallel to the infrared absorption spectra (Fig. 1). The most effectively absor-
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Fig. 2 The infrared spectrum of initial (solid line) and irradiated (dotted line) of SiH,/CF,CFCl

bed laser lines are the P(20), absorbed by silane, and the P(10), absorbed in chloro-
trifluoroethene. Irradiation of the CF,CFCI/SiH, mixture at the infrared transitions
of the v, modes of both compounds leads, regardless of the wavelength, to the same
products — ethyne (CyH,), tetrafluorosilane (SiF,) and trifluorosilane (SiHF;). The re-
actions are accompanied by visible luminescence. Typical infrared spectral changes af-
ter irradiation are shown in Fig. 2. The absence of silane products [2, 3] (higher sila-
nes or deposited silicon) and chlorotrifluoroethene (cyclodimers [4], compounds formed
via cyclomerization and from carbenes [5]) indicates that the reactions do not involve
decomposition of either of the two initially excited species.

The results from the experiments (Table 1) show that the progress of reactions
upon laser irradiation at both 944.19 c¢m—! and 1055.63 cm—! depends strongly on the
relative amounts of both parent components. High conversion with one or only a few
pulses is observed when the two components -of the mixture are in equal amounts.
Low conversion (even for a large number of pulses) is recorded when one of the com-
ponents grows in excess. Suprisingly, the initial SiH,/C,F5Cl ratio and the SiH,/CgF3Cl
ratio after the laser induced reaction are almost equal (Table 1). Therefore, more si-
lane in the initial mixture implies more ethyne formed (the ratio of CgH,/CF,CFClI (reac- j

ted) in Table 1).
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Table 1. Experiments at total pressure 0.92 — 2.5 kPa in mixture SiH/CF,CFCI
&l < |z |g : : O
EE g2 |8 3 Depletion of CF,CFCl, 9, and ratio of reacted SiH,/CF,CFCI | 5
S= s |9 2 after the action of N subsequent pulses |
2| |m |8 B )
s =} q‘jﬁ .2 = o | f""
S |E|E8g|ES |88 | N=I N=50 | N=100 | N=150 | N=500 | N=1,000 =%
LS [2|mS|AE (=2 | Qg
944.19 1 0.6 1.2 2.5 89/1.0 23
2 06 14 2.5 96/1.4 2.3
3 05 16 1.05 36/1.5 40/1.4 24
4 05 20 092 36/1.9 2.6
5 05 28 1.57 36/2.5 40/2.6 3.1
6 05 35 131 23/3.4 30/3.3 3.6
7 06 1.0 131 90/0.8 97/1.0 2.2
8 05 1.0 1.44 91/0.8 93/0.9 2.1
9 05 06 1.57 30/0.5 36/0.5 0.7
10 05 03 1.44 10/0.2 15/0.3 0.5
1055.63 11 0.5 32 1.44 32/2.7 32126 3.0
12 06 28 1.44 34/2.4 38/2.3 2.5
13 05 23 131 28/1.9 36/2.3 35/2.0 24
14 05 1.6 1.44 44/14 35/1.4 20
15 05 1.2 157 97/1.0 21
16 06 10 144 91/1.0 95/0.8 20
17 05 1.0 1.44 90/0.9 93/1.0 1-8
18 05 09 157 86/0.8 85/0.9 0.8
19 05 06 1.44 35/0.5 35/0.4 0.7
20 05 03 144 48/0.3 29/0.2 0.6

At pressures of 0.92—2.5 kPa in the SiH,/CF,CFCl mixture, a common colli-
sional reaction channel is presumably initiated by the encounter of sufficiently energi-
zed SiH, and CF,CFCI molecules. The fission of Si-H, C-H and C-Cl bonds and for-
mation of Si-F and C-H bonds implies a difference in the energy of the broken and
newly formed bonds.

The mixture of SiH,/CF,CFCI was irradiated at two different wavelengths but
the final products obtained were the same. The different chemical reactions that we
expected to take place under laser irradiation at two different wavelengths did not
occur. We suppose that this is due to the hypothetical common collisional reaction
channel, the initiation of which requires the presence of sufficiently energized nondis-
sociable molecules of silane and chlorotrifluoroethene.
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