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Photobromination of SiH, under uv-irradiation at various wavelengths has been stud-
ied. Rate constants for the elementaty reactions Br(*P,,,) + SiH, — HBr + SiH,
(k=32x10"" exp(-21.8¢2.5)RT, cm®fs) and Br* (*Py3) + SiH, — HBr + SiH,
(k* = (3:1) x 107! *cm?[s) have been determined in the temperature range from 300 to
415 K.

HccmepoBana peakunsa ¢oroGpoMApoBaHMs Mof OelicTBHeM Y®P-cBeTa pasmHuHBIX
IUTHH BOJIH, OTpeIe/ieHsl KOHCTAHTh CKOPOCTH 2/IEMEHTAPHLIX peakuuiiBr(* P3 2+

+ SiH, — HBr + SiH,, k = 3,2X10""" exp (-21,8 £ 2,5)/RT cm®/cex u Br*(Pypp) +
+ SiH, — HBr + SiH, , k* = (3% 1)X 107" * cm®/cex B HHTepBanIE TEMIIEPATYp
300415 K.

Studies of CH3F photobromination indicate that electronic excitation of
bromine atoms to the *P, j2 state reduces the activation energy of their reaction
with CH3F by the magnitude of the excitation energy (44 kJ/mol) with a simul-
taneous decrease by three orders of magnitude of the preexponential factor /1, 2/.
This was explained in terms of a nonadiabatic reaction mechanism of the excited
bromine atom /3/. Activation energy for the reaction of unexcited Br atom with
CH3F (61 kJ/mol) is higher than its excitation energy. Therefore, it is of interest
to study the role of electronic excitation of Br atoms in reactions whose activa-
tion energies are lower than the excitation energy. Since the energy of Si-H bond
dissociation in SiH, is lower than that of the C-H bond in CH;F, this situation
can be predicted for SiHy bromination.

SiH4 photobromination was studied experimentally by known methods /1, 2/.
The reaction rate was measured according to the decrease of SiH, concentration
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continuously recorded by a mass spectrometer. To dissociate Br, into atoms, the
light of a DRSh-500 lamp was used; 365 or 436 nm lines were filtered out of
its spectrum. In the former case, Br, dissociated into two atoms in the ground
G P, /2 state, in the latter case, it gave one atom each in the ground and the
electronically excited (2P 12) states.

By analogy with CH3F photobromination /1], the effeitive rate constant of
SiH, photobromination can be described as

d [SiH4] )
- =k [SiH4]
where
k. ¢ = 2I(0; + —IE- 1 N-+I ——-lik—(-l—:ﬁ—)—~ 1
eff — (o4 02)kr( -8 02 k;i(l—ﬁ)+k'éﬁ (1

where 1 is the light intensity, o, and o, are the absorption cross-sections of
{1, < X! 2+ and B3 H(0+) — X! 2+ transitions, which lead to Br, dis-
sociation into two Br(*P, /2} atoms and Br(2 32) T Br*(*P, j2)> k and k*
are thle rate constants of the reactions Br(* P3/2) + SiH, — HBr + SiH; and
Br*(*P, 2) t SiHs — HBr + Sily, k, is the rate constant of heterogeneous
recombination of Br(*P, /2) atoms on the walls of the reaction vessel, k}; and
kd are the rate constants of Br*(? P,/;) deactivation on Br, and SiH,,

= [Brz] + [SiH, ], 8 = [SiH4 }/N.

As is seen from eq. (1), k¢ depends linearly on N, the slope of the straight
line being proportional to the rate constant of the Br(* Py, ,) reaction with SiH,
and the intercept is proportional to that of Br*(*P, /2)- The experiments indi-
cate that in the photolysis of a silane-bromine mixture under irradiation by
A = 365 nm light (no excited Br atoms, g, = 0) the dependence of k ¢ on
N is linear and passes through zero (Fig. 1, 1). At A =436 nm, the straight
line intercepts the Y-axis (Fig. 1, 2), which is associated with the Br*(*P, /2)
reaction.

To determine k from the experimental values of kg, it is necessary to de-
termine the light intensity I, the absorption cross-sections ¢; and o, and the
heterogeneous recombination rate constant of Br atoms, k,. Light intensity was
measured calorimetrically according to the heating rate of a black copper disc with
a known heat capacity. The absorption cross-sections were taken from the litera-
ture /4, 5/.
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Fig. 1. Plot of kegp vs. Nat T = 300K (1), A = 365 nm, (2) A =436 nm
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Fig. 2. Plot of kegg vs. argon pressure at T = 300 K and A = 365 nm

To determine k , we measured the SiH, photobromination rate at various argon
pressures. Since

= + Q)
r Kicin Kgg € 32D

where k ;. and k,; are the kinetic and airtusion recombination rate constants, d
is the reactor diameter, v is the mean thermal velocity of Br atoms, ¢ is the Br re-
combination probability on the walls, D is the diffusion coefficient of Br in argon
(inversely proportional to the argon pressure); the slope of the argon pressure vs.
kg curve (Fig. 2) and the intercept are determined by the diffusion and kinetic
constants, respectively. Assuming that the diameters of argon and bromine atoms
are 3.48 and 3.60 A, respeciively /1/, one can determine the diffusion coefficient
from the known equation /6/. The ratio of the slope to the intercept permits to
calculate the Br recombination probability on the walls, ¢ = (1.4 +0.8)x 1073, -
which is temperature independent within the range of 300-425 K and agrees fair-
ly well with that reported in Ref. /16/. Knowing € and D, the rate constant of
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Fig. 3. Plot of log kegg vs. T™" at A = 365 am

heterogeneous Br recombination can be determined from eq. (2) at any tempera-
ture and pressure in the range studied.

Activation energy of the effective rate constant was determined by measuring
the reaction rate at various temperatures. To determine the activation energy of
the elementary reaction Br(2P3/2) + SiH,, the value obtained should be’ correlated
by two corrections associated with the temperature dependence of the Br absorp-
tion coefficient /1, 4, 5/ and with the temperature dependence of k,. The tem-
perature dependence of the rate constant in the Arrhenius coordinates taking in-
to account these corrections is shown in Fig. 3. Activation energy of the elemen-
tary reaction Br(*P, j2) T SiHs determined from this plot in the temperature range
of 300415 K is 21.8 £2.5 kJ/mol. Using the values of I and ¢, the rate con-
stant for the reaction of Br(*P;,) with SiH, is

k = 32x10!" exp(~21.8 +2.5)/RT (cm?/s) (3)

Rate constant of the elementary reaction Br*(zP1 /2) +SiH, was determined from
experimental data on SiH, photobromination under irradiation by 436 nm light
(Fig. 1, 2). To determine it from eq. (1), one needs not only I and o but also the
rate constant of Br*(*P, ,) relaxation on Br, and SiH,. The former is known and
equal to 4.7 x 107" cm>/s /7/. To estimate the relaxation rate of Br*(*P, 12) on
SiHa, K.¢r was measured at various mixture compositions. It appeared that
Br*(*P, /2) relaxation on SiHs is slower than on Br,. Therefore, at the mixture
composition [Br,]: [SiHs]= 10 used in our experiments (Fig. 1), Br*(3P, 12) 1e
laxation on SiHs; can be neglected. When processed, the experimental data on
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SiH; photobromination at A =436 nm afford the rate constant of the elementa-

ry reaction Br*(*P ;) + SiHs as (3+1)x 107> cm®/s, being temperature in-
dependent in the range of 300-415 K.
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