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Abstract. Thermal decomposition of tetramethylsilane (TMS) diluted in argon was studied behind the
reflected shock waves in a single pulse shock tube (SPST) in the temperature range of 1058—1194 K. The major
products formed in the decomposition are methane (CH4) and ethylene (C,H,); whereas ethane and propy-
lene were detected in lower concentrations. The decomposition of TMS seems to be initiated via Si-C bond
scission by forming methyl radicals (CH3) and trimethylsilyl radicals ((CH3)3Si). The total rate coefficients
obtained for the decomposition of TMS were fit to Arrhenius equation in two different temperature regions
1058-1130 K and 1130-1194 K. The temperature dependent rate coefficients obtained are ke (1058—1130 K)
= (4.61 £0.70) x10'8 exp (—(79.9 kcal mol~! % 3.5)/RT) s~!, ka1 (1130-1194 K) = (1.33 £ 0.19) x 10° exp
(—(15.3kcalmol~! + 3.5)/RT) s~!. The rate coefficient for the formation of CHy is obtained to be kmethane
(1058-1194K) = (4.36 = 1.23) x 10" exp (—(61.9 kcal mol~! +4.9)/RT) s~'. A kinetic scheme containing 21
species and 38 elementary reactions was proposed and simulations were carried out to explain the formation of

all the products in the decomposition of tetramethylsilane.
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1. Introduction

Tetramethylsilane (TMS) is the simplest carbosilane,
broadly used in semiconductor industry as a precursor
for preparation of silicon carbide (SiC) through chem-
ical vapor deposition (CVD) technique.!:? Silicon car-
bide (SiC) is used in various applications because of its
important properties such as high heat resistance, high
thermal conductivity and to withstand high voltage.® It
is a well-known promising substrate material for power
electronic devices and light emitting devices (LED).*
Good quality SiC films can be grown on Si substrates by
pyrolyzing single organosilane precursors, which con-
tain bonds between Si and C atoms, such as methylsi-
lane (CH;3SiH3), tetramethylsilane ((CH;)4Si), methyl-
trichlorosilane (CH3SiCl3).°>~7 Among them, TMS has
more advantages as a precursor. It is considered as a
safe, non-explosive and non-corrosive precursor mate-
rial that can be easily handled in the experiments.®

As TMS is the source to provide Si, our initial focus
would be on the resultant products from TMS formed
via Si-C bond breaking reactions. Seo e al.,’ produced
3C-SiC(111) films on Si substrates from TMS, employ-
ing arapid thermal CVD technique above 1000°C. They
reported that TMS decomposed into H and Si atoms

*For correspondence
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and hydrocarbon gases such as CH,4, C,H,, and C,H,
at high temperatures. Herlin et al.,'° studied the growth
mechanism of SiC on a graphite susceptor in a low-
pressure cold wall reactor. They found that dissociation
of TMS releases H atoms, various Si-containing species
and hydrocarbons. In all these experiments no consis-
tent conclusions about the products from TMS decom-
position were made. The detailed analysis on products
and clear understanding of mechanism is the main focus
of the present study. Various precursors such as TMS,
diethylsilane and tripropylsilane are commonly used
in the preparation of SiCvia CVD. Previous investi-
gations by Avigal and Schieber'! reported that, SiC
was obtained from TMS either in an inert (He) atmo-
sphere or reducing (H,) atmosphere in the temperatures
between 700 and 1400°C. Several experimental studies
reported that TMS was used for conventional CVD
experiments'>!? to produce solid materials of high
efficiency and high purity. In the process of CVD at
high temperature with TMS, the subject of gas phase
contribution to the overall process cannot be neglected.

The spontaneous flammability of certain alkylsilanes
suggest that metal - carbon bonds are more suscepti-
ble to oxidation than carbon - hydrogen or carbon -
carbon bonds. Schalla et al.,'* studied the temperature
required for the rapid oxidation or explosion of alkylsi-
lanes (including TMS) air mixtures at one atmospheric
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pressure and they have reported the explosion limits of
a series of alkylsilanes. SiC was also synthesized by
injecting mixture of carrier gas (H,, He, N, and C,H,)
and TMS into hot burned gas downstream of a fuel rich
hydrocarbon oxygen flame.'* Cullis et al.,'® studied the
possibility of silicon containing compounds including
TMS as anti-knock additives in engines and they have
concluded that none of these silicon compounds are
viable anti-knock additives in fuels.

TMS has simple carbosilane structure and is used as
a model monomer for studying the reactivity of silyl-
methyl groups in plasma polymerization reactions.!”
The thermal decomposition studies on TMS were con-
ducted by Helm and Mack'® in a static reactor and they
have reported that the reaction was unimolecular and
homogeneous at pressures above 100 Torr in the tem-
perature range of 932-993 K. The thermal decomposi-
tion studies on TMS were also carried out by Clifford
et al.,"” in a linear flow system in the temperature range
of 810-980 K, using gas chromatography for the detec-
tion of reactant and products. They have reported the
first order rate coefficient for the formation of methane
to be k = 2.0 x 10" exp (—67.9 kcal mol~!/RT)s~!. The
decomposition of TMS was also studied by Baldwin
et al.,” in a pulsed stirred-flow system between 800
and 1055 K using GLC-Mass spectrometry as a detec-
tion system. They have reported two sets of rate coeffi-
cients for the formation of CH, from the decomposition
of TMS. The first order rate coefficient for the forma-
tion of CH, in the temperature range of 840-950K was
reported to be k = 1.58 x 10! exp (—57.4 kcal mol™!
/RT) s7!, and for temperature range of 955-1055K,
the rate coefficient reported was k = 3.98 x 107 exp
(—85.2kcal mol~' /RT) s~', where the activation ener-
gies are given in kcal mol~!. Taylor et al.,*' studied
the pyrolysis of tetramethyl derivatives of silicon, ger-
manium and tin using a wall less reactor under both
homogeneous and heterogeneous (surface) conditions.
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They have reported the rate coefficient for the pyrol-
ysis of TMS in homogeneous conditions to be k =
1.29 x 10" exp (—72.0 kcal mol~! /RT) s~! and in sur-
face conditions it was reported to be k = 3.16x 10'2 exp
(—61.0kcal mol~! /RT) s~!. Although the decomposi-
tion of TMS were studied earlier in a wide tempera-
ture range of 8001055 K by various groups, complete
mechanistic studies were not reported so far, to the best
of our knowledge.

In the present investigation, we report the com-
plete thermal decomposition of TMS in the temperature
range of 1058-1194K. A most plausible mechanism
for the decomposition is proposed and simulated. The
decomposition pathways and the mechanistic approach
are discussed in this paper. In the present study, the
solid products and their growth were not monitored.
However, formation of lower hydrocarbon products and
their gas phase contribution to the overall reaction were
focused. Silicon containing products were not observed
from post shock mixture analysis. If TMS was exten-
sively used as a precursor for preparation of SiC, lower
hydrocarbons along with solid SiC will be formed at
higher temperatures. Si-C bond breaking is the most
important channel and the primary step in the pyroly-
sis of TMS because Si-C bond energy? is 85 kcal mol !
which is lower than C-H bond dissociation** energy
(99.2 kcal mol ).

2. [Experimental

The thermal decomposition of TMS was studied behind
the reflected shock waves in a single pulse shock
tube (SPST).A schematic diagram of the SPST used
in this study is given in figure 1. A 50.8 mm i.d.
SPST consisting of a 3440 mm long driven section and
1290 mm length driver section was used in the present
investigation. The driver section was separated from the
driven section by an aluminum diaphragm.

To gas supply, vacuum
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Schematic diagram of the single pulse shock tube used in the present study. DR-

driver section, DN-driven section, SS-sample section, BV-ball valve, DP-diaphragm, T, T, and

T;-pressure transducers, D- dump tank.
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A confined reaction zone was created towards the end
of the shock tube by incorporating a ball valve. This is
to ensure that all the test molecules are exposed to the
reflected shock wave. The success of shock tube tech-
nique depends on exposing a reaction mixture to a sin-
gle high temperature pulse, in which the reactants are
allowed to remain at reaction conditions (constant tem-
perature) for a closely controlled period of time, i.e.,
reaction time, followed by rapid cooling through the
action of strong rarefaction wave. The cooling rate must
be sufficiently high to effectively freeze the reaction.
The problem of a variable dwell time may be substan-
tially reduced by introducing a small test section in the
shock tube. The lengths of the driver and driven sec-
tions were chosen in such a way that the expansion
fan cools the heated sample before the reflected wave
meets the contact surface. The location of the ball valve
(550 mm from the end of the driven section) was cho-
sen to ensure that the compressed test gas occupies a
region around the pressure transducer. Hence, the dwell
time measured from the pressure trace is very close to
the reaction time, i.e., the time for which the molecules
were kept at the temperature behind the reflected wave,
Ts. The smaller test section created using a ball valve
will facilitate fixing the dwell time.?*%° In fact, the
progress of the shock wave will be influenced if, there
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is a sudden and significantly larger change in the spe-
cific heat ratios across the ball valve. The concentration
of the sample is chosen in such a way that the specific
heat ratio remains almost constant after dilution with
the same buffer gas, argon. If the entire driven section
is filled with the test sample, the sample beyond the
contact surface would not get heated by the reflected
shock wave as it is already got attenuated by the expan-
sion fan at the contact surface. Therefore, a small
test section was made to carry out these experiments.
In fact, this method was used extensively by various
groups.?*2® Three pressure transducers (PCB 113A22)
were mounted towards the end of the driven section.
The mounted pressure transducers were used to mea-
sure the shock velocity and thereby to calculate both the
primary and reflected shock temperatures. The pressure
transducer, which is mounted closest to the end flange,
was used to record the pressure trace and the reaction
time.

A typical pressure trace recorded using the pressure
transducer mounted near the end flange is shown in
figure 2. The reaction time of each experiment was mea-
sured from the pressure trace. Shock velocities were
calculated using the time taken for the incident shock
wave to travel between successive pressure transduc-
ers. The pressures behind the reflected shock waves
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Figure 2. A typical pressure trace recorded by an oscilloscope showing the
complete pressure profile in an experiment. The arrival of primary and reflected
shock waves and reaction time are indicated on the pressure trace.
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were calculated using the pressure jumps recorded in
the pressure trace.

As described by many researchers earlier, the
reflected shock temperature (Ts) computed by con-
ventional Rankine-Hugoniot (R-H) relations?’ is given
below. They suffer from real gas effects and boundary
layer problems.?8-3!

Ts {200 =DM+ G =y} {Gyi — DM} 21 - D}

Ty n+ 1> M?

M

Where T, is the room temperature, Ts is the reflected
shock temperature, y; is the specific heat ratio of the
test gas and M; is the shock Mach number. To overcome
the effects like real gas and boundary layer effects,
chemists have developed the chemical thermometry
method*>° to get the accurate reflected shock tem-
peratures. In kinetics, as the accuracy in measuring
the temperature is very important, the chemical ther-
mometric method was used in our investigations. In
the present investigation, the reflected shock tempera-
tures were determined by the extent of reverse Diels-
Alder decomposition of cyclohexeneto 1,3-butadiene
and ethylene, which is added in the reaction mixture to
serve as chemical thermometer.

1058-1194 K = .
AN
\

1,3-butadiene

| —©

cyclohexene ethylene

Recently, there was a revisit on the rate coefficient for
the decomposition of the cyclohexene by Ronald Han-
son’s group for the reaction of cyclohexene — ethy-
lene + 1,3-butadiene.*® We have used this rate coeffi-
cient k = 4.84 x 10" exp (—63.39 kcal mol~!/RT) s~ !,
(where R is expressed in the units of kcal K~!' mol™!)
in the calculation of the reflected shock temperature.
The accuracy of the temperatures estimated using the
internal standard depends on the error associated with
the reported rate coefficient for the decomposition of
the internal standard. The reflected shock temperatures
were calculated from the relation

1
T = —(E,/R)/ |:ln {—Eln (1— x)” G

where ‘t’ is the reaction time, ‘A’ and ‘E,’ are the pre-
exponential factor and activation energy of the reac-
tion, and x is the extent of reaction defined by x =
[product]/([reactant]+ [product],).

Internal standard (ISD) method removes all the natural
uncertainties in the physical properties. The introduc-
tion of the internal standard eliminates the uncertainty
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in the measurement of the temperature, because both
the internal standard and reactant molecule experience
the same reaction conditions. Therefore, these tempera-
tures were used in the present investigation.

The driver and driven sections of the shock tube
were separated by a pre-scored aluminum diaphragm of
desired thickness. Before the experiment both the driver
and driven sections were pumped down to approxi-
mately 1 x 107¢ Torr using a diffusion pump, after
making the shock tube rich in argon environment. This
procedure was repeated for two to three times before
each experiment is carried out to ensure that no oxy-
gen is left in the shock tube. 10 Torr of TMS and 10
Torr of cyclohexene were added into the sample sec-
tion of the shock tube using a capacitance manometer
(MKS 626B) and the mixture was diluted with argon till
desired pressure (200-550 Torr) is attained. Argon alone
was filled into the section between the sample compart-
ment and the diaphragm. The pressure in the sample
compartment was kept lower than the section between
the sample compartment and aluminum diaphragm, by
about 10 Torr to make sure the sample does not get dif-
fused backwards, when the ball valve is opened before
the experiment is carried out. The P, value of each
experiment and initial concentrations of both the reac-
tant and the internal standard are given in table 1. When
P, is low, higher Mach number could be expected and
a higher T5 will be obtained. However, this generalized
observation depends on other factors as well. P, plays a
very significant role in achieving a targeted Ts, which in
turn depends on the thickness of the diaphragm and the
depth to which it was scored. Therefore, P, and P, plays
a combined role on Ts. In the present experiment, the
diaphragms used were scored to a depth of 20%, 25%
and 30% of their thickness. As it is a combination of all
these factors, it is difficult to talk about the attained T
by looking at P, alone.There will not be any significant
or measurable changes in the reflected shock temper-
atures during the course of reaction, as the concentra-
tions of the test samples are very less. The shock waves
were generated by rupturing the diaphragm via filling
the driver section with helium to the threshold pres-
sure of the pre-scored aluminum diaphragm. After fin-
ishing the experiment, the post shocked mixtures were
allowed to mix thoroughly for about 30 min. The post-
shock mixtures were quantitatively analysed by gas
chromatography (Agilent 6890 N). The samples were
withdrawn from the shock tube and a constant volume
of 0.5 mL samples were injected through an online gas
sampling valve into the gas chromatograph equipped
with a Flame lonization Detector (FID). A Porapak-Q
column was used for the analysis and oven temperature
was programmed from 75°C to 180°C. Nitrogen was
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Table 1.
decomposition of TMS.
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Experimental conditions and distribution of normalized concentrations of reactant and reaction products in the

Pressure Initial Initial Reaction
SL. P concentration concentration T Ps time [CH4]/ [CoH4ld [CoHgld [CsHgld/ [TMS]/
No (Torr) of TMS of cyclohexene (K) (atm) (us) [TMS]y [TMS]y [TMS]y [TMS]y [TMS]p
1 400 0.025 0.025 1058 14.7 544 0.0311 0.0211 0.0026 0.0038  0.941
2 500 0.020 0.020 1061 16.5 328 0.0292 0.0123 0.0017 0.0032 0.954
3 205 0.048 0.048 1063 14.9 330 0.0292 0.0123 0.0017 0.0032  0.954
4 525 0.019 0.019 1065 164 435 0.0118 0.0161 0.0039 0.0052  0.963
5 530 0.019 0.019 1066 15.6 445 0.0131 0.0160 0.0039 0.0052  0.962
6 450 0.022 0.022 1074 16.6 476 0.0606 0.0358 0.0072 0.0070  0.889
7 550 0.018 0.018 1084 13.8 470 0.0790 0.0523  0.0088  0.0065 0.853
8 550 0.018 0.018 1091 13.5 826 0.1671 0.2367 0.0135 0.0075 0.575
9 300 0.033 0.033 1096 13.9 600 0.1376  0.1338 0.0113  0.0071 0.710
10 350 0.029 0.029 1106 16.7 609 0.1735 0.1432 0.0126  0.0091 0.662
11 325 0.030 0.030 1108 14.9 620 0.1681 0.2504 0.0139 0.0075 0.560
12 350 0.029 0.029 1117 16.5 658 0.1751 0.2913 0.0116  0.0075 0.514
13 200 0.050 0.050 1118 122 868 0.2280 0.3818 0.0096  0.0065 0.374
14 325 0.030 0.030 1121 16.0 659 0.2140 0.3027 0.0140 0.0071 0.462
15 200 0.050 0.050 1122 10.6 766 0.1980 0.3479 0.0122 0.0070  0.435
16 275 0.036 0.036 1123 149 760 0.2496 0.3973 0.0083 0.0074  0.337
17 300 0.033 0.033 1124 144 590 0.1911 0.2688 0.0170 0.0079  0.515
18 300 0.033 0.033 1125 159 800 0.2293 0.3787 0.0099 0.0086  0.373
19 275 0.036 0.036 1126 15.2 752 0.2495 0.3627 0.0100 0.0090  0.369
20 275 0.036 0.036 1127 153 780 0.2571 0.3816 0.0106  0.0078  0.343
21 225 0.044 0.044 1129 13.6 844 0.2688 0.4002 0.0098  0.0081 0.313
22 250 0.040 0.040 1130 15.6 720 0.2637 0.3768 0.0096 0.0079  0.342
23 300 0.033 0.033 1131 16.0 790 0.2689 0.3911 0.0111  0.0085 0.320
24 250 0.040 0.040 1138 143 700 0.2457 0.4278 0.0090 0.0089  0.309
25 200 0.050 0.050 1141 13.1 830 0.2711 0.4314 0.0084 0.0077  0.281
26 225 0.044 0.044 1143 143 852 0.3085 0.4056 0.0101 0.0094  0.266
27 250 0.040 0.040 1151 14.0 710 0.2918 0.3856  0.0096 0.0072  0.306
28 200 0.050 0.050 1153 13.6 898 0.2945 0.4853 0.0077 0.0097 0.203
29 225 0.040 0.040 1162 13.8 838 0.2724 0.4605 0.0095 0.0067  0.251
30 200 0.050 0.050 1176 134 778 0.3422 04442 0.0111 0.0113 0.191
31 200 0.050 0.050 1179 13.9 778 0.3685 04771 0.0120 0.0122  0.130
32 325 0.030 0.030 1194 21.8 880 0.3766 0.4061 0.0078 0.0099  0.200
33 375 0.026 0.026 1194 228 870 0.4249 0.4739 0.0105 0.0090 0.082

used as a carrier gas in the analysis. The sensitivity of
the flame ionization detector (FID) towards all the reac-
tants and products were calibrated over a known range
of concentrations. The concentration/mole fraction
of left-out reactant and other products were calculated
using the known sensitivity factors obtained in the cal-
ibration and the areas under each peak. A qualita-
tive analysis was also carried out by using a Bruker’s
VERTEX 70 FTIR spectrometer.

2.1 Materials and chemicals

TMS (GC grade with >99% purity) and cyclohexene
(reagent plus grade 99% purity) used in these experi-
ments were purchased from Sigma Aldrich. TMS and
cyclohexene were further purified by several cycles

of freeze-pump-thaw method. Analysis of TMS and
cyclohexene by gas chromatography showed no dis-
tinguishable impurities. Methane (99.5%), ethylene
(99.5%), ethane (99.5%), propylene (99.5%), 1,3-
butadiene (99.5%) and the high purity helium gas
(99.995%) from Praxair Inc. were used as such in our
experiments.

3. Results and Discussion

To understand the distribution of reaction products, 33
experiments were carried out with gas mixtures con-
taining 10 Torr of TMS and 10 Torr of cyclohexene
in argon as described in the experimental section, cov-
ering the temperature range of 1058-1194 K. Typical
reaction times were 330—1000 us and the pressure was
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varied between 11 and 23 atm. Detailed conditions of
each experiment and the normalized yields of products
are given in table 1. The detectable products observed
in the decomposition of TMS are methane (CH,), ethy-
lene (C,H,), ethane (C,Hg) and propylene (Cs;Hg). A
gas chromatogram of a post shock mixture of TMS
decomposed at 1151 K is shown in figure 3. The con-
centration ratios of 1,3-butadiene and cyclohexene were
used to determine the reflected shock temperature. In
these experiments, ethylene is the product of both the
reactant TMS and internal standard. This was confirmed
by decomposing TMS alone behind the reflected shock
waves in the studied temperature range and ethylene
was observed to be one of the products listed before.
The contributions of cyclohexene towards the total con-
centration of ethylene was computed by measuring the
concentration of 1,3-butadiene, which was formed in
equal concentrations via reaction 1. It was further con-
firmed that, 1,3-butadiene does not decompose in the
investigated range of the temperatures, by carrying out
its decomposition independently. Skinner et al.,’” and
Hidaka er al.,*® also have reported that 1,3-butadiene
does not decompose in this temperature range. There-
fore, we have subtracted the yield of ethylene due to
the decomposition of cyclohexene, which is essentially
equal to the concentration of 1,3-butadiene from the
total yield of ethylene, to get the ethylene yield due to
the decomposition of TMS alone.

We have carried out FTIR analysis, to find out the
silicon containing species and hydrocarbons. A FTIR
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spectrum of the post shock mixture of TMS in argon,
decomposed at 1179K is shown in figure 4. The Si-
CH; group is easily recognized with a sharp peak at
1260cm™!, and the peaks around 1447 and 947 cm™!
indicate the presence of olefins. The peak at 2964 cm™!
shows the presence of hydrocarbons.

The decay of the reactant and formation of prod-
ucts are shown as a function of temperature in figure 5.
Concentrations of products methane and ethylene are
observed to be continuously increasing with the tem-
perature. The ethane concentration was observed to be
increasing up to ~1150K and then decreasing due to
several other reactions. Propylene concentrations seem
to be increasing upto 1120K and then more or less
constant thereafter.

The rate coefficients for the decomposition of TMS
were calculated by using the following equation

Kioral = —In{[TMS1,/[TMS1y} /1 (3)
where [TMS], and [TMS], are the experimentally quan-
tified concentration of TMS at the end of the reac-
tion time ‘t’ and initial concentration respectively. The
obtained rate coefficients were used to plot the Arrhe-
nius equation and are shown in figure 6. The rate coef-
ficients are observed to be non-linear across the stud-
ied temperature range. Therefore, the data were fit to
the Arrhenius equation in two different temperature
ranges i.e., 1058-1130K and 1130-1194K using lin-
ear least squares method. The temperature dependent
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Figure 3. Gas chromatogram showing the products of the post shock mixture
of the experiment carried out at 1151 K. The peaks labeled in the chromatogram
are (A) methane, (B) ethylene, (C) ethane, (D) propylene, (E) 1,3-butadiene,
(F) tetramethylsilane and (G) cyclohexene.
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Figure 4. FT-IR spectrum of the post shock mixture of tetramethylsilane
diluted in argon when the experiment was carried out at 1179 K. The peaks
labeled in the spectrum are (A) methane, (B) tetramethylsilane, (C) ethylene,

and (D) propylene.

rate coefficients obtained are K (1058-1130K) =
(4.61 £ 0.70) x 10" exp (—(79.9 kcal mol~! £ 3.5)/RT)
s7!, Ko (1130-1194K) = (1.33 & 0.19) x10%exp
(—(15.3 kcal mol ! £3.5)/RT) s~! where, R is expressed
in the units of kcal K~!'mol~!. The errors reported
here are the errors obtained in the linear least squares
fit of the data. The nonlinearity in the Arrhenius plot
is due to many reaction channels in the decompo-
sition process of TMS. At high temperature region
TMS undergo unimolecular dissociation as well as
bimolecular reactions**** (CH;+ (CH;),Si — CH,+
(CH3)3SiCH2, (CH3)4SI + H — H2+ (CH3)3SICH2)
As the consumption of the reactant is because of both
the competitive or parallel reactions, the Arrhenius plot
is expected to be non-linear, which is the case as well.
In addition, the products ethane and propylene were
observed to be increasing upto 1125K and then start
decreasing as they get dissociated into other products,
which may be one of the reasons for sudden devia-
tion in the Arrhenius plot. The measured rate coeffi-
cient of reaction R1 from the present experiments is
mostly valid in the temperature range of 1058-1194 K
only. Even within the studied temperature range the
trends are different between 1058-1130K and 1130-
1194 K (figure 6). Therefore, the extrapolation may not
be valid.

The rate coefficients for the formation of methane
were computed by using the following relation’

Methane],
kmethane - [ © ane] x k total. (4)
[TMS]y— [TMS],

where [Methane]; is the concentration of methane at the
end of reaction time ‘t’. The experimentally obtained
rate coefficients were used to plot the Arrhenius equa-
tion and are shown in figure 7. The data were fit using
linear least squares method and the temperature depen-
dent rate coefficient for the formation of methane was
obtained to be kmeane (1058-1194 K) = (4.36 £ 1.23)
x 10" exp (—(61.9 kcal mol~! 4= 4.9)/RT) s~!. The acti-
vation energy for the formation of methane is deter-
mined to be 62.0kcal mol~!, which is about 6kcal
mol~! lower than the value reported by Clifford et al.,"
As mentioned in the introduction, Baldwin et al.,”*
have reported two rate expressions for the two different
range of temperatures. The activation energy obtained
in our experiments is 4.5 kcal mol~! higher than the one
reported by Baldwin et al.,”® in the temperature range
of 840-950 K. However, it is 23 kcal mol~! lower than
the activation energy reported in the temperature range
of 955-1055K. The value of rate coefficient for the
formation of methane obtained in the present work at
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Figure 5. The complete decomposition profile of TMS behind the reflected shock waves and the pro-
files of the products obtained in the temperature range of 1058—1194 K. The filled symbols correspond
to the experimental yields and open symbols correspond to the simulated data. The plots labeled are (a)
tetramethylsilane (b) methane (c) ethylene (d) ethane and (e) propylene.

1058 K is almost two orders of magnitude higher than
that reported at 1055 K. The rate coefficients reported in
earlier investigation were obtained using pulsed stirred
flow reactor wherein the reaction times were varied
between 13 and 120s. The secondary chemistry and
the wall effects will definitely be significant in their
studies for such long reaction times. However, in the

also contribute.

present experiments, the reaction time was a maximum
of 1ms. One of the advantages of using the SPST
technique is that the wall effects are almost negligi-
ble in such short durations. This could be one of the
reasons for such a difference in rate coefficients. In
addition, many other experimental uncertainties could
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Figure 6. Arrhenius plot for the overall decomposi-
tion of TMS in the temperature range of 1058-1194 K.

The rate coefficients were calculated using the equation

kiota) = — MIMSL/ITMS} The obtained temperature depen-

dent rate coefﬁciénts for two different temperature ranges
are ki (1058-1130 K) = (4.61 + 0.70) x10'® exp
(—(79.9kcal mol~! & 3.5)/RT) s7!, ki (1130-1194K) =
(1.33 £0.19) x10%xp (—(15.3 kcal mol !+ 3.5)/RT) s~ 1.

The formation of Si-C cannot be understood by
this study because SiC growth was not focused in the
present investigation. Various studies are available on
the pyrolysis of neopentane in literature.**~** The avail-
able studies report that the primary dissociation of
neopentane also happens via C-C (Si-C bond cleavage
in TMS) bond cleavage by forming methyl and tert-
butyl radicals. Taylor et al.,*' studied in detail on the
homogeneous gas phase pyrolysis of neopentane using
a reactor in the temperature range of 920-1070 K. The
reaction products observed on pyrolysis of neopentane
are hydrogen, methane, ethane, ethylene, propylene,
allene, methylacetylene, 2-methyl-1-butene, 2-methyl-
2-butene, isoprene and isobutylene. The initial rate-
determining reaction is the unimolecular decomposi-
tion of neopentane to form t-butyl and methyl radicals.
Hydrogen, ethane and methane appear to form by radi-
cal combinations, which is also the case in the present
study. In the decomposition of neopentane, the forma-
tion of methane happens via hydrogen abstraction from
the reactant by CHj radicals; isobutylene is formed by
decomposition of the t-butyl radical; ethylene, propy-
lene, and allene are formed by degradation of isobuty-
lene; and the other products by a variety of reactions.
The formation of methane in the decomposition of
TMS happen via the same mechanism. i.e., abstraction
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Figure 7. Arrhenius plot for the formation of methane
in the decomposition of TMS. The obtained temperature
dependent rate coefficient for the entire experimental tem-
perature range is Ameane = (4.36 £ 9.72) x10'* exp
(—(61.9kcal mol~! £ 4.9)/RT) s~!. The insert is the zoom of
the data obtained in the present experiments.

of hydrogen from the reactant by CH; radicals. The
temperature dependent rate coefficients for the over-
all decomposition of TMS and neopentane are given
in table 2 for the ready comparison. The activation
energies for the overall decomposition of TMS and
neopentane are just same (80 kcal mol™") in the temper-
ature range of 1000—1100 K. This could be the obvious
reason for the similar mechanism between TMS and
neopentane.

3.1 Kinetic simulations

To understand the reaction mechanism in the decompo-
sition of TMS, a reaction kinetic scheme is proposed
with 21 reaction species and 38 elementary reactions.
The proposed reaction scheme is given in table 3.
The reaction mechanism proposed earlier'®~2! was also
included in the present kinetic scheme. The rate coef-
ficients for all the proposed reactions except for R1
were taken from the literature.**~"" The rate coeffi-
cient obtained for the formation of methane (R1) in the
present investigation was used in the simulations. The
rate coefficients for the proposed reactions are given
in k = A exp(-E./RT) or k& = AT"exp(-E./RT) for-
mats, where A factors are given in s~! and cm?® mol~!'s~!
for first and second order reactions respectively, and
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Table 2. The comparison of temperature dependent rate coefficients for total decomposition of TMS in the present
investigation and earlier studies on neopentane.

Total decomposition of TMS Total decomposition of neopentane
Temperature (K) A E, (kcal mol~!) Temperature (K) AG™H E, (kcal mol~!)
1058-1130K?* (4.61£0.70) x 10! 79.9% 920-1070 K*! 7.94 x 10'64 80.54
1130-1194 K® (1.334 0.19) x 10 15.3° 1260-1462 K* 8.66 x 10242 60.5%
793-953 K* 5.01 x 10743 85.14

Total decomposition of TMS at 1058-1130K in present study, ®Total decomposition of TMS at 1130-1149K in present
study,*' Taylor et al.,*> Sivaramakrishnan et al.,** Pacey.

Table 3. Proposed reaction scheme for the decomposition of TMS with 21 reaction species and 38 elementary reactions.?

No Reaction A n E. Reference
R1 (CH3)4Si — CHs+ (CH3)3Si 4.36 x 10 0.00 61.98 This work
R2 CH3+ (CH3)4Si — CH4+ (CH3)3SiCH, 1.99 x 10! 0.00 9.60 4
R3 (CH3)3SiCH, — CH3+ (CH3),SiCH, 1.00 x 101 0.00 50.66 20
R4 (CH3)4Si + H — H,+ (CH3)3SiCH, 471 x 10° 2.65 4.88 46
R5 (CH3)3Si — (CH3),Si + CH; 1.00 x 101 0.00 52.80 20
R6 CH;+ CH; — C,Hg 4.47 x 1013 —0.69 0.17 47
R7 (CH3),Si — CH3Si + CH; 1.00 x 109 0.00 52.80 20
R8 CH3+ CH3 —> C2H5+ H 2.40 x 1013 0.00 12.88 48
R9 CH;+ CH; — CoHu+ H; 9.90 x 101 0.00 32.98 49
R10 C,Hs+ H — C,Hs+ H, 1.81 x 104 0.00 0.00 >0
R11 C,H¢+ CH3; — C,Hs+ CH,4 3.02 x 10'? 0.00 13.59 31
R12 C,Hs - C,H4+ H 3.06 x 100 0.95 36.94 52
R13 C,Hs+ C,Hs — C,H4+ C,Hg 1.45 x 102 0.00 0.00 3
R14 H,+ Ar — H+ H + Ar 5.33 x 10™ 0.00 96.01 4
R15 C2H4+ CH’; — C3H6+ H 2.00 x 1013 0.00 10.00 50
R16 C3;Hg+ H — C,Hs+ CH; 1.32 x 1012 1.50 2.01 35
R17 CH, — CH3;+H 7.80 x 10" 0.00 103.83 50
R18 CH4+ CH; — C,Hg+ H 2.98 x 10! 1.00 4491 3
R19 C3Hg — CH3+ C,H; 8.00 x 104 0.00 88.03 5
R20 C,Hs+ H — CyH, 4.50 x 1013 0.00 0.00 57
R21 C,H3;+ H, —» CHs+ H 2.04 x 104 2.56 5.03 8
R22 CH3;+ Ar — CH,+ H + Ar 2.82 x 101 0.00 84.56 9
R23 CH;+ H — CH,+ H, 6.02 x 1013 0.00 15.10 3
R24 CH;+ CH, - C,Hs+ H 6.02 x 1083 0.00 0.00 60
R25 CH,+H— CH+ H, 1.63 x 10 0.00 0.00 ol
R26 CH;+ CH — C,H3;+ H 3.00 x 1013 0.00 0.00 62
R27 CH;+ Ar — CH + Ho+ Ar 6.90 x 10™ 0.00 82.50 03
R28 CHs+ H — CHs;+ H, 1.77 x 10™ 0.00 13.78 03
R29 C,Hy+ CoHs — CHg+ CoHs 1.58 x 10! 0.00 14.86 o4
R30 CH4+H— CH;+2H 4.40 x 10° 0.00 7.88 65
R31 C,Hs5+ C3Hg — CyHg+ n-C3Hs 6.92 x 1010 0.00 5.19 66
R32 C3H6+ H— I]—C3H7 2.50 x 101] 0.51 2.62 67
R33 C3Hg+ H — iso-C3H5; 4.24 x 101 0.51 1.23 67
R34 iso-C3H; — C,Hs+ CH; 1.00 x 10'2 0.00 34.58 08
R35 iso-C3H;+ C,Hs — C,He+ C3H, 3.13 x 10%° —0.35 0.00 0
R36 n-C3H; — C,Hs+ CH; 2.70 x 1013 0.00 30.04 70
R37 II-C3H7~|— C2H5 —> C2H6+ C3H6 1.45 % 1012 0.00 0.00 69
R38 n-C3Hs+ Hy — C3Hg+ H 6.90 x 10™ 2.38 82.50 7

4Rate expressions are given in the form of k = A exp(-E,/RT) and k = AT"exp(-E,/RT). The units of the rate coefficients are
s~! and cm® mol~'s~! for first and second order reactions, respectively. The units for the activation barrier are kcal mol~".



Thermal decomposition of tetramethylsilane using SPST

activation energies are given in kcal mol ™. Kinetic sim-
ulations were carried out at experimentally determined
temperatures and reaction times. All simulations were
carried out using IBM’s chemical kinetic simulator.*
The agreement between the simulated concentrations
and the experimentally determined concentrations of
TMS and the major products viz. CH, and C,Hy is very
good. In case of minor products C,H¢ and C;Hg, the
agreement seems to be reasonably good. It should be
noted here that, the maximum concentrations of these
minor products are less than 2% in the temperature
range used in this study.

The reaction mechanism suggested'®?’ in the pre-
vious studies for decomposition of TMS was con-
fined to lower temperatures (840-1055K). However,
kinetic simulations were not carried out in their stud-
ies to reproduce experimental concentrations of reactant
and products. In the present work, detailed chemical
kinetic mechanism for TMS decomposition was pro-
posed. The present reaction scheme was able to sim-
ulate the experimental concentrations of reactant and
products in the temperature range of 1058—1194 K. The
proposed mechanism in the present studies explains the
formation of all the products quantitatively.

3.1a Methane: The formation of CH, from the reac-
tant TMS can be explained by the formation of CHj;
radicals and trimethylsilyl radicals ((CH;);Si) via Si-
C bond cleavage. Each of these two radicals CH; and
(CH;);Si further participate in secondary reactions via
abstraction, recombination and dissociation reactions.
The competition between these three classes of ele-
mentary reactions determines the concentrations of all
the reaction products in the decomposition of TMS.
The (CHj;)5Si, and (CH;),Si radicals further undergo
decomposition through Si-C bond cleavage to produce
CH; radicals, dimethylsilyl ((CH;),Si) and methylsilyl
((CHj3)Si) radicals respectively.

(CH3)4S1 — CH3+(CH3)3S] k]
— 436x 10" exp(—61.98/RT) s (R1)

(CH3)3Si — (CHj3),Si+CH;ks
= 1.00x 10" exp(—52.80/RT) s™' (R5)

Studies by Clifford et al.,'” and Baldwin et al.,° show
that the first order rate coefficient for the formation of
methane at high temperatures is a non-chain process
and rate coefficient is determined by reaction R1. The
CHj; radicals thus formed in turn abstract any one of the
H atom present in any one of the CH; groups in TMSin
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the reaction mixture to produce CH,. Thekinetic param-
eters for this reactionwere reported by Baldwin et al.,*

CH3 + (CH3)4S1 —> CH4
4 (CH,);SiCH,k, = 1.99 x 10"

exp(—9.60/RT) cm’mol 's™!  (R2)

The reaction between CH; and C,H¢ to form CH,4
cannot be ruled out and therefore a reaction R11 to this
effect is added to the scheme.

C,H¢+CH; — C,Hs+CH,k;; = 3.02x 10"
exp (—13.59/RT) cm’mol 's™! (R11)

Although dissociation of methane in the studied tem-
perature range is negligible, we cannot rule out the for-
mation of CHj; radicals via CH, dissociation. Therefore,
areaction R17 is added in the reaction scheme.

CH, — CH;+Hk; = 7.80x 10" exp(—103.83/RT)s ™!
(R17)

It is obvious that R17 is highly insensitive and it is
also reflected in the sensitivity analysis. Loss of CHy
via its reaction with H atom (R28 and R30) are also
included in the proposed reaction scheme for complete-
ness.

CH, + H — CH; + Hykog = 1.77 x 10"

exp(—13.78/RT)cm’mol ~'s™!  (R28)
CH, + H — CH; + 2Hks, = 0.44 x 10’
exp(—7.88/RT) cm®mol 's™!  (R30)

The sensitivity of each reaction towards the forma-
tion and decomposition of CH4 was carried out by vary-
ing the rate coefficients of each reaction by a factor of
10. The results are shown in figure 8 in terms of per-
centage change in the concentrations with respect to the
reaction numbers. It is obvious from this Figure that the
reactions R1 and RS are very sensitive to the forma-
tion of CHy. In both these reaction paths CHj; radical is
formed which is the key species for the decomposition
of TMS. Reactions R12, R13, R30 and R38 have shown
significant influence on the formation of methane.

3.1b  Ethylene: The other major product is ethylene,
which is formed mainly via decomposition of ethyl rad-
ical (C,H;5). Concentrations of C,H,; were found to be
higher than the concentrations of CH, by 10% in the
studied temperature range. The major source for the
formation of C,Hs radical is the self-reaction of CHj;
radicals (RS).

CH; + CH; — C,Hs + Hkg2.40 x 10"

exp(—12.88/RT) cm’mol 's™'  (R8)
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Figure 8. Sensitivity analysis of the proposed reaction scheme carried out at 1141 K for the
formation of methane and ethylene. The rate coefficients were varied by a factor of 10 to see
the sensitivity of each reaction for the formation of methane and ethylene.

It should also be noted here that the self-reaction of
CH; radical also form C,H, directly (R9).

CH3 + CH3 — C2H4 + H2k9 =9.90 x 1015

exp(—32.98/RT) cm’mol 's™!  (R9)

C,H, is also formed via the reaction of C,Hs with H
atom (R10) in the decomposition of TMS.

C,Hs+H— C,H, + Hykjo=1.81x 10"cm’mol ~'s™

(R10)

The C,Hs radical undergo unimolecular decomposi-

tion (R12) to form C,H, and H atoms. The reaction

of C,Hj; radical with another C,Hs radical (R13) leads

to the formation of C,H,, in addition to C,Hs. These

reactions are the major contributors to the formation of
C,H,.

C2H5 —> C2H4+Hk12
= 3.06x 10'%(T)**”exp(—36.94/RT) s '(R12)

C,Hs + C,Hs — C,Hy+C,Hgki3

= 1.45x10% cm®*mol™'s™!  (R13)

As propylene is one of the minor products, forma-
tion of C,Hj; radical (R19) is included in the reaction
scheme. Also, a bimolecular reaction of CH; with the
buffer gas (Ar) will lead to the formation of CH, (car-
bene) intermediate and this reaction is included in the
reaction scheme. The C,Hj; radical further reacts with
H, (R21) and CH, (R24) to form C,H,; and these two
reactions are the minor contributors to the formation of
C2H4.

C,H; + H, — C,H, + Hky; = 2.04 x 10"*(T)*%
exp(—5.03/RT) cm® mol's™! (R21)

CH;+CH, — CHy+Hkos = 6.02 x 10" cm’mol s~
(R24)
Propylene reacts with H atoms to form both n-C;Hj;
and is0-C;H5 radicals (R37 & R38), respectively. These
two radicals further decompose (R34 & R36) to give
C,H,. As the concentrations of both propylene and
the subsequently formed radicals are minimum in the
decomposition reaction of TMS, the contributions of
these reactions may be negligible.

iso-CsH; — C,H, + CH3ksy
1.00 x 10" exp(—34.58/RT) s~ (R34)
n-C;H; — C,H, + CHskse
= 2.70 x 10" exp(—=30.04/RT)s~' (R36)
The sensitivity analysis of the proposed reaction
scheme is carried out for the formation of C,H, and the
results are shown in figure 8. Reactions R1 and RS are
very sensitive for the formation of C,H, as the forma-
tion of CHj; radicals governs the formation of C,Hs rad-

icals. Two more reactions which have shown influence
on the formation of C,H, are R12 and R13.

3.1c  Minor products: The minor reaction products
observed in the experiments are ethane (C,Hg) and
propylene (Cs;Hg). The concentrations of these two
products are less than 2%, when compared with
the main products. The concentration of C,Hg was
observed to be increasing upto 1120 K and beyond this
temperature the concentrations of C,Hg were found to
be decreasing. The major channel for the formation of
C,Hg is the recombination of two CHj; radicals (R6).

CH; + CH; — C,Hgke = 4.47 x 103(T)~*®

exp(—0.17/RT) cm’mol 's™!  (R6)
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The minor channels for the formation of ethane
include the abstraction of H atom by CHj; radical from
methane (R18), H atom abstraction reaction by C,Hj;
radical from ethylene (R29) and from propylene radi-
cal (R31), and the reaction of C,H; radical with H atom
(R20).

CH, + CH; — C,Hg + Hkjg = 2.98 x 10" (T)!®
exp(—44.91/RT)cm’® mol 's™' (R18)

C,Hs+H— C,Hgkyy = 4.50x 10 cm’mol s~ (R20)

C,H,+C,Hs — C,Hg + C,Hzky = 1.58 x 10"

exp(—14.86/RT)cm’ mol~'s™" (R29)

C2H5 + C3H6 — C2H6 + H-C3H5k31 =6.92 x 10]0
exp(—5.19/RT)em’mol 's™! (R31)
The contribution of reactions of C,Hs radicals with
both n-C;H, and iso-C3;H; (R37 & R35) radicals was
observed to be negligibly small during the simulations.
is0-C;H;+C,Hs — C,Hg+C;3Hgkss
= 3.13x 10"(T)**cm’mol 's~!

(R35)

n-C;H; + C,Hs — C,Hg + C3Hgks;
= 1.45 x 10"”%cm’mol's™'  (R37)
The contribution of the reactions R6 and RI18

depends on the availability of CH; radicals. It is obvi-
ous from the proposed scheme that CH; radicals are

involved in many other reactions. Therefore, the avail-
ability of CHj; radicals depends on the rates of other
reactions. The concentrations of ethane formed in the
simulations using the proposed scheme are in good
agreement with experimentally measured concentrations.

Propylene is another minor product obtained in the
experiments with a maximum concentration of 1%. Its
formation is included in the reaction scheme by adding
the reaction of CHj radicals with one of the major
product, ethylene.

C,H,+CH; — C3Hg+Hk;s=2.0x 10"
exp(—10.00 kcal mol_l/ RT)cm’mol~'s™!
(R15)

Another reaction in which C;Hg is formed is the reac-
tion of C,H;s radicals with both n-C;H; and iso-C;H;
radicals (R37 & R35). As described earlier, the con-
centrations of n-C;H; and iso-C;H; radicals are very
insignificant, these two reactions would not show any
significant contribution in the formation of propylene.
The propylene thus formed is consumed in its reactions
with CHj; radicals (R16) and H atom (R32 and R33).
Propylene undergoes C-C bond scission in the stud-
ied temperature range to form CH; radicals. Therefore,
reaction R19 is added in the proposed scheme.

C;Hg + H — C,H, + CHik; = 1.32 x 10'*(T)"°
exp(—2.01/RT) cm’mol 's™!  (R16)

C3H6 — CH3+C2H3]€19 =8.00x 1014 exp(—88.03/RT)s_l
(R19)
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Figure 9. Sensitivity analysis of the proposed reaction scheme carried out at 1141 K for the
formation of ethane and propylene. The rate coefficients were varied by a factor of 10 to see
the sensitivity of each reaction for the formation of ethane and propylene.
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CsH¢+H — n-C3Hjks, = 2.50 x 10'(T)*!

exp(—2.62/RT)cm’*mol 's™
(R32)

CiH¢+H — iso-C3Hyks; = 4.24 x 10'(T)*!

exp(—1.23/RT)cm3mol_] s
(R33)

The concentrations of propylene predicted using the
proposed reaction scheme is in reasonably good agree-
ment with the experimentally measured concentrations
of propylene.

The sensitivity analyses of the proposed reactions
for the formation of both the minor products namely
ethane and propylene were carried out and are shown in
figure 9. No reaction was found to be significantly sen-
sitive in case of either the formation or decomposition
of ethane. However, in case of propylene, reactions R12
and R13 were found to be very sensitive. In both these
reactions, the C,H; radical is consumed. Therefore, it is
obvious that the formation of propylene is governed by
the available concentrations of C,Hjs radicals.

Another very important product that we could not
measure in the experiments is H,. Both GC-FID and
IR techniques are not suitable to identify this product.
However, the proposed reaction scheme has predicted
formation of significant amount of H,. The contribution
for the formation of Hj is significant via the reactions

CH,Si(CHy),

T™MS

+H +CH
H, -CH, 3

-CH,-Si(CH,), -CH,-Si(CH,),

-CH, -CH,

CH,=Si(CH,), CH,=Si(CH,),

-CH_; -CH_;

CH,=8i-(CH,) CH,=Si(CH,)
-H

H
CH=SI(CH;) CH=Si(CH,)
= -3
-CH, -
- 3
CH=SI CH=Si

K y

SiC
Figure 10. Suggested pathways for the formation of SiC
during the thermal decomposition of TMS in single pulse

shock tube experiments.
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R23 and R28, because the concentrations of CH; and
TMS are high when compared to other radicals.

(CH3)4SI 4+ H — Hz + (CH3)3SICH2]€4
= 4.71 x 10°(T)*%

exp(—4.88/RT)cm’mol 's™'  (R4)
CH; + H — CH, + Hk»; = 6.02 x 10"
exp(—15.10/RT)cm’mol 's™'  (R23)

CH, + H — CH + Hyk»s = 1.63 x 10"™*cm’mol~'s™!
(R25)

CH; + Ar — CH + H, + Arky; = 6.90 x 10"
exp(—82.50/RT)cm’mol 's™' (R27)

CH, + H — CH; + Hykog = 1.77 x 10*

exp(—13.78/RT)cm’mol 's™!  (R28)

As the concentration of hydrogen (H,) is significant,
we have included the decomposition of H, as well to
generate the H atoms in the reaction.

H, + Ar - H+ H + Ark,, = 5.33 x 10*
exp(—96.01/RT)cm’mol 's™'(R14)

Overall, the concentrations of all the products
obtained in the simulations are found to be in good
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Figure 11. The distribution of concentrations of TMS and
various products with respect to time when simulations were
carried out using the proposed reaction scheme with the reac-
tion time of 880 ps and the experimental temperature of
1194 K.
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agreement with the experimentally measured concen-
trations.

Hydrogen atom and methyl radical are reactive inter-
mediates in pyrolysis of TMS at high temperatures.
These two species are responsible for the formation of
SiC, probably through the following reaction mecha-
nism. In the present work, the formation of SiC and
their growth was not focused. The main aim of this
study is to monitor the products formed from decompo-
sition of TMS and their gas phase contributions to the
total reaction (figure 10).

The concentration vs time profiles of reactant and the
products obtained in the simulations by using the pro-
posed reaction scheme, with the reaction time of 880us
and at experimental temperature of 1194 K is shown in
figure 11. This profile shows once again the major and
minor products in the thermal decomposition of TMS
in the studied temperature range of 1058—1194 K.

4. Conclusions

The pyrolysis of TMS in the temperature range of
1058-1194K was investigated, using a SPST. The
main reaction products in the experiments are found
to be methane and ethylene; and the minor reac-
tion products are ethane and propylene respectively.
The obtained rate coefficient for the total decomposi-
tion of TMS in the lower temperature range is Ky
(1058-1130K) = (4.61 £ 0.70) x 10"8exp (—(79.9 kcal
mol~'+ 3.5)/RT) s', and at high temperature range
is, kK (1130-1194K) = (1.33 £ 0.19) x 10%xp
(—(15.3kcal mol~'+ 3.5)/RT) s~!. The rate coefficient
obtained for the formation of methane in the studied
temperature range is kmemane (1058-1194K) = (4.36 £
1.23) x 10" exp (—(61.9kcalmol~! + 4.9)/RT) s~!
where R is expressed in the units of kcal K=! mol~!. The
decomposition mechanism is proposed using 21 species
and 38 elementary reactions. The concentration profiles
of all the products obtained using the proposed scheme
is observed to be in good agreement with the experi-
mental findings. The C-Si bond scission is the govern-
ing reaction pathway in the complete decomposition of
TMS in the temperature range of 1058-1194 K.
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