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The thermal decomposition kinetics of the titled compounds were studied in the presence of butadiene 
in order to isolate the kinetics of their primary dissociation reactions. Arrhenius parameters for the single 
reaction channel of tetramethyldisilane (eliminating Me2Si to form Me2SiH2) were log A5 = 13.17 f 0.24 
and E5 = 47.42 f 0.64 kcal; Arrhenius parameters for the two primary dissociation channels of di- 
methyldisilane (reaction 1 eliminating SiH2 to form Me2SiH2 and reaction 2 eliminating Me2Si to form 
SiH,) were log A ,  = 15.50 f 0.21 and El = and 50.99 f 0.59 kcal and log A2 = 13.18 f 0.28 and E2 = 51.79 
f 0.77 kcal. From these and other results it is confirmed that A factors for silylene elimination reactions 
from polysilanes depend strongly on the nature of the eliminated silylene: for SiH2 and other totally 
hydrogenated silylenes (e. ., SiH3SiH), A = 1015.4*0.4 s-'; for MeSiH and methylated si1 lsilylenes (e.g., 
Me2SiHSiH), A = 1014.4*0.fs-1; for Me2Si and other doubly alkylated silylenes, A = 101x4*0.4 s-l. 

Introduction 
The thermal decomposition kinetics of disilane and 

various methylated disilanes have recently been the focus 
of attention because of their importance to heat of for- 
mation estimates of SiH2, MeSiH, and Me& Thus di- 
silanes containing an Si-H bond are known to decompose 
by 1,2-H shifts to produce a monosilane and silylene 
product (e.g., reactions 1 and 2). Disilane decomposition 

Me2SiHSiH3 2 Me2SiH2 + SiHz 
2 SiH4 + MezSi 

kinetics, coupled with reaction entropies and back reaction 
rate constants, provide decomposition reaction enthalpies 
from which silylene heats of formation can be calculated 
(assuming known heats of formation for the other reaction 
species). Clearly, the accuracy of silylene heats of for- 
mation obtained in this fashion depends on the accuracy 
of the decomposition reaction Arrhenius parameters and 
also on the validity of the identification of those param- 
eters with the initial 1,2-H shift processes. Early kinetic 
data on disilane decompositions (e.g., data for the decom- 
positions of disilane,l methyldisilane,2 1,1,2-trimethyldi- 
silane: and pentamethyldi~ilane~) were obtained from low 
conversion data for systems without added silylene trap- 
ping agents. It is now known that silylene chain reactions 
occur in the decomposition of alkylsilanes (RSiH3, R > 
CH3), and similar chain reactions are expected to occur 
in the disilane systems. Therefore identification of the 
early experimental Arrhenius parameters with 1,2-H shift 
reaction parameters has been que~ t ioned .~  Arrhenius 
parameters for decompositions generating MezSi ( A  factors 
in the 1013.010.4 s-' range) seemed particularly suspect when 
compared to the considerably higher A factors of decom- 
positions generating SiH2 ( A  i= 1015.4M.4 d). Investigations 
and reinvestigations of methylated disilane decomposition 
kinetics under maximum inhibition of silylene chains, 
therefore, seemed desirable. To this end, both Walsh6 and 
Davidson7 have restudied the pentamethyldisilane thermal 
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(3) Davidson, I. M. T.; Matthews, J. I. J. Chem. Soc., Faraday Trans.  

(4) Ring, M. A.; O'Neal, H. E.; Rickborn, S. F.; Sawrey, B. A. Or- 
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decomposition under inhibition, and we report here first 
time investigations of the inhibited decomposition kinetics 
of 1,l-dimethyldisilane (DMDS) and of 1,1,2,2-tetra- 
methyldisilane (TMDS). 

Experimental Section 
Normal and dideuterated 1,1,2,2-tetramethyldisilane were 

prepared by reduction of the 1,2-dichloro-1,1,2,2-tetramethyl- 
disilane with either LiAlH, or LiA1D4. The dichloride reactant 
was obtained from the reaction of Me$iPhSiPhMe2, commercially 
available from Petrarch, with HC1 over AlCl, as described by 
Kumada et al.8 Dimethyldisilane was obtained by flow pyrolysis 
of a 200 Torr, 20% Si2HB in MezSiH2 gaseous mixture through 
a 16-mm diameter X 23 cm tubular oven maintained at 625 K. 
Residence times corresponding to about 50% decomposition of 
the disilane (Le., -6 min) were used. The dimethyldisilane and 
trisilane products formed by the silylene insertion reactions 3 and 
4 were condensed in a liquid N2 bath and separated by trap to 
trap distillation. 

SiH2 + Me2SiH2 2 MezSiHSiHs 

SiH2 + SiH3SiH3 2 SiH3SiHzSiH3 
The trisilane was then removed by reaction with LiH in a 

monoglyme slurry at room temperatureg (producing SiH, and 
polymer). Even though DMDS alone is not reactive toward LiH, 
about 50% of the DMDS product was also lost in this process. 
Overall DMDS yields (based on disilane reacted) were about 15% 
of theoretical. Both DMDS and TMDS reactants, identified by 
infrared and MS analyses, were purified by standard trap to trap 
vacuum line distillations and were found to be better than 99.6% 
pure by GC analyses. In particular, no contamination by the main 
reaction products or by trisilane could be detected (i.e., contam- 
inant concentrations relative to the reactants were less than 4 X 

The decompositions of TMDS and DMDS were studied ex- 
tensively by static methods. Reaction mixtures contained reactant 
in roughly 1/1 ratios with internal GC standards (tetramethyl- 
silane for TMDS; propane for DMDS), varying amounts of silylene 
chain inhibitor, and (in the case of TMDS) about 90% argon 
diluent. Butadiene was the main silylene chain inhibitor for both 
studies. Inhibition ratios (1n.R.) employed were as follows: 
[trap]/[reactant] = 1n.R. = l O / l ,  30/1, and 60/1 in the TMDS 
studies and 20/1,40/1, and 80/1 in the DMDS studies. TMDS 
was also studied by using trimethylsilane in an 1n.R. of 30/1 and 
(less completely) by the single pulse shock tube comparative rate 

10-5). 
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metallics 1987, 6,  639. 
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Decomposition Kinetics of Subs t i tu ted  Disilanes Organometallics, Vol. 8,  NO.'^, 1989 1965 

Table I. Kinetic Results for the  Thermal Decomposition of 1,1,2,2-Tetramethyldisilane 
trap 1n.R." T range, K loa Ab E,b kcal (104k)~,~ 

A. Static System Results 
ClHB lO/l 580-651 12.94 f 0.55 46.55 f 1.50 2.49 b 
C4H6 30/ 1 585-650 13.29 f 0.40 47.76 f 1.11 2.07 b 
C4H6 60/1 573-650 13.12 f 0.28 47.28 f 0.78 2.08 b 
C4H6 both 573-650 13.17 f 0.24 47.42 f 0.64 2.07 C 
Me3SiH 30/ 1 591-648 13.38 f 0.66 48.17 f 1.86 1.73 d 

B. Shock-Tube, Comparative Rate Results 
C4H6 30/ 1 1107-1142 14.46 f 1.99 55.13 f 10.28 
CIH6 30/1 615-1125 12.71 f 0.20 46.14 f 0.80 

d 
e 

a 1n.R = inhibition ratio = [trap]/[reactant]. bErrors shown correspond to *2a. Arrhenius parameters are based on dimethylsilane 
formation. 'Arrhenius parameters of the combined rate constants of the 30/1 and 60/1 butadiene inhibited mixtures. dSee text concerning 
analysis reproducibilities in these systems. CArrhenius parameters based on the rate constants at the mean temperatures of the static and 
shock-tube studies with errors estimated on the basis of 10% errors in the rate constants at static system temperatures and 30% errors in 
the rate constants a t  shock-tube temperatures. 

Figure 1. Arrhenius plots of the decomposition rate constants of 1,1,2,2-Tetramethyldisilane a t  various levels of inhibition: (- - -), 
10/1 C,H6/TMDS; A (-), 30/1 C4H6/TMDS; 0 (-), 60/1 C4H6/TMDS; X (---), 30/1 Me,SiH/TMDS. 

techniquelOJ1 with 1/ 1 cyclopropane as the internal kinetic 
standard, 30/1 butadiene, and 97% argon diluent. Total pressures 
used in the kinetic runs ranged from 50 to 200 Torr, and the 
temperature ranges investigated were 573-650 K for TMDS and 
573-623 K for DMDS. 

The products observed from the TMDS decompositions in the 
presence of inhibitors were dimethylsilane and the expected 
trapping products (pentamethyldisilane in Me3SiH and 1,l-di- 
methylsilacyclopent-3-ene in C4H&. Methane and hexamethyl- 
trisilane were also observed in the TMDS neat pyrolysis. The 
products observed in the DMDS decompositions were di- 
methylsilane and silane. The trapping products of SMZ and M e a i  
with butadiene were certainly also formed but not observed 
possibly due to  'hang-up" on the GC column. 

Product analyses in the TMDS system were made with a Varian 
3700 FID gas chromatograph coupled to an HP-3390A integrator 
using either a Supelco SPB-1 wide bore capillary column or a 
Supelco SE-30 packed column. The capillary column gave ex- 
cellent product separations but was not reproducible in the 
analysis of heavy species (e.g., the TMDS reactant and the MezSi 
with trimethylsilane and butadiene trapping products). Conse- 
quently, when capillary column GC analyses were used, reaction 
rates were calculated from product formation data. Analyses for 
most of the 60/1 butadiene static system runs were made by using 
the SE30 GC column. Hea maas species analyzed consistently 
on this column and reasonxly good mass balances (within the 
analysis errors) were realized. Thus (DMS)t,,,tio,/(TMDS)I, 
= 1.00 f 0.07, for conversions exceeding 10%. Dz analyses in the 
shock-induced decomposition of Dz-TMDS were made with an 
AEI 902 mass spectrometer. 

(10) Tsang, W. J. J. Chem. Phys. 1964, 40, 1171; 1964, 41, 2487. 
(11) Newman! C. G.; ONeal, H. E.; Ring, M. A.; Leska, F.; Shipley, N. 

Int. J .  Chem. Kznet. 1979, 11, 1167. 

Analyses of the reactant and products (SiH4 and MezSiHz) of 
the dimethyldisilane decomposition were made on a Varian 1400 
thermal conductivity GC using a stainless-steel 4 f t  X I/* in. 
Poropak N column programmed between 80 and 110 OC. GC 
detection by thermal conductivity was necessary because flame 
analysis of silane is insensitive and nonreproducible. The DMDS 
pyrolysis was studied over conversions ranging from 30 to 85%. 
Such large conversions were required because of the very small 
amounts of silane produced in the minor primary dissociation 
reaction channel. Mass balances were excellent: (SiH, + 

Results and Discussion 
Tetramethyldisilane. TMDS has only one p r imary  

dissociation channel  (reaction 5). The 1,2-H2 elimination 
(reaction 6), thought  to be a possible dissociation channel 

MezSiHSiHMe2 4, MepsiHz + MezSi: 

b y  analogy wi th  the disilane decomposition,12 does not 
occur. Th i s  was demonstrated b y  the absence of D2 in the 
products of the shock-induced decomposition of 1,2-di- 
deuterated TMDS. This negative observation is consistent 
wi th  a recently calculated barrier of 86 kcal for the anai-  
ogous 1,2-Hz elimination f rom Si2H6.13 

Table I shows the Arrhenius parameters obtained f rom 
least-squares analyses of TMDS decomposition rate con- 

DMS)formstion/(DMDS)~,, = 1.00 f 0.02. 

6 - Me2Si=SiMe, + Hz 

(12) Dzarnoski, J.; Rickborn, S. F.; O'Neal, H. E.; Ring, M. A. Or- 

(13) Gordon, M. S.; Truang, T. N.; Bondersen, E. K. J. Am. Chem. 
ganometallics 1982, I ,  1217. 

Soc. 1986,108, 1421. 
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Table 11. Kinetic Results for the Thermal Decomposition of 1,l-Dimethyldisilane 
A. Static System Results 

1n.R.O log Ai+ze E1+Ze log A ([DMSI/[SI)‘ (Es - EDMS)‘ k1+2(600f 

20.lb 15.21 f 0.41 50.14 f 1.1 2.015 f 0.48 0.815 f 1.327 8.81 
80/lc 15.41 f 0.04 50.72 f 0.10 2.210 f 0.18 0.834 f 0.494 8.58 
40/ Id 14.48 48.14 [DMSl/[Sl594K = 23l 8.78 

[DMSI / [SII~I~K = 248 
1n.R. loe A, E,. kcal loe A, E,. kcal 
m/ 1 15.50 f 0.21 50.99 f 0.59 13.18 f 0.28 51.79 f 0.77 

B. Eq I Results 
intercept = kl/kz = 102.31*0.06e+0.812*0.12/RT 

slope = krff/kBD = 10-1 M*l,C@e+ 770*2,74/RT 

a 1n.R. = inhibition ratio = [C4H,]/[TMDS]. bTemperature range was 568-616 K; three temperatures. CTemperature range was 578-626 
K: five temDeratures. dOnlv two temDeratures investigated: 616 K was common to all studies. ‘Arrhenius Darameters of the yield ratios 

Real errors are larger; units of A and  k are s-l; units of are kcal. (Y(S)/Y(DMS)). Errors shown are statistical and correspond to f20 
/Overall rate constants (9-l) for DMDS decomposition at  600 K. 

stants based on dimethylsilane formation under various 
degrees of inhibition. Figure 1 shows Arrhenius plots of 
the data. Decompositions were studied at  eleven tem- 
peratures for the 10/1 inhibited systems, five temperatures 
for the 30/1 inhibited systems, and eight temperatures for 
the 60/1 system. Conversions ranged from 7 to 56%. 
Since the mean temperature (T,  = 615 K) rate constants 
and Arrhenius parameters of the 30/ 1 and 60/ 1 mixtures 
were found to be the same within experimental error, their 
combined parameters (kTMDS = 1013.17*0.24e-47 424*642callRT 
9-l) can be identified with the initial step of the decom- 
position (i.e., reaction 5 ) .  The lower parameters and higher 
rate constants at  T,  of the 10/1 C4H6/TMDS reaction 
mixture indicates some silylene-induced reactant decom- 
position at  this inhibition level. The products supply no 
information on the reactions responsible for the induced 
decomposition (since our observations found them to be 
invariant with the level of inhibition); however, the reaction 
7 and 8 sequence proposed previously to explain the neat 
dimethylsilane pyrolysis system14 seems a likely possibility. 

Me& + MezHSiSiHMez A Me2HSiSi(Me2)SiHMe2 

MepHSiSi(Me2)SiHMe2 - MepsiHz + Me2Si=SiMe2 

Slightly higher Arrhenius parameters and slightly lower 
rate constants were found for the TMDS decomposition 
under trimethylsilane inhibition. Usually this would be 
interpreted as evidence for nonmaximum inhibition in 
systems with added butadiene. However, Me3SiH inhib- 
ition rate data were complicated by reactant analytical 
problems (already mentioned), and methane was found to 
be an important product: [CH,] / [MezSiH2] yield ratios 
varied from 0.16 to 0.46 and appeared to decrease with 
increasing amounts of conversion. While the methane 
source is not known, there is some evidence to suggest that 
it arises via catalytic decomposition of TMDS on the walls. 
Thus rapid TMDS loss and significant methane production 
was observed when TMDS a t  low pressures (-0.03-0.30 
Torr in argon) was reacted at  599 K. A t  this temperature 
the apparent first-order rate constants for CH4 formation 
were comparable to homogeneous fi t-order rate constants 
for dimethylsilane production (Le., kmethane = 4.5 X 10” s-l 
compared to kDm = 7.3 X 8). Also, TMDS loss rates 
were much higher (kTMDSJm = 1.4 X s-l). By contrast, 
a t  50 Torr TMDS (i.e., a TMDS pressure more than an 
order of magnitude higher than that of the butadiene in- 
hibited studies) no methane was formed and the rate 
constants for TMDS loss (kTMDS = 8 X s-l) were only 
slightly higher than those calculated for the homogeneous 

8 

(14) O’Neal, H. E.; Ring, M. A. Organometallics 1988, 7, 1017. 

reaction (as might be expected). These observations in- 
dicate a zero-order surface reaction of TMDS, quenchable 
by butadiene but not by trimethylsilane, producing mainly 
reactant loss but also some CHI. It is interesting to note 
that no evidence for this kind of wall catalysis was found 
by Davidson3 in his pentamethyldisilane study at reactant 
pressures between 1 and 7 Torr. Assuming similar catalytic 
susceptibilities for tetra- and pentamethyldisilane, this is 
curious and can only be rationalized on the basis of quite 
different wall coatings in the two experimental systems. 
We conditioned our reactor walls by pyrolyzing silane or 
disilane to produce “inert” silicon mirror surfaces. This 
procedure may have inadvertently caused catalysis (rather 
than preventing it) as there are now reports of specific 
silicon-induced heterogeneous effects in the pyrolyses of 
silicon hydrides larger than di~i1ane.l~ 

The TMDS decomposition a t  an 1n.R. = 30 was studied 
under shock tube conditions with cyclopropane as the 
internal standard. Unfortunately analytical problems for 
reactant persisted through these studies. In addition, 
cyclopropane was a poor choice of kinetic standard as it 
decomposed an order of magnitude slower than the reac- 
tant at  reaction temperatures. Also, rate constants of both 
reactions had to be corrected for falloff. Consequently, 
decomposition rate constants (based on DMS formation) 
were not very accurate (see the Arrhenius parameters of 
Table I). Nevertheless, because of the large temperature 
range, a fairly reliable measure of the reaction 5 activation 
energy is apparently realized by a combined Arrhenius 
treatment of the static and shock tube studies: E5 - 46.1 
f 0.8 kcal, in agreement with the preferred static system 
value (E5 = 47.4 f 0.6 kcal) within the errors. 

The TMDS A factor under butadiene inhibition can be 
identified with the 1,2-H shift Mez& elimination from 
TMDS: AmDS = 1013.17 s-l. This is very similar to other 
recently reported A factors for MezSi elimination reac- 
t i o n ~ , ~ , ~ , ~ ~  and it is consistent with thermochemical esti- 
m a t e ~ . ~ ’  Thus the entropy loss from restricted rotation 
around the Si-Si bond in the “tight” transition state is 
about 3.5 eu, and with a reaction path degeneracy (rpd) 

1,l-Dimethyldisilane. Two primary dissociation re- 
action channels (reactions 1 and 2) are possible in the 
thermal decomposition of DMDS. For this reason the 
possibility of silylene-induced decomposition of DMDS 
(e.g., via reactions 9-14) is high. 

However, under butadiene inhibition, silylene-induced 
chain decomposition of the reactant is not significant. 

of 2, - 1013.0 s-1. 

(15) Gates, S. M. Surf. Sci. 1988,195, 307. 
(16) This paper. 
(17) Benson, S. W. Thermochemical Kinetics; Wiley: New York, 1976. 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 2
5,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

11
0a

01
9



Decomposition Kinetics of Substituted Disilanes 

MezSiHSiH3 4 SiHz + MeZSiHz 

Me2SiHSil-l~ MezSi + SiH4 6 SiH4 + MezSiHSiH 

I MezSiH2 + SiH3SiH 

9 
Sin2 + MepSiHSiH3 Me2SiHSiH2SiH3 e MQSi + SizHe 

Me 
1 %  

SiHz + MezSiHSiH3 9 SiHgSiSiHg -- MezSi=SiHz + SiH4 
I 
Me 
I1 

Thus for the three levels of butadiene inhibition studied, 
overall reaction rate constants at T,  = 600 K and overall 
reaction Arrhenius parameters were the same within the 
errors (see Table 11). By contrast, the strong dependency 
of the ratios of the product yields of the main reaction 
products (dimethylsilane/silane = DMS/S; see Table 11) 
shows that complete quenching of the primary product 
silylenes was not realized in these studies. In the absence 
of propagation reactions (e.g., reactions 9 and 14), or under 
conditions of complete inhibition, the DMS/S ratios 
should be direct measures of the primary dissociation 
channels (reactions 1 and 2); they should also be constant 
a t  any given temperature. In fact, the DMS/S ratios in- 
creased from about 200 (for the 20/1 inhibited reactions) 
to about 300/1 (for the 80/1 inhibited reactions). Clearly 
SiH2 elimination (reaction 1) is by far the dominant dis- 
sociation channel, and the possibility that it is the only 
primary dissociation channel needs to be considered. 

Assuming that reaction 1 is the only important source 
of dimethylsilane and that silane can be produced in a 
primary dissociation reaction (reaction 2) as well as from 
reactions subsequent to reactions 9 and 13, one can derive 
by steady-state methods the Stern-Volmer type relation- 
ship of eq I. Here, keff is the effective rate constant for 
Y (SiH4) /Y  (Me2SiH2) = 

silane production from reactions subsequent to 9 and 13, 
and kBD is the rate constant for silylene trapping by bu- 
tadiene. Arrhenius fits of the DMS/S product yield data 
for the 20/1 and 80/1 C4H6/DMDS reactant mixtures gave 
Y(DMS)/ Y(S) = 102.02e815ca1/RT and Y(DMS)/ Y(S) = 
102.21e834cal/RT, respectively. Plots of these data according 
to eq I gave the following slopes and intercepts (in Ar- 
rhenius form): slope = 10-1.04*1.00e-766"2740cal/RT; intercept - - 102.31*0.04e812*120cal/RT.18 The nonzero intercepts show 
that Me2Si elimination from DMDS did compete with SiH2 
elimination in our studies. Coupling the intercepts (whose 
errors were surprisingly low) with the experimental DMDS 
loss kinetics (best represented by results of the 80/1 in- 

Arrhenius parameters for the two dissociation channels: 

f 0.28, and E2 = 51.42 f 0.77, (A factors in s-l, E's in kcal). 
The most significant finding here is that Me2Si elimination 
has an A factor more than 2 orders of magnitude lower 
than SiH2 elimination (in agreement with Davidson's7 
observations and with A factors observed for Me2Si elim- 
inations from T M D W  and pentamethyldi~ilane~?~). In 
addition, the activation energy for Me2Si elimination is 
very comparable to (but perhaps slightly higher than) that 
of the SiH2 elimination. Finally, it is interesting to note 

b / k 1  + ( ~ ~ ~ ~ / ~ B D ) ( [ D M D S ] / [ C ~ H , ] )  (I) 

hibition studies, k,,- = 1015.41*0.04e-(50,72*0.10/RT) s-1) yields 

log A1 = 15.50 f 0.21, El = 50.99 f 0.59 kcal, log A, 13.18 

(18) These results are consistent with data from a l l  three 1n.R. studies 
at their only common temperature, 616 K. 

Organometallics, Vol. 8, No. 8, 1989 1967 

that the relative rates of the primary dissociation reaction 
channels at decomposition temperatures are very nearly 
in the same ratio as their reverse insertion reactions5J9 at 
room temperature, Le., (k1/k2)m = 400 and (k-1/k-2)300 = 
550. With the reasonable assumption of negligible tem- 
perature effects for the latter ratio, this indicates equal or 
very similar enthalpies for the two competing silylene 
elimination reactions (reactions 1 and 2); consequently H 
replacement by Me at a silicon center of a silane or poly- 
silane has the same stabilizing effect as it does at a silylene 
center. 

Equation I slope interpretation is equally interesting 
although more ambiguous because of the rather sizable 
errors. The reaction of SiHz with reactant can proceed by 
reactions 9-14, and two of these produce silane. Steady- 
state treatment of these reactions yields kg,ee = [ (k, 
+ klo + Itll + k12) + k13k14/(k-13 + k14)]. Ignoring the 
second term of the denominator (since there is no evidence 
yet for this type of elimination and it is expected to be the 
smaller term in any case) and knowing that SiH2 and 
SiH3SiH eliminations should dominate, keff = kgklo /  (kg 
+ klz ) .  Slopes, then, measure the product of competition 
between SiH2 trapping by reactant vs butadiene ( k g / k B D )  
and the competition between the decompositions of the 
trisilane (I) to silane vs other products (k l0 / (kg  + k12)). 
Observations of relative SiH2 trapping by SiJ3, and C4H6 
at disilane pyrolysis temperaturesm suggest that the former 
(kg/kBD) can be assigned a value near unity. Therefore at 
reaction temperatures, k l 0 / ( k g  + kl2) = 5 X New 
results on the trisilane decomposition kineticsz0 show A 
factors for SiH2 and SiH3SiH eliminations of and 
1015.34, respectively, and by analogy one might expect 
similar A factors for corresponding reactions of (I), Le., A ,  
= A12 7 1015.4fo.4 s-l. It is also reasonable to assume similar 
activation energies for the three competing processes re- 
actions -9, 10, and 12). Therefore, the A factor for 
Me2SiHSiH elimination should be in the range of Alo = 
1014.4*0.04 s-l. This value is comparable to A factors found 
for MeSiH eliminations from di~ilanes.~ 

Summary 
The implications of the present results and those of 

trisilane relative to the nature of the transition states in- 
volved are as follows: silylene eliminations and Si-H in- 
sertion reactions involving fully hydrogenated species (e.g., 
SiH2, SiH3SiH) occur through very loose transitions states 
with elimination A factors in the 1015.4f0.4 s-l range; in- 
creased alkylation a t  the a-Si center (as in MeSiH and 
Me2&) or even alkylation a t  the @-Si center (as in 
Me2SiHSiH) results in transition state tightening and 
progressively lower elinination A factors with increasing 
methylation (e.g., 1014.4'0.4 s-l for MeSiH and 1013.4*0.4 s-l 
for Me2&); and replacements of an H at a silylene center 
by Me2SiH or Me groups produce silylenes of similar re- 
activities. 
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