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Products and kinetics of the thermal decomposition of ethylsilane, under static system conditions, are reported.
Both neat and propylene-inhibited reactions follow silylene chain mechanisms. Modeling fits to product
yield and reactant loss data establish approximate values for the rate constants of the ethylsilylene decomposition
to ethylene and silylene (k; ~ 2 x 10°5~'") and the ethylsilylene isomerization to vinylsilane (ks ~ 5 x 10?
s71), both at 723 K. RRKM and thermochemical analyses of these results yield values for the high-pressure

activation energy of the ethylsilylene decomposition (EtSiH s C,H, + SiHy) of E; = 25.0 kcal/mol and a
heat of formation for ethylsilylene of AH{EtSiH) = 47.7 £ 2.5 kcal/mol. An enthalpy group additivity for
the methylene group in organosilanes and organosilylenes of AH{C—(H2)(C)(Si)] = —1.3 £ 2 kcal/mol is

deduced as well as the activation energy of the isomerization of ethylsilylene to vinylsilane (EtSiH =

CH,=CHSiH;) of Ez = 35.6 &+ 2 kcal/mol.

Introduction

An earlier investigation in these laboratories of the thermally
induced decomposition of EtSiH; (ES)! by the comparative-
rate single-pulse shock-tube method (CR-SPST, T' = 1165 &+
80 K, Py & 3200 Torr, Pgs =~ 6 Torr) showed that the ES
decomposition is initiated by a 1,1-H; elimination process
yielding ethylsilylene (EtSiH) and that the ethylsilylene so
produced decomposes to C;Hs and SiH; with an activation
energy of less than 30 kcal. Rate constants for the ES
decomposition in excess acetylene (for maximum inhibition of
silylene chains) were consistent with Arrhenius parameters of
log A(s™!) = 15.14 £ 0.08 and E = 64.77 + 0.94 kcal/mol,
while rate constants for the ES decomposition without a silylene
scavenger were only 20—65% higher. Thus silylene—initiated
chains do not contribute significantly to the overall decomposi-
tion of ES under CR-SPST conditions, i.e., high temperatures
(1160 £ 80 K), high total pressures (3200 Torr), short reaction
times (/2300 us), and relatively low reactant pressures (=6 Torr).

In this paper we report results on the ethylsilane decomposi-
tion under standard, static reactor conditions: relatively low
temperatures (720 % 30 K), moderate total and reactant pressures
(180 and 22 Torr, respectively), and long reaction times (300—
1200 s). Under these conditions chain reactions in the
decomposition of ES are far more likely. In fact, our results
show that chain reactions dominate the static ES reaction
decomposition.

Experimental Section

The apparatus and operation procedures used in this study
have been described previously.? The ES decomposition was
studied over a 53 K range (695—748 K) using reactant mixtures
of ethylsilane and tetramethylsilane (TMS). The latter served
as an internal analytical GC standard and as a third-body bath
gas. ES pressures were held constant at 22 Torr, while total
pressures varied from 114 to 531 Torr. The ES decomposition
was also studied at 693 K in the presence of excess propylene
using a reactant mixture which was about 10 propylene/1 ES/1
TMS. Reactant loss and product formations were followed by
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aliquot sampling in time followed by analysis using FID and/
or TCD gas chromatography. Separation and analysis of the
more volatile and less volatile products were achieved using
column switching between a 20 ft SE-30 column and a 5 ft
Poropak R column. Product identifications were made by
comparisons of GC retention times with those of known samples
and also by GC—MS cracking patterns.

Results

The only significant, GC measurable products of the ES/TMS
static system decomposition were C,Hs and SiHs. Small
amounts of heavier products believed from their retention times
to be ethyldisilane, vinylsilane, and diethyldisilane were also
detected, but only the peaks attributed to ethyldisilane were
under some conditions large enough to integrate. Representative
product yield and reactant loss data are given in Table 1. ES
losses were all significantly higher than those expected for a
reaction governed solely by its primary dissociation. Thus, for
example, the shock-tube Arrhenius parameters for the primary
dissociation of ES predict a reactant loss of less than 2.2% in
600 s at 723 K, 20 times less than observed.

In excess propylene (olefins are recognized trapping agents
for silylenes’ and for free radicals*) the decomposition of ES
resulted in increased yields of C,H,, decreased yields of SiH,,
and the formation of two new products: n-propylsilane and sec-
propylsilane. Product yield and ES loss rate data for this
reaction are shown in Table 2. Contrary to expectation, ES
loss rates in excess propylene increased; for example, at 693 K
with a 1200 s reaction time the ES loss in propylene was almost
double that observed with no propylene: 24% as opposed to
13.5%.

Reaction Analysis and Modeling

Our resuits show that the ES decomposition under static
reaction conditions is about 20 times faster than the projected
rate of its primary decomposition step (reaction 1): therefore,
a chain process must be operative. The propylsilane products
of the “propylene-inhibited” reaction also point to a chain
process (noninhibiting) propagated by intermediate/propylene
reactions. On the basis of current information concerning
organosilane decompositions, the reaction intermediates involved
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TABLE 1: Product Yield” and Reactant Loss Data® of the
Ethylsilane Decomposition under Static System Conditions®
T=695K
reaction time (s)
600 900 1200
% reaction,
exptl 4,7 +£0.93 97+1.0 13.5+0.8
calc (*)° 2.7(3.5) 6.3(7.5) 11.5(12.7)
Y(CHy),
exptl 0.74 + 0.16 0.61 £0.07 0.64 + 0.06
calc (*) 0.81(0.75) 0.81(0.77) 0.81(0.78)
Y(SIHA)»
exptl 0.54 £0.10 0.46 = 0.05 0.46 £+ 0.04
calc (*) 0.68(0.62) 0.69(0.65) 0.69(0.65)
Y(EtSisz),
exptl c c ¢
calc (%) 0.10(0.09) 0.08(0.08) 0.08(0.07)
Y(VSiH,),
calc 0.0001 0.0001 0.0002
T=723K
reaction time (s)
300 600 900 1200
% reaction,
exptl 23.7+08 407+08 523+13 586+1.2
cale (*) 18.3(19.8) 44.3(42.0) 56.4(53.5) 65.8(62.5)
Y(C;Hy),
exptl 0.64 £0.04 064 £0.04 059+0.03 0460.02
cale (*) 0.82(0.79) 0.70(0.65) 0.58(0.55) 0.51(0.46)
Y(SiHa),
exptl 042 +0.03 0.35+0.03 028+0.03 0.194+0.02
calc (*) 0.68(0.64) 0.45(0.41) 0.27(0.25) 0.18(0.17)
Y(EtSizHs),
exptl c 0.08 £0.02 ¢ 0.08¢
oy 0.10%* 0.17%** 0.22%* 0.24%*
cale (*) 0.08(0.07) 0.09(0.08) 0.08(0.06) 0.06(0.05)
Y(VSiH3),
exptl trace trace 0.003 £ 0.001 0.004 £+ 0.001
calc 0.0003 0.001 0.002 0.004**
T=748K
reaction time (s)
300 600
% reaction,
exptl 71.1 £ 1.8 843420
cale (¥) 67.3(64.2) 87.6(84.7)
Y(C;Hy),
exptl 0.64 = 0.03 0.61 +0.03
calc (*) 0.57(0.53) 0.44(0.42)
Y(SiH,),
exptl 0.24 £0.02 0.15+0.01
calc 0.22 0.06
Y(EtSi>Hs),
exptl 0.02 £0.01 0.02¢
cale (*) 0.067(0.05) 0.02(0.016)
Y(VSiHa),
exptl trace 0.001 £ 0.0005
calc (%) 0.006(0.016) 0.014(0.024)

9 % decomposition = [([ES]p — [ES])/[ES]o] x 100; yield(X) =
mO! Xfomea/mol ESreactea = mol X/(mol ESy — mol ES,). ¢ Total pressure
= 179 Torr (22 Torr ES + 157 Torr TMS); 3 runs were made at each
temperature and each time condition except at the 600, 900, and 1200
s conditions at 7 = 723 K, where the number of runs made were 5, 4,
and 4, respectively. Exptl = experimentally observed values. € No data
taken. ¢ Yields based on just one observation. ¢ Modeling results using
lower Arrhenius parameter limits to set k;: see text. f Modeling yields
obtained with ky; = kypp = 0.

are silylenes. Hence, for the ES static system decomposition,
we propose the silylene carried chain mechanism of Scheme
1A. The Scheme 1A reactions are all known processes (or are
analogues of known processes). The possible exceptions to

Jardine et al.

SCHEME 1: Chain Mechanisms of the Ethylsilane
Decomposition

A: The Pure Ethylsilane Decomposition Reaction
EtSiH, — EtSiH + H,
EtSiH + (M) == C,H, + SiH, + (M)
SiH, + EtSiH, <= EtSi,H; == SiH, + EtSiH
SiH, + M) > SiH2 +H,+ M)
SiH, + SlH4 = Si;Hg
EtSiH + EtSiH, <= EtSiH,SiH,Et
EtSiH + (M) -~ C,H,SiH, + (M)
C,H,SiH, - C,H, + SiH,
EtSi,H; - “products”

EtSiH,SiH,Et > “products”

B: Additional Reactions in the Presence of Added
Propylene

EtSiH + HZC—CHCH3 Et(Pr)Sl L. C,H, + P1SiH

PrSiH + EtSlH3 Pr51H281H2Et =5 EtSiH + PrSiH,

PrSiH —» CH,=C(CH,)SiH,

EtSiH + H,C=CHCH, —>
CH2=C(CH3)SiH2Et or MeCH=CHSiH2Et

PrSiH + H,C=CHCH, == Pr,Si:

PrSiH + H,C=CHCH, ~~
CH,=C(CH,)SiH,Pr or MeCH=CHSiH,Pr

Et(Pr)Si + H,C=CHCH, -
CH,=C(CH,)SiH(Et)Pr or MeCH=CHSiHEPr

Pr,Si + H,C=CHCH, >
CH2=C(CH3)SiHPr2 or MeCH=CHS;iHPr,
PrSiH <= SiH, + H,C=CHCH,
SiH, + PrSiH, == PrSi,H; == SiH, + PrSiH
PrSiH3 2. prSiH + H,
Pr,Si + SlH4 Pr251H51H3 = Pr,SiH, + SiH,
Et(Pr)Si + SiH, <= Et(Pr)SiHSiH, — E(Pr)SiH, + SiH,
Pr,SiHSiH, = “products”
Et(Pr)SiHSiH, — “products”
PrSiH,SiH,Et = “products”
PrSi,H, ~>

this are the reactions (denoted by ui) of the “heavy” alkyl-
substituted disilane products. Early modeling without these
ui reactions showed that while major product yield and reactant

“products”
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TABLE 2: Yield and ES Loss Results (Experimental and
Calculated) for the Ethylsilane Decomposition under
Propylene Inhibition (T = 693 K, Time = 1200 s)*

% com-

Y(C,Hy) Y(SiH4) Y(PrSiH;)* Y(EDS)* [ESloss ments
0.90 £ 0.05 0.10+0.02 0.48 &+ 0.06 24.0£2.0 exptl?
0.90 0.16 0.56 0026 183 calc®
0.90 0.13 0.56 0.025 248 calce*
0.94 0.28 0.58 0.028 20.2 cale/
0.90 0.16 0.56 0026 183 calc®
0091 0.15 0.57 0.029 225 calc?

“ Propylene/ES/TMS = 10/1/1; Pion = 180 Torr. ® ¥Y(n-PrSiHs) =
0.41; Y(i-PrSiH;) = 0.07. The propylsilane isomers were not distin-
guished in the modeling. ¢ EDS stands for ethyldisilane; not observed
experimentally. ¢ Experimental data are averages of 4 runs. ¢ Modeling
obtained from Table 3 rate constants. *Modeling using the lower
Arrhenius parameter limits of log A; = 14.87, E; = 63 340 calc.
fModeling with Table 3 rate constant assignments except for ka4 = ks
= 1.7 x 108 M~ 57, set by analogy with observations on the Me,Si
+ SiHs; — Me,SiHSiH; reaction: see text. ¢ Modeling with Table 3
rate constants except that ky3 = kus = kus = kys = 0. # Modeling with
Table 3 rate constants except that ail k,; = 0.

loss data could be successfully modeled, predicted yields of the
alkyl-substituted disilanes (in particular, ethyldisilane) were
always well above observed levels (see the double-starred values
of Table 1). Thus, some additional “unspecified” kind of
reaction of the heavy disilanes was needed to reconcile the
proposed chain mechanism with the experimental data. There
are two known minor reaction channels of polysilanes that are
ui possibilities: 1,1-hydrogen elimination and wall capture. For
the former, on the basis of disilane decomposition data,> Moffat
et al.® proposed kinetics of ky, = 10'581e-56510calRT g=1 (j e
kur = 5.3 x 1072 571 at 723 K), while for the latter, on the
basis of trisilane decomposition data,”® Ring et al. proposed
kinetics of ky, & 10!3-32¢46270cal/RT =1 (j e k, ~ 0.22 s7! at
723 K). Although heterogeneous effects are negligible in the
pure disilane static system decomposition,” wall capture remains
a possibility for disilanes having ethyl (or larger) alkyl group
substitutions. Thus, in certain physical properties, such as
boiling point and vapor pressure, no change occurs with the
replacement of a silyl group by an ethyl group. Our approach
to identifying the nature of the ui reactions was to establish
values of their rate constants and rate constant parameters via
reaction modeling.

Modeling of the Pure ES Decomposition (Scheme 1A).
Initial modeling of the pure ethylsilane decomposition showed
that ethylsilane conversion and product yield calculations were
most sensitive to four reactions: reaction 1 (initiation), reaction
2 (chain length control), reaction 8 (vinylsilane yield), and
reaction ul (ethyldisilane yield). Since the rate constants of
the other “not so critical” reactions were known or could be
estimated with reasonable accuracy, we used modeling at the
723 K condition to establish values for three of these rate
constants. The first modeling was directed at establishing a
value for kg through fits of the vinylsilane yields. In these 723
K fits, k; = 3.6 x 1075 s~! (from the CR-SPST Arrhenius
parameters), k; = 1 x 107 s™' (by analogy with similar
alkylsilylene decompositions?®), and &, = 0.22 s~! (arbitrarily
set equal to the trisilane® wall capture rate constant). Rough
estimates for k» and k, were acceptable here because vinylsilane
yields were not very sensitive to these rate constants. Reason-
able fits were realized with k3 ~ 5 x 102 M™'s™'. Significantly
higher values (i.e., factor of 10) predicted vinylsilane yields in
the observable range (i.e., Y(VSiH3) = 1%), while significantly
lower values predicted vinylsilane yields too small to detect
(i.e., less than 0.1%). Next, fits of the ethyldisilane yields via
variations in the ky; rate constants were made to establish ky; &~
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4 x 1073 5™}, This is slower than the rate constant estimates
of either of the suspected reaction channels (40 times slower
than wall capture and 10 times slower than 1,1-H; elimination),
but is not unreasonable in light of the possible errors of those
estimates. An improved value of k; = 2 x 100 s7! (723 K)
was then determined by fitting the reactant percent conversion
data. This is also slower than the preliminary estimate (factor
of 6.7), but is within the estimate and modeling errors.

To extend the modeling to the other study temperatures,
values for k; and ks at those temperatures had to be determined.
This was done through RRKM calculations (that is, both
reactions are in their pressure falloff regimes under study
conditions) using high-pressure A-factor estimates of Az,c0 =
4.4 x 10" and Ag,oe = 1039, both in s™'. The former follows
from the back reaction kinetics and entropy (i.e., A-3.. = 1.0
x 10" M~ ts7!, E_; = —0.73 kcal/mol,® AS°;—, = 25.0 ey, !0
respectively), and the latter follows from a thermochemical
kinetic estimate!® of the reaction’s intrinsic activation entropy
and path degeneracy (i.e., ASs*(intrinsic) &~ —3.5 cal/(deg'mol);
rpdg = 12). Input and output data for the RRKM calculations
are given in the Appendix.

With the critical rate constants k; and kg established (as above)
and the other rate constants of Scheme 1A known or estimated
(see Table 3), modeling fits of ES conversions for the pure
ethylsilane reaction at 695 and 748 K were made using k.; as
adjustable parameters. Reasonable fits were obtained with ky;
A~ 7.6 x 1074571 (695 K) and ky; &~ 1.6 x 1072 57! (748 K).
Coupled with the 723 K result, Arrhenius parameters of log
Au(s™!) = 15.62 and E; = 59 587 cal were obtained, which
are clearly more like those for 1,1-H; elimination than they are
for wall capture. However, if the u; reactions are three-center
H, eliminations, it's difficult to see how they can be sink
reactions since Hj eliminations form silylene products which
react in ways that are not chain terminating (isomerization/
decomposition to a silylene, Si—H insertion followed by
decomposition to a silylene, etc.) Therefore, important aspects
of the ui processes are not resolved by the present treatment.

Complete ES conversion and product yield modeling results
for the pure ES decomposition, obtained with the rate constants
of Table 3 and the mechanism of Scheme 1A, are shown with
the data for comparisons in Table 1. Agreements are generally
reasonable and, in most cases, within the true (larger than
statistical) measurement errors.

One final important aspect of the modeling concerns the
initiation reaction. The results given here were generated with
ki values based on our CR-SPST Arrhenius parameters.! These
were measured at temperatures more than 400 K higher than
those employed in the present study; hence, the possibility of
extrapolation errors is high. If the lower limits of the SPST
Arrhenius parameters are used to set &y, i.e., kj = 10!487¢=63340calRT
s~!, modeling fits to product yields and reactant conversions
are uniformly improved. This is particularly true at the lowest
temperature of 695 K; see the starred values of Table 1.

Modeling of the ES/Propylene Reaction (Scheme 1A,B).
To model the ES decomposition in the presence of propylene,
the mechanism was expanded to include silylene intermediate
reactions with propylene (to produce alkylsilylenes) and all
subsequent reactions of the formed alkylsilylenes with reactant
and products. While only 16 reactions were needed to model
the pure ethylsilane decomposition, an additional 27 reactions
were needed for the reaction in excess propylene. Fortunately,
as in the pure ethylsilane decomposition, the additional reactions
either are established processes with known kinetics or are
reactions whose kinetics can be estimated by analogy. Assigned
rate constant parameters for the reactions are given in Table 3,
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TABLE 3: Modeling Input for Scheme 1

reaction log A° E° ref
EtSiH; — EtSiH + H, 1514 6477 1
EISiH + (M) > CH, + SiHp + (M) 1227 2007 3
2 10.48 0.0 9
SiH; + EtSiH; -~ EtSi;Hs 1070 00 26
= 1526 5083 19
EtSi;H; —~ SiH, + EtSiH 13.66 4844 19
= 9.90 0.0 12
SiH, + (M) > Sit, + H, + (M) 1276 5153 20
SiH; + SiH; > SiHs 1078 00 21
= 1575 5220 6
EtSiH + EtSiH, —- EtSiH,SiH,Et 978 00 12
il 1430 4790 22
EtSiH + (M) - VSiHy¢ 941 2000 b
VSiH,? = C,H; + SiH, 1448 6252 23
EtSi;Hs - ? see text
EtSiH,SiHEt 2> 2 see text
ESiH + CH=CHCH; ‘> ExPrysi 1048 00 9
all A 7.60 0.0 3
Et(Pr)Si — C,H. + PrSiH 6.30 00 ¢
PrSiH + EtSiH; = PrSiH,SiH,Et 960 00 12
-2 1430 479 22
PrSiH,SiH,Et — EtSiH + PrSiH, 1430 479 22
=2 9.60 0.0 12
PrSiH + CH,=CHCH; —~ 941 200 b

CH,=C(Me)SiH;

RSiH + CH=CHCH; " products 470~ 00 ¢
R;Si + CH,=CHCH; ~- products 4.70 0.0 f
PrSiH + CH,=CHCH; —> Pr,Si 10.30 0.0 9
Pulll 7.60 0.0 3
PrSiH > SiH, + CH,=CHCHj 760 00 3
Pca 10.60 0.0 9
SiH; + PrSiH; = PrSi;Hs 1070 00 26
~2 1526 5083 19
PrSi;Hs —- SiH, + PrSiH 1366 4844 19
=z 9.90 0.0 12
PrSiH; = PrSiH + H, 1514 6477 1
Pr;Si + SiHs — Pr,SiHSiH; 9.90 0.0 18
2 1312 5179 24
Pr:SiHSiH; —> Pr,SiH, + SiH, 1526 5083 24
Et(Pr)Si + SiH, =~ Et(Pr)SiHSiH; 990 00 18
P 1312 5179 24

Et(Pr)SiHSiH; ~~ Et(Pr)SiH, + SiH, ~ 1526 5083 24

@A in units of s™! or M~ s7'; E in units of kcal/mol. # RRKM falloff
parameters for 180 Torr (see Appendix). ¢ Determined by modeling
fits; see text. ¢ V. = CHy=CH-. ¢ RSiH = EtSiH or PrSiH. fR,Si =
EtPrSi or Pr,Si.

and the modeling results for the ES/propylene reaction (with
the experimental data for comparisons) are given in Table 2.
Agreements with experiment are good. It’s particularly interest-
ing to note that if k>4 and k¢ are assigned values of 1.7 x 108
M~! 57! (by analogy with Me,Si + SiHy, the only dialkylsi-
lylene/silane reaction whose kinetics have been determined'?),
the predicted yields of silane are too high. To fit the silane
yields, higher values are needed, i.e., kg = kag = 8 x 10° M~}
s~!. These higher values are more in line with the silylene/
Si—H insertion rate constants found for other less substituted
silylenes, and this suggests that the Me,Si/SiH, reaction could
have anomalous kinetics.
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If one accepts the rate constants established by the modeling,
it’s possible to extract some interesting kinetic and thermody-
namic information. Consider first the ethylsilylene decomposi-
tion to ethylene and silylene (reaction 2; thermochemistry shown
below).

EtSIH —> CHa—CHp — CsHq + SiHp @)
\./
Sng
EtSiH C.H, SiH; AX°
AHP (kcal/mol) (to establish) 12.510 64 £+ 113
S(cal/(deg'mol)) 76.6! 52.4 4921 25.0
C,°(298) 17.1 10.3 8.2 1.4
C,°(500) 26.1 14.9 8.9 -1.3
C,°(800) 33.0 20.0 10.2 -2.8

The RRKM calculations on this reaction, using our extracted
ky = 2.0 x 105 s~! at 723 K (P = 150 Torr) and estimated
Az =44 x 10" 57! give a high-pressure activation energy
of E; = 25.0 kcal/mol. Coupled with the back reaction resuit’
(i.e., E-; = —0.73 kcal/mol), this gives reaction enthalpies of
AH; ., &~ 25.7 kcal/mol (at 723 K) and AH; -, = 26.1 kcal/
mol (at 298 K). Thus, from the reaction thermochemistry, AH-
(EtSiH) = 50.4 + 2.5 kcal/mol, where the error comes from
uncertainties in the silylene heat of formation and in k;. This
can be compared to AH{ESiH) = 45 + 2.4 kcal/mol obtained
from heats of formation reported for ethylsilane, methylsilane,
and methylsilylene (i.e., AH{EtSiH;) = —10.0 & 1 kcal/mol;'4
AH{MeSiH;) = —7.0 £ 1 kcal/mol;'’ AH{(MeSiH) = 48.0 +
2 kcal/mol'?) assuming the same difference between heats of
formation of the RSiH; and RSiH species (R = Me and Et).
The authors’ preferred heats of formation (i.e., AH{EtSiH3) =
—9.5; AH{MeSiH;) = —8.0; AH{(MeSiH) = 49.0 all in kcal/
mol) give a slightly higher heat of formation of AH{ESiH) =
47.5 kcal/mol. The lower ethylsilylene heats of formation, when
used as the basis for heat of formation estimates of other larger
alkylsilylenes, have resulted in estimated enthalpies of decom-
position (to olefin and silylene) which are too high when
compared to the experimentally measured activation energies.’
Therefore, we favor a compromise AH«{EtSiH) = 47.7 & 2.5
kcal/mol. This establishes a [C—(CH,)—Si] group enthalpy
additivity for alkylsilane and alkylsilylene heat of formation
estimates of AH{[C—(H)2(C)(Si)] = —1.3 £ 2.5 kcal/mol.

Next consider the ks &~ 5 x 10% s7! (723 K) set by the
modeling fits of the vinylsilane yields. This ks establishes a
rough activation energy for the ethylsilylene — vinylsilane
isomerization.

Mechanistically, reaction § is a multistep process, possibly
proceeding by a biradical intermediate as shown below. Reac-
tion 8 competes with reaction 2.

2,8
EtSH ——= CH,—CH,

s 2+ SiH, + CH,=CH;,
H H

/CHg\ A

(
CHp=CHSiHy = SiH, CHze 8

The RRKM calculation for reaction 8, based on Ag ~ 10'3°
s~!, gave Eg, &~ 36.8 kcal/mol. Thus (Es — E2).. ~ 11.8 cal/
mol. This can be compared with a thermochemical kinetic
estimate of the enthalpy difference between the two reaction
transition states, namely, (Es — Ez) = 9.4 kcal/mol. Thus,
AH{(¥)s = AH{("CH,CH,SiH,")'6 + E1om migration)]7 =744 +
10.8 = 85.2 kcal/mol; and AH(¥), = AH{(C,H,) + AH{SiH,)
+ E.» =125+ 64 + (—0.7) = 75.8 kcal/mol. Since the two
calculations agree well within their errors (at least +2 kcal/
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mol for each), the above results set an activation energy for the
ethylsilylene isomerization to vinylsilane of about Eg = 35.6
+ 2 kcal/mol.

Conclusions

While there are facets of the ethylsilane decomposition not
completely understood, the general behavior of the decomposi-
tion, both neat and in the presence of propylene, can be
quantitatively rationalized by the mechanism of Scheme 1 and
the rate constants of Table 3. Only silylene intermediates are
involved, and only reactions with precedents found in other
silane and organosilane reactions are invoked. Reaction model-
ing establishes several thermochemical kinetic values of inter-
est: a heat of formation for ethylsilylene of AH{C,HsSiH) =
47.5 + 2.5 kcal/mol; a methylene enthalpy group additivity of
AH{C—(H,)(C)(Si)] = —1.5 % 2.5 kcal/mol; and an activation
energy for the ethylsilylene to vinylsilane isomerization of Eg
= 35.6 £ 2 kcal/mol.

Acknowledgment. The authors are indebted to the National
Science Foundation, Grant CHE-8719843, for financial support
of this work.

Appendix: Input Parameters for RRKM Falloff
Calculations?*

C,H,SiH -~ CH,=CHSiH, ®)

Vibration frequencies consistent with A.. = 10'39 s~ listed
in wavenumbers and number (cm™!, (#)). Reactant: 3000(5),
2130(1), 1450(4), 1200(4), 950(1), 800(1), 700(1), 690(2), 250-
(1) 225(1). Transition state: 3000(4), 2130(1), 1450(4), 1300-
(1), 1250(1), 1200(4), 950(1), 800(1), 690(2), 225(1). Condi-
tions: kg = 5 x 102 s77 at 723 K, P = 180 Torr, rpd = 12.
Collision characteristics: S, = 0.85 (all T), 0 = 4.0 A.

Output: AE;* = 36.6 kcal/mol; E. = 36.8 kcal/mol;
(k/k..)180Torr = 0.85, 0.82, and 0.80 at 693, 723, and 748 K,
respectively. At 180 Torr, log A = 13.57, E = 35.57 kcal/mol.

C,H,SiH - SiH, + C,H, @)

Vibrational frequencies consistent with A. = 4.5 x 1014 s™!
listed in wavenumbers and number (cm™, (#)). Reactant: 3000-
(5), 2130(1), 1450(4), 1200(4), 950(1), 800(1), 700(1), 690(2),
250(1) 225(1). Transition state: 3000(4), 2130(1), 1450(4),
1200(4), 950(1), 800(1), 690(2), 250(1), 225(1), 175(1). Condi-
tions: kg = 1.5 x 106 s7! at 723 K, P = 180 Torr, rpd = 3.
Collision characteristics: 8. = 0.85 (all T), ¢ = 4.0 A.
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Output: AEy* = 23.0 kcal/mol; E. = 25.0 kcal/mol;
(k/k.<)130Torr = 0.16, 0.14, and 0.12 at 693, 723, and 748 K,
respectively. At 180 Torr, log A = 12.15, E = 19.46 kcal/mol.

References and Notes

(1) Rickborn, S. F.; Ring, M. A.; O’Neal, H. E. Int. J. Chem. Kinet.
1984, 16, 1371.

(2) Martin, J. G.; Ring, M. A.; O’Neal, H. E. Int. J. Chem. Kinet. 1987,
19, 715,

(3) Dickinson, A. P.; O’Neal, H. E.; Ring, M. A. Organometallics 1991,
10, 3513.

(4) Benson, S. W.; O'Neal, H. E. Kinetic Data on Gas Phase
Unimolecular Reactions, NSRDS-NBS 21, U.S. Government Printing
Office: Washington, DC, (1970).

(5) Dzarnoski, J.; Rickborn, S. F.; O’Neal, H. E.; Ring, M. A.
Organometallics 1982, 1, 1217.

(6) Moffat, H. K.; Jensen, K. F.; Carr, R. W. J. Phys. Chem. 1992, 96,
7695.

(7) Martin, J. G.; O’Neal, H. E.; Ring, M. A. Int. J. Chem. Kinet. 1990,
22, 613.

(8) Ring, M. A; O’Neal, H. E. J. Phys. Chem. 1992, 96, 10848.

(9) Al-Rubaiey, N.; Walsh, R. J. Phys. Chem. 1994, 98, 5303.

(10) Benson, S. W. Thermochemical Kinetics; John Wiley and Sons:
New York, 1976.

(11) O’Neal, H. E,; Ring, M. A. J. Organomet. Chem. 1981, 213, 419.

(12) Becerra, R.; Frey, H. M.; Mason, B. P.; Walsh, R. J. Chem. Soc.,
Faraday Trans. 1993, 89, 411.

(13) O’Neal, H. E.; Ring, M. A; Richardson, W. H.; Licciardi, G. F.
Organometallics 1989, 8, 1968.

(14) Gordon, M. S.; Boatz, J. A.; Walsh, R. J. Phys. Chem. 1989, 93,
1584. O’Neal, H. E. To be published.

(15) Walsh, R. In The Chemistry of Organic Silicon Compounds; Patai,
S., Rappoport, Z., Eds.; J. Wiley & Sons Ltd.: New York, 1989; Chapter
5.

(16) Based on BDE(CH3;CH,CH;—H) = 99 kcal/mol: Tsang, W.J. Am.
Chem. Soc. 1985, 107, 2872. And on AH{C,HsSiH,*) = 27.5 &+ 2.1 kcal/
mol, which follows from AH{EtSiH;) = —10.0 & 1 kcal/mol and BDE-
(EtSiH,—H) = 89.6 £+ 1.9 kcal/mot by analogy with BDE(MeSiH,—~H);
see ref 15.

(17) O’Neal, H. E.; Benson, S. W. J. Phys. Chem. 1968, 72, 1866.

(18) Baggott, J. E.; Blitz, M. A.; Frey, H. M.; Walsh, R. J. Am. Chem.
Soc. 1990, 112, 8337.

(19) Harris, M. E.; Ring, M. A.; O’Neal, H. E. Organometallics 1992,
11, 983.

(20) White, R. T.; Espino-Rios, R. L.; Rogers, D. S.; Ring, M. A,;
O’Neal, H. E. Int. J. Chem. Kinet. 1985, 17, 1029.

(21) Inoue, G.; Suzuki, M. Chem. Phys. Lett. 1985, 122, 361. Jasinski,
J. J; Chu, J. O. J. Chem. Phys. 1988, 88, 1678.

(22) Davidson, I. M. T.; Huges, K. J.; [jadi-Maghsoodi, S. Orgarome-
tallics 1987, 6, 639.

(23) Rickborn, S. F.; Ring, M. A,; O’Neal, H. E.; Coffey, D., Jr.
Organometallics 1987, 16, 289.

(24) Nares, K. E.; Harris, M. E.; Ring, M. A.; O’Neal, H. E. Organo-
metallics 1989, 8, 1964.

(25) Robinson, P. J.; Holbrook, K. A. Unimolecular Reactions; Wiley-
Interscience: New York, 1971.

(26} Carpenter, I. W.; Walsh, R. (Unpublished data).

JP943222Q



