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Ab initio G-2 calculations have been carried out for a number of elementary reactions relevant to low-
temperature silane oxidation. The calculations have been made to identify the chain-branching process which
enables the spontaneous ignition of silane at room temperature. Extensive calculations have also been made
for the reactions of major intermediates with hydrogen atoms and water vapor.

Introduction

Silane is a feedstock gas for the semiconductor industry and
advanced materials. Elucidation of the mechanism of silane
oxidation is important to the understanding of the CVD process
as well as from a safety point of view. In particular,
understanding the phenomenon of spontaneous ignition is
indispensable for treating this kind of material safely in
laboratories and factories.1-4 The combustion phenomenon of
silane has been the subject of quite a number of investigations
from both experimental and theoretical points of view.5-21

Since the ignition of this gas occurs in the air spontaneously
at room temperature or even lower, elementary reactions active
at low temperatures are of particular importance. According
to Hartman et al.,8 combustion of silane is initiated by production
of SiH3 radicals, followed by reaction of SiH3 with O2(3Σg

-) to
give a vibrationally excited species of SiH3O2*,

They have proposed that the subsequent reactions of SiH3O2*
proceed through three different path ways.

These reactions compete with a quenching reaction of SiH3O2*,

If the former are faster than the latter, ignition occurs; otherwise
it does not. Britten, Tong, and Westbrook12 have presented a
numerical model based on this mechanism in order to interpret
the data of shock-tube ignition delay times5 as well as the second
explosion limit of mixtures containing silane and oxygen.8

On the other hand, we have shown in a previous paper19,20

that the chemical stability of silane-oxygen-nitrogen mixtures
depends on the concentration ratio of silane to oxygen. Namely,

the mixture is unstable if the silane concentration relative to
oxygen is higher than a certain threshold value, and it is stable
otherwise. From this, it has been concluded that competition
between the two reactions,

and

determines whether ignition occurs or not. If it is the case, the
competition between reactions R2-R4 and reaction R5 must
always favor ignition; namely, the decomposition reactions, (R2)
+ (R3)+ (R4), must be faster than the quenching reaction (R5).
On the other hand, such radicals as O(3P), OH, H, and SiH3

constitute the chain carriers in this reaction mechanism. The
chain-branching reactions at room temperature are dominated
by the one that produces O(3P) atoms, i.e., reaction R2, because
O(3P) atoms can readily react with SiH4 to produce two chain
carriers of OH and SiH3. The other carriers (H, OH, and SiH3)
can keep the chains active but do not increase the carrier number.
Therefore, the competition discussed by Britten et al.12 should
actually be between reactions R2 and R5. In this way, the BTW
model has successfully been modified to make simulation
calculation of the spontaneous ignition itself and its concentra-
tion limit.21

At this stage, however, a large shortcoming of the model has
been made clear, which is concerned with the adequacy of the
chain-branching process itself. According to the energetic
calculation made by Darling and Schlegel,17,18 the reaction
pathway to yield oxygen atoms through (R1) and (R2) must
have an activation energy of at least 10.9 kcal/mol. If it is the
case, the reaction rate cannot be fast enough to cause the
spontaneous ignition at room temperature. Then, a new chain-
branching process has to be identified in order to explain the
spontaneous ignition phenomenon at room temperature.
Until now, ab initio MO calculations have been made for

quite a number of Si-O-H molecules and relevant transition
states.17,18,22-24 However, there still seem to remain elementary
reactions unidentified that may play an indispensable part in
the low-temperature silane combustion. The objective of the
present paper is to carry out accurate ab initio MO calculations
of such reactions. Among these reactions, we may also have a
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SiH3 + O2(
3Σg

-) ) SiH3O2* (R1)

SiH3O2* ) SiH3O+ O (R2)

SiH3O2* ) SiH2O+ OH (R3)

SiH3O2* ) OSiHOH+ H (R4)

SiH3O2* + M ) SiH3O2 + M (R5)

H + SiH4 ) H2 + SiH3 (R6)

H + O2 + M ) HO2 + M (R7)
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chance to find out the true chain-branching process responsible
for the spontaneous ignition.

Results and Discussion

The ab initio MO calculations have been carried out by using
the GAUSSIAN 94 program25 on a Cray computer at the
Gaussian-2 level of theory.26

The geometry optimization has at first been made with the
HF/6-31G(d) method. Then, optimization was remade with the
MP2)FULL/6-31G(d) method. The optimized geometries
obtained for various transition states with the MP2)FULL/6-
31G(d) method are listed in Table 1, where the geometrical
parameters are taken as illustrated in Figure 1. Unless otherwise
stated, the systems with even electrons are in the singlet states,
and ones with odd electrons are in the doublet states.
Table 2 shows the vibrational frequencies calculated with the

HF/6-31G(d) method which is to be multiplied by a factor of
0.893 for the thermal correction calculation. For some of these
systems, since the geometrical parameters obtained with the HF/
6-31G(d) method are so different from the ones with the
MP2)FULL/6-31G(d) method, the frequencies are also calcu-
lated with the MP2)FULL/6-31G(d) method. In this case, the
results should be multiplied by a factor of 0.927.
The energetic calculations at the G-2 level of theory were

made, and the results are summarized in Table 3. Table 4 shows
the energies of the transition states relative to the reactants and
products, respectively, of the reactions. The G-2 energies of
molecular species other than HOSiOOH and OSi(OH)2 are
obtained from the literature.17 The thermal corrections to
energies have been made based either on the HF/6-31G(d)
frequencies multiplied by a factor of 0.893 or on the MP2)FULL/
6-31G(d) frequencies multiplied by a factor of 0.927.
(i) Main Reaction Route for Low-Temperature Combus-

tion. As stated above, reaction R2 cannot be active at room
temperature. Therefore, we may have to seek another O(3P)
atom producing reaction. Considering the energetics of the
various molecules relevant to the SiH3 + O2 system, SiH2OH
+ O(3P) is the only one conceivable as the products. The energy
sum of this system is 15.63 kcal/mol lower than SiH3 + O2.
Unfortunately, however, we could not find out any reaction
pathway directly connecting the two systems.
If it is not a reaction that produces oxygen atoms, the chain-

branching process must be such that it produces more than one
active carrier from a single carrier within a series of reactions.
Since the spontaneous ignition limit is determined by a
competition between reactions R6 and R7,20 the chain-branching
process must be contained in a series of reactions starting from
reaction R1. The kinetic stoichiometry of the process may be
one of the following equations:

where numbers in parentheses are the energy differences (in
kcal/mol) between the reactants and products. Among these,
reaction R8 is the only one that has a negative energy change.
All the other reactions have positive energy changes that are
larger than 10 kcal/mol. The reaction route from SiH3 + O2 to

OSiOH + 2H, if any, may consist of a few consecutive
reactions. The question is how high are the energy barriers
located along the reaction pathway connecting them.
Among the reactions that produce hydrogen atoms, the self-

decomposition reaction of H2SiOOH to HSiOOH+ H is
noticed, where the former is produced by isomerization of the
vibrationally excited species of SiH3O2. As shown in Table 4
(reaction 24), the energy sum for HSiOOH+ H is only 2.89
kcal/mol higher than that of the original reactants, SiH3 + O2,
and the activation energy is no more than the energy difference
between the reactants and products. The activation energy of
this order of magnitude can be easily overcome even at room
temperature.
The subsequent reactions to this are as follows. One is the

direct decomposition of HSiOOH to HSiO+ OH (reaction 10
in Table 4). Although the activation energy of this process is
no more than the energy difference (16.73 kcal/mol), it is still
a little too large for the reaction to be active at room temperature.
Another possibility is the isomerization reaction to OSiHOH.
This reaction is very much exothermic (110.84 kcal/mol).
Therefore, the resulting OSiHOH could further undergo self-
decomposition to yield H+ OSiOH. The energy sum of the
latter is 21.69 kcal/mol lower than that of HSiOOH, and the
barrier height of the dissociation process is just the energy
difference between the reactant and products (89.15 kcal/mol).
In this case, the whole reaction route becomes as SiH3 + O2 f
SiH3O2* f H2SiOOHf HSiOOH+ H f OSiHOH+ H f
OSiOH + 2H. According to Table 4, however, the barrier
height of the isomerization from HSiOOH to OSiHOH is 21.67
kcal/mol (reaction 11 in Table 4). Since the system does not
have any excess energy at this stage, this is a little too large to
be overcome at room temperature. Thus, this route cannot be
the chain-branching process for the spontaneous ignition either.
On the other hand, Murakami et al.24 have recently found

that there is a reaction pathway from SiH3O2* to c-OSiH2O +
H (see Figure 2). They have made the energetic calculation
with Gaussian-2(MP2) theory.28 The geometry they have
obtained by optimization with MP2)FULL/6-31G(d) for the
transition state is a little different from the one obtained in the
present study, although we do not know the reason. The barrier
height of 28.93 kcal/mol calculated for this reaction (reaction
23 in Tables 4) is not small. However, the energy of the
transition state is still 22.70 kcal/mol lower than the original
reactants of SiH3 + O2.
The activation energy of isomerization fromc-OSiH2O to

HSiOOH is 61.88 kcal/mol (reaction 16 in Table 4).c-OSiH2O
reacts with hydrogen atoms with an activation energy of only
3.52 kcal/mol (reaction 17 in Table 4), and the reaction may be
active at room temperature. The resulting molecule of OSiH2-
OH can undergo self-decomposition to yield H+ OSiHOH with
the activation energy no more than the dissociation energy
(reaction 25 in Table 4).
On the other hand,c-OSiH2O can undergo isomerization to

yield OSiHOH. The transition state of this reaction has been
identified by the HF/6-31G(d) method, but has not been found
by the MP2)FULL/6-31G(d) method. CIS/6-31G(d) calcula-
tions at the HF/6-31G(d) optimized geometry have revealed that
the energy of the first excited state which belongs to the same
symmetry is fairly close to that of the ground state (1.05 eV).
On the other hand, Murakami et al.24 have calculated the same
transition state with the CASSCF(6,6)/6-31G(d) method to
obtain the barrier height of 6.4 kcal/mol. In this reaction, the
resulting OSiHOH may further undergo isomerization to yield
HOSiOH (reaction 18 in Table 4) or may undergo self-
decomposition to yield SiO+ H2O (reaction 19 in Table 4).
The HOSiOH molecule can also undergo self-decomposition,

SiH3 + O2 ) OSiOH+ 2H (-18.80) (R8)

SiH3 + O2 ) OSiHO+ 2H (+16.34) (R9)

SiH3 + O2 ) SiH+ 2OH (+56.21) (R10)

SiH3 + O2 ) HSiO+ H + OH (+19.61) (R11)

SiH3 + O2 ) SiOH+ H + OH (+11.23) (R12)
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yielding SiO + H2O (reaction 20 in Table 4). They have
suggested that these reactions constitute the main route to yield
SiO, which they observed in their experiments.24

On the other hand, it is remarkable that if these reactions are
combined with the last stage of the above investigated reaction
route, one may be able to complete a new reaction route from

TABLE 1: MP2 )FULL/6-31G(d) Optimized Geometries of Transition States

Low-Temperature Silane Oxidation J. Phys. Chem. A, Vol. 101, No. 34, 19976017



SiH3 + O2 to OSiOH+ 2H, i.e., SiH3 + O2 f SiH3O2* f
c-OSiH2O+ H f OSiHOH+ H f OSiOH+ 2H. The whole
route is shown in Figure 2. At the last stage of this process,
OSiHOH may also undergo isomerization to HOSiOH and
further to H+ OSiOH as well (reaction 21 in Table 4). In this
reaction route, once produced,c-OSiH2O undergoes consecutive
unimolecular processes to finally yield H+ OSiOH. The energy
sum of OSiOH+ 2H is 6.69 kcal/mol higher than that of
c-OSiH2O+ H, but is still 18.80 kcal/mol lower than that of
the original reactants, SiH3 + O2. Therefore, the whole process
from SiH3 + O2 to OSiOH+ 2H may proceed at a significant
rate even at room temperature. In this case, we obtain two active

radicals 2H starting from one SiH3, which certainly makes a
chain-branching process.
(ii) Reactions with Water Vapor. According to Hartman

et al., there are several sets of explosion limits data for silane-
oxygen system, which are quite divergent.8 They have sug-
gested that the divergence is due to the effect of water vapor;
some of the data are suffering from the effect of water vapor
and others are not. In this connection, reactions of water vapor
with the major intermediates in silane oxidation are of much
interest.
If the SiH3 radical can easily react with water vapor, the effect

of the reaction on the ignition behavior could be significant.

Figure 1. Geometrical configurations of the transition states of various elementary reactions relevant to low-temperature silane oxidation optimized
at the level of MP2)FULL/6-31G(d).
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Calculation shows, however, that the activation energy for the
reaction is 33.72 kcal/mol (reaction 1 in Table 4), which is fairly
large.
On the other hand, according to the energy diagram reported

by Darling and Schlegel,18 SiH2O is one of the major products
from the SiH3 + O2 reaction. In fact, the branching ratio for
its production has been reported to be about 25%.16 Nagase et

al.22 have calculated by the MP3/6-31G(d) method that SiH2O
reacts with H2O with no potential barrier to yield HOSiH2OH.
Figure 3 shows the G-2 energy diagram for the reaction between
SiH2O and a water molecule. The energy of HOSiH2OH is
66.54 kcal/mol lower than that of SiH2O + H2O (reaction 5 in
Table 4). In addition to this, SiH2O resulting from the SiH3 +
O2 reaction (exothermicity is 63.88 kcal/mol) is expected to have

TABLE 2: HF/6-31G(d) Calculated Vibrational Frequencies of Transition States

TABLE 3: Energies of Transition States

transition state (in au)

reaction MP2)FULL/6-31G(d) G-1 G-2
ZPE

(kcal/mol)
thermal
(kcal/mol)

(1) SiH3 + H2O) H2SiOH+ H2 -366.822 701 -367.047 093 -367.050 014 25.08 2.55
(2) SiOH) SiO+ H -364.507 956 -364.702 469 -364.700 008 2.10 1.93
(3) SiH2O) HSiOH -365.097 531 -365.289 499 -365.288 833 8.62 2.14
(4) SiH2O) H2 + SiO -365.047 888 -365.253 503 -365.253 051 8.19 2.00
(5) SiH2O+ H2O) HOSiH2OH -441.423 469 -441.731 174 -441.733 271 25.59 2.49
(6) SiH2O+ H2O) OSiHOH+ H2 -441.379 431 -441.692 657 -441.694 892 24.89 2.57
(7) HSiOH) H2 + SiO -365.113 941 -365.314 825 -365.313 986 8.90 1.89
(8) SiO2 + H2O) OSi (OH)2a -515.319 985 -515.714 525 -515.714 423 17.54 2.76
(9) H+ OSiOH) OSiO+ H2 -440.140 477 -440.463 913 -440.463 412 9.68 3.05
(10) HSiOOH) HSiO+ OH -440.087 867 -440.403 295 -440.402 380 11.52 3.20
(11) HSiOOH) OSiHOH -440.086 776 -440.383 493 -440.382 299 13.87 2.32
(12) HSiOOH+ H ) SiOOH+ H2 -440.612 521 -440.921 834 -440.921 648 15.75 3.19
(13) HSiOOH+ H2O) HSiOH+ H2O2 -516.326 388 -516.737 581 -516.738 949 28.59 3.57
(14) HSiOOH+ H2O) HOSiOH+ H2O -516.305 541 -516.731 092 -516.732 177 28.80 3.24
(15) HSiOOH+ H2O) HOSiOOHb + H2 -516.305 770 -516.726 345 -516.727 535 27.46 3.80
(16)c-OSiH2O) HSiOOH -440.070 128 -440.365 475 -440.363 337 11.92 2.25
(17)c-OSiH2O+ H ) OSiH2OH -440.632 451 -440.956 193 -440.955 754 14.65 2.77
(18) OSiHOH) HOSiOH -440.214 824 -440.511 207 -440.510 871 13.02 2.73
(19) OSiHOH) SiO+ H2O -440.192 595 -440.485 561 -440.484 946 12.94 2.59
(20) HOSiOH) SiO+ H2O -440.250 717 -440.541 268 -440.540 455 14.48 2.30
(21) HOSiOH) H + OSiOH -440.131 790 -440.463 716 -440.462 969 11.13 2.63
(22) HOSiOH+ H ) OSiOH+ H2 -440.761 410 -441.083 299 -441.083 284 15.00 3.05
(23) H3SiOO) c-OSiH2O+ H -440.642 078 -440.957 113 -440.956 821 15.17 2.71
(24) H2SiOOH) H + HSiOOH -440.619 340 -440.918 690 -440.918 024 14.68 3.61
(25) OSiH2OH) H + OSiHOH -440.788 457 -441.100 796 -441.102 525 17.18 2.56
(26) HOSiHOH) H + HOSiOH -440.805 658 -441.105 877 -441.106 163 17.16 3.50
(27) HOSiHOH+ H ) HOSiOH+ H2 -441.312 773 -441.678 715 -441.680 762 21.32 3.87
(28) HOSiH2OH) H2 + HOSiOH -441.359 441 -441.688 830 -441.690 377 24.71 2.98
(29) HOSiOOHb ) OSiOH+ OH -515.199 901 -515.606 074 -515.604 796 17.76 3.10

aEnergy of OSi(OH)2 is obtained as-515.402 121 (MP2)FULL/6-31G(d)),-515.796 958(G-1), and-515.797 529(G-2).bEnergy of HOSiOOH
is obtained as-515.247 525 (MP2)FULL/6-31G(d)),-515.641 408 (G-1), and-515.639 779 (G-2).
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a large amount of excess energy. Therefore, if it can react with
H2O before it loses the excess energy through collisions with
other molecules (though this is difficult at the ordinary pressure),
the resulting HOSiH2OH should have considerable excess
energy, e.g. as much as 100 kcal/mol or more. In that case,
the molecule may readily release a hydrogen atom to yield
HOSiHOH+ H, giving an additional active carrier. The barrier

of this reaction has been found to be no more than the energy
difference itself. HOSiH2OH can also release a hydrogen
molecule to give H2 + HOSiOH (reaction 28 in Table 4). In
this case, the barrier height is 79.20 kcal/mol, and the energy
difference between reactants and products is 29.56 kcal/mol.
HOSiHOH can also release a hydrogen atom with barrier height
no more than the energy difference (reaction

TABLE 4: Transition States, Energy Differences, and Activation Energies at 298 K (in kcal/mol)a

transition state activation energy

reaction from reactants from products energy difference this work ref 23b ref 24c

(1) SiH3 + H2O) H2SiOH+ H2 33.72 49.36 -15.64 33.72
(2) SiOH) SiO+ H 38.52 9.70 28.82 38.52 40.2
(3) SiH2O) HSiOH(t)d 57.20 57.32 -0.12 57.20 52.8
(4) SiH2O) H2 + SiO 79.52 80.29 -0.77 79.52 79.4
(5) SiH2O+ H2O) HOSiH2OH -14.75 51.79 -66.54 0.00
(6) SiH2O+ H2O) OSiHOH+ H2 9.41 39.52 -30.11 9.41 3.0
(7) HSiOH(c)d ) H2 + SiO 41.29 41.94 -0.65 41.29 37.2
(8) SiO2 + H2O) OSi(OH)2 -14.48 53.17 -67.65 0.00
(9) H+ OSiOH) OSiO+ H2 -6.81 39.64 -46.45 0.00
(10) HSiOOH) HSiO+ OH 9.95 -6.78 16.73 16.73
(11) HSiOOH) OSiHOH 21.67 132.51 -110.84 21.67
(12) HSiOOH+ H ) SiOOH+ H2 -3.04 26.77 -29.81 0.00
(13) HSiOOH+ H2O) HSiOH+ H2O2 5.70 3.81 1.89 5.70
(14) HSiOOH+ H2O) HOSiOH+ H2O 9.62 127.34 -117.72 9.62
(15) HSiOOH+ H2O) HOSiOOH+ H2 13.09 48.11 -35.02 13.09
(16)c-OSiH2O) HSiOOH 61.88 33.50 28.38 61.88
(17)c-OSiH2O+ H ) OSiH2OH 3.52 106.76 -103.24 3.52
(18) OSiHOH) HOSiOH 52.24 59.12 -6.88 52.24 51.2 51.6
(19) OSiHOH) SiO+ H2O 68.36 39.04 29.32 68.36 66.9 67.6
(20) HOSiOH) SiO+ H2O 40.12 3.92 36.20 40.12 37.2 39.7
(21) HOSiOH) H + OSiOH 89.08 -6.95 96.03 96.03
(22) HOSiOH+ H ) OSiOH+ H2 13.11 21.77 -8.66 13.11
(23) H3SiOO) c-OSiH2O+ H 28.93 2.79 26.14 28.93 31.5
(24) H2SiOOH) H + HSiOOH 50.45 -0.35 50.80 50.80
(25) OSiH2OH) H + OSiHOH 14.45 -6.34 20.79 20.79
(26) HOSiHOH) H + HOSiOH 37.43 -0.80 38.23 38.23
(27) HOSiHOH+ H ) HOSiOH+ H2 -9.90 56.56 -66.46 0.00
(28) HOSiH2OH) H2 + HOSiOH 79.20 49.64 29.56 79.20
(29) HOSiOOH) OSiOH+ OH 21.52 -5.77 27.29 27.29

aGaussian-2 energies of moleculer species are either calculated in this study or from ref 17. The thermal corrections to the energies are based
on the HF/6-31G(d) frequencies multiplied by a factor of 0.893, or on the MP2)FULL/6-31G(d) frequencies multiplied by 0.927.bCalculated with
BAC-MP4 at MP4/6-311G(2df,p)//MP2/6-31G(d).cCalculated with the Gaussian-2(MP2) method.d (t) means trans-form and (c) means cis-form.

Figure 2. Energy diagram for the main route of SiH3 + O2 reaction calculated at the level of Gaussian-2 theory. The energy of the transition state
betweenc-OSiH2O and OSiHOH is due to the CASSCF(6,6)/6-31G(d) method.24
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26 in Table 4). For the reaction of this molecule with a
hydrogen atom to yield H2 + HOSiOH, there is no energy
barrier at all (reaction 27 in Table 4).
Figure 3 also shows that SiH2O can react with H2O in another

way: SiH2O + H2O ) OSiHOH+ H2. The activation energy
is calculated to be 9.41 kcal/mol (reaction 6 in Table 4). In
this case, there is no chance to yield an additional active carrier,
but it will probably produce SiO+ H2O via HOSiOH.
Another interesting reaction of H2O is the one with HSiOOH

(reactions 13, 14, and 15 in Table 4). As seen in Figure 1, the
oxygen atom in the water molecule tends to attack the Si atom
in the other molecule. At the same time, a hydrogen atom in
the water molecule attacks one of the neighboring atoms of the
Si atom. In the reaction of HSiOOH+ H2O ) HOSiOH +
H2O, a hydrogen atom in the water molecule attacks the oxygen
atom next to the one adjacent to the silicon atom in HSiOOH.
Since the energy difference between the reactant and product
is very large (117.72 kcal/mol), the resulting HOSiOH may
readily release a hydrogen atom to yield H+ OSiOH. The
total energy difference of the reaction, HSiOOH+ H2O ) H
+ OSiOH+ H2O, is 21.69 kcal/mol. The barrier height of the
former process is calculated to be 9.62 kcal/mol (reaction 14 in
Table 4), while that of the latter is just the energy difference.
Therefore, the effective barrier height for this process is also
9.62 kcal/mol.
As for reaction HSiOOH+ H2O ) H2 + HOSiOOH, the

barrier height has been calculated to be 13.09 kcal/mol (reaction
15 in Table 4). HOSiOOH can undergo self-decomposition,
yielding OSiOH+ OH. The barrier height for this reaction is
also just the energy difference between the reactant and products,
which is calculated to be 27.29 kcal/mol (reaction 29 in Table
4). In this case, the total energy difference of the reaction,
HSiOOH+ H2O ) H2 + OSiOH+ OH, is calculated to be
-7.73 kcal/mol, while the barrier height 13.09 kcal/mol.
For the reaction of HSiOOH+ H2O ) HSiOH+ H2O2, the

energy difference is calculated to be 1.89 kcal/mol and the
barrier height to be 5.70 kcal/mol (reaction 13 in Table 4).
One more interesting reaction of water vapor is the one with

SiO: SiO+ H2O ) HOSiOH. The reverse of this reaction
(reaction 20 in Table 4) has already been mentioned in the last
stage of the reaction route from SiH3 + O2 to H+ SiO+ H2O.
It should be noted that the barrier height of this reaction is

calculated to be only 3.92 kcal/mol and the energy difference
-36.20 kcal/mol. Therefore, this reaction can proceed at a
significant rate even at room temperature. On the other hand,
it is interesting that SiO2(g) can react with water vapor to give
OSi(OH)2 with no barrier at all (reaction 8 in Table 4).
(iii) Other Reactions. As shown in Tables 3 and 4, the

energetics of isomerization reactions of SiH2O have been re-
evaluated by using Gaussian-2 theory. The barrier for the
isomerization to yield HSiOH is calculated to be 57.20 kcal/
mol (reaction 3 in Table 4), while the one to yield H2 + SiO is
79.52 kcal/mol (reaction 4 in Table 4). On the other hand, the
barrier for self-decomposition of HSiOH to give H2 + SiO is
41.29 kcal/mol (reaction 7 in Table 4).
As the main carrier in the low-temperature oxidation of silane,

reactions of hydrogen atoms are very imporatnt, and many of
them have already been mentioned above. In addition to these,
the activation energies of a few other reactions of hydrogen
atoms have been calculated. The activation energy of the H
reaction with HSiOOH is zero, and the energy difference
between the reactants and products is 29.81 kcal/mol (reaction
12 in Table 4). The activation energy of the reaction with
HOSiOH is 13.11 kcal/mol (reaction 22 in Table 4), and that
for the reaction with SiO is 9.70 kcal/mol (the reverse of reaction
2 in Table 4).

Conclusion

Ab initio MO calculations have been carried out for a number
of elementary reactions relevant to low-temperature silane
oxidation by using Gaussian-2 theory. Investigation of the
chain-branching process for the spontaneous ignition of silane
has revealed a possibility that a series of reactions starting from
SiH3 + O2 to give OSiOH+ 2H are responsible for the charac-
teristic phenomenon. In this reaction scheme, the production
of c-OSiH2O and its isomerization to yield OSiHOH, followed
by self-decomposition to H+ OSiOH, is of particular impor-
tance.
In silane combustion, there are a number of radical species

that can easily react with water vapor which either exists in the
air or is produced in the combustion reaction. Energetic
calculations have been made for reactions with such molecules
as H2SiO, HSiOOH, and SiO. Also, it should be realized that

Figure 3. Energy diagram for the SiH2O + H2O reaction calculated at the level of Gaussian-2 theory.
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the hydrogen atom is a predominant chain carrier in the low-
temperature silane combustion. Energetics of the hydrogen
reactions of major radical species in silane combustion have
been calculated.
The data obtained in the present study will be useful for

complete understanding of the details of low-temperature silane
combustion phenomenon.
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