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Abstract The association reaction between silyl radical

(SiH3) and H2O2 has been studied in detail using high-

level composite ab initio CBS-QB3 and G4MP2 methods.

The global hybrid meta-GGA M06 and M06-2X density

functionals in conjunction with 6-311??G(d,p) basis set

have also been applied. To understand the kinetics, vari-

ational transition-state theory calculation is performed on

the first association step, and successive unimolecular

reactions are subjected to Rice–Ramsperger–Kassel–Mar-

cus calculations to predict the reaction rate constants and

product branching ratios. The bimolecular rate constant for

SiH3–H2O2 association in the temperature range

250–600 K, k(T) = 6.89 9 10-13T-0.163exp(-0.22/RT)

cm3 molecule-1 s-1 agrees well with the current literature.

The OH production channel, which was experimentally

found to be a minor one, is confirmed by the rate constants

and branching ratios. Also, the correlation between our

theoretical work and experimental literature is established.

The production of SiO via secondary reactions is calcu-

lated to be one of the major reaction channels from highly

stabilized adducts. The H-loss pathway, i.e.,

SiH2(OH)2 ? H, is the major decomposition channel fol-

lowed by secondary dissociation leading to SiO.

Keywords Silyl radical � Composite ab initio methods �
Bimolecular association reaction � VTST � Unimolecular

reactions � RRKM � Product branching ratios � Major

product channel

1 Introduction

A great deal of effort has been directed toward under-

standing the mechanism and kinetics of gaseous silicon

hydride oxidation chemistry for decades. It is widely

agreed that understanding the oxidation mechanism of

gaseous silicon hydride is crucial due to the pyrophoric

nature of silane as well as in regard to its relevance in

chemical vapor deposition (CVD) of silicon oxide (SiO/

SiO2) films in microelectronics industry [1–5], silane

combustion, and explosions [6–22]. Silyl radical (SiH3) is

considered to be the dominant species among the other

mono-silicon radicals (SiHn, n \ 3) to be generated [1, 23–

26] during the primary steps of silane decomposition/

combustion and also the most abundant radical responsible

for the deposition of high-quality amorphous hydrogenated

silicon (a-Si:H) thin films [2, 23–25]. Therefore, a signif-

icant number of mechanistic and kinetic studies have been

carried out for the reaction of this radical with a wide range
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of species. Krasnoperov et al. [27] reported the gas-phase

rate constant for silyl radical for the first time in 1984, but

it was not a satisfactory attempt and thus further investi-

gation is required. Until the pioneering work of Yamada

and Hirota in 1986 [28], the direct gas-phase kinetics

studies of SiH3 reactions were seriously hindered. Several

experimental and theoretical studies thereafter were con-

ducted to have a comprehensive understanding of the

complex chemical processes, often economically impor-

tant, associated with the reactions of SiH3 with O2 [29–37],

NO [30, 38, 39], NO2 [30, 32], SiH3 [26, 38, 40, 41], HBr

[42], and some unsaturated hydrocarbons [41]. Recently,

Raghunath et al. [43] have extensively investigated the gas-

phase mechanism and kinetics of reactions of SiH3 with

SiH4 and its higher analogue, SimH2m?2 (m = 1–4), with

the aid of ab initio and transition-state theory (TST). The

reactions of SiH3 radical are therefore of considerable

interest to the researchers.

In the present work, we have elucidated the detailed

mechanism and kinetics of much debated gaseous silicon

hydride oxidation reaction, taking H2O2 as an oxidant,

employing density functional theory, high-level composite

methods, and theoretical kinetics techniques. Though there

are numerous studies, both experimental and theoretical,

for the reaction of SiH3 with O2 as an oxidant, the role of

H2O2 as a possible oxidant is relatively ignored. To the best

of our knowledge, there is only one experimental investi-

gation available for the reaction of SiH3 with H2O2 in

which Meyer et al. [44] have performed a direct mea-

surement of the kinetics, thereby predicting the total rate

constant of the title reaction for the first time. Roland et al.

[45] roughly estimated the rate constant for the

SiH3 ? H2O2 reaction using an elementary model called

independent sheet simulation of photochemical vapor

deposition. But there is no theoretical or computational

attempt made so far to explore the reaction of SiH3 with

H2O2. As an oxidative agent, H2O2 is superior to O2, as the

oxidizing capacity of the former is much higher than the

later [46]. Furthermore, it has been observed that in the

presence of H2O2, depletion of SiH4 is essentially complete

[45] and the use of H2O2 accelerates the rate of deposition

of silicon oxide significantly compared to O2 [46]. There-

fore, in view of the importance of the SiH3 ? H2O2 reac-

tion for industrial benefit and paucity of experimental and

theoretical explorations, careful investigation is necessary

in order to understand and accurately model the title

reaction and hence the present effort.

The reaction of SiH3 with H2O2 has three possible

product channels as postulated by Meyer and Hershberger

in their time-resolved infrared diode laser absorption

spectroscopic study.

SiH3 þ H2O2 ! SiH2Oþ OH þ H2 R1

! SiH4 þ HO2 R2

! SiH3Oþ H2O R3

But in conclusion, they could not be able to identify the

major product channel which still remains a mystery. They

also concluded through a branching ratio analysis that the OH

producing channel is ‘‘less important’’ than it was believed to

be. Their conclusion finds support from the work of Roland

et al. [45] where they speculated from the decreasing trend of

the ratio of the calculated to the experimental deposition rates

that a more oxidized silicon species (SiOxHy) is responsible

for the film deposition rather than SiH2O.

The objective of our present study is to explore the

complete reaction features theoretically, providing more

strong support to the ‘‘less important’’ OH production

channel and to search for the existence of any unidentified

lower energy reaction channel(s) leading to SiO/SiO2

production. So, this article is aimed at correlating our

theoretical results with the available experimental findings

in order to solve the mystery of the major product channels.

We explored the total potential energy surface (PES) for

the title reaction using high-level composite methods like

CBS-QB3 and G4MP2. As there are a few experimentally

obtained heats of formation values for the species involved

in the reaction, which are essential for kinetic modeling, we

report here the CBS-QB3 and G4MP2 heats of formation

values for all the species, which, we believe, would enrich

the existing literature. The total rate constant for the

SiH3 ? H2O2 association reaction is evaluated using vari-

ational transition-state theory (VTST). Additionally, we

performed Rice–Ramsperger–Kassel–Marcus (RRKM)

master equation simulation to obtain channel-specific rate

constants resulting from the decomposition of primary

higher energy adducts. A branching ratio analysis is also

performed to identify the major decomposition channels.

2 Computational details

Equilibrium structures of the reactants, products, interme-

diates, and transition states associated with several pro-

cesses on PES have been optimized employing density

functional theory (DFT) with global hybrid meta-GGA

M06 [47] and M06-2X [47] density functionals in con-

junction with the triple-f quality 6-311??G(d,p) [49] basis

set with polarization, and diffusion functions on all atoms.

The M06 family of local (M06-L) and hybrid (M06, M06-

2X) meta-GGA functionals, developed by Zhao and

Truhlar, show promising performance for neutral and rad-

ical isomerization/dissociation reaction dynamics. A high
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percentage of HF exchange is incorporated with the M06

and M06-2X hybrid meta-DFT methods. Both the func-

tionals considered here are reported to produce excellent

results for reaction kinetics. The G4MP2 [50] and CBS-

QB3 [51] composite methods are used to obtain more

reliable energies of the species, which can be utilized to

calculate thermodynamic parameters very accurately. The

G4MP2 and CBS-QB3 methods also show a good com-

promise between computational cost and accuracy. The

CBS-QB3 method uses B3LYP/CBSB7 geometries and

vibrational frequencies with appropriate scaling for accu-

rate single-point energy calculations. The frequencies used

in CBS-QB3 method are scaled by a factor of 0.99. The

G4MP2 method uses geometry optimized at the B3LYP/6-

31G(2df,p) level. The zero-point vibrational energy is

obtained from vibrational frequency calculation at the same

level and the frequencies are scaled by a factor of 0.9854.

The potential energy surfaces for the title reaction are

constructed using the G4MP2 relative energies, and to

analyze the PES and reaction energetics, G4MP2 energies

in kcal/mol are used throughout. The connecting first-order

saddle points that are the transition states between the

equilibrium geometries are obtained using synchronous

transit-guided quasi-Newton (STQN) method. Normal-

mode analysis has been carried out at the same level of

theories for equilibrium as well as transition-state geome-

tries, which are characterized as minima (number of

imaginary frequencies NIMAG = 0) or as a transition state

(NIMAG = 1). The intrinsic reaction coordinate (IRC)

[52, 53] calculations are carried out to validate all con-

nections between transition states and local minima. Min-

imum energy pathways (MEP) for the association of SiH3

with H2O2 is calculated using relaxed potential energy scan

by varying the O(H2O2)–Si(SiH3) distance at the

B2PLYPD [48]/6-311??G(d,p) level of theory. All elec-

tronic structure calculations are performed with Gaussian

09 suite of quantum chemistry program [54].

The enthalpies of formation at 298 K (DfH298�) for all

the species involved in the title reaction are calculated

through the atomization scheme [55] using CBS-QB3 as

well as G4MP2 electronic energies. For this purpose, we

have used the literature values of DfH298� for Si

(107.55 kcal/mol), H (52.10 kcal/mol), and O (59.56 kcal/

mol) [56]. Standard entropies (S�) and heat capacities (Cv)

are also evaluated using M06-2X/6-311??G (d,p) energy

values at 298 K for all species and transition states.

Variational transition-state theory (VTST) has been

employed to compute the rate constants for the barrier-less

SiH3 ? H2O2 association reaction. The VTST allows us to

account for the temperature effects on the reaction rates

better than the conventional transition-state theory (CTST),

as it considers the variation of transition states with tem-

perature on the Gibbs free-energy hypersurface. In VTST

approach, the structure-dependent rate coefficients are

calculated for different transition-state structures using the

transition-state theory (TST) as implemented in the

TheRate program [57]. The rate constants are minimized as

a function of position along the minimum energy path

(MEP) to get the variational rate constant at each temper-

ature. All investigated structures on the MEP contain a

single imaginary frequency with the mode vibration cor-

responding to the motion along the bond-breaking coordi-

nate. This particular approach was successfully employed

for a number of barrier-less reactions [58–60].

Apparent rate parameters for the unimolecular decom-

position and isomerization of the chemically activated spe-

cies in the SiH3 ? H2O2 reaction mechanism are determined

using the RRKM [61–64] theory with a time-dependent

solution of the master equation, as implemented in the

ChemRate code [65]. An exponential down model is used for

collision energy transfer with \DEdown[ = 200 cm-1

(0.6 kcal mol-1), where SF6 is used as a buffer gas. For the

reactions that predominantly involve an intramolecular

hydrogen shift, rate constants are corrected for quantum

mechanical tunneling using Eckart’s tunneling correction

[66]. We have calculated the barrier width (in amu0.5 Å)

along the reaction coordinate by fitting the IRC curves with

one-dimensional Eckart’s potential V(x).

VðxÞ ¼ eu

1þ eu
Aþ B

1þ eu

� �

where u = 2px/l, A = E1 - E-1, and B = E1
1/2 ? E-1

1/2.

x is a coordinate along the reaction path, l is a parameter

determining the width of the barrier, and the constants E1

and E-1 represent the barrier heights relative to the reac-

tants and products, respectively. The hindered rotation

barriers, as found in some of the species due to O–O, O–Si,

O–H rotations, are calculated from a relaxed potential

energy surface scan at M062X/6-311 ??G(d,p) level of

theory and are used in RRKM calculations. ChemRate

determines moments of inertia for internal rotors based

upon molecular structure and connectivity, and these are

subsequently employed in evaluating the contribution of

the internal rotor to the partition function of the molecule.

The calculated rate constants at different pressures are fit-

ted to a modified form of the Arrhenius expression k = A

Tn exp(-Ea/RT), and the Arrhenius parameters A, n, and Ea

are calculated for all reaction channels.

3 Results and discussions

3.1 Reaction mechanism

Optimized electronic structures for all the reactants, inter-

mediates, transition states (TS), and products are depicted in
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Fig. 1 Optimized geometries

with geometrical parameters

calculated at the M06-2X/6-

311 ??G(d,p) level for the

species involved in the title

reaction
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Fig. 1 with their optimized geometrical parameters at M06-

2X/6-311 ??G (d,p) level of theory. The global potential

energy surfaces (PES) are constructed using the zero-point-

corrected relative energies calculated at G4MP2 level of

theory. The suitability of these formalisms to treat the

present reaction systems has been assessed employing T1

diagnostic test, which is an approximate measure of mul-

tireference character in the wave function. It has been sug-

gested that a value in excess of 0.02 for the T1 diagnostic for

a closed-shell species indicates that the species in question

has significant multireference character [67]. In case of

open-shell species, it has been shown [68–73] that T1

diagnostic values up to *0.045 may be acceptable. In our

systems, the T1 diagnostic values for both open- and closed-

shell species especially in the TS and MEP calculations are

found to be well below the limiting value and expected not to

possess significant multireference character. So, the single-

reference methods can be applied reliably to characterize the

present reaction systems. An inspection of the\S2[values

of the systems also supports this conclusion.

For the sake of convenient presentation and discussion,

the total reaction PES is divided into three parts, PES-I,

PES-II, and PES-III, which are shown in Figs. 2, 3 and 4,

respectively. Unless otherwise stated, the systems with

even electrons are in the singlet states, and ones with odd

electrons are in the doublet states. For the current systems,

PES-I and II are in doublet surface, whereas PES-III is in

singlet surface. The total reaction pathway investigated in

the present study is shown in Scheme 1. The combined

potential energy surface is presented in Fig. S1 in the

supplementary material for further reference.

It should be noted here that the complete fragmentation

of each species on the PESs is shown in Table 1 and only

partial fragmentation is displayed in the Figures to main-

tain good clarity and readability. Hence, readers are sug-

gested to consult with Table 1 while studying the PESs in

the above-mentioned figures. For all PESs, relative ener-

gies are calculated with respect to SiH3 ? H2O2 (R)

reactant system and presented on PESs in kcal/mol. Ener-

gies at different theoretical levels for all species relative to

Fig. 2 G4MP2 potential energy surface for the title reaction (PES-I)
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R are collected in Table 1. The relative energies obtained

by density functional theory and composite methods are

found to be consistent. In the following discussions of

reaction mechanism, we have used G4MP2 relative ener-

gies and M06-2X/6-311 ??G(d,p) geometrical parame-

ters, unless otherwise mentioned.

3.2 PES-I, association reaction of SiH3 with H2O2

and consecutive unimolecular reactions

PES-I is presented in Fig. 2 along with the transition states

for each transformation. The association reaction,

SiH3 ? H2O2, proceeds through a nucleophilic attack of

the H2O2 at the Si center of SiH3 to form a pre-reaction

adduct, A1 (SiH3���H2O2). From an electronic view, the

formation of A1 takes place through an overlap of the lone

pair of one oxygen atom (from H2O2) on the vacant

d orbital of Si (from SiH3). The association reaction is

found to be barrier less, and formation of A1 is exothermic

by 1.88 kcal/mol. The weakly bound complex A1 holds

Si–O distance 3.04 Å, and there is no elongation of the O–

O distance (1.42 Å) in H2O2 on complexation. Now, A1

can rearrange and transform into A2 (SiH4���OOH) and A3

(SiH3OH���OH) through two different exothermic

pathways.

3.2.1 Rearrangement of A1 to SiH4���OOH (A2)

A1 can isomerize to a more stable isomer of SiH4���OOH

(A2) skeleton through an H-transfer transition state (TSA1–

A2) in which the movement of the transferring H-atom,

which is 1.29 and 1.65 Å away from O and Si atoms,

respectively, is responsible for the transition vector asso-

ciated with the imaginary frequency 1624i cm-1. The

complex A2 holds the Si–O distance 3.07 Å, which is

slightly larger than that we found in A1. A2 contains

maximum excess energy of 5.70 kcal/mol but its formation

has an energy barrier of 11.32 kcal/mol, which is

8.62 kcal/mol higher compared to the A3 (SiH3OH���OH)

formation. Therefore, A3 formation is expected to be

Fig. 3 G4MP2 potential energy surface for the title reaction (PES-II)
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Fig. 4 G4MP2 potential energy surface for the title reaction (PES-III)

Scheme for PES-I

Scheme for PES-II

Scheme for PES-III

Scheme 1 Total reaction

pathway presented in three

separate schemes
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Table 1 Relative energies

(kcal/mol) calculated at

different theoretical levels for

the species involved in the title

reaction

Species M06/6-311 ??G(d,p) M06-2X/6-311 ??G(d,p) CBS-QB3 G4MP2

PES-I

SiH3 ? H2O2 (R) 0.00 0.00 0.00 0.00

A1 -1.98 -2.19 -1.29 -1.88

A2 -7.99 -4.63 -5.25 -5.70

A3 -77.18 -75.13 -76.89 -78.51

I1 ? H2O -100.00 -100.91 -100.92 -102.20

I2 ? H -105.12 -105.12 -112.24 -114.48

P1 ? OH ? H2 -33.18 -31.59 -37.99 -39.66

P2 ? H2O -78.77 -74.83 -74.68 -75.80

P2a ? OH -72.25 -70.02 -73.15 -73.75

TSA1–A2 7.26 10.89 10.51 11.32

TSA1–A3 -0.60 2.88 1.73 2.70

TSA3–P1 -12.02 -8.30 -13.64 -13.41

TSA3–P2 -70.66 -65.01 -66.21 -65.55

TSA3–I1 -75.25 -70.75 -72.78 -73.56

TSA3–I2 -74.80 -69.59 -73.43 -74.62

PES-II

I1 ? H2O -100.00 -100.91 -100.92 -102.20

I3 ? H2 ? H2O -58.87 -57.96 -67.64 -68.91

P1 ? H2O ? H -41.93 -37.43 -45.67 -47.59

I5 ? H2 ? H2O -70.39 -72.89 -75.09 -77.42

P3 ? H2 ? H2O ? H -37.67 -38.28 -47.19 -48.71

P3 ? H ? H2 ? H2O -40.05 -40.02 -47.23 -50.35

TSI1–I3 ? H2O -34.73 -32.22 -39.08 -40.00

TSI3-I4 ? H2 ? H2O -30.10 -36.27 -42.59 -44.76

TSI4–P3 ? H2 ? H2O -31.39 -31.33 -36.90 -39.85

TSI3–P3 ? H2 ? H2O -38.98 -39.18 -47.24 -50.35

TSI1–P1 ? H2O -36.79 -32.80 -40.57 -42.55

TSP1–P3 ? H2O ? H 38.81 44.26 33.98 32.26

TSI1–I5 ? H2O -49.09 -47.85 -50.64 -52.17

PES-III

I2 ? H -105.12 -105.12 -112.24 -114.48

I6 ? H2O ? H -51.15 -50.10 -49.71 -50.89

I7 ? H2O ? H -43.48 -42.27 -44.58 -46.05

P1 ? H2O ? H -41.93 -37.43 -45.67 -47.59

I8 ? H2 ? H -73.74 -78.48 -82.82 -84.41

P3 ? H2O ? H2 ? H -46.89 -47.14 -51.21 -51.82

P4 ? H2 ? H2 ? H -20.64 -18.82 -34.76 -35.23

P3 ? H2 ? H2O ? H -37.67 -38.28 -47.19 -48.71

TSI2–I6 ? H -26.65 -26.19 -28.79 -29.82

TSI6–P3 ? H2O ? H -0.47 1.44 -3.99 -5.07

TSI6–I7 ? H2O ? H -37.25 -35.77 -36.84 -38.43

TSI7–P1 ? H2O ? H 16.03 20.85 11.56 10.09

TSP1–P3 ? H2O ? H 38.81 44.26 33.98 32.26

TSI2–I8 ? H -26.13 -25.09 -33.03 -34.72

TSI8–P3 ? H2 ? H -36.93 -38.93 -42.54 -43.76

TSI8–P4 ? H2 ? H 31.16 35.82 16.91 14.55
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exclusive and we have explored all possible chan-

nel(s) originating from A3.

3.2.2 Rearrangement of A1 to SiH3OH���OH (A3)

A1 can isomerize in a different way to form another

complex A3 (SiH3OH���OH) which contains maximum

excess energy of 78.51 kcal/mol. The formation of A3 is

extremely exothermic by 76.63 kcal/mol (relative to A1),

which is about 73 kcal/mol more exothermic than that of

A2. The formation of A3 involves the rupture of the O–O

bond and simultaneous formation of the Si–O bond through

a transition state, TSA1–A3, which is 2.70 kcal/mol above

the reactants, R. In TSA1–A3, the Si–O distance is shortened

by 0.76 Å and the O–O distance is elongated by 0.11 Å

relative to the primary complex, A1. A3 formed in this way

holds a Si–O distance of 1.68 Å. Now, from thermody-

namic as well as kinetic point of views, we can easily

discard the A2 formation pathway compared to A3 for-

mation. Since A3 has an excess energy of 78.51 kcal/mol,

it can enter into further irreversible unimolecular decom-

position reactions leading to various products and high-

energy intermediates. Following the proposal of Meyer

et al. [44], we first try to explore the SiH2O and SiH3O

formation pathways, because the SiH4 formation pathway

is ruled out from energetic and kinetic considerations.

3.2.3 A3 to SiH2O (P1)

SiH2O (P1) can be produced through a H2 elimination

mechanism from A3 through TSA3–P1 with an energy

barrier of 65.10 kcal/mol. The formation of SiH2O is a H2

elimination pathway, and the corresponding TS having an

imaginary frequency of 1621i is associated with the tran-

sition vectors dominated by the motions of the dissociating

H-atoms. The OH radical is also formed along with SiH2O

and H2 through this pathway. The conversion of A3 to

SiH2O is highly endothermic by 38.85 kcal/mol, making

this pathway energetically unfavorable compared to other

parallel channels from A3. The high activation energy,

65.10 kcal/mol (relative to A3), further prevents the for-

mation of SiH2O along with H2 and OH compared to other

products. Therefore, among several possibilities of uni-

molecular decomposition pathways from the primary

complex, A3, the OH formation pathway can be listed as a

minor product channel. This observation is consistent with

the experimental observation of Meyer et al., where the OH

formation was ruled out using product analysis.

3.2.4 A3 to SiH3O (P2)

Elimination of a water molecule from A3 leads to the

formation of SiH3O (P2) directly through an intramolecular

H-transfer reaction. The intramolecular H-transfer transi-

tion state, TSA3–P2, possesses 12.96 kcal/mol activation

barrier and makes this channel more favorable than SiH2O

(P1) formation channel. This water elimination channel is

still endothermic by 2.71 kcal/mol, which is much lower

than that of the former channel. It may be noted here that

the Si–O distance (1.68 Å) does not change along the water

elimination pathway.

3.2.5 A3 to SiH3OH (P2a)

In addition to the four different decomposition channels,

A3 can also decompose directly to give SiH3OH (P2a) and

OH, which occurs through barrier-less process with an

endothermicity of 4.76 kcal/mol above A3. This direct

decomposition channel is calculated to be highly exother-

mic by 73.75 kcal/mol relative to the reactant R, but high

exothermicity of SiH2OH (I1) and SiH2(OH)2 (I2) forma-

tion channels are expected to diminish the formation of

P2a and therefore OH.

3.2.6 A3 to SiH2OH (I1)

Here, we evaluate a water elimination pathway from A3,

which leads to the formation of SiH2OH (I1). The water

elimination mechanism featuring H-abstraction from Si–H

bond by OH is found to be operative during the formation

of I1 from A3 through TSA3–I1. This process is associated

with an activation barrier of only 4.95 kcal/mol, which is

significantly lower than the pathways discussed above and

therefore kinetically favored. The ejection of H from Si

center is favored due to the lower bond strength of the Si–H

bond. TSA3–I1 possesses an imaginary frequency of

1003i due to the transition vector governed by the move-

ment of the transferring H-atom. The transferring H-atom

is equidistant (1.53 Å) from Si and O atoms in the TS. This

conversion is significantly exothermic by 23.69 kcal/mol,

making it thermodynamically favored over the above two

pathways. Therefore, our assumption toward the formation

of SiH2OH leads to a kinetically and energetically favor-

able decomposition channel from A3.

3.2.7 A3 to SiH2(OH)2 (I2)

We also paid our major attention to the formation of

SiH2(OH)2 (I2) from A3 through a single pathway with

loss of hydrogen. The reaction is found to pass through a

transition state, TSA3–I2, in which the dissociating H-atom

is 1.51 Å
´

away from Si atom. The conversion of A3 to

SiH2(OH)2 (I2) has a barrier height of only 3.89 kcal/mol,

which is comparable with the previous SiH2OH (I1) for-

mation channel. The small barrier and exothermicity of

35.97 kcal/mol make the channel favorable. We identify
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the I2 formation channel as the favored, kinetically as well

as thermodynamically, decomposition channel among all

channels from A3.

The first two pathways were proposed at the beginning

of experimental study [44] and attempts were made to

identify the OH radical which was reported to be a minor

product, which is supported by our findings also. We

modeled the I1 formation pathway following the work of

Tsang et al. and finally we propose the I2 formation

pathway which is reported for the first time. The I1 and I2

product channels are comparable from kinetic as well as

thermodynamic analysis and are the dominant among four

possible decomposition pathways. Therefore, we decided

to consider further these two channels because they have

potential for the formation of silicon oxide (SiO/SiO2)

leading to SiO/SiO2 deposition during CVD. The identifi-

cation of major product channel finds support from the

simulation study of Roland et al. [45], where they antici-

pated the presence of a more oxidized silicon species than

SiH2O as the important film precursor. This was also

supported by the ab initio study of Murakami et al. [36] and

Kondo et al. [34]. Additionally, they found the H-atom

producing channel to be dominant for a similar reaction

system SiH3 ? O2 rather than the OH producing one.

These observations support our results for the favorable

decomposition channel from A3 leading to I2.

3.3 PES-II, unimolecular reactions from SiH2OH (I1)

The possible unimolecular dissociations from SiH2OH (I1)

and consecutive reactions have been studied and are pre-

sented in PES-II (Fig. 3) along with the TSs for all trans-

formations. We locate three dissociation channels from I1,

all of them leading to the formation of Si–O through multi-

step hydride (H) or hydrogen (H2) elimination pathways.

First, we discuss the dissociations channels from I1.

3.3.1 SiH2OH(I1) to SiO via I3

I1 may get dissociated to I3 (HSiO) through a H2 elimi-

nation mechanism having barrier height of -40.00 kcal/

mol (relative to R). The H2 elimination TS, TSI1–I3,—

located for this conversion, is a four-member TS having the

cleaved H-atoms 1.75 and 1.45 Å away from the Si and O

atoms, respectively. The leaving H-atoms are perpendicu-

lar to the HSiO plane and the imaginary frequency asso-

ciated with the H-elimination is 1763i. I3 formed in this

way can isomerize to I4 (SiOH) via H-transfer TS, TSI3–I4,

over a barrier height (-44.76 kcal/mol relative to R)

smaller than the initial dissociation. TSI3–I4 is a triangular

TS with Si–H and O–H distances 1.62 and 1.37 Å,

respectively. I4 finally dissociates to SiO (P3) via hydride

elimination pathway which has a barrier height of

-39.85 kcal/mol (relative to R). The hydride elimination

TS, TSI4–P3, has an imaginary frequency of 1615i for

hydrogen movement. In parallel, I3 can also dissociate

directly via a hydride elimination pathway to form P3

through TSI3–P3with a barrier of height -50.35 kcal/mol

(relative to R), which is 5.59 kcal/mol lower than the

former (I3 ? I4 ? P3) consecutive pathway.

The formation of SiO from the unimolecular dissocia-

tion of I1 via I3 is calculated to be favorable, as the

associated barrier heights are lower compared to R. In

particular, I1 will prefer to dissociate to SiO via I3 through

a single-step hydride elimination pathway rather than a

two-step pathway.

3.3.2 SiH2OH (I1) to SiO via P1

I1 may convert to SiO through consecutive H and H2

elimination paths. In the first step, H-elimination from I1

leads to the formation of P1 (SiH2O) through TS, TSI1–P1,

with a barrier height of -42.55 kcal/mol (relative to R). P1

formed in this way possesses energy of -47.59 kcal/mol

relative to R. P1 may then lead to the formation of SiO via

H2 elimination through TS, TSP1–P3, which has energy of

32.26 kcal/mol (relative to R). The SiO formed in this way

involves barrier heights of -42.55 and ?32.26 kcal/mol,

between which the final step barrier is high and even higher

than the maximum excess energy of P1 (-47.59 kcal/mol).

This process does not seem to be energetically feasible and

the formation of SiO through this channel is not important.

3.3.3 SiH2OH (I1) to SiO via I5

In parallel to above-discussed channels, I1 may dissociate

to SiO through a direct H2 elimination pathway involving

the formation of I5 (SiOH (I4) ? H2). This dissociation

passes through TSI1–I5 with a barrier height of

-52.17 kcal/mol. The I5, in its H2 eliminated form (i.e.,

I4), connects the final product SiO through the aforemen-

tioned TS, TSI4–P3. This SiO formation pathway involves

lowest barrier height among three possible pathways

(I1 ? I3 ? P3, I1 ? P1 ? P3, and I1 ? I5 ? P3) and

dominates over the other favorable channel (SiO via I3).

In summary, the stable intermediate I1 can lead to the

formation of SiO through two possible channels

(I1 ? I3 ? P3 and I1 ? I5 ? P3) having accessible

energy (maximum excess energy for TSI1–I3 is

-40.00 kcal/mol and that for TSI1–I5 is -52.17 kcal/mol)

and therefore can be considered as a major product channel

from the SiH3 ? H2O2 association forming SiO, H2, and H.

Our observation for this major product channel is consis-

tent with an analogous oxidation reaction of SiH3

(SiH3 ? O2) [36].
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3.4 PES-III, unimolecular reactions from

SiH2(OH)2 (I2)

Now, we consider the possible unimolecular reactions

from the most stable reaction intermediate of

SiH3 ? H2O2, I2, which has a maximum excess energy of

-114.48 kcal/mol. The unimolecular reactions generated

from I2 have been monitored and presented in PES-III

(Fig. 4) along with the TSs for all transformations. Our

search for the pathways from I2 decomposition resulted in

two dissociation channels, each leading to the formation of

SiO. We have also calculated SiO2 formation from one of

the branched channels. Unimolecular H2O and H2 elimi-

nation reactions initiate the consecutive reactions toward

SiO/SiO2. We consider the dissociation cannels from I2 in

detail below.

3.4.1 SiH2(OH)2 (I2) to SiO via HSiOH (I6)

I2 may lose a water molecule through an intramolecular

H-atom transfer from Si to one O atom with concerted

rupture of the Si–O bond leading to the formation of I6

(HSiOH) ? H2O. The reaction passes through transition

state, TSI2–I6, involving a barrier height of -29.82 kcal/

mol [relative to R (the SiH3 ? H2O2 entrance channel)].

The TSI2–I6 is a three-member cyclic transition state in

which the moving H-atom is 1.64 and 1.26 Å away from

the Si and O atoms, respectively. The dissociating Si–O

distance increases from 1.65 to 1.88 Å and an imaginary

frequency of 1590i corresponds to the transition vector for

the hydrogen transfer. The cis-HSiOH formed in this way

can dissociate directly to SiO (P3) by the elimination of

molecular hydrogen via TS, TSI6–P3, over a barrier height

of -5.07 kcal/mol (relative to R). In parallel to this dis-

sociation via H2 elimination, I6 can undergo isomerization

to I7 (trans-HSiOH). This cis–trans isomerization has an

activation energy of 12.46 kcal/mol (relative to I6) and it

occurs through the TS, TSI6–I7. This trans isomer I7

(HSiOH) can undergo further rearrangement to form P1

(SiH2O) through 1,2 H-transfer via a cyclic TS, TSI7–P1,

with barrier height of 10.09 kcal/mol (relative to R).

Finally, the elimination of molecular hydrogen from P1

leads to the formation of SiO (P3) via TSP1–P3 having

activation barrier of 32.26 kcal/mol (relative to R). The

actual activation energy, 79.85 kcal/mol (relative to P1),

for this reaction process is consistent with the calculations

of Zachariah and Tsang [74]. The formation of SiO in this

pathway is clearly unfavorable due to the fact that the

barrier heights (10.09 and 32.26 kcal/mol) for the final step

are higher (at 298 K) than the maximum excess energy of

-50.89 kcal/mol of I6. Therefore, I2 can produce SiO

through a two-step consecutive pathway via I6.

3.4.2 SiH2(OH)2 (I2) to SiO/SiO2 via Si(OH)2 (I8)

Parallel to H2O elimination in the previous step, I2 can lose

one H2 through a more kinetically favorable pathway to

form I8 (Si(OH)2). The formation of I8 involves TSI2–I8

with barrier height of -34.72 kcal/mol (relative to R),

which is about 5 kcal/mol lower than the above parallel

dissociation through H2O elimination. In TSI2–I8, the

departing H-atoms are 1.50 and 1.75 Å away from the

associated Si atom, respectively, and the imaginary fre-

quency of 1465i accounts for the motions of the leaving

H-atoms. I8 formed in this way can dissociate via H2O and

H2 eliminations in parallel pathways. The direct elimina-

tion of one H2O from I8 leads to the formation of SiO (P3)

with a barrier height of -43.76 kcal/mol (relative to R).

The TS involved in this transformation (TSI8–P3) is a four-

member one with the moving H-atoms at 1.36 and 1.14 Å

from the O atoms, respectively, and the dissociating Si–O

distance is 1.95 Å. In parallel, a direct elimination of H2

from I8 produces SiO2 (P4) through the transition state,

TSI8–P4. This SiO2 formation step involves a barrier height

of 14.55 kcal/mol (relative to R). The formation of SiO2

from SiH2(OH)2 (I2) involves a barrier height, which is

larger than the maximum excess energy of Si(OH)2 (I8)

(-84.41 kcal/mol) and therefore unfavorable.

In summary, SiO can be produced from the stable

intermediate I2 of SiH3 ? H2O2 reaction through two

favorable channels, whereas the formation of SiO2 from I2

does not seem to be energetically favorable.

3.5 Thermochemistry

The present study demands the calculation of the important

thermochemical parameter, the standard enthalpies of for-

mation at 298 K (DfH298�), to understand the formation and

stability of all the reactant complexes, intermediates, and

products involved in the title reaction. The standard

enthalpies of formation at 298 K (DfH298�) are calculated

using the atomization scheme [55]. We have calculated

DfH298� accurately using CBS-QB3 and G4MP2 electronic

energies for all the species and the results are collected in

Table 2. Due to the lack of experimental DfH298� data for

most of the species involved in this study, the efficiencies

of the methods are tested by comparing the calculated

enthalpy of formation values with the existing literature for

SiH3, H2O2, SiH2O, SiH4, SiO2, HSiOH, and SiO and good

agreement is found for both of the selected methods (refer

to Table 2). Additionally, the DfH298� values for the tran-

sition states involved in the title reaction have also been

calculated. The calculated standard enthalpies of forma-

tion, presented in Table 2, are used for the kinetics calcu-

lation using the ChemRate program. Other thermochemical
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properties (S� and Cv) at 298 K are also calculated using

M06-2X/6-311 ??G (d,p) energy values for the reactants,

intermediates, products, and transition states and are pro-

vided in Table S2 in the supplementary material.

3.6 Kinetics

Theoretical determination of the total kinetics of the title

reaction is important in order to support the experimental

findings and also to provide better insight into the complete

reaction features. The initial step of bimolecular association

between SiH3 and H2O2 proceeds without any appreciable

barrier in the forward direction, and the kinetics of this process

therefore require special treatment. We have used variational

transition-state theory (VTST) to calculate this barrierless

association rate. At low temperatures where enthalpic con-

siderations dominate, the transition state will be loose, but at

higher temperatures entropic effects constitute a larger con-

tribution to the free energy of activation and we find a tighter

transition state. In view of the complex temperature depen-

dency due to its variational nature, we have evaluated the rate

parameters for the forward (association) reaction at each

transition-state structure as a function of temperature along the

minimum energy pathway (MEP) in order to identify the

variational transition state. The rate constants, k(T), are cal-

culated as a function of temperature from activation enthalpies

and entropies at each point along the MEP using canonical

transition-state theory and statistical mechanics (Eq. 1) in the

temperature range of 250–600 K.

kðTÞ ¼ rðkbT=hÞexp(DSz=RÞexp(� DHz=RTÞ ð1Þ

In Eq. 1, DS� is the activation entropy, DH� is the

activation enthalpy, kb is the Boltzmann constant, and h is

the Planck constant. Additionally, the apparent rate

constants for the unimolecular reactions of the

chemically activated species in the SiH3 ? H2O2 reaction

and the branching ratios are obtained using RRKM theory

with master equation treatment.

The calculated rate constants are fitted with the following

modified three-parameter form of the Arrhenius equation to

obtain the elementary rate parameters, A0, Ea, and n

kðTÞ ¼ A0Tnexp �Ea=RTð Þ ð2Þ

3.6.1 SiH3 ? H2O2 association kinetics

The association between SiH3 and H2O2 forming SiH3���H2O2

(A1) adduct does not exhibit a distinct transition state due to

the absence of a classical saddle point. The VTST calculations

are therefore performed to estimate the rate of SiH3 ? H2O2

association reaction. The minimum energy profile (MEP) for

the reaction is determined in order to apply the VTST for the

description of the kinetics of the SiH3 ? H2O2 association

reaction. The minimum energy profile for the association of

SiH3 with H2O2 along the association coordinate (Si–O)

forming the SiH3���H2O2 (A1) adduct has been constructed at

the B2PLYPD/6-311??G(d,p) level of theory and depicted

in Fig. 5. It is also evident from the MEP that the association

Table 2 Enthalpies of formation (DHf�, 298 K) at CBS-QB3 and

G4MP2 levels of theory

Species CBS-QB3 G4MP2 Expt.

SiH3 45.71 46.30 46.61 ± 1.4a

H2O2 -33.41 -31.19 -32.53b

HO2 2.24 3.38 0.50b

SiH4 5.38 7.10 8.2b

A1 11.24 13.42

A3 -65.53 -64.24

I1 -28.54 -27.76

I2 -151.89 -148.92

I3 5.11 5.72

I4 -1.80 -2.12

I6 -25.02 -24.33

I7 -25.02 -24.33 -36 ± 10c

P1 -26.13 -24.18 -36 ± 10c

I8 -120.47 -119.33

P2 -1.77 -0.87

P2a -69.83 -67.37

P3 -24.97 -24.51 -24.0b

P4 -69.48 -67.64 -73.0b

TSA1–A2 22.13 25.80

TSA1–A3 13.59 17.52

TSA3–P1 -2.10 0.81

TSA3–P2 -55.01 -51.53

TSA3–I1 -61.18 -59.13

TSA3–I2 -62.02 -60.27

TSI1–I3 31.15 32.40

TSI1–I5 19.77 20.41

TSI1–P1 30.25 30.45

TSI3–P3 26.52 25.44

TSI3–I4 30.62 30.48

TSI4–P3 36.47 35.54

TSI2–I8 -72.90 -71.78

TSI2–I6 -68.60 -66.85

TSI8–P4 -20.39 -20.09

TSI8–P3 -79.90 -78.48

TSI6–P3 15.44 16.53

TSI6–I7 -17.05 -16.59

TSI7–P1 31.38 32.04

TSP1–P3 53.59 54.02

a Ref. [75]
b Ref. [76]
c Ref. [77]
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reaction proceeds without a saddle point. The rate constants at

each contributing transition-state structures along the MEP

have been calculated as a function of temperature in the

temperature range of 250–600 K and are plotted in Fig. S2

in the supplementary material. The association reaction

is found to be controlled by a very loose transition-state

(Si–O = 5.09 Å) structure at 250 K, which is tightened to a

Si–O distance 4.94 Å at 600 K. All the variationally

computed rate constants are presented in Table S1 in the

supplementary material.

The Arrhenius fitted rate constants are presented in Fig. 6

along with the experimentally obtained ones for the associa-

tion reaction. The empirical rate parameters (A0, Ea, n) are

fitted to obtain the Arrhenius fitted rate constant for the

association reaction, according to standard least square pro-

cedure in k(T). The following Arrhenius rate expression for the

association part of the reaction is obtained after fitting the rate

constants in Eq. 2 where Ea is expressed in kcal mol-1.

kðTÞ ¼ 6:89� 10�13T�0:163 expð�0:22=RTÞ
cm3 molecule�1 s�1 ðour workÞ

Meyer et al., from their experimental study, obtained the

following rate expression in the temperature range 298–

573 K.

kðTÞ ¼ ð9:7� 1:8Þ � 10�12T0exp 0:63� 12ð Þ � 10�2=RT
� �

cm3 molecule�1 s�1 ðMeyer et al.Þ

The deviation of our calculated rate constants from the

experimentally obtained ones may be attributed to the large

uncertainty factor associated with the experimental

expression of Meyer et al.

3.7 Unimolecular reaction kinetics

The association adduct, A1, can undergo further isomeri-

zation and dissociation reactions. For the final product

formation, we have divided the total unimolecular reaction

kinetics study into two successive sections. The first sec-

tion describes the reactions from the primary adduct, A1,

and the second section describes the reactions from the

secondary adduct, A3 (refer to PES-I). The title reaction

occurs at a finite pressure (0.4 torr in H2O2) and the suc-

cessive unimolecular decompositions can well be at high-

pressure limit within the applied temperature window

(280–580 K). Therefore, high-pressure limit rate constants

are discussed in the following section. Table 3 shows the

Arrhenius rate parameters A0, n and Ea calculated at finite

and infinite pressures.

3.7.1 Unimolecular reactions from A1 (SiH3���H2O2)

From the reaction mechanism studies described in the

reaction mechanism section, the unimolecular reaction

channels from A1 can be summarized as

A1 �!TSA1�A2
A2ðSiH4 � � �OOHÞ

A1 �!TSA1�A3
A3ðSiH3OH � � �OHÞ

High-pressure limit rate constants for individual reaction

steps from primary complex are calculated as follows:

kðT ;PÞ ¼ 3:72� 1013T�0:56exp(� 13:13=RTÞ s�1

ðA1! A2Þ

kðT ;PÞ ¼ 8:47� 1008T1:46exp(� 3:81=RTÞ s�1

ðA1! A3Þ

Apparent rate parameters, A0, n, and Ea, for this

channel are calculated using a least square analysis on

Fig. 5 Relaxed potential energy surfaces for Si–OOH distance (in Å)

for the association between SiH3 and H2O2

Fig. 6 Comparison of experimental rate constants with variationally

computed Arrhenius fitted rate constants for the barrier-less

SiH3 ? H2O2 association reaction
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the corresponding rate constant and are displayed in

Table 3. The logarithms of Arrhenius fitted high-

pressure limit rate constants for primary (from A1)

unimolecular channels are plotted against inverse of

temperature in Fig. 7. At the lower temperature range,

rate falls off more rapidly for A2 formation rather than

A3 formation. Small variation is observed in the

formation rate for A3 within the investigated

temperature window 280–580 K.

3.7.2 Unimolecular reactions from A3 (SiH3OH���OH)

All unimolecular reactions from the secondary reaction

intermediate A3 can be summarized as follows:

A3 �!TSA3�P1
P1ðSiH2OÞ þ OHþ H2

A3 �!TSA3�P2
P2ðSiH3OÞ þ H2O

Table 3 Arrhenius parameters

at different pressures for

primary and secondary

unimolecular reactions

Reactions Pressure (torr) A (s-1) Ea (kcal mol-1) n

A1 ? A2 0.1 1.65 9 10-18 6.76 4.77

0.2 3.08 9 10-08 9.64 1.48

0.3 3.31 9 10-12 8.4 2.78

0.4 3.94 9 10-06 10.06 0.83

P ? ? 3.72 9 1013 13.13 -0.56

A1 ? A3 0.1 8.02 9 1009 2.11 -1.41

0.2 1.63 9 1010 2.12 -1.41

0.3 2.49 9 1010 2.12 -1.41

0.4 3.38 9 1010 2.13 -1.41

P ? ? 8.47 9 1008 3.81 1.46

A3 ? P1 ? OH ? H2 0.1 1.10 9 10-74 36.07 23.49

0.2 1.57 9 10-74 36.1 23.46

0.3 1.09 9 10-72 36.66 22.88

0.4 2.50 9 10-72 36.69 22.75

P ? ? 3.08 9 1012 65.81 -0.32

A3 ? P2 ? H2O 0.1 1.88 9 10-03 9.78 0.93

0.2 3.16 9 10-03 9.74 0.86

0.3 2.54 9 10-03 9.64 0.9

0.4 2.83 9 10-03 9.6 0.89

P ? ? 3.10 9 1009 11.97 1.61

A3 ? I1 ? H2O 0.1 1.24 9 1009 1.98 -1.26

0.2 1.33 9 1009 2.02 -1.19

0.3 1.24 9 1009 2.05 -1.14

0.4 1.15 9 1009 2.06 -1.11

P ? ? 4.28 9 1008 4.6 1.48

A3 ? I2 ? H 0.1 5.34 9 1009 2.35 -1.44

0.2 1.87 9 1010 2.37 -1.51

0.3 3.73 9 1010 2.38 -1.55

0.4 5.88 9 1010 2.4 -1.57

P ? ? 6.46 9 1008 3.84 1.2

Fig. 7 Arrhenius plot of the calculated high-pressure limit rate

constants for different reaction channels from A1
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A3 �!TSA3�I1
I1ðSiH2OHÞ þ H2O

A3 �!TSA3�I2
I2ðSiH2ðOHÞ2Þ þ H

The high-pressure limit rate constants for the individual

reaction steps in the above scheme are calculated to be

kðT ;PÞ ¼ 3:08� 1012T�0:32exp(� 65:81=RTÞ s�1

ðA3! P1(SiH2O)þ OHþ H2Þ

kðT ;PÞ ¼ 3:10� 1009T1:61exp(� 11:97=RTÞ s�1

ðA3! P2(SiH3O)þ H2OÞ

kðT ;PÞ ¼ 4:28� 1008T1:48exp(� 4:60=RTÞ s�1

ðA3! I1(SiH2OH)þ H2OÞ

kðT ;PÞ ¼ 6:46� 1008T1:2exp(� 3:84=RTÞ s�1

ðA3! I2(SiH2ðOH)2Þ þ HÞ

The Arrhenius rate parameters, A0, n, and Ea, for these

channels are calculated and are summarized in Table 3. The

logarithm of high-pressure limit rate constants is plotted

against inverse of temperature in Fig. 8. It is observed that

the formation of P2 has a comparable rate with I1 and I2

formation and the rate variation of which is not significant

within 280–580 K, whereas the formation rate for P1 varies

rapidly with temperature within the same temperature range.

3.8 Product branching ratios

Based on the calculated rate parameters, it is now our goal

to evaluate the product branching ratios for various uni-

molecular reaction channels from primary (A1) and sec-

ondary (A3) reaction intermediates for the major product

channels at 0.4 torr. No further attempt has been made in

the present study toward the kinetics evaluation of the

unimolecular reactions after A3, and therefore, the major

reaction channels are qualitatively explained with the help

of primary and secondary unimolecular branching ratios.

The isomerization of A1 to A3 has a very high

branching ratio (*1) over the isomerization of A1 to A2,

which is associated with negligible branching ratio

(2.26 9 10-17). Therefore, the isomerization to A3 is taken

as the exclusive channel from A1.

Among the four possible channels from A3, there are

two competitive channels yielding I1 and I2 through H2O-

loss and H-loss, respectively. The product branching ratios

for the two channels producing P1 (1.09 9 10-49) and P2

(8.58 9 10-14) are negligibly small compared to I1 (0.32)

and I2 (0.67) product channels. The rate constant for I1

channel is ten times lower than the competing I2 channel

near 300 K and at 0.4 torr. The temperature variations of

the product branching ratios for these two competing

channels are presented in Fig. 9. Therefore, primary uni-

molecular decomposition channel forming SiH3OH���OH

(A3) followed by SiH2OH (I1) and SiH2(OH)2 (I2), and

finally, SiO is associated with exclusively high branching

ratio. In contrast, the successive decomposition of A3 to

form OH (A3 ? SiH2O ? OH ? H2) is associated with

negligibly low branching ratio. Therefore, previous expla-

nation regarding major and minor product channels yield-

ing SiO and OH, respectively, runs parallel with the

branching ratio calculation as well.

4 Conclusions

In the present theoretical reaction mechanism study fol-

lowed by kinetics calculation, we have explored all the

Fig. 8 Arrhenius plot of the calculated high-pressure limit rate

constants for different reaction channels from A3
Fig. 9 Branching ratio for channels A3 ? I1 and A3 ? I2 at

0.4 torr
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features of major and minor production channels of the

elementary reactions of the SiH3 radical with H2O2 on its

doublet PES. The VTST calculations on the barrier-less

association followed by RRKM master equation calcula-

tion on the unimolecular reactions have been performed to

elucidate the experimental observation and also to justify

our prediction for a new major channel toward SiO pro-

duction. The barrier-less association between SiH3 and

H2O2 gives rise to the adduct A1 through which the

occurrence of one previously assumed channel (forming

A2) can be explained. This association process is found to

be exothermic and the adduct, A1, in a parallel highly

exothermic reaction channel, produces A3, which is proved

to be the key intermediate of the other previously assumed

channels (forming P1 and P2) and also to the channels

forming I1 and I2 which are not yet detected experimen-

tally. The low-barrier I1 and I2 formation channels are

found to be highly exothermic, which is expected to rule

out the direct decomposition of A3 to SiH3OH (P2a) and

OH. Our theoretical calculations enable us to solve the

long-standing confusion about the major product channel

of the title reaction. Also, our theoretical work has firmly

established that the hydrogen-loss pathway (I2 forming

pathway) is the major product channel leading to SiO

deposition and is in agreement with the work of Meyer

et al. that the OH producing channel is very minor. A

subsequent RRKM calculation and thereby the branching

ratio analysis have also clarified the dominance of I2 over

its competitive counterpart I1 and have also eliminated the

occurrence of the previously assumed channels producing

SiH4���OOH (A2), SiH2O (P1), and SiH3O (P2). Therefore,

combining the present result with the available experi-

mental findings, it is concluded that the predicted H-loss

pathway is the major decomposition channel of the title

reaction to produce SiO rather than the OH producing one.
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