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Ab Initio and Kinetic Calculation for the Abstraction Reaction of Atomic O( 3P) with SiH4
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The reaction of GP) with silane was studied theoretically. The detailed mechanism was revealed for the
first time. Two nearly degenerate transition state¥dfand3A’ symmetries were located for the title reaction.
Geometries were optimized at the UMP2 level with the 6-311G(2d,2p) basis set. The QCISD(T) level with
the 6-31H#+G(3df,3pd) basis set was used in the final single-point energy calculations. On the basis of the
ab initio data, the kinetic nature was studied using canonical variational transition-state theory (CVT) with
small-curvature tunneling effect (SCT) correction. The rate constants were calculated over a wide temperature
range of 206-3000 K. The CVT/SCT rate constants exhibit typical non-Arrhenius behavior, a three-parameter
rate—temperature formula was fitted as followk(T) = (1.53 x 1017)T?>25exp(—~834.321) (in units of cn?
molecule! s™1). The calculated CVT/SCT rate constants match well with the experimental values.

1. Introduction of them suggested that this reaction has a direct abstraction
mechanism. In 1991, Horie investigated this reaction at room

deposition (CVD) and in semiconductor device process. The temperature in adi_scharge flow system With mass spectrometr_ic
reaction of silane with ) is likely to be of considerable detection and also in statl_onary photoly3|s e>_<per|ments. Analysis
importance during the initial phase of plasma-enhanced and of_the end products proylde(_j cor_mluswe_ewdence that the only
photoinduced chemical vapor deposition (CVD) of Sitom primary process occurring in this reaction was th_e hydrogen
SiH4/N,O mixtures and SilO, mixturesi— Modeling of the abstraction from the SiH bond by the O atom leading to the
CVD mechanism requires kinetic information about the reaction formation of the OH and silyl radicals. The value of the rate
of O@P) with silane. constant at 298 K obtained by him is 3% 1073 cm®

Several experimental studies were reported on this reactionMolecule™ s™, which is in good agreement with the value
of OCP) with SiH. It can be seen from the early results calculated from the Arrhenius expressmn_kof— 1.23?< 10710
published that there is a great disagreement about the mechanisrXP(—14.6 kJ/mol)/RT) cm® molecule'* s~ fitted by Ding over
of this reaction. Withnall and Andrewsproposed that this  the temperature range of 29565 K.
reaction proceeds via an insertion/addition mechanism forming However, the theoretical work is very limited for this reaction.

a vibrationally excited silanol, which subsequently decomposes. To our knowledge, there is only one theoretical study about
However, the credibility of their interpretation is in doubt the reaction of G) with SiH. In 1993, Ding! studied the
following their subsequent claim that O attack on the methylated reaction using ab initio molecular orbital theory combined with
silanes also proceeds via an insertion reaction. In a study of thethe canonical transition state theory (TS%)The geometric
vibrational and rotational distributions of the OH radical formed parameters and frequencies were calculated at the HF/6-31G-
in the reaction of O with Silj Wiesenfeld and his co-workérs  (d) and MP2/6-31G(d) levels, and the energies were calculated
argue that this reaction proceeds via a linear collision complex. at the G2 level of theori# A better value of the potential barrier
However, they found that a small proportion of the OH radicals optained by him is 11.3 kd/mol at P-G2//MP2/6-31G(d). On
were rotationally excited, which led them to suggest that there the basis of the ab initio data, the rate constants of the reaction
is @ minor contribution from an insertion reaction, which also 4t 0@3p) with SiH, were calculated over the temperature range
results in the formation of OH radicals. Agrawalla and Sétser ot 2952000 K, and a three-parameter ratemperature
investigated the chemiluminescence and laser-induced fluores-gynression was fitted as followserst = (5.1 x 10~ T2 5 exp-
cence of OH radicals formed in the reaction of@)(with SiH,, (—1062m) cm? molecule' s~1, with a high degree of curvature
and they suggest that the dominant channel is the direct i, e rate-temperature plot. It is obvious that his study is rather
hydrogen abstraction. Another deficiency of the early studies rough. Another deficiency in his study is that he did not take
is that the experimental rate constants are widely scattered,;'a.count the JahrTeller effect. For this H atom abstraction
possibly as a result of the different experimental techniques reaction, the approach of the W] to SiH, with Cs symmetry
employed. The Arrhenius expressions obtained by Atkifison proceed,s over two potential energy surfaces (PF:‘”SS}]— 37
and Mkrya arek = 6.8 x 10712 exp(—6.6 kJ/mol)/RT) cm? d by the Jakeller effect. Indeed. fo€ t’
molecule® st over T = 297438 K andk = 2.7 x 10-1t ~ Jenerated by the Janiteller effect. Indeed, foCs symmetry

- 11 _ the irreducible representation 38 + 3A" for reactants and
exp(~11.3 kJ/mol)/RT) cm® molecule™ s * over T = 280 SA" + 2A" + 3A" + 3A” for products, and therefore, both
549 K. In an attempt to adjudicate between them and to obtain . . P ’ Sam
reliable rate constants, Hotfeand Ding? studied this reaction asymptotes adiabatically correlate thf‘?ugh the FaSand®A .
successively, and they obtained satisfactory agreements. BotH" Cs Unfortur!ately, only one transition state was located in

the study of Ding. Therefore, the rate constants calculated by

* To whom correspondence should be addressed. E-mail: guojz@icm. Ding are the values of one PES and not the overall rate constants
sdu.edu.cn. of this reaction.
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In this paper, we first calculated geometrical parameters, H H
frequencies, and energies of the reactant, transition states, and 'd:i‘&‘b He
products for this hydrogen abstraction reaction. In a second step, \':'Sl_l,_@g__H_ -
we carried out the kinetic calculations using the canonical H"""'/m{4\H 7 N0
variational transition state theory (C\VAF)16 with the small- (18- 4 '
curvature tunneling correction method (SGT$everal features o
of this work are the following: (1) The reaction mechanism TSI%,C)
was revealed. This reaction proceeds via a direct hydrogen !
abstraction mechanism -
O(P)+ SiH, — OH + SiH, H U L

Si-1-24-CH. Lf}?oﬁ Ny Si, 1.474
which is different apparently from the insertion mechanism of ohs  ° H m&m
the reactions of GD) with SiH4. (2) Two nearly degenerate H H ’
transition states ofA” and3A’ symmetries were located. (3) TS (%A, )

The potential energy profile surface was calculated at the gigyre 1. UMP2/6-311G(2d,2p) optimized geometries for stationary
QCISD(T) level (a quadratic configuration interaction calcula- points. Distance is in A, and angle is in deg. The values in parentheses
tion including single and double substitutions with a triples are experimental dafa.

contribution) with the 6-31++G(3df,3pd) basis set. (4) The o . .

rate constants were obtained over a wide temperature range Ogégfoilr}t \é'r?é?é'g;a(lz'ggqli‘ﬁ'll‘ég?ng';)cfrgr tlr)1 earF'{% actant
200-3000 K, and the non-Arrhenius expression was fitted. (5) products, and Transition States Involved in the Reaction of
The calculated overall rate constants were compared with theO(3P) with SiH4. The Values in Italics Are the Experimental

available experimental values. Data’®
s C i Method species frequencies ZPE
- ~omputation Methods SiHg4 966 966 966 1020 1020 2302 2302 2302 2302 20.22
Ab initio calculations were carried out using Gaussian 94 913 913 913 972 972 2186 2189 2189 2189
programst® The geometries of the reactant, transition states, SiHs 813 978 978 2275 2303 2303 13.79
o 773 933 933 2150 2180 2180
and products were optimized at the UMP2 level (second-order 3833 5.48
perturbation Moller-Plesset method) with the 6-311G(2d,2p) TSEA") 1845i 118 242 507 873 894 927 987 991 17.84
basis set. The vibrational frequencies were calculated at the same 2304 2318 2320

level of theory to determine the nature of different stationary TSCA) 1842i 268i 239 500 870 927 950 977 995
points and the zero-point energy (ZPE). The intrinsic reaction 2304 2348 2318

coordinate (IRCY calculation confirms that the transition state  TABLE 2: The Calculated Potential Barrier, AE, and the
connects the designated reactants and products. At the UMP2Reaction Enthalpy, AH, at Various Theory Levels Including
6-311G(2d,2p) level, the minimum energy path (MERyas the UMP2 ZPE Correction®

obtained with a gradient step size of 0.05 &b in mass- AE

weighted Cartesian coordinates. The force constant matrixes of

. . . levels SA A AH
the stationary and selected nonstationary points near the
transition state along the MEP were also calculated. MP2/6-311-+G(3df,3pd) 617 855 855 -15.15
- . MP4/6-31H+G(3df,3pd) 7.30 9.68 9.69 -—10.95
Although the geometrical parameters and the frequencies of QCISD(T)/6-311+G(3df,3pd) 2.83 533 534 —11.05
various species can be determined satisfactorily at the UMP2/ expil ~11.09

6-311G(2d,2p) level, the energies obtained at this level may aThe values are in kcal/mol. The values in italics correspond to the

not be accurat_e enough for the subsequent kinetic C"’.llculatlo!ﬁ's'energies without including the ZPE. The experimental value is obtained
Therefore, a higher level, QCISD(T), and a more flexible basis fqm ref 11.

set, 6-31#+G(3df,3pd), were employed to calculate the

energies of various species. partition function of a generalized transition statesatith a
The initial information obtained from our ab initio calculations  |ocal zero of energy afyep(s) and with all rotational symmetry

allowed us to calculate the variational rate constants including numbers set to unity. The tunneling contribution was also

the tunneling effect. The canonical variational theory (CVT) considered. Only the centrifugal-dominant small-curvature tun-

rate constant for temperaturg, is given by neling (SCT) method was used. Methods for large-curvature
ovT et cases have been developed, but they require more information
K= (T) =mink”(T.s) (1) about the PES than what was determined in the present study.
All the kinetic calculations were carried out using the
where POLYRATE 7.8 prograni!
T = @— Q°(T.,9) R @ 3. Results and Discussion
' h q)R(T) The optimized geometries of the reactant, transition states,

and products are shown in Figure 1. The vibrational frequencies
where,kCT(T,9 is the generalized transition state theory rate and the zero-point energy (ZPE) of the reactant, products, and
constant at the dividing surfacs, o is the symmetry factor transition states are listed in Table 1. The potential bariét,
accounting for the possibility of more than one symmetry-related and the reaction enthalpyH, calculated are summarized in
reaction pathkg is Boltzmann’s constanh is Planck’s constant,  Table 2.
®R(T) is the reactant partition function per unit volume, 3.1. Reaction Mechanismlt is worth stating the reliability
excluding symmetry numbers for rotation, a@87(T,s) is the of the calculations in this work. Because unrestricted Hatrtree
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Figure 2. Energy profile for the’A’ and3A" potential energy curves with respect to their minima at the UMP2/6-311G(2d,2p) level. For these
calculations, the other internal coordinates were fixed at their respective values in the minimum. The zero valueaxistberresponds to the
Si—H—O0 angle of the’A" transition state.

Fock (UHF) reference wave functions are not spin eigenfunc- the3A" and3A’ transition states were almost identical in energy
tions for open-shell species, we monitored the expectation valuesbut differ slightly in the S-H—0O bending angle. The SH—-0O
of [¥0in the UMP2/6-311G(2d,2p) optimization. The values angle is 171.5for the transition state withA" symmetry, while
of [(F¥0are always in the range of 0.750.757 for doublets this angle is 177.%for the one with’A’ symmetry. Therefore,
and in the range of 2.002.036 for triplets. After spin the A" transition state is more “bent” than ti4’' one. The
annihilation, the values d?[lare 0.750 for doublets and 2.000 breaking Si-H bonds are elongated by 8.2% and 8.1%, while
for triplets, where 0.750 and 2.000 are the exact values for athe forming O-H bonds are longer than the equilibrium value
pure doublet and for a pure triplet. Thus, spin contamination is of 0.965 A by 38.3% and 38.4% for the transition state3A0f
not severe. This suggests that a single determinant referenceand3A’, respectively. Therefore, these two transition states are
wave function for this system is suitable for the level of theory reactant-like, and the H abstraction reaction from Syl O
used in the optimizatiof? atom proceeds via early transition states. This rather early
a. Geometry and Frequencyo clarify the general reliability character in these transition states is in accordance with the low
of the theoretical calculations, it is useful to compare the reaction barrier and the high exothermicity of this reaction, in
predicated chemical properties of the present particular systemskeeping with Hammond’s postulate.
of interest with experimental data. As shown in Figure 1, the  As shown in Table 1, at the UMP2/6-311G(2d,2p) level, the
geometric parameters of SiHSiHs;, and OH are in good  3A" transition state has only one imaginary frequency (1845i
agreement with the available experimental values. From this cm™1); however, for the’A’ case two imaginary frequencies
result, it might be inferred that the same accuracy could be are present with values of 1842i and 268i ¢mA UB3LYP/
expected for the calculated transition-state geometries. As can6-311G(d,p) calculation also yields two imaginary frequencies
be seen from Table 1, the vibrational frequencies of both the for the3A’ transition state. We were unable to determirfé\a
reactant and the products agree well with the experimentally transition state with a single imaginary frequency. The smaller
observed fundamentals, and the relative error is less than 6%.maginary frequency is regarded as a hindered internal rotation.
Next, we consider the transition states, for which we Similar results were found in two studies: Kréyén a study
performed a more detailed analysis. At first, we attempted to of the reaction of Gf) with CHR at UMP2/6-311G(d,p)
find a transition state using a Z-matrix having an initial value located a transition state on th&' surface with two imaginary
of 180.0 for the angle SirH—O, but the optimization always frequencies (2645i and 87i cf); Gonzale2® determined &A'
produced a new value of 172,5which corresponds téA" transition state with two imaginary frequencies (2258.1i and
symmetry. In other words, we could not find a transition state 173.5i) for the reaction of GP) with CH, at UMP2/6-311G-
with Cay symmetry, having a linear fragment. This means that (3d2f,3p2d) level.
the O@P) atom approaches the Siwith Cs symmetry. In this To get a clearer view of théA” and3A’ surfaces, we have
case, according to the Jahmeller effect theorem, this abstrac- carried out electron calculations at the UMP2/6-311G(2d,2p)
tion reaction actually proceeds on two potential energy surfaceslevel, varying the angle SiH—0 in relation to its respective
with 3A" and3A’' symmetries. optimized transition state geometry. Figure 2 shows the calcula-
At the UMP2/6-311G(2d,2p) level, two transition states with tions of the PESs il€s symmetry, where all values (angles and
SA" and®A’ symmetry were located, the geometrical structures energies) are referred to the most stad#l¢ structure and the
of which are shown in Figure 1. Population analysis shows that internuclear distancesl(Si—H) and d(H—0), are fixed. The
the half-filled p orbital of the?A” symmetry is in the HSIHO calculated PES is very flat, and in the regiomef0°® to —15°,
plane and the half-filled p orbital of théA’ symmetry is the difference in energy between th&'" and3A’ electronic
perpendicular to this plane. In the present work, we found that PES is less than 0.1 kcal/mol.
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Figure 3. The potential energyMuer) and vibrationally adiabatic potential energy curvlvg)(as functions ofs at the QCISD(T)/6-31++G-
(3df,3pd) level for the’A"” potential energy surface.

To confirm further that these two transition state$Af and Taking into account the calculated results of the reaction
SA’ connect the designated reactants and products, with a stegenthalpy at these levels, we think that the result calculated at
size of 0.05 ami? b, the intrinsic reaction coordinate (IRC) the QCISD(T) level with 6-31%+G(3df,3pd) is the most
was calculated at the UMP2/6-311G(2d,2p) level from the reliable, and the MP2 and MP4 levels yield a strong overestimate
transition states to the reactants and the products. For these twdor the potential barrier. Therefore, the energies calculated at

transition states’A"” and3A’, the changing curves of the bond
lengths are almost overlapping. The breaking bonesiis
almost unchanged fros= —o to s= —0.3 amd2b and equals
the value of the reactant and stretches after —0.3 amu/2

b. The forming H-O bond shortens rapidly from reactants and
reaches the equilibrium bond length of OHsat 0.7 amd/2 b.
Other bond lengths are almost unchanged during the reaction
process. Therefore, both transition state%sfand3A’ connect
the reactants (SiHand O) with the products (Sigfand OH).
The geometric changes mainly take place in the region som
= —0.3tos= 0.7 amd?b.

b. Energy.Table 2 summarizes the potential barri®E, and
the reaction enthalpyAH, relative to the reactants at various
theory levels. First, we analyze the reaction enthalpy. Ding
obtained a better experimental value-611.09 kcal/mol from
the measured\Hs 295(SiH3) together withHzgs—Ho(SiH3) cal-
culated by Hudgens amtiH; o for O, SiH,, and OH. The values
of —15.15 kcal/mol calculated the MP2 level with 6-31-1G-
(3df,3pd) are in great disagreement with the experimental values
(—12.09 kcal/mol); similar calculations using the same basis
set with the highly correlated and more computationally
demanding MP4 and QCISD(T) level predict the values of
—10.95 and—11.05 kcal/mol, in excellent agreement with the
experimental value. These results clearly indicated that most
of the error in the reaction enthalpy computed at MP2 with the
6-311++G(3df,3pd) basis set can be attributed to the lack of
correlation in such a method and not to an improper optimized
geometry at UMP2/6-311G(2d,2p).

With respect to the potential barrier, the values without ZPE
correction are almost identical for the two potential energy
surfaces ofA” and3A’ at the same level. This means that the
two transition states are almost identical in energy. However,
the values for the same potential energy surface have a grea
discrepancy obtained at the MP2, MP4, and QCISD(T) levels.

QCISD(T)/6-31H#+G(3df,3pd) level are used for the kinetic
calculation.

The similarity of the two transition states in the geometries
and frequencies allows us to assume that the dynamics for both
SA" and3A’ surfaces will be very similar. Thus, we calculate
the rate constant for the whole reaction as twice the rate constant
for one of the surfaces. The same method of treatment has been
successfully used to calculate the rate constants of the reactions
of OCP) with CHR; and CH, by Kreye and GonzaleZ® In
particular, we calculate the rate constants for ¥ surface,
and we multiply them by 2 to obtain the rate constants for the
reaction of OfP) with SiH,. Therefore, we mainly discuss the
kinetic calculation on théA" surface in the following study.

3.2. The Kinetic Calculation. a. Reaction Path Properties.
The minimum energy path (MEP) was calculated at the UMP2/
6-311G(2d,2p) level by the IRC theory, and the energies of the
MEP were refined by the QCISD(T)//UMP2 method. The
maximum position of the classical potential energy culgp,
at the QCISD(T)/6-311+G(3df,3pd)//UMP2/6-311G(2d,2p)
level corresponds to the saddle point structure at the UMP2/6-
311G(2d,2p) level. Therefore, the shifting of the maximum
position for the Vygp curve caused by the computational
technique is avoided. The changes of the classical potential
energy Vvep, and the ground-state vibrational adiabatic potential
energy,Vf, with the reaction coordinatgare shown in Figure
3. It can be seen that the maximum positions of Wyep and
VaG energy curves are different at the QCISD(T)//UMP?2 level.
The maximum positions 0fS (s = —0.32 ami2 b) deviate
from the position of the saddle point & 0.0 amd/2 b). This
means that the variational effect will be significant for the
calculation of the rate constants. The zero-point energy, ZPE,
which is the difference betweev§ andVyep, is also shown in
Figure 3. The zero-point energy curve is almost unchanged as
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Figure 4. Changes of the generalized normal-mode vibrational frequencies as functisrat tie UMP2/6-311G(2d,2p) for th&" potential
energy surface.

svaries except that only from= —0.5 to 0.5 am#i2 b there is reactant zone and 15 points in the product zone. The canonical
a gentle drop. To analyze this behavior in greater detail, we variational transition state theory (CVT) is based on the idea
show the variation of the generalized normal modes vibrational of varying the dividing surface along a reference path to
frequencies on théA" potential surface in Figure 4. minimize the rate constant, and thermodynamically minimizing

In the negative limit o, the frequencies are associated with the rate constant is equivalent to maximizing the standard-state
the reactants, while in the positive limit of the frequencies  free energy changeAG(T,s), so the variational effect can be
are associated with the products. For the sake of clarity, the shown by the maximum position &G(T,s). The maximum
vibrational frequencies can be divided into three types: spectatorpositions ofAG(T,s) on the3A"" potential surface are from=
modes, transitional modes, and reactive modes. The spectator0.1 to —0.32 ami&2 b over the temperature range of 200
modes are those that undergo little change and sometimes remai8000 K. Thus, the variation effects, that is, the ratio between
basically unchanged in going from reactants to the transition variational CVT and conventional TST rate constants, are great.
state. The transitional modes appear along the reaction path agherefore, for this reaction, not only the energy contribution
a consequence of the transformation from free rotation or free but also the entropy contribution should be taken into account
translations within the reactant or the product limit into real in the calculation of the rate constant.
vibrational motions in the global system. Their frequencies tend  Figure 5 shows the calculated CVT rate constants, the CVT/
to zero at the reactant and the product limit and reach their SCT rate constants (as twice the rate constants ofiAlie
maximum in the saddle-point zone. The reactive modes are thosesurface), and the experimental values against the reciprocal of
that undergo the largest change in the saddle-point zone, andhe temperature for the reaction of 3] with SiH,. For the
therefore, they must be related to the breaking/forming bonds. purpose of comparison, the conventional transition state theory
For the reaction of GP) with SiH,, mode 4, which connects  (TST) rate constants (as twice the TST rate constants of the
the frequency of the SiH stretching vibration of Siklwith SA" surface) are also shown in Figure 5. Several features of
the frequency of the ©H stretching vibration of OH, is the  the calculated rate constants are the following:
reactive mode, modes 10 and 11 are transitional modes, and (1) It is seen that the TST rate constants are much greater
other modes are spectator modes. Fom —0.5 tos= 0.5 than the CVT values, which enables us to conclude that the
amu’2 b, the reactive modes drop dramatically; this behavior variational effects are significant to the calculation of the rate
is similar to that found in other hydrogen abstraction reac- constant. This is in accordance with the above analysis.
tions26-28 A priori, this drop should cause a considerable fall (2) The quantum tunneling effect, which is the ratio between
in the zero-point energy near the transition state. But becausethe CVT/SCT rate constants and CVT rate constants, is also
this kind of drop of the reactive mode is compensated partially significant for this reaction. For example, at 298 K, the CVT
by the transitional modes, the drop of the zero-point energy in rate constant is 7.8% 10714 cm® molecule® s~1, while the
the saddle zone is gentle. CVT/SCT rate constant is 3.48 10713 cm® molecule’® s

b. The Rate ConstanThe canonical variational transition The latter is 4.37 times larger than the former. Even at high
state theory (CVT) with a small-curvature tunneling correction temperature, the tunneling effect cannot be negligible.
(SCT), which has been successfully performed for several (3) By comparison of the calculated rate constants with the
analogous reactions, is an effective method to calculate the rateexperimental values of Difgfor the title reaction, it can be
constants. In this paper, we used this method to calculate theseen that the CVT/SCT rate constants are in good agreement
rate constants of the reactions of O atom with SiMer a wide with the experimental values over the temperature range of 295
temperature range from 200 to 3000 K. 565 K. From this result, it might be inferred that the same

To calculate the rate constants, 30 points were selected neaaccuracy could be expected for the values over other temperature
the transition state region along the MEP, 15 points in the ranges. Therefore, the CVT/SCT method is a good choice to
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Figure 5. Rate constants as functions of the reciprocal of the temperature (K) in the temperature ran§6@DK& for the whole reaction of H
with SiHs. The ® symbols are the experimental values obtained from the Arrhenius expression fitted by Ding.

calculate accurate rate constants for the title system. This goodthe rate constant (the upper limit). Thus, the overestimation of
agreement testifies that the hydrogen abstraction mechanism igshe TST method compensates for the lack of one potential

reasonable for the reaction of ) with SiH,. We cannot find
the insertion products, such #iH;OH. Therefore, there is no
theoretical evidence for the insertion mechanism. The TST

surface. Our TST rate constants (as twice the TST rate constants
of the 2A" surface) should be two times the TST values (the
values of only one PES) of Ding. At 298 K, the TST rate

method overestimates rate constants, while the CVT methodconstant of Ding is 3.0 10712 cm?® molecule’® s1, while

underestimates rate constants.

(4) It is obvious that the calculated rate constants exhibit
typical non-Arrhenius behavior. The rate constants of the title
reaction are fitted by a three-parameter formula over the
temperature range of 26000 K and given in units of cfn
molecule® s71 as follows:

k(T) = (5.52x 10 *)T**" exp(—890.48T),
for TST rate constants

k(T) = (3.45x 10 ¥ T>?"exp(~864.25T),
for CVT rate constants

k(T) = (1.53x 10 )\ T>®exp(-834.321),
for CVT/SCT rate constants

It is interesting to compare our study on this title reaction
with the study of Dingi! The TST rate constants calculated by
Ding are in excellent agreement with his experimental values.
We think that the experimental study of Ding is very well
executed, but there are several deficiencies existing in his
theoretical study. (1) The JahiTeller effect has not been taken
into account, and only one potential surface has been studied
(2) The variational effect has not been taken into account. (3)
The imaginary frequency of théA" transition state that we
calculated is 1845i. The imaginary frequency calculated by Ding
is 1985i at MP2/6-31G(d) and 2355i at HF/6-31G(d). The value
of the imaginary frequency is very great. Therefore, the
tunneling effect must be significant. However, there is no
tunneling effect correction in the calculation of the rate constants
of Ding. We think that the excellent agreement between the
experimental values of Ding with his nonvariational TST without
tunneling correction is probably due to error compensation. It
is well-known that the nonvariational TST method overestimates

half of our TST value is 3.25 1013 cm?® molecule’? s1. At
1000 K, the TST rate constant of Ding is 4.971071 cm?3
molecule! s71, while half of our TST value is 3.6% 10713
cm® molecule’® s71,

4., Conclusion

In this paper, we studied the reaction ofP)with SiH, using
ab initio and canonical variational transition state theory (CVT)
with the small-curvature tunneling effect. Rate constants were
reported over the temperature range of 28000 K. Several
major conclusions can be drawn from this calculation.

1. This reaction proceeds via a direct hydrogen abstraction
mechanism.

2. For this H atom abstraction reaction, the approach of the
OCP) to SiH, with Cs symmetry proceeds over two potential
energy surfaces (PESSA’ + 3A", generated by the Jahn
Teller effect.

3. The3A’ transition state has two imaginary frequencies.
The rate constants for the whole reaction are twice the rate
constants of théA” surface.

4. The calculated rate constants exhibit typical non-Arrhenius

behavior.
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