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Canonical rate constants for both the forward and reverse H+ O2 T O + OH reactions were calculated
using a quantum wave packet-based statistical model on the DMBE IV potential energy surface of Varandas
and co-workers. For these bimolecular reactions, the results show reasonably good agreement with available
experimental and theoretical data up to 1500 K. In addition, the capture rate for the H+ O2 f HO2 addition
reaction at the high-pressure limit was obtained on the same potential using a time-independent quantum
capture method. Excellent agreement with experimental and quasi-classical trajectory results was obtained
except for at very low temperatures, where a reaction threshold was found and attributed to the centrifugal
barrier of the orbital motion.

I. Introduction

The bimolecular reaction

plays a central role in combustion and atmospheric chemistry.
The forward reaction is considered to bethe single most
important reactionin the combustion of H2 and hydrocarbons,1,2

responsible for the rate-limiting chain-branching ignition and
to a large extent for the consumption of oxygen. The reverse
reaction is also believed to be involved in many astrochemical3

and atmospheric processes.4

The potential energy surface (PES) governing R1 features a
deep HO2 well,5,6 2.38 eV lower than the H+ O2 dissociation
asymptote. As a result, the reactions are susceptible to the
influence of long-lived resonances supported by the HO2 well.
In the high pressure limit, these resonances can be efficiently
stabilized by third-body collisions to form the stable HO2

intermediate:

which competes with R1. The HO2 radical itself has been shown
to play an important role in combustion as a possible chain-
terminating step. In addition, it is an important intermediate in
several gas-phase reactions in the atmosphere. Because of their
importance, these reactions have been the subject of extensive
experimental2,7-20 and theoretical investigations.5,6,21-57 We note
that the list is by no means complete and readers are referred
to the references cited by these publications. One of the most
extensively measured quantities is the canonical rate constant
for the H + O2 T O + OH reaction over a large temperature
range.14,15,17Experimental data of the H+ O2 f HO2 addition
reaction rate at the high-pressure limit has also been reported.9

Accurate theoretical calculations of these rate constants will
provide a stringent test of the PES and detailed knowledge of
the reactions themselves.

Since the H+ O2 f O + OH reaction is endothermic by
0.71 eV, the threshold for the forward reaction is 3.09 eV above
the potential minimum. As a result, the exact quantum mechan-
ical characterization of the H+ O2 T O + OH reaction is
challenging because a large basis/grid is necessary to converge
the results in either the time-independent or time-dependent
framework. The difficulties are exacerbated by the strong
coupling between the helicity substates of the floppy HO2

species,31,37,58rendering the commonly used coupled-state (CS)
approximation59,60 inapplicable. In addition, the reaction is
dominated by long-lived resonances supported by the deep HO2

well,31,49,51 which can only be resolved with a dense energy
grid in the time-independent scattering calculations or by long
propagation times.

Because of these difficulties, only a limited number of
quantum mechanical (QM) state-to-state reaction probability
calculations have thus far been reported for R1 and all
were carried out with zero total angular momentum
(J ) 0).30,31,33,35,43,56,57Total reaction probabilities have been
reported forJ ) 034 and for a few nonzero total angular
momentum (J) values,20,36-38 but no rate constant has been
derived. Efforts have been made to compute the rate constant
directly using the flux correlation function approach, which
avoids the state-to-state probabilities. However, these studies
also involved approximations such as the CS approximation and
J-shifting method forJ > 0.44-47 Given the barrierless nature
of the reaction, the choice of the barrier, which is necessary for
the J-shifting method, can be quite difficult. Similar problems
are encountered in a quantum treatment of R2,29,49-51 and no
exactJ > 0 data have been published.

There have been many quasi-classical trajectory (QCT)
studies of both reactions5,22,23,25,26,42,52,53Although they provided
insightful dynamic information, the accuracy of these results is
difficult to establish because the treatment of the zero-point
energy and other quantum effects is often dubious.22,42 This is
particularly important for the title reactions because of the

* To whom correspondence should be addressed.
† Part of the special issue “William Hase Festschrift”.
‡ University of New Mexico.
§ Oxford University.

H(2S) + O2(
3Σg

-) 798
k1

k-1

O(3P) + OH(2Π) (R1)

H(2S) + O2(
3Σg

-) 98
k2

HO2(X̃
2A′′) (R2)

1534 J. Phys. Chem. A2006,110,1534-1540

10.1021/jp053555v CCC: $33.50 © 2006 American Chemical Society
Published on Web 09/08/2005



dominance of threshold effects. In addition to the QCT and QM
studies, a number of statistical investigations have been reported
for the two reactions,21,28,40,41,48but these models typically
included no dynamic aspect.

The difficulties associated with an exact QM treatment,
namely the involvement of long-lived resonances supported by
the deep potential well, paradoxically favor a QM statistical
treatment. In the statistical approach,61-63 the state-to-state
reaction probability is completely determined by the probabilities
of formation and decomposition of the long-lived intermediate.
The long lifetime of the HO2 resonances near the reaction
threshold has been established by theoretical calcula-
tions31,35-37,49,51and supported by experimental evidence.19 It
should be emphasized that a QM treatment of the complex
formation/decomposition processes is necessary, particularly
near the reaction threshold, to obtain a reliable characterization
of the reactivity. This can be achieved within the statistical
model by explicit calculations of the capture probabilities in
all arrangement channels, which can be implemented in both
time-independent64,65 and wave packet frameworks.66 Indeed,
recent applications of the statistical model on some complex-
forming reactions have enjoyed much success,64-69 reproducing
near-quantitatively the exact results. Encouraged by these
successes we applied, in this work, the wave packet based
statistical coupled-states method66 to this important reaction
using the popular DMBE IV potential.5 As discussed in the next
section, the large exothermicity in the O+ OH f H + O2

direction renders the capture probability a good approximation
for the total reaction probability, at least at low collision
energies. The resulting rate constant is related to the rate constant
for the reverse reaction via the equilibrium constant, which has
been accurately determined experimentally.8,42 For the H+ O2

addition reaction at the high pressure limit, the capture rate
constant was computed using a time-independent coupled-
channel approach, which provides an accurate representation
of the reaction at very low collision energies. This paper is
organized as follows. In the next section (section II), the relevant
theoretical methods and their numerical implementations are
briefly outlined. In section III, the calculated results are
presented and discussed. Finally in section IV, conclusions are
made.

II. Theory

For an atom-diatom reaction, the initial state-specified rate
constant can be defined as follows:

where µ, kB, T, and Ec are the translational reduced mass,
Boltzmann constant, temperature, and collision energy, respec-
tively. σi is the corresponding initial state-specified integral
cross-section, obtained by summing either the reaction prob-
abilities for R1 or capture probabilities for R2 over the total
angular momentumJ. Qel is the electronic partition function.
For the H+ O2 f HO2 addition reaction,Qel ) 3.70 For the O
+ OH f H + O2 reaction, on the other hand, the fine-structure
of the reactants renders the partition function temperature
dependent27,41

whereT is in units of Kelvin. The canonical rate constant can

be obtained by summing the Boltzmann weighted rate constants
for all thermally accessible initial states.

For the O+ OH f H + O2 reaction, initial state-specific
reaction probabilities were calculated using a version of the
statistical model based on Chebyshev wave packet propagation.66

A statistical treatment of R1 is justified based on previous
observations that the reaction, at low energies, is dominated by
narrow resonances which have long lifetimes.30,31,33 In the
statistical approach, the state-to-state reaction probability,
pfri(E), is defined as a product of the capture probability in the
reactant (i) channel and the fraction of population decaying to
the product (f) channel (wherei or f collectively denotes
particular quantum states in reactant or product channels,
respectively):61

The sum in the denominator of eq 3 runs over all the open
channels at energyE. The conserved indices, such as the total
angular momentumJ and parity are suppressed in eq 3. The
capture probabilities can be calculated using either the time-
independent close-coupling method65,71or wave packet method.66

In this work, the wave packet method, coupled with the CS
approximation, was used since the axis corresponding to that
of least moment of inertia coincides reasonably well with the
O-OH Jacobi vector.

The calculation of the capture probabilities for all the
arrangement channels can be tedious and expensive because
there is a very large number of open channels in the H+ O2

asymptote, even near the reaction threshold. This is due to the
fact that the H+ O2 asymptote is energetically much lower
than the O+ OH asymptote and has a much higher density of
states than the latter. To obtain the thermal rate constant for
O + OH f H + O2 reaction, however, one only needs to
calculate total reaction probabilities which can be approximated
as follows:

The approximation:∑fpf
(c)(E) ≈ ∑lpl

(c)(E), which should be
valid for the O + OH f H + O2 reaction at low collision
energies, underscores the fact that the reaction R1 is dominated
by the dynamics in the O+ OH channel. To ensure the validity
of the statistical model, the forward rate constant will only be
reported here up to 1500 K.

Models similar to eq 4 have been developed by many
authors.40,72For barrierless reactions leading to a deep well, there
is overwhelming evidence supporting the validity of such
approaches. Our statistical model is also in spirit similar to the
Rice-Ramsperger-Kassel-Marcus (RRKM) theory73,74and the
statistical adiabatic channel model (SACM).75 An important
difference is that the new model explicitly computes the capture
probability using a quantum mechanical method on a realistic
PES, thus leading to more reliable results.

Once the rate constant for the reverse direction of R1 (k-1)
is known, one can deduce the rate constant for the forward

ki ) Qel
-1x 8

πµ(kBT)3∫0

∞
σi(Ec) exp(-Ec/kBT)Ec dEc (1)

Qel ) [5 + 3 exp(-228/T) +
exp(-327/T)][1 + exp(-187/T)] (2)

pfri(E) ) pi
(c)(E) ×

pf
(c)(E)

∑
l

pl
(c)(E)

(3)

pi(E) ) ∑
f

pfri(E) ) pi
(c)(E) ×

∑
f

pf
(c)(E)

∑
l

pl
(c)(E)

≈ pi
(c)(E) (4)
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direction (k1) via the equilibrium constant

where the equilibrium constant is given as8

The recommendation of Troe and Ushakov42 was not used
because its temperature range (1000-5000 K) is higher than
what we are interested in this work. Besides, its difference with
eq 6 is not significant.

The time-independent close-coupling method,71 described in
earlier work by one of us,64,65 was used to calculate capture
probabilities for reaction R2. The time-independent method was
used because it provides an accurate characterization of the
reaction at very low collision energies, which is hard to achieve
with a wave packet based method because of the difficulties
associated with damping outgoing waves with exceedingly long
de Broglie wavelengths. We also emphasize that the CS
approximation, using the O2-H distance as the body-fixed
quantization axis, was intentionally avoided because of its
inaccuracy in this system.47 (Although choosing the O-O vector
as the quantization axis (r-embedding76) should significantly
reduce the coupling between helicity substates in the dissociation
asymptote.) In the present work, the reactants were described
using Jacobi coordinates, withr and R referring to the O-O
internuclear distance and the distance between H and the O2

center of mass, respectively. Within this framework, the time-
independent Schro¨dinger equation leads to a standard system
of coupled equations of the form

where the real and symmetric coupling matrix,W(R), may be
written as

with

Here, µ is the atom-diatom reduced mass,V(R) is a matrix
representation of the atom-diatom interaction potential,
p2l(l + 1)/2µR2 is a matrix representation of the centrifugal
operator,E is the total available energy andε is a diagonal
matrix of the diatomic rovibrational energies. It should be noted
that due to electronic and nuclear spin symmetry constraints,
O2 is only allowed to populate oddj states,29 and in the present
calculation, not evenj functions were included in the basis used
to arrive at eq 7.

Capture probabilities for the H+ O2 channel were obtained
by solving eq 7 using the log derivative method77 subject to a
capture boundary condition at an inner radiusR ) Rc. As it is
not possible to define a quantum mechanical capture initial
value, the log derivative matrix,Y(R) ) ψ′(R)ψ(R)-1, at this
inner turning point was obtained using the (multichannel78)
WKB approximation. Specifically, ifC(Rc) is the orthogonal
matrix that diagonalizes the coupling matrix atR ) Rc,

then the appropriate initial value ofY(Rc) is given by

The log derivative matrix was propagated out to the asymptotic
region of the potential where an inelastic scattering matrix,S(E),
was obtained using the standard formula,

Here,OE(R) andIE(R) are diagonal matrices of outgoing and
incoming waves,

andhl
(1,2)(kR) are Riccati-Hankel functions.79

As pointed out elsewhere,65 the fact that the log derivative
matrix of eq 11 is complex symmetric rather than real symmetric
implies that the scattering matrix obtained in such a capture
calculation is not unitary. Physically, this lack of unitarity arises
from the capture of reactant partners by the collision complex,
and it allows us to calculate the capture probability from a given
channelc as

where the sum (with indexc′) runs over all open channels in
the Jacobi arrangement of the capture calculation.

The results reported in this work were obtained using the
DMBE IV PES of Varandas and co-workers.5 This PES has a
correct description of the long-range interactions, which are
vitally important for our calculations. We note in passing that
a new PES has recently been developed, and the calculation of
the rate constants is reported elsewhere.80

III. Results and Discussion

A. H + O2 T O + OH Reaction. The wave packet-based
statistical model66 was employed to calculate the rate constant
for the reverse reaction of R1. As discussed in the previous
section, it entails the computation of capture probabilities in
the O+ OH channel, according to eq 4. The rate constant for
the forward reaction of R1 was then obtained indirectly by eq
5. In calculating the capture probabilities, we employed the
O-OH Jacobi coordinates (R,r,γ), in which r and R are the
O-H internuclear distance and the distance between O and the
center of mass of OH, respectively, andγ is the Jacobi angle.
The body-fixedz-axis is embedded inR and the electronic-
rotational coupling in OH was ignored. As a result, the angular
momentum quantum numberj ()0, 1, 2, ...) describes rotational
states of OH. The Hamiltonian was discretized in a mixed direct
product representation. ForR and r, the discrete variable
representation (DVR) was used,81 while a finite basis set
representation (FBR) was used for the angular coordinate. For
R, an equidistant grid was defined in [Rmin,Rmax] as follows:
RR1 ) Rmin + R1 × (Rmax - Rmin)/(NR + 1) with R1 ) 1, 2, ...,
NR, which facilitates a fast sine Fourier transform between the
DVR and FBR.82 For r, on the other hand,Nr potential optimized
DVR83 points were used, which substantially decreased the
number of grid points. For the angular dimension, two repre-
sentations were employed interchangeably. On one hand, the
normalized Legendre functions|j〉 ) Pj(cos γ) (j ) 0, 1, ...,
jmax) were chosen as the basis, and on the other hand,Nγ Gauss-

Keq(T) )
k1(T)

k-1(T)
(5)

Keq(T)-1 ) 2.7× 10-3T0.4 exp(8720/T) (6)

ψ′′(R) ) W(R)ψ(R) (7)

W(R) ) 2µ
p2

V(R) +
l(l + 1)

R2
- k2 (8)

k2 ) 2µ
R2

(E - ε) (9)

C̃(Rc)W(Rc)C(Rc) ) -k(Rc)
2 (10)

Y(Rc) ) -iC(Rc)k(Rc)C̃(Rc) (11)

ψ(R) ≈
Rf∞

IE(R) - OE(R)S(E) (12)

OE(R) ) k-1/2hl
(1)(kR) (13)

IE(R) ) k-1/2hl
(2)(kR) (14)

pc(E) ) 1 - ∑
c′

|Sc′c(E)|2 (15)
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Legendre quadrature DVR points were defined. A pseudo-
spectral transformation was used to transform between the two
representations when needed.84 The capture radius (Rc), where
the flux for complex-forming is calculated, was chosen to be
positioned behind the centrifugal barrier. Other details of the
calculation can be found in our previous publications.85-87

Numerical parameters were determined after extensive conver-
gence test calculations, and they are summarized in Table 1.
Finally, 20000 steps of Chebyshev propagation88 were used for
capture probability calculations.

As shown in previous work,64,65 the CS approximation,59,60

which ignores the Coriolis coupling, is quite accurate in
calculating the capture probabilities if the axis of the smallest
moment of inertia is close to the atom-diatom axis at long
range. Under such circumstances, the accuracy of the CS
approximation can be readily understood since the centrifugal
barrier is located at relatively large atom-diatom distances
where the helicity quantum number (Ω) is often well conserved.
This is certainly the case for the O+ OH channel, although
not so for the H+ O2 channel. The results reported below were
thus obtained with the CS Hamiltonian, which is numerically
less costly than its exact counterpart including the Coriolis
coupling. To obtain the canonical rate constant, calculations have
been done for reactant OH initial rotational states fromj i ) 0
up to j i ) 15. The total energy range calculated covers from
0.81 to 1.54 eV, which corresponds to a collision energy range
from 0 to 0.73 eV in the case ofj i ) 0. The maximum total
angular momentumJmax ) 150 was found to be sufficient. For
j i e 5, probabilities for everyJ were calculated, while for other
initial states the probabilities were calculated with an interval
of five and the results for the remainingJ were interpolated.
This method has been tested forj i ) 0 case, and found to be
very accurate.

In Figure 1, the initial state specified total integral cross
sections of the O+ OH reaction are displayed for several initial
OH rotational states. The cross sections are very large at low
collision energies, but they decrease sharply with increasing
energy before leveling off. The initial rotational excitation has
little effect on the cross section and its energy dependence. In
addition, they show no threshold. These features are consistent
with the barrierless reaction path leading to a deep potential
well.86,89,90

By Boltzmann averaging, these total integral cross sections
over the collision energy and initial rotational states, the
canonical rate constant for the O+ OH reaction was obtained
and displayed in Figure 2 with several experimental data.7,8,15,17

Our statistical results are also compared in the figure with the
earlier QCT results of Varandas et al.,25 and QM results of
Germann and Miller,45 who used the flux correlation approach
with theJ-shifting approximation on the same DMBE IV PES.
The calculated rate constant increases first at low temperatures
(<80 K) and then decreases at higher temperatures. The irregular

temperature dependence of the rate constant stems largely from
the electronic degeneracy factor given by eq 2, and is not a
reflection of any specific dynamical behavior. The rate constant
obtained from the QM statistical calculation is in excellent
agreement with experimental results both in temperature de-
pendence and in absolute magnitude. The deteriorating agree-
ment at high (>400 K) temperatures is expected because the
lifetime of the reaction intermediate (HO2) should decrease as
energy increases, and the statistical model becomes inadequate.
The statistical rate constant is about a factor of 2 larger than
the earlier QM results.45 The relatively small discrepancy may
be due to the failure of the statistical model in this temperature
range or to theJ-shifting approximation used in the earlier QM
work. Our rate constant is also larger than its QCT counterpart,25

but it is difficult to identify the origin of the discrepancy.
Overall, the agreement with both experimental and theoretical
data is quite satisfactory.

As stated in the previous section, the canonical rate constant
for the forward reaction of R1 was obtained indirectly using eq

TABLE 1: Numerical Parameters Used to Calculate
Capture Probabilities in the O + OH Channel Using the
Wave Packet Methoda

Rmin 0.1
Rmax 20.0
nR 359
rmin 0.7
rmax 3.5
nr 4
jmax 24
nγ 25
Rc 4.1

a Atomic units are used.

Figure 1. Energy dependence of initial state specified total integral
cross sections of the O+ OH (Vi ) 0,j i) f H + O2 reaction.

Figure 2. Temperature dependence of canonical (solid line) rate
constant for the O+ OH f H + O2 reaction calculated by the statistical
model, and comparisons with experimental measurements (Baulch et
al.,15 dashed line; Cohen and Westberg,8 dash-dotted line; Smith and
Stewart,17 solid circles; Howard and Smith,7 open circles), QCT results
of Varandas et al. (solid triangles),25 and approximate quantum
mechanical results of Germann and Miller (solid squares).45
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5. In Figure 3, the calculated rate constant is compared up to
1500 K with available experimental results8,12,13,15,18and with
the QM results of Germann and Miller.45 In keeping with
experimental findings, the temperature dependence of the
calculated rate constant follows the Arrehnius law, indicated
by the linear dependence of the logk with the reciprocal
temperature. However, because of the log scale which covers
more than 10 orders of magnitude, the agreement between theory
and experiment is not as perfect as visually suggested by Figure
3. A closer look, for example, reveals that the statistical results
consistently overestimate the experimental data at high tem-
peratures, presumably due to the inadequacies of the statistical
treatment of the reaction at high energies. To estimate the
theory-experiment discrepancy, the average relative error
between the calculated rate constant and the recent experimental
data of Baulch et al.15 was calculated over the 300-1500 K
temperature range by sampling at every 5 K. The average error
was shown to be 60%. The agreement represents a significant
improvement over the previously reported discrepancy of 217
to 304% obtained28 on the same PES with the phase-space
theory, which is essentially a classical version of our statistical
model. This improvement underscores the importance of treating
the capture process quantum mechanically on a realistic PES.
Agreement with the previous quantum results45,47 is also
satisfactory as shown in the figure. Our calculated rate constants
at 600 and 1000 K of 5.24× 10-16 and 1.35× 10-13 cm3

molecule-1 s-1 compare well with the more recent values of
3.39× 10-16 (4.12× 10-16) and 0.90× 10-13 (1.03× 10-13)
cm3 molecule-1 s-1 reported the Miller group usingJ-shifting
(CS) methods.47 Interestingly, the rate constant obtained
from QCT calculations, 0.99× 10-13 cm3 molecule-1 s-1 at
1000 K,25 is also in good agreement with our result.

B. H + O2 f HO2 Reaction. Capture probabilities in the
H + O2 channel were calculated using a time-independent close
coupled method (as discussed in section II) which employed a
WKB approximation to the capture initial value. As this
semiclassical approximation was used to define the entrance to
the collision complex, it was necessary to show that the capture
probabilities were well converged with respect to decreasing
Rc. (Although this is not the case in general, convergence may

be seen with insertion reactions because the local de Broglie
wavelength decreases, and thus the semiclassical approximation
becomes increasingly justified, asRc is taken further and further
into the deep well region of the potential.) This was found to
be the case for H+ O2 at a capture radius ofRc ) 3.0 a0.
Furthermore, the capture probabilities were unchanged by
decreasingRc by an additional 1.0a0. The total energy range
calculated covered 0.098 to 0.398 eV leaving a collision energy
range of 0.0 to 0.3 eV forj i ) 1. For these energies, O2 states
up to and includingj ) 39 were necessary for the calculation
and the capture probabilities were found to be nonzero for all
J up toJmax) 55. As mentioned previously, all Coriolis coupling
was included exactly in the calculation.

In Figure 4, the energy dependence of the total capture cross
section for various O2 initial states is displayed. The cross
sections exhibit sharply different energy dependences at lower
energies. For initial states with smallj i, the cross section
generally decreases with increasing collision energy, while it
rises for those with largeji. The latter signals a reaction threshold
which stems from an entrance channel barrier. Indeed, such a
barrier can be identified from the adiabatic potential curves
shown in Figure 5. The corresponding barrier is lower than the
dissociation threshold forj i ) 0, but perks up with nonzero
orbital angular momenta. This barrier becomes more conspicu-
ous for largej i, resulting in the threshold effect seen in Figure
4.

By integration over the collision energy and by the use of
thermal averaging over the initial states, the canonical capture
rate constant was obtained. The comparison with the QCT
results55 and the available experimental measurement9 is
displayed in Figure 6. The agreement with the experimental rate
constant at room temperature is excellent, indicating the overall
accuracy of the PES. The agreement with the QCT results is
also excellent except for at very low temperatures. The sudden
decay of the QM statistical rate constant below 50 K stems from
the orbital barrier as discussed above. In QCT calculations, the
thermalization of all degrees of freedom allows significant
vibrational energy in the O2 reactant. As the reactants approach
each other, energy can leak out of the O2 vibration to the
translational degree of freedom, which might be sufficient to
overcome the centrifugal potential barrier. Thus, the discrepancy
is likely the result of the lack of proper treatment of the zero-
point energy in O2 in the QCT calculation of the capture rate
constant.

Figure 3. Temperature dependences of canonical rate contant for the
H + O2 f O + OH reaction calculated using the statistical model,
(this work, solid line) and comparisons with experimental results (Cohen
and Westberg,8 dash-dotted line; Baulch et al.,15 solid squares; Du
and Hessler,13 open circles; Shin and Michael,18 open triangles; Pirraglia
et al.,12 open squares) and quantum mechanical result of Germann and
Miller 45 (solid circles).

Figure 4. Energy dependence of initial state specified total integral
capture cross sections for the H+ O2 addition reaction (R2).
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IV. Conclusions

In this work, we report quantum mechanical calculations of
canonical rate constants for the title reactions, which play a vital
role in combustion and in atmospheric chemistry. An accurate
representation of the rate constants is essential in kinetic
modeling. Calculated rate constants are particularly important
when experimental data are not accurate enough to establish a
consensus. However, exact quantum mechanical characterization
of the rate constant is not trivial even for this triatomic system,
primarily because of the large number of quantum states
supported by the deep potential well. Here, we take advantage
of the long lifetime of the reaction intermediate and use a
quantum statistical model to compute the rate constant for the
bimolecular reaction. Such a statistical treatment is justified at
low collision energies because the reaction is known to be
dominated by long-lived resonances. By the same token, the
long lifetime of the HO2 complex is ensured by the high third

body collision frequency at the high-pressure limit for the H+
O2 addition reaction.

The calculated canonical rate constants for R1 in both forward
and reverse directions are in excellent agreement with available
experimental measurements over a wide temperature range up
to 1500 K. The agreement with experiment is nearly quantitative
for the reverse R1 reaction below 400 K, and∼60% for the
forward R1 reaction. This level of success is quite satisfactory,
given the drastic approximations assumed in the statistical
treatment. For R2, the agreement with both experimental and
quasi-classical trajectory results is also very good. At very low
temperatures, a reaction threshold has been identified to originate
from the centrifugal barrier due to the orbital motion. These
results demonstrate again that the statistical model is a powerful
tool in studying complex-forming reactions.
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