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ABSTRACT: We report a theoretical study of the title four-atom reaction for a wide
range of translational energies, considering the reactants in the ground vibrational state
and also in some vibrationally excited levels of the HS radical. All calculations have
employed the quasi-classical trajectory (QCT) method and a reported double many-body
expansion potential energy surface for ground electronic state of HSO,. Cross sections as
well as specific rate constants for HS elimination are reported and compared with
literature data for such processes. To account the zero-point energy problem in QCT
calculations, an internal energy quantum mechanics threshold (IEQMT) criteria is used.
© 2008 Wiley Periodicals, Inc. Int ] Quantum Chem 108: 1705-1713, 2008
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1. Introduction

I I l he importance of sulfur as a major contaminant
in different environmental issues such as acid
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rain, air pollution, and global climate changes has
been well established. It comes both from natural and
anthropogenic sources [1]. Its influence is not lim-
ited to the troposphere because some compounds, as
COS, may reach the stratosphere and there can enter
into different chemical cycles [1]. The production of
HS radical from photolysis [2-8]

H,S + hv — HS(X?I1,v) + H 1)
and reaction

H,S + OH — HS + H,0 ?)
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are well-established processes [1,9], but the fate of
the produced HS radical is less clear, and therefore
appears the necessity to understand the subsequent
oxidation steps to elucidate the route leading to dif-
ferent contaminant environmental events. Between
the possible channels leading to the loss of HS
radical, one of the main issues is the reaction

HS + O, — products. 3)

Experimentally, reaction (3) has been studied
in several works [10-16], but measurements have
yielded only upper limits that fall in the range of 4 x
107" to1x 107" cm® s ! at 298 K (the preferred value
by IUPAC Subcommittee on Gas Kinetic Data Evalu-
ation [15] is 4 x 107" em?® s71). For high translational
temperature (1,400 < T (K) < 1,850) a dependence
with temperature for rate constant of reaction (3),
k(T) = 3.1 x 107" exp(=75 kJmol ' /RT) cm?®s~",
has been proposed in Ref. 17. A further analy-
sis about these experimental results will be done
later.

From the theoretical side, there are some stud-
ies of the HSO, isomers using ab initio calculations
at different levels of theory [18-27] and also by
means of DFT [28]. Recently the first global poten-
tial energy surface (PES) for the mentioned system
was reported [29]. Even when theoretical works
[18,27,30] have reported rate constants for reac-
tion (3), none of them have used a global PES
and showed significant differences in their calcu-
lated values. Thus, it is very interesting to carry
out calculations to determinate the rate constants
of the title reaction using such a PES [29]. More-
over, the global PES allows to carry out calcula-
tions for vibrationally excited states of the electronic
ground state of reactants, probably a relevant fact for
comparison with experiments and for atmospheric
chemistry.

Despite vibrationally excited molecules could
have an important role in the interpretation of
experimental results and in the atmospheric physic-
ochemical modeling, it is not common to find in
the literature theoretical studies devoted to the anal-
ysis of the effect of internal energy of reactants
on chemical reactions. In particular, to our knowl-
edge, no single study of reaction (3) considering
vibrationally excited reactants has been reported.
A major goal of the present work is therefore to
report a quasiclassical trajectory (QCT) study of the
reactions:

HS(@,j =1) + O,(0” = 0,j" = 1) — products (4)

with different vibrational states (v for HS radical).
For this purpose, we employ a realistic single-valued
double many-body-expansion (DMBE) PES [29] for
the electronic ground state of HSO,. Such a method-
ology should be reliable since the QCT approach
treats the problem in its full dimensionality and most
of the involved nuclei are heavy. Furthermore, one
is interested to carry out calculations for several
vibrational levels combinations and the treatment
of such a problem with quantum reaction dynamic
calculations is virtually prohibitive. The paper is
organized as follows. Section 2 provides a brief sur-
vey of the HSO, potential energy surface, whereas
the computational method is described in Section 3.
The results are presented and discussed in Section
4, whereas the major conclusions are gathered in
Section 5.

2. Potential Energy Surface

All calculations in this work have employed a
six-dimensional (6D) DMBE [31] PES for the elec-
tronic ground state of HSO,. It employs DMBE
functions previously reported for the diatomic and
triatomic fragments (see Ref. 29 and references
therein) and four-body energy terms to mimic ab ini-
tio CASPT2/FVCAS/AVXZ (X = 2,3) calculations
for the tetratomic system. Since it has already been
described in detail elsewhere [29], we focus here on
its main topographical features which are of interest
for the title reaction.

Minimum energy path for formation of HSO
is presented in Figure 1. For simplicity, the same
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FIGURE 1. Minimum energy path for the reaction
HS + O, — HSO + O, according to the global PES of
HSO, used in this work.
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FIGURE 2. Minimum energy path for the reaction
HS + O, — H + SO,, according to the global PES of
HSO, used in this work.

nomenclature given in a previous paper [29] is used.
Thus, TS; labels the transition state for the forma-
tion of HSOO from HS + O,, TS5 defines the barrier
for isomerization HSOO — HSO - - - O. Figure 2 dis-
plays the minimum energy path for the reaction
HS + O, — H + SO,. TS, is the intermediate state
between HSO - --O and HSO,, whereas TS, is for
isomerization HSO, — HOSO (the possible way
HSO, — H+ SO, has not been shown in the figure).
Although other species may be obtained as prod-
ucts, the above mentioned ones are the more likely
to occur under the selected conditions of the present
work (see later).

3. Computational Procedures

QCT method [32] has been used to study the
title reaction. To run the classical trajectories we
have utilized an adapted version of the VENUS96
[33] code which accommodates the HSO, DMBE
potential energy surface, described in the previous
section. Calculations have been carried for diatom-
diatom translational energies in the range 10 <
E. (kcalmol™) < 40, as specified in Table I. In all
cases, the initial rotational quantum number of the
colliding HS and O, molecules have been fixed at
their ground level (jus = j5, = 1) and the O, mole-
cule kept inits ground vibrational state. The step size
of the numerical integrations was 2.5 x 107 s, war-
ranting conservation of the energy better than two
parts into 10°. In turn, diatomic—diatomic initial sep-
aration have been fixed at 9 A, a value sufficiently
large to make the interaction negligible. To select

THEORETICAL STUDY OF THE HS + O, REACTION

the maximum value of the impact parameter (bmax)
which leads to reaction, we have followed the usual
procedure by computing batches of 300 trajectories
for fixed values of b. This procedure should allow
an accuracy in bmax of about £0.1 A; the calculated
values are reported in the third column of Table L
Considering the energetic barriers of the PES for
title reaction, batches of 5,000 trajectories have been
then run for each translational energy and vibra-
tional combination making a total of about 1.75 x 10°
trajectories. Such a number of trajectories has been
found enough to yield reactive cross sections with
an error of typically a few percent. The procedure
employed to assign reactive channels is identical to
that reported in previous works [34, 35] for other
reactive system: when a trajectory reach a configura-
tion corresponding to an specific channel, a product
is considered tobe formed, and the trajectory is there-
fore ended. Diatom—diatom collisions may lead to 14
possible channels. As before [36], we do not consider
as distinct channels the various isomers of a given
species.

For a given value of the translational energy, the
specific reactive cross section for HS lost (or specific
total reactive cross section) assumes the form [37]

UJ’,O = nbrznax P;’,O (5)

with the associated uncertainties being given by [37]

.o\ 12
Ao! - — NU/O_NU//O ; 6
O"1/,0 - N ’ON Gv’,O ( )

v,0

where N;,/O denotes the number of reactive tra-
jectories in a total of Ny, for the combination
(¥',0) of the vibrational quantum numbers of the
colliding molecules, and P’,O = N’ ,O/Nv/o is the
corresponding reactive probability. From the spe-
cific total reactive cross section and assuming a
Maxwell-Boltzmann distribution over the transla-
tional energy (Ey), the specific thermal total reactive
rate coefficient is obtained as

2 3/2 1 1/2
K, (T (T —_—
=20 (55) (25
E.
X/Etra;/oexp( )dEtr, (7)
/ ksT

where g.(T) = [1 4 exp(—544.7/T)]" is the appro-
priate electronic degeneracy factor [38, 39]. Notice
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TABLE |

Trajectories calculation results for the reaction HS(v’,1) + 0,(0, 1).

v’ Ev® brmax N ITEQMT NEOMT NECT %\EQuT Aojgqur oGet Aoacr

0 20.0 0.6 3,774 54 54 0.016 0.002 0.012 0.002
22.5 1.3 4,075 23 25 0.030 0.006 0.027 0.005
24.0 1.3 3,980 38 46 0.051 0.008 0.049 0.007
28.0 1.5 4,013 73 78 0.129 0.015 0.110 0.012
32.0 1.6 4,168 109 111 0.210 0.020 0.179 0.017
36.0 1.7 4,061 201 204 0.450 0.030 0.370 0.025
40.0 1.8 4,165 310 310 0.758 0.041 0.631 0.035
45.0 1.8 4,221 547 547 1.319 0.053 1.114 0.044

1 17.5 0.8 4,137 9 9 0.004 0.001 0.004 0.001
20.0 1.2 4,297 25 25 0.026 0.005 0.226 0.005
25.0 1.6 4,425 44 44 0.080 0.012 0.071 0.011
30.0 1.8 4,508 96 96 0.217 0.022 0.195 0.020
40.0 2.0 4,619 264 264 0.718 0.043 0.664 0.040
45.0 2.0 4,621 390 390 1.061 0.051 0.982 0.048

3 125 0.3 4,384 17 17 0.0011 0.0003 0.0096 0.0002
15.0 1.4 4,507 7 7 0.0096 0.0004 0.009 0.003
17.5 1.4 4,327 24 24 0.034 0.007 0.030 0.006
20.0 1.6 4,410 29 29 0.053 0.010 0.047 0.009
25.0 1.9 4,488 64 64 0.162 0.020 0.145 0.018
30.0 1.8 4,525 119 121 0.268 0.024 0.246 0.022
40.0 1.9 4,569 303 303 0.752 0.042 0.687 0.038
40.0 1.9 4,569 303 303 0.752 0.042 0.687 0.038
45.0 2.1 4,625 353 353 1.057 0.054 0.978 0.050

5 125 1.3 4,219 29 32 0.036 0.007 0.034 0.006
15.0 1.4 4,332 49 49 0.070 0.010 0.060 0.009
17.5 1.6 4,352 49 49 0.091 0.013 0.079 0.011
20.0 1.7 4,328 64 64 0.134 0.017 0.116 0.014
225 1.7 4,450 100 100 0.204 0.020 0.182 0.018
25.0 2.0 4,450 84 84 0.237 0.026 0.211 0.023
30.0 2.2 4,519 122 122 0.411 0.037 0.371 0.033
40.0 2.0 4,623 386 388 1.049 0.051 0.975 0.048
45.0 2.1 4,687 509 509 1.505 0.063 1.410 0.059

7 10.0 1.5 3,870 18 18 0.033 0.008 0.025 0.006
15.0 1.8 4,002 38 38 0.097 0.016 0.077 0.013
20.0 2.0 4,307 103 105 0.301 0.029 0.264 0.025
25.0 2.2 4,434 271 271 0.929 0.051 0.814 0.049
30.0 2.0 4,592 630 630 1.724 0.064 1.583 0.059
35.0 2.1 4,663 762 765 2.264 0.075 2.119 0.070
40.0 2.2 4,730 852 859 2.739 0.085 2.612 0.080

aIn keal mol~".

that HS(*I) split into two double-fold degenerate
states [HS(*I1y,) and HS(*I15,,)] when first-order
spin-orbit interaction is considered, with 544.7 K of
energy difference between them [40]. O,(X) is a
triplet whereas the complex is a doublet, kg is the
Boltzmann constant, u is the reduced mass of the
colliding diatomic particles, and T is the tempera-
ture.

4. Results and Discussion

4.1. REACTIVE CHANNELS

Table I summarizes the trajectory calculations
carried out for the HS(v,j’ = 1) + O,(v" =0,j" = 1)
reaction. First entry of this table indicates the
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vibrational quantum number of the HS radical while
the studied translational energies are in column 2. In
this paper, we are interested essentially in the loss
of HS, and therefore the last four columns of the
table show values of the specific total reactive cross
section and its associated uncertainties, indepen-
dently of the determined reactive channel followed
in the reactive collision.

Considering the energetic barriers of transitions
states TSz, TS5, and TS, all channels are closed for
low translational energies when vibrational states
of the reactants are fixed at the ground levels. For
total energies below 28.5 kcal mol !, the HSO chan-
nel remains practically closed and the only formed
species is SO,, following the path in Figure 2, with
a relatively small cross section values. For higher
total energies, the HSO channel opens (following the
path illustrated in Fig. 1) and this species becomes
the dominant product. Such a result is explained
considering that the formation of HSO requires
to break and form only one bond, whereas the
SO, production requires more structural rearrange-
ments (see Fig. 2). Contrarily, when the total energy
of colliding molecules is above the HS dissocia-
tion limit for excited states of the HS radical with
vibrational quantum number v = 7 and trans-
lational energies greater than 25 kcalmol™', the
formation of SO, dominates, because of the pos-
sibility of rupture of the HS radical followed by
capture of the S atom by the unbroken O, mol-
ecule becomes significant. Nevertheless the above
mentioned species are the major products of reac-
tion (4); other reactive channels are also energeti-
cally allowed, but a detailed analysis of all reactive
channels is out of the scope of the present work
and will be hopefully reported in the forthcoming
paper.

In this work, tunneling will not be considered,
and of course a rigorous study of the title reac-
tion requires quantum dynamics calculations, but
regarding the characteristics of our PES and the ener-
getic position of the main product here obtained such
effect should not affect the final results in remark-
able way. More important can be the well-known
problem of classical trajectories called zero-point
energy (ZPE) leakage. Several strategies divided into
two groups: “active” and “nonactive” methods, have
been proposed to deal with this problem [41]. In
the active methods, a constraint is introduced to
prevent the trajectories from entering the region
of phase space, which allows vibrational modes
to have less than its ZPE. Instead, the nonactive
ones follow the genuine QCT approach but discard

THEORETICAL STUDY OF THE HS + O, REACTION

from the statistics any unphysical trajectory that is
found to violate some specified physical criteria. The
perturbed statistics may eventually be corrected a
posteriori. Clearly, the mentioned procedures are not
free from ambiguity and we use in this work only
the nonactive internal energy quantum mechanical
threshold (IEQMT) [41] method to compare with
the pure QCT results. In the IEQMT method, a tra-
jectory is not considered in the statistical analysis
unless eachmolecular producthas an internal energy
larger than its corresponding ZPE. Thus, some tra-
jectories accounted in QCT calculations, reaching
unphysical products with internal energy bellow its
ZPE, will be disregarded once the IEQMT criteria is
used.

In the fourth and fifth columns of Table I, total and
reactive trajectories number according the IEQMT
criteria are shown. The sixth column collects the
reactive trajectories according to QCT calculations.
From detailed analysis of trajectories results shown
in Table I, one verifies that reactive trajectories num-
ber is little affected by accounting (IEQMT) or not
(QCT) ZPE. This result may be rationalized from ana-
lyzing the reaction mechanism by following some
reactive trajectories step by step. At low transla-
tional energies, as we mentioned earlier, the reaction
proceeds via path showed in Figure 2, the newly
formed SO, has a large vibrational energy, and there-
fore, the number of reactive trajectories will not
be affected by the way used to account ZPE. For
higher translational energy, the title reaction is more
likely to occur via path in Figure 1, and therefore,
HS bond remains almost as an spectator, keeping
its vibrational energy same as in the beginning of
the collisional process. However, the SO and OO
bonds continue interchanges of energies resulting
in a vibrationally excited SO bond when the oxy-
gen atom leaves the moiety. Then the vibrational
energy of the products will more likely be above its
ZPE. The major influence of ZPE leakage is observed
for the nonreactive trajectories when the colliding
molecules are not vibrationally excited. Despite dis-
regarding such trajectories from the final statistics
might imply that reactivity will be overestimated
with respect to the traditional QCT values, we sim-
ply discard all trajectories not fulfilling the threshold
condition of IEQMT method without any attempt
to improve the statistics a posteriori considering that
the mentioned criteria retains acceptable statistics
and compares well with QCT approximation. Of
course, such approach led to upper (IEQMT) and
lower (QCT) values for cross section and, then, for
rate constants.
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FIGURE 3. Specific total reactive cross section. Graph
(a) shows the QCT results; graph (b) shows the IEQMT
results.

4.2. REACTIVE CROSS SECTIONS

We now examine the shape of the excitation
functions (cross section vs. translational energy) for
any product formation, shown in Figure 3. Graph
(a) of this figure displays obtained results when
using the QCT calculations, whereas cross section
obtained by using the IEQMT criteria are shown
in graph (b). For all initial energetic conditions
one observes the common pattern found in reac-
tions which have an energy threshold; i.e., o” is
an increasing function of E,, for translational ener-
gies above the value E{?, while the reactive channels
remain practically closed for E, below the men-
tioned threshold. As expected, such a threshold
decreases when internal energy is added to the
reactants.

To analytically describe the dependence of the
cross section with the translational energy, we have
adopted the form [35]

0! o(Ew) = C&)|[Ex —EL (©)]" exp { —m[Ex — EF ©)]}.
8)

To consider the effect of internal energy we have
now introduced the polynomials

C(€) = by + b1 + by€” ©)
and
ER(§) = ag + ;& + 0,87 + a38° (10)
where
HS HS('=0,1)
§= EHSE(:;:O,:) in;soz(v”—o,h' (1)
int int

The parameters and coefficients in Egs. (8)—(10)
have been determined from two least-squares fitting
procedures, one for vibrational quantum number
v = 7 when the formation of SO, is dominant and
the other for remained combinations of vibrational
quantum numbers for which the major productis the
HSO; their optimum numerical values are reported
in Table II. The resulting fitted functions are shown
together with the calculated points in Figure 3. It is
seen that the model reflects the general trends of the
calculations. Note that the representation depends
only on the internal energy of the reactants species,
butnot on any specific model that express the depen-
dence of the internal energy with the quantum num-
bers. For a more detailed model, one would need
further trajectory calculations covering a wide range
of rovibrational states of the reactants. Of course,
experimental information would also enlighten this
topic. Note also that there are no qualitative dif-
ferences between curves in graphs (a) and (b) of
the Figure 3, but curves in graph (b) obtained with
the IEQMT approach show values of the reactive
cross sections slightly higher that those in graph (a)
calculated with the QCT method.

By substitution of Eq. (8) in Eq. (7) and perform-
ing the integration analytically, the specific reactive
thermal rate coefficient k;/,o (T) assumes the form

g \ 172
K, o (T) = g.(THC —
v 0(T) = &(T) (§)<n,u>
Ty (e
(1 + kaT)11+2 kBT
th

E
X |:F(n+2)+F(n+1)(1+kaT) ”} (12)

kgT
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TABLE Il

Numerical values? for coefficients of the cross section functions.

Coefficient cross section QCTv =0-5 QCTv =7 IEQMT v/ =0-5 IEQMT (v =7)
ao 16.063 15.0845 16.0646 16.0635

as —3.3609 —2.07762 —2.06134 —2.08934

a 0.406581 —0.396197 —0.275666 —0.507805

as —0.0312129 0.0563436 0.0443081 0.0687352

bo 8.5329 x 10~ 0.000131026 0.000105283 0.000117139
by —2.0340 x 1075 0.000185255 —2.84146 x 1075 8.00128 x 10~°
b 2.4166 x 107 —2.67271 x 105 3.23022 x 10~ —1.25883 x 1075
n 2.85843 4.98027 2.85843 4.98027

m 0.00800001 0.0886503 0.00800001 0.0886503

aThe units are such that cross section is A2 and energy is kcal mol~1.

where I' is the gamma function. Figure 4 shows
the function in Eq. (12) for vibrational quantum
numbers 0, 1, 3, 5, and 7 of the HS radical. In
graph (a) of Figure 4 have been included curves
obtained with the QCT approach, whereas graph (b)
has curves calculated with the IEQMT approxima-
tion. These graphics exhibit only small quantitative
difference. As expected, all curves follow a similar
pattern. Atlow temperatures they have small values,
which are then rapidly increased when tempera-
ture is raised. The specific thermal rate coefficients
increase with the initial vibrational state existing a
difference of several orders of magnitude between
these curves for low temperature. For high tempera-
ture the curves approach each other with a tendency
to a plateau.

For completeness, we show the Arrhenius curves
in Figure 5. The calculated vibrationally averaged
thermal rate coefficient is given by

Zv/:o Wy kzr/,O
Zv’ =0 Wy

where vibrational populations w, of HS are those
obtained in the 193 nm photolysis of H,S. For cal-
culation of the upper limit curve the vibrational
population was taken from Ref. 3 and for the lower
limit curve from Ref. 7. Calculations using the vibra-
tional population reported in Refs. 2,4-6, and 8 lead
to intermedial values.

We now turn to the available experimental data
[10-16]. As was already mentioned, only upper lim-
its have been experimentally reported for the title
reaction at room temperature. Such results have been
also included in Figure 4. The IUPAC recommended
value for the rate coefficient is the lowest upper
limit obtained by Stachnik and Molina [15] in a flash
photolysis/UV absorption study of the reaction of

kK'(T) = (13)

HS radicals with O,. The source of HS radicals in
this experiment was the photodissociation of H,S
with pulsed ArF excimer laser emission at 193 nm.
Despite, as was admitted by the authors of this work,
the H,Sradical has high quantum yield of HS(v' = 0)
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=160 F H .
- Sl
i 1 s
i # =
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FIGURE 4. Specific thermal total reactive rate
coefficients. Graph (a) shows the QCT results, graph (b)
shows the IEQMT results.
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FIGURE 5. Arrhenius plots for the rate coefficients of
the title reaction. Averaged IEQMT rate constants using
two different populations for vibrational levels of HS
reported in literature are compared with the experimental
results.

at 193 nm, HS radicals in other vibrational states are
also produced under the same experimental condi-
tions [2-8]. Thus, it could be interesting to consider
the possible participation in the reaction of such
vibrational excited radicals. The relative high pres-
sure of oxygen (730 Torr) utilized in this experiment
is not a warranty of quenching because the reactive
and relaxation processes are competitive ones and
the final result depends on the ratio of rate coeffi-
cients of both processes, but unfortunately we are
unaware of works devoted to relaxation studies of
vibrationally excited HS by O..

Rate coefficients for the title reaction at high tem-
perature were reported in Ref. 17, and they have
been included in Figures 4 and 5. In this study,
the HS radical was produced also by laser photol-
ysis at 193 nm of a mixture of H,S and O, highly
diluted in Ar. Note that with the indicated wave
length the O is also photolyzed. Note also that the
situation allows an effective production of vibra-
tionally excited HS radicals. In these experiments,
the rate constants were measured by monitoring the
time dependencies of both O and H atoms assuming
the HSO + O as dominant products. Under these
experimental conditions an overestimation of rate
constant values could be expected and, as was admit-
ted by the authors, “the accuracy of the rate constants
obtained in this study is not clear” [17]. We want
to remark the good agreement of the experimental
results with our evaluation of rate coefficients for
the highest vibrationally excited HS radicals showed
in graph (a) of Figure 4 for which is obtained the
most intensive reaction, although graph (b) shows

that reported coefficients at high temperature lies
above calculations. Such a result is consistent with
the previous analysis leading to the criteria of an
experimental overestimation of the rate coefficients
at high temperatures. At room temperature there
exists agreement between our average rate coeffi-
cients and the [IUPAC recommended measurements
by Stachnik and Molina [15] considering that it is an
upper limit for rate coefficient.

In a theoretical study by Goumri et al. [18], the G2
method and RRKM theory were used to analyze the
rate constant for reaction (3). An evaluation of the
reverse reaction leads to a bimolecular rate constant
of 2.3 x 107" cm® s~ [30], which is much larger than
the rate constants provided experimentally. More
recently the mentioned reaction was investigated
using single- and multi-reference theoretical tech-
niques [30]. In such a work, authors conclude that
dissociation of HSOO into HSO+O and H+-500 are
very endothermic and nonspontaneous processes;
therefore, they may be neglected at atmospheric con-
ditions. Moreover, authors indicate that H + SO, is
not produced in the reaction of HS+ O, because they
found that itis nota one-step process. For the ground
vibrational state we have arrived to similar conclu-
sions: the major product is the HSO radical and
the specific rate coefficients for relevant atmospheric
temperatures are extended in the interval of 1.0 x
10732t01.0x1072° cm?® s~!. However, our calculations
led to very different results for vibrationally excited
HS radicals, and thus we could support theoretically
the relative high experimental values reported in the
work by Stachnick and Molina [15]. In relation with
the processes occurring in the atmosphere they must
be analyzed carefully because events with a very low
reactive cross section in normal conditions, due to
having a high endoergicity, could be relevant for the
study of atmospheric chemistry considering the exis-
tence of vibrationally hot species under conditions of
nonlocal thermodynamic equilibrium makes possi-
ble the occurrence of endoenergetic reactions which
would not be possible otherwise [42]. The next work
will be addressed to that problem.

5. Conclusions

A theoretical study of the title reaction was car-
ried out by means of QCT method, for a wide range
of translational energies of the reactants. The use of
a global PES for HSO, allows to explore the reaction
mechanism. SO, and HSO were the most obtained
species, with significant differences on their rate
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coefficients. The latter is the most favored prod-
uct once it is energetically reachable. Influence of
the vibrational excitation of HS radical on the reac-
tion was accounted by carrying out calculations
for different vibrational quantum numbers (v =
0,1,3,5,7). Cross sections were reported. The title
reaction shows a barrier-like behavior. A model to
account the internal energy of the reactants was also
presented. ZPE leakage was considered by demand-
ing the internal energy of each of the products to
be above their respective ZPE, and disregarding all
trajectories not fulfilling such a condition. Rate coef-
ficients were analytically obtained and compared
with values reported in literature. The vibrational
energy of HS plays a significant role, and the good
agreement of rate coefficients here reported with
the recommended values in literature is obtained
when vibrationally excited populations of HS are
considered. These results could point out to the
necessity of to consider the vibrational excitation of
HS radicals for understanding experimental data.
The relevance of the mentioned issues for atmo-
spheric chemistry requires a more detailed analysis
including the evaluation of relaxation processes.
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