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The atmospheric reaction between HS and chlorine radicals was studied theoretically, using ab initio methods.
We investigated three reaction possibilities: HSCl formation, and the production of HCl and sulfur, singlet
and triplet. The channels that lead to HSCl and to HCl and S(3P) are spontaneous and exothermic at 298.15
K, and the channel for HCl and S(1D) formation is nonspontaneous and endothermic. In a microcanonical
kinetics calculation, the rate constant we obtained for HSCl formation was 2.4× 10-11 cm3 molecule-1 s-1

at a pressure of 1 atm, and 2.4× 10-13 cm3 molecule-1 s-1 at a pressure of 0.01 atm. The rate constant for
HCl and triplet sulfur production was not significantly pressure-dependent, and its value was 9.0× 10-11

cm3 molecule-1 s-1. In the troposphere, the proportion of reaction products predicted was 79% for HCl and
S(3P), and 21% for the formation of HSCl. At lower pressures, the proportion of HSCl decreased, and at a
pressure of 0.01 atm it was predicted to be practically null. The rate constant for the total reaction was
determined to be 1.1× 10-10 cm3 molecule-1 s-1 at 1 atm. At a pressure of 0.01 atm, this value decreased
to 9.0× 10-11 cm3 molecule-1 s-1, which is within the limit error of the only experimental result known in
the literature.

1. Introduction

The HS radical is an important intermediate in the atmo-
spheric chemistry of hydrogen sulfide, which is one of the
reduced sulfur compounds released in great quantity in the
environment.1,2 It was believed that almost all HS generated in
the atmospheric decomposition of H2S is oxidized to SO2 in
the troposphere by common tropospheric oxidants such as O3,
NO2, and O2.1,2 However, in nonpolluted areas where the
concentrations of these oxidants are small, as in the remote
marine boundary layer, the concentration of chlorine atoms
should be sufficient3 for the reaction with the radical HS to
occur to a significant extent, leading to a coupling of the sulfur-
chlorine chemistries. On the other hand, it is possible that large
amounts of H2S can also be injected in the stratosphere by
volcanic eruptions,4 leading to the production of HS in that
region. Again, a coupling of the chlorine and sulfur chemistries
becomes a possibility because of the presence of Cl2 and Cl
radicals in abundance in the stratosphere. It could also occur in
extraterrestrial atmospheres where H2S is abundant, as in that
of Venus.5 In general, one can expect that, if the occurrence of
a coupling of the chlorine and sulfur chemistries is significant,
new studies and models of the sulfur and chlorine atmospheric
cycles will certainly be called for.

Despite the potential relevance of this process, to the best of
our knowledge, investigations of this possibility are scarce, with
reports being mainly experimental. There are studies of the
reaction of chlorine atoms with other sulfur compounds such
as H2S, CH3SH, CH3SCH3, and CS2,6,7 but the reaction with
HS has not been investigated yet. The reaction between HS and
Cl2 was the subject of a recent theoretical study in our group,8

the results showing that it is very fast and is expected to occur
essentially at every encounter of the two species. The electronic
structure and the photodissociation of the main product, HSCl,

also was investigated,9,10 and the results show that it will be
photolyzed by sunlight, indicating that, if it is produced in the
stratosphere during the polar winter, this compound should act
as a temporary reservoir of chlorine.

There are some experimental measurements for the reaction
between HS and the Cl radical.11-13 Nesbitt and Leone11

analyzed a laser-induced chemical chain reaction of the Cl2/
H2S system, but the kinetics of the HS+ Cl reaction was not
determined. Clyne et al.12 studied this reaction in a discharge-
flow system linked to a quadrupole mass spectrometer. They
observed the formation of a yellow deposit on the walls, which
was attributed to sulfur formation. Monitoring the HS peak, the
ratio between the rate constants of the HS+ Cl and the H2S +
Cl reactions was measured, and the rate constant of the reaction
between HS and Cl was determined as (1.1( 0.3) × 10-10

cm3 molecule-1 s-1. Eberhard et al.,13 using a discharge-flow
reactor coupled with a photoionization mass spectrometer, have
also identified a sulfur yellow deposit. All of these studies were
conducted in low-pressure conditions, and it was believed that
the reaction would lead to the abstraction products, HCl and S.
However, in the troposphere, another channel should be possible,
which will lead to the addition product. In view of the facts
above, the main purpose of this work is to investigate the
mechanism and the kinetics of the reaction between HS and
chlorine atom, leading to other possible pathways, at different
atmospheric conditions. It is our hope that it can contribute
further to a better understanding of the chlorine and sulfur
chemistries in the atmosphere.

2. Methodology and Calculation

A. Potential Energy Surface.Considering the two possible
spin states for the sulfur radical, three channels should be
considered:
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The channel that leads to the addition product, HSCl, does
not have a potential energy barrier. The minimum energy
reaction path was constructed following the SsCl coordinate
and optimizing the other variables. The optimizations were
performed with the GAMESS package,14 using the cc-pVTZ
basis set at the CASSCF level of theory. The active space
included the valence orbitals of the three atoms. Next, the effect
of dynamical correlation was included through a multireference
configuration interaction (MRCI) calculation, using the Molpro
package.15 The orbitals used in the MRCI step were generated
from a state-averaged CASSCF/cc-pVQZ calculation, including
three states ofA′ symmetry in theCs group point with the active
space now restricted to the four nonfully occupied orbitals
because of convergence problems at large intermolecular
distances. In the MRCI step, a new reference set, which included
all configuration state functions with coefficients greater than
0.025 in magnitude was constructed. The final CI wave function
consisted of all single and double excitations from this new
reference set. This restriction allows us to limit the length of
the CI expansion to a manageable size.

The optimization of stationary points for channels 2 and 3
were also performed at the same level of theory, a CASSCF
calculation with the cc-pVTZ basis set. Because the multicon-
figurational character was small in all stationary points inves-
tigated, MP2 and CCSD(T) single-point calculations were
performed to assess the dynamical electronic correlation effects.
These latter calculations were performed with the Gaussian
package.16 The procedure developed by Dunning and co-
workers17 to reach basis set completeness was used, and the
additivity approximation18,19also included to obtain values for
the complete basis set (CBS) limit at the CCSD(T) level of
correlation. This procedure has already been used in a previous
calculation and the results have been reliable.8 The energy of
the singlet sulfur was obtained in the same manner as that of
the triplet plus the singlet-triplet energy gap, calculated at the
MRCI level. In this step, the reference set of molecular orbitals
was generated from a CASSCF calculation performed with the
aug-cc-pVQZ basis set, and having the 3s and 3p orbitals as
the active space.

Channel 2 is expected to occur in two steps: formation of
HSCl, followed by its decomposition to HCl and S(1D), as
presented below.

In channel 3, which leads to the triplet state of sulfur, it will
proceed through the formation of a triplet weakly bound
complex, which will lead to the products, HCl and S(3P). This
reaction path can be described as:

The step that leads to the formation of the weakly bound
complex (3a) also occurs without a potential energy barrier. Its
reaction path was constructed following the SsCl distance, with
the HsS distance fixed at 1.3391 Å and the ClsHsS angle at
45.0 degrees. This procedure is justified in this case because it

represents a very weak bond, and the intramolecular distance
HS and the intermolecular angle will not be modified signifi-
cantly in the reaction path. The multiconfigurational character
is negligible, and the same procedure used earlier to reach basis
set completeness and a higher level of electronic correlation
description was also applied for this step.

B. Kinetic Model. All channels for this reaction system begin
with a bimolecular collision between the HS and Cl radicals.
They will lead to the activated HSCl and HS‚‚‚Cl species, which
can be deactivated or react, backward or forward, resulting in
new products. Because this reaction system does not involve
complex species, there will be few vibrational states available
for energy distribution. Consequently, the concentration of
energy in the internal mode responsible for the reaction will be
very effective and the reaction will proceed very quickly. In
this case, once the first step occurs, the next one will be faster
than the product deactivation through collision with another
species, and a microcanonical treatment is needed to determine
these rate constants. Consequently, rate constants were calcu-
lated using RRKM theory for unimolecular reactions.20 Within
this approach, the rate constant will be given as the ratio between
the sum of states for the active degrees of freedom in the critical
configuration, which is the transition state, with total energyE,
G(E), and the density of states for the active degrees of freedom
in the reactants,N(E):

This equation was implemented in the RRKM program
developed by Zhu and Hase,21 and was used to calculate
microcanonical rate constants for the reactions steps above,
assumingJ ) 0.

Thermodynamic properties, such as Gibbs free energy and
enthalpy, were calculated for all reaction steps. We have used
harmonic frequencies and geometrical parameters obtained in
the optimization at the CASSCF level of theory.

Rate constants for steps 2a and 3a have also been calculated
using transition state theory (TST)22 to determine the high-
pressure limit for these quantities. In the transition state for the
weakly bound complex formation, the harmonic analysis of the
vibrational frequencies is not suitable, and a value for the nuclear
contribution to the Gibbs free energy was estimated by use of
the collision rate approximation. The values were calculated
considering the HS‚‚‚Cl system as a pseudo-diatomic molecule,
with a variable HSsCl distance. In all kinetic calculations we
considered a temperature of 298.15 K and pressures of 1 and
0.01 atm. These conditions allowed us to obtain values
corresponding to reactions in the troposphere and stratosphere
and to compare our kinetic results with existing experimental
ones.

3. Results and Discussion

A. Reaction Mechanism.We will first focus on the descrip-
tion of the activation properties of channel 1 (step 2a) and step
3a, which are the reactions that do not have an activation
potential energy barrier. For step 2a, the variation in the potential
energy and the Gibbs free energy, as a function of the SsCl
distance, calculated at the MRCI/cc-pVQZ level of theory is
represented in Figure 1. The maximum of the Gibbs free energy
curve corresponds to a geometry where the SsCl distance is
4.0 Å. It is the variational transition state structure for this step
and is labeled TS1. The activation Gibbs free energy for this

HS + Cl f HSCl (1)

HS + Cl f HCl + S (1D) (2)

HS + Cl f HCl + S (3P) (3)

HS + Cl f HSCl (2a)

HSCl f HCl + S(1D) (2b)

HS + Cl f HS‚‚‚Cl (3a)

HS‚‚‚Cl f HCl + S(3P) (3b)

ka(E) )
G(E*)

hN(E)
(1)
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channel amounts to 2.60 kcal/mol, and when spin degeneracy
is taken into account, it increases to 3.42 kcal/mol.

In step 3a, the curves for the variation of the potential energy
and the Gibbs free energy with the distance SsCl are depicted
in Figure 2. The maximum in the curve will occur at a distance
of 6.5 Å, resulting in an activation Gibbs free energy for this
step of 3.42 kcal/mol, including the spin degeneracy contribu-
tion. This point is labeled TS2.

For step 3b, a transition state was obtained (TS3), and the
reaction path was confirmed through an intrinsic reaction
coordinate (IRC) calculation. Energy values for this stationary
point and for other species participating of this reaction are
collected in Table 1. The optimization process was performed
at the CASSCF/cc-pVTZ level of theory, and additional
calculations at these geometries with different methodological
approaches are also presented in this table. Geometric repre-

sentations of these points and of TS1 along with the more
relevant geometrical parameters are shown in Figure 3. For all
stationary points, the CI coefficient of the zero-order function
is g0.90.

Relative energies and thermodynamic properties for the
activation and the reaction itself of all reaction steps investigated
are shown in Table 3 and Table 4, respectively, at different levels
of theory. Figure 4 depicts a profile of the potential energy
surface for the overall reaction, and Figure 5 shows the
corresponding variation of the Gibbs free energy. From these
tables, we see a small and nonsignificant variation in the results
with the basis set size, indicating that the basis set limit was
reached, whereas at the three levels of electronic correlation
considered, CASSCF, MP2, and CCSD(T), the results differ
by a few kilocalories.

Focusing our attention on the different channels, we can say
that, in channel 1, the formation of HSCl is very favorable
thermodynamically. At the CCSD(T)/CBS level of theory, the
reaction Gibbs free energy and the enthalpy of reaction are

TABLE 1: Calculated Energies (in Hartree), Zero-Point Energies (ZPE, in kcal/mol) and CI Coefficients for the Zero-Order
Functiona

CASSCF/cc-pVTZ ZPE
CI

coef. PMP2/aug-cc-pVDZ PMP2/aug-cc-pVTZ PMP2/aug-cc-pVQZ CCSD(T)/aug-cc-pVTZ
MRCI

aug-cc-pVQZ

HS -398.11856 3.675 0.99 -398.21392 -398.26246 -398.27784 -398.29129 -
Cl -459.47995 0.000 0.98 -459.59353 -459.64932 -459.66769 -459.67622 -
HSCl -857.67591 5.677 0.98 -857.89493 -858.01186 -858.05017 -858.06467 -
TS3 -857.58395 2.054 0.94 -857.81049 -857.91478 -857.94897 -857.97257 -
HS‚‚‚Cl -857.60143 4.469 0.90 -857.82509 -857.92999 -857.96481 -857.98743 -
HCl -460.12457 4.185 0.99 -460.25182 -460.31504 -460.33599 -460.34320 -
S(3P) -397.50597 0.000 1.00 - - - - -397.65658
S(1D) -397.45307 0.000 1.00 - - - - -397.61377

a The optimizations were performed at the CASSCF level of theory, with the cc-pVTZ basis set.

Figure 1. Potential energy surface for the HS+ Cl reaction, leading
to the HSCl product. R is SsCl the distance.

Figure 2. Potential energy surface for the HS+ Cl reaction, leading
to the HS‚‚‚Cl weakly bound complex. R is the SsCl distance.

Figure 3. Schematic representation along with the relevant geometrical
parameters of all stationary points obtained in the study of the reaction
between HS and Cl, at the CASSCF level of calculation with the cc-
pVTZ basis set.

TABLE 2: Harmonic Frequencies (in cm-1) for HSCl and
HS···Cl Species at the CASSCF/cc-pVTZ Level of
Optimization

assignment HSCl HS‚‚‚Cl

HsS stretching 2565.85 2601.05
bending 899.51 379.30a

SsCl stretching 505.48
HS‚‚‚Cl stretching 145.83a

a Intermolecular modes.
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-57.37 and-64.46 kcal/mol, respectively. The enthalpy value
reported in a previous work,-62 kcal/mol,11 is in reasonable
agreement with the present results.

For channel 2, leading to the production of sulfur in the singlet
state, but passing by the formation of the HSCl molecule, the
singlet-triplet energy gap calculated in this work, 26.86 kcal/
mol, is in excellent agreement with the experimental value of

26.41 kcal/mol.23 However, step 2b, which involves the produc-
tion of HCl and S(1D) from HSCl, has a reaction Gibbs free
energy of 65.89 kcal/mol and is endothermic by 72.10 kcal/
mol. Because this process is not spontaneous, the kinetic
properties were not calculated. With respect to the reactants HS
and Cl, the change of Gibbs free energy and enthalpy is 8.52
and 7.64 kcal/mol, respectively.

TABLE 3: Thermodynamic Activation Properties (in kcal/mol, Standard State 1 atm Pressure) of the Reaction Steps Studied

CASSCF/cc-pVTZ PMP2/aug-cc-pVTZ PMP2/aug-cc-pVQZ PMP2/CBS
CCSD(T)/

aug-cc-pVTZ
CCSD(T)/

aug-cc-pVQZ CCSD(T)/CBS

reaction 2a
∆Ea -0.49 - - - - - -1.16b

∆H -1.17 - - - - - -1.84b

∆G 4.09 - - - - - 3.42b

reaction 3a
∆G - 3.31 3.31 3.32 3.24 3.25 3.42

reaction 3b
∆E 8.55 7.13 7.53 7.92 6.91 7.31 7.71
∆H 8.34 6.92 7.31 7.71 6.70 7.10 7.50
∆G 9.04 7.61 8.01 8.40 7.39 7.79 8.19

a Activation energy, which corresponds to the classical activation energy plus the ZPE contribution.b MRCI/cc-pVQZ results.

TABLE 4: Thermodynamic Reaction Properties (in kcal/mol, Standard State 1 atm Pressure) of the Reaction Steps Studied

CASSCF/cc-pVTZ PMP2/aug-cc-pVTZ PMP2/aug-cc-pVQZ PMP2/CBS
CCSD(T)/

aug-cc-pVTZ
CCSD(T)/

aug-cc-pVQZ CCSD(T)/CBS

reaction 2a
∆Ea -46.57 -60.88 -63.67 -65.25 -58.96 -61.75 -63.45
∆H -47.58 -61.89 -64.68 -66.26 -59.97 -62.77 -64.46
∆G -41.31 -55.61 -58.40 -59.99 -53.70 -56.49 -57.37

reaction 2b
∆Ea 60.17 - - - - - 71.09b

∆H 61.18 - - - - - 72.10b

∆G 54.97 - - - - - 65.89b

reaction 3a
∆Ea -1.04 -10.70 -11.31 -11.94 -11.70 -12.31 -12.94
∆H -1.61 -11.27 -11.88 -12.51 -12.27 -12.88 -13.50
∆G 3.49 -6.18 -6.78 -7.41 -7.18 -7.78 -8.24

reaction 3b
∆Ea -17.15 -9.65 -8.88 -21.01 -7.76 -6.99 -6.29
∆H -16.58 -9.08 -8.31 -20.44 -7.19 -6.42 -5.72
∆G -21.61 -14.11 -13.34 -25.47 -12.22 -11.45 -10.75

a Reaction energy, which corresponds to the classical reaction energy plus the ZPE contribution.b MRCI/aug-cc-pVQZ results.

Figure 4. Energy diagram for the HSsCl reaction, at our best level
of calculation, CCSD(T)/CBS. Exception is the TS1 profile, which was
obtained at the MRCI/cc-pVQZ level of theory.

Figure 5. Gibbs free energy diagram for the HSsCl reaction, at our
best level of calculation, CCSD(T)/CBS. Exception is the TS1 profile,
which was obtained at the MRCI/cc-pVQZ level of theory.
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In channel 3, which leads to a sulfur atom in a triplet state,
the first step involves the formation of a weakly bound complex
between HS and Cl. The next step occurs through the transition
state TS3, which finally leads to the products, HCl and S(3P).
The HS‚‚‚Cl complex is not so stable as HSCl, but the transition
state for its dissociation is energetically very close to the reactant
energy level. The thermodynamic properties for this channel,
Gibbs free energy and enthalpy of reaction, are-18.99 kcal/
mol and-19.22 kcal/mol, respectively. The value obtained for
the enthalpy of reaction is in very good agreement with the
result of-18.1 kcal/mol reported previously.12

B. Calculation of the Rate Constants.The calculated rate
constants for all reaction steps considered in this work are
presented in Table 5, where the method used is also indicated.
To perform a kinetic analysis of the total reaction, the channels
with different multiplicities have been treated separately. In a
microcanonical situation, once channel 1 (or the first step of
channel 2) is followed, the HSCl formed is activated (HSCl*).
There are two possible fates for HSCl: deactivation, loosing
energy to the walls or another species (reaction c), or dissocia-
tion (inverse reaction), producing HS and Cl again (reaction
-a), as shown in Scheme 1.

Considering the steady-state approximation and supposing that
the deactivation of HSCl* will proceed at the collision rate,
kcol, we can obtain, for the rate of change of HSCl concentration,
the expression

In this equation, all rate constants are energy-dependent.
However, we can suppose that the energy distribution will be
concentrated in an average value, which is the thermal energy
of the reactants. Therefore, the rate constant for channel 1 can
be given as

where all rate constants are calculated at the thermal energy of
the reactants. The rate constant for the bimolecular step (2a)
was obtained from a TST calculation, because in this case the
system is thermally equilibrated. To evaluate the collision rate
constant, we considered helium as the inert gas, as in the
experimental conditions, and the distance of collision as being
5 Å, which leads to a value forkcol of 1.42× 10-9 cm3 s-1. At
a pressure of 1 atm, the rate constant for channel 1 is 2.35×
10-11 cm3 molecule-1 s-1, whereas it is 2.43× 10-13 cm3

molecule-1 s-1 at a pressure of 0.01 atm. As we have already
discussed, step 2b of Channel 2 will not occur because it is not
spontaneous.

A similar picture can also be considered for channel 3, as
presented in Scheme 2, and equivalent calculations can be
performed. The kinetic equation can be expressed by

The kinetic results are 8.98× 10-11 cm3 molecule-1 s-1 at a
pressure of 1 atm and 8.99× 10-11 cm3 molecule-1 s-1 at a
pressure of 0.01 atm.

This reaction is controlled by the kinetics and the product
proportion among these three channels can be obtained by the
kinetic rate constants. It will lead to a proportion of 21% of
HSCl production (channel 1) and 79% of the triplet pathway
(channel 3) at 1 atm. At low pressures, the dissociation products
will be favored, and at 0.01 atm, channel 1 will not occur, and
the only products will be HCl and S(3P). These findings are in
agreement with the conclusions of Eberhard et al.,13 who stated
that the HSCl observed in their experiment in a very low
pressure should be produced by a parallel reaction between HS
and Cl2.

Adding the two channels, a total rate constant for the reaction
of HCl and sulfur production can be obtained, beingkobs(1 atm)
) 1.13× 10-10 cm3 molecule-1 s-1 andkobs(0.01 atm)) 9.01
× 10-11 cm3 molecule-1 s-1. For the only experimental result
available, (1.1( 0.3)× 10-10 cm3 molecule-1 s-1,12 our result
is within the experimental error. In fact, these two values are
in excellent agreement.

C. Atmospheric Implications. Our results show that the
reaction between HS and Cl will be very fast, with a small
pressure dependence, showing that a coupling of the sulfur and
chlorine chemistry is possible in the troposphere and stratosphere
(low-pressure conditions). In the troposphere, the channels
leading to HSCl and to HCl+ S(3P) formation will occur, but
a preference to HCl and S(3P) production has been derived from
our results. At lower pressures, the proportion of HCl and S(3P)
formation relative to HSCl formation will increase, and at 0.01
atm, only HCl and S(3P) will be produced. To assess the
tropospheric role of this reaction, an average atmospheric
concentration of the HS radical should be obtained. Using the
rate constants1 and typical atmospheric concentrations of O3 and
NO2,24 a lifetime of 0.3 s can be estimated for the HS radical.
Assuming a concentration of H2S of 2 parts per trillion by
volume (pptv) in the boundary marine layer,2 the steady-state
concentration of HS can be obtained as being ca. 4× 104

molecule cm3, which will lead to a lifetime of chlorine of 3
days, using the kinetic constant determined in this work. So, it
will not play an important role in the atmospheric concentration
of the chlorine atoms in the troposphere. On the other hand, in
the stratosphere, the importance of this reaction will be
conditioned by the presence of HS radical in this region, which
is due to volcanic eruptions. Therefore, because HS occurrence
in the stratosphere will somehow be instantaneous, a reliable
value of this concentration is usually not well-known. However,
the chlorine concentration is almost 4 ppb,25 and our results
indicate that the reaction of HS with chlorine should occur in
a significant extension in this situation. In fact, in the strato-

TABLE 5: Calculated Rate Constants for All Steps of
Channels 2 and 3 for the Reaction between HS and Cl

reaction k method

2a 7.86× 10-10 cm3 molecule-1 s-1 TST
-2a 1.13× 1012 s-1 RRKM

3a 7.86× 10-10 cm3 molecule-1 s-1 TST
-3a 3.19× 1013 s-1 RRKM

3b 4.12× 1012 s-1 RRKM

SCHEME 1

SCHEME 2

k3 )
k3ak3b

k-3a + k3b + kcol[M]
(4)

d[HSCl]
dt

) kcl[M][HSCl*] )
k2akcol[M][HS][Cl]

k-2a + kcol[M]
(2)

k1 )
k2akcol[M]

k-2a + kcol[M]
(3)
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sphere, the lifetime of HS relative to the reaction with chlorine
will be 0.1 s, which can be significant when compared with the
lifetime of HS with O3 in this region. Therefore, this reaction
could act minimizing the destructive potential of the reaction
HS + O3 to the ozone layer. Also, considering the catalytic
behavior of the chlorine radicals to the ozone layer destruction,
this reaction could act as an additional means of capturing
chlorine radicals and transforming them into a more stable
molecule, HCl. These possibilities, however, should be inves-
tigated further together with other sulfur compound reactions
to have a better assessment of their importance in the ozone
hole formation.

4. Conclusions

In this work, the kinetics and mechanism of the reaction
between HS and chlorine radicals was studied theoretically by
high-level ab initio calculations, and TST and RRKM kinetic
theories. Our results show that two channels are possible: one
that leads to the HSCl molecule, and another that leads to the
products HCl and S(3P). The formation of HSCl occurs without
a potential energy barrier. The production of the HCl and S(3P)
involves the formation of a weakly bound complex, and this
reaction also does not have a potential energy barrier in the
first step. The rate constants for all steps were calculated, and
the total reaction is expected to be very fast, with a predomi-
nance of the products HCl and S(3P). The formation of HSCl
is predicted to occur only at high pressures. Our kinetic value
is in excellent agreement with the only experimental result
available. In the stratosphere, if the HS concentration reaches a
significant value, a likely event after a strong volcanic eruption,
it will react with chlorine radicals, transforming it in a less
reactive molecule, HCl. Also, the reaction HS+ Cl may become
competitive with the ozone layer destructive reaction HS+ O3,
making this latter process to occur in a smaller extension under
that condition.
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