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Abstract: Reaction OH + OCS — products (1) has been studied in a discharge—flow reactor com-
bined with modulated molecular beam mass spectrometry. The reaction rate constant has been
determined under pseudo-first-order conditions through monitoring OH decays in a high excess
of OCS: ky = (2.35 + 0.25) x 10712 exp(—(2144 + 56)/T) cm® molecule ™' s~! at T = 365-960 K (the
uncertainties represent precision at the 20 level, the total 20 relative uncertainty including statistical
and systematic errors on the rate constant being 20% at all temperatures). The rate constant of
reaction (1) was found to be similar at a total helium pressure of 1, 2, and 8 torr at around 500 K. The
SH radical was identified as the primary product of the reaction, and its yield was determined to
be about 100% at T = 500 and 750 K. The kinetic and mechanistic data from the present study are
compared to previous experimental and theoretical work.

Keywords: OH radical; carbonyl sulfide; OCS; SH; kinetics; rate constant

1. Introduction

Carbonyl sulfide (OCS) is the most abundant sulfur-containing gas phase compound
in the troposphere. The ocean is thought to be the principal source of atmospheric OCS
through direct emissions of OCS and oxidation of CS; and DMS in the troposphere, along
with anthropogenic sources, which have a comparable strength [1]. Uptake by vegetation
and soil is the most important terrestrial sink of OCS [1]. The title reaction, although slow
and thought to have a limited impact on the atmospheric budget of OCS,

OH + OCS — products (1)

it nevertheless represents the major gas-phase chemical process for OCS removal in the
troposphere.

In the past, the reaction has been studied many times, both experimentally [2-8] and
theoretically [8-10]. However, many questions remain open, in particular the dependence
of the reaction rate constant on pressure, temperature, and reaction products. Theoretical
studies of the reaction are in clear contradiction with the experiment. They predict rate
constants that are orders of magnitude lower than those measured experimentally, as well
as the pressure dependence of the rate constant that has never been observed. Information
on the reaction products, adduct vs. SH + CO,-forming channels, is also a subject of
discrepancies between theory and experiment.

The present study aims to clarify at least some of these issues through experimental
measurements of the reaction rate constant, including its temperature dependence over a
wide temperature range (T = 365-960 K), pressure dependence between 1 and 8 torr total
pressure of helium, and quantification of the yield of the SH radical, which was identified
as the primary reaction product. The reaction kinetics at elevated temperatures, studied for
the first time in this work, are of interest for modeling the chemistry of combustion and
industrial processes [11], as well as the chemistry of hot near-source volcanic plumes [12].
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2. Materials and Methods

Experiments were carried out in a standard-design discharge flow reactor combined
with a mass spectrometric analysis (quadrupole mass spectrometer Balzers, QMG 420 with
electron impact ionization) of the chemical composition of the reactive system [13,14]. The
reactor consisted of a quartz tube (45 cm in length, 2.5 cm i.d.), where the temperature was
controlled with electrical heating elements (Figure 1). Helium was used as a carrier gas in
all the experiments, and the pumping speed was adjusted to produce linear flow velocities
of 500~1670 cm s~ ! in the pressure range of 1-8 Torr of the study.

heating element lHe sliding injector
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Figure 1. Configuration of the flow reactor used in the measurements of the rate constant of

reaction (1).
Hydroxyl radicals were generated in the movable injector through the reaction
H+NO,; — OH + NO (2)

ko = (1.47 +0.26) x 1071% cm® molecule ™! s~! (T = 195-2000) [15], H atoms being produced
by dissociation of Hy, diluted in He, in a microwave discharge (Figure 1). In the experiments,
where an NO,-free system was needed (product study), OH radicals were formed in a
rapid reaction of F atoms with excess H,O (Figure 2):

F+H,O — OH + HF 3)

k3 = (1.40 £ 0.15) x 107! cm3 molecule™ s~! (T = 240-380) [16]. Fluorine atoms were
produced in the microwave discharge of trace amounts of F; in He in an alumina tube
(more than 95% of F,, monitored by mass spectrometry, was found to be dissociated).

heating element lBrlee sliding injector
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Figure 2. Configuration of the flow reactor used in the measurements of SH yield in reaction (1).

OH radicals were monitored at m/z = 96 and 98 (HOBr*) after being scavenged with
an excess of Br, ([Br;] = (3-5) x 10'3 molecule cm 3, added in the end of the reactor 5 cm
upstream of the sampling cone (Figure 1):

OH + Br, — HOBr + Br (4)
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ky =2.16 x 10~ exp(207/T) cm?® molecule~! s 1 (T = 220-950 K) [17]. The reaction of OH
with Bry was also used for the absolute calibration of HOBr signals linking [HOBr] formed
to the consumed fraction of [Br;], [OH] = [HOBr] = A[Br,]. A similar detection scheme was
employed for the SH radicals, the product of reaction (1). SH was transformed to stable
species HSBr in reaction with Br, and monitored by mass spectrometry at m/z = 112 and
114 (HSBr*):

SH + Br, — HSBr + Br (5)

ks =5.7 x 1071 exp(160/T) cm® molecule ! s~ (T = 273-373 K) [18].

Carbonyl sulfide was delivered to the reactor from a flask with a known gaseous
OCS/He mixture and was detected by mass spectrometry at its parent peak of m/z = 60
(OCS*). The absolute concentrations of OCS as well as of other stable species (Brp, NO,, F,
H,, and H,S) were derived from their flow rates from monometrically prepared mixtures.

The purities of the gases used were as follows: He (>99.9995%, Alphagaz, Air Liquide
France Industrie, Paris, France), passed through a liquid nitrogen trap; Hy (>99.998%,
Alphagaz); F,, 5% in helium (Alphagaz); Bry (>99.99%, Aldrich, St. Louis, MO, USA); NO,
(>99%, Alphagaz); HpS > 99.5% (Alphagaz); OCS (15% in He, Messer, Bad Soden, Germany)
>99.99%.

3. Results
3.1. Rate Constant of Reaction (1)

The measurements of k; were carried out at a total pressure of 2 Torr and in the
presence of NO, ((2-5) x 10" molecule cm™3) in the reactor in order to minimize the
impact of the possible secondary reaction of OH with SH radical, which was identified as a
primary reaction product:

OH + SH — products (6)

To our knowledge, the data on the rate constant of reaction (6) are not available in the
literature, but it is expected to be rapid. Indeed, we observed an increase in the rate of OH
consumption at lower NO, concentrations (~2 x 10'> molecule cm~3), in line with similar
observations of Leu and Smith [5]. In the presence of NO,, SH radicals are scavenged:

SH + NO, — HSO + NO )

k7 =2.9 x 1071 exp(240/T) cm3 molecule ™! s 1 (T = 221-415 K) [19]. HSO radicals formed
in reaction (7) are in turn trapped by NO,

HSO + NO, — HSO, + NO 8)

kg = 9.6 x 10712 cm? molecule™ s~! (T = 296 K) [20].

Experiments were performed under pseudo-first-order conditions in a large excess of
OCS (0.26 x 101* < [OCS] < 51.5 x 10'* molecule cm~3) over the initial concentration of OH
radicals, [OH]y = (1-3) x 10'! molecule cm~3. Examples of linear semilogarithmic plots
of the OH signal against reaction time are shown in Figure 3, where the line for [OCS] = 0
represents the kinetics of OH loss on the surface of the flow reactor. The pseudo-first-
order rate constants, ki’ = k; x [OCS] + ky (kw is the rate of heterogeneous loss of OH
radicals), were derived from the fit of the experimental data to the following equation:
In([OH]y/[OH]) = k1’ x t, where t is the reaction time. Determined in this way, values of
ki" were corrected (usually a few percent correction and up to 24% in a few kinetic runs)
for OH diffusion [21].
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Figure 3. Example of OH decays in reaction (1) at different concentrations of OCS at T = 520 K and

2 Torr total pressure.

ki' (s71)

150

100

A linear least-squares fit of the ki’ data as a function of [OCS] at each temperature
provides the rate constant of reaction (1). Figure 4 shows examples of such plots at a few
temperatures. The Y-intercepts in Figure 4 are in the range (15 & 5) s~ !, in good agreement
with the values of ky, measured in the absence of OCS in the reactor. All the results obtained
for kq are summarized in Table 1.
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Figure 4. Plot of pseudo-first-order rate constant, k;’ = k; x [OCS] + ky,, versus concentration of OCS

at different temperatures (P = 2 Torr).
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Table 1. Experimental conditions and results of the present measurements of the rate constant of
reaction (1).

T (K) [OCS] 4 k1? OH Source Pressure (Torr)
365 3.50-51.5 0.69 &+ 0.04 H + NO, 2
385 7.19-51.5 0.89 £+ 0.03 H+ NO, 2
390 3.73-50.7 0.91 £ 0.02 H+NO, 2
410 2.29-33.6 1.24 £ 0.05 H + NO, 2
440 1.45-28.3 1.64 + 0.04 H+ NO, 2
475 2.50-31.4 2.86 £+ 0.09 H+NO, 2
495 3.48-34.1 3.04 £ 0.09 H + NO, 8
500 1.96-19.5 2.96 £ 0.09 H+ NO, 1
520 2.44-33.9 4.19 £+ 0.08 H+NO, 2
545 2.00-27.7 4.62 +0.26 F + H,O 2
600 1.29-16.1 727 £0.14 H+ NO, 2
675 1.16-17.2 9.73 £ 0.30 H+NO, 2
700 0.55-14.0 10.8 £ 0.34 H + NO, 2
755 3.58-18.1 13.7 + 0.65 F+ H,O 2
800 0.356-7.12 16.4 + 0.44 H+NO, 2
880 1.42-15.6 20.5 + 0.45 H + NO, 2
960 0.26-9.79 23.7 +£0.34 H+ NO, 2

@ Units of 10" molecule cm 3.

estimated uncertainty is 20%.

b units of 10~1* cm® molecule~! s~!; statistical 20 uncertainty is given, total

One of the difficulties linked to measuring the rate constant of reaction (1), mentioned
several times in previous studies, is the presence of H,S impurities in the OCS. H,S reacts
much more quickly with OH than OCS, and, therefore, even a very low concentration of
H,S can lead to OH consumption comparable to that in the slow reaction of OH with OCS

OH + H,S — H,O + SH 9)

kg =7.95 x 10720 T2'68exp(783/T) cm?® molecule™! s7! (T = 228-518 K) [18]. The purity
of the OCS used in the present work was >99.99%, as stated by the supplier. It was not
possible to detect such a low impurity of H,S using mass spectrometry since the mass
spectrum of OCS contains a relatively high peak at 71/z = 34, corresponding to the 3*S
sulfur isotope. For a possible H,S impurity of 0.01% in OCS and with kg calculated from
the above expression, the contribution of reaction (9) to the values of k; determined in the
present study is estimated to decrease from 7% at T = 365 K to 0.7% at T = 960 K. Ultimately,
the possible influence of this side reaction on the current measurements was considered
negligible, and no correction for k; was made.

Another possible complication that could impact the OH kinetics is the recycling of
OH, especially at the highest temperatures of the study. As noted above, the measurements
of k1 were conducted in the presence of NO; in the reactor, which leads to the formation
of HSO; in the sequence of reactions (7) and (8). This species is unstable at elevated
temperatures and dissociates through different pathways depending on its structure [22]:

HSO; +M - H + SO, + M (10)

HSOO+M —-SH+ 0O, + M (11)

H atoms formed in reaction (10) could recycle OH radicals in the presence of NO; in the
reactive system. The computed by Goumri et al. [22] low pressure limit data for the rate
constant of reaction (10) results in the rates of HSO, decomposition of (75-800) s 1in the
temperature range (700-960) K and 2 Torr total pressure. Although the reaction of H atoms
with OCS can somewhat attenuate the OH recycling process (if it occurs), nevertheless, at
the maximum temperatures of the study, the impact on the OH decays in reaction (1) is
expected to be significant:

H+0CS — CO + SH (12)
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k12 = 6.6 x 10713 (T/298)% exp(—1150/T) cm® molecule ™! s~ (T = 255-1830 K) [13]. How-
ever, it should be noted that in the measurements of k; at high temperatures, we have not
observed any evidence for this OH regeneration: The OH decays were exponential, and
the rate of OH consumption did not slow down with the reaction time; at sufficiently high
concentrations of OCS, the total consumption of OH was observed. In addition, at two
temperatures, T = 545 and 755 K, we have carried out the measurements of k1 in an NO;-free
system using reaction (3) as a source of OH radicals ((OH]y < 1.0 x 10!! molecule cm~3).
The measured values of k; were in good agreement with those obtained in the presence
of NO; (Table 1). This observation also seems to indicate that the possible hypothetical
recycling of OH through reactions (10) and (2) is of minor importance, at least under the
experimental conditions of the present measurements.

The theoretical studies [8,10] predict a pressure dependence of the overall rate constant
of reaction (1). In order to explore the dependence of k; on pressure, in addition to
the bulk of the measurements at a total pressure of 2 Torr, we performed rate constant
measurements at P = 1 and 8 Torr at T = 500 and 495 K, respectively. The results of these
experiments are presented in Figure 5. The slopes of the straight lines in Figure 5 provide
ki (£20) = (2.96 4 0.09) x 10~ and (3.04 + 0.09) x 10~ cm? molecule ! s~ atP =1
and 8 Torr, respectively, in good agreement with each other and with 2 Torr data (Table 1),
indicating that k; does not depend on pressure, at least around T = 500 K.

120

Temperature / Pressure:

. 500 K/ 1 Torr
O 495 K/ 8 Torr

ke (s7)

0 I | I | I | I
0 10 20 30 40

[OCS] (104 molecule cm™3)

Figure 5. Plot of pseudo-first-order rate constant ki’ versus concentration of OCS observed at
temperature of nearly 500 K with a total pressure in the reactor of 1 and 8 Torr.

3.2. Products of Reaction (1)

In this series of experiments, we measured the yield of SH radical, which was identi-
fied as a primary reaction product. The measurements were carried out using a relative
method, which allowed us to avoid the complex procedure of measuring the absolute
concentrations of OH and SH radicals. The configuration of the flow reactor used in these
experiments is shown in Figure 2. Let us note that in this case, OH radicals were formed
in a reaction of F atoms with H,O: an NO;-free system was needed in order to avoid SH
loss in reaction (7). The following protocol was employed in the measurements. First, OH
radicals ((OH]p ~ 3 x 10" molecule cm~3) supplied through the movable injector reacted
with Br, (reaction 4, [Br;] ~ 3 x 10'2 molecule cm™3) in the main reactor, producing HOBr
([HOBr]p). Then, OCS was introduced in the reactor, and the same concentration of OH was
titrated with a mixture of Br, and OCS, resulting in the formation of HOBr ([HOBr]) and
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SH in competing reactions (4) and (1), respectively. In the presence of Br,, SH radicals are
converted to HSBr according to reaction (5). In the experiments, the concentration of OCS
was varied ([OCS] = (0.5 — 20) x 10'* molecule cm—3), and the concentration of the formed
HSBr ([HSBr]) was measured as a function of the fraction of OH consumed upon the addi-
tion of OCS ([HOBr]p — [HOBr]). Similar experiments were carried out with the addition
of H,S instead of OCS in the reactor. In this way, the yield of SH in reaction (1) could be
measured relative to that in reaction of OH radicals with H;S (reaction 9), where the yield
of SH is 100%. The measurements were carried out at two temperatures, 500 and 750 K.
Results are shown in Figure 6. The slopes of the straight lines (linear through origin fit to
the experimental data) in Figure 6, corresponding to the relative yield of SH in reactions of
OH with OCS and H;S, are similar to within 2%. These results seem to clearly indicate that
the SH + CO,-forming channel of reaction (1) is the major one with a branching ratio close
to unity, at least at temperatures between 500 and 750 K.

Reaction Reaction:
60 - @ OH+oCs 60| @ on+ocs
@ OH+HS @ OH+HsS
2 2
5 5
40 - 40 -
2 2
k& =
L e
\% i k- [
E E
S =
% 20 B, 20
0 I 1 I 1 I 1 1 0 1 1 1 1 I 1 1
0 10 20 30 40 0 10 20 ] ) 30 40
[OHlconsumed (relative units) [OH]consumed (relative units)
(a) (b)

Figure 6. Concentration of SH formed versus consumed concentration of OH ([HOBr]y — [HOBr],
see text) in reactions of OH with OCS and H,S: (a) T =500 K; (b) T = 750 K.

The relative method applied in these experiments is very convenient, not only because
there is no need to measure absolute concentrations of radicals but also because it minimizes
the possible impact of side reactions (such as, for example, SH wall loss or SH + SH reaction)
on the results of the measurements. The point is that experiments with both compounds
(OCS and H,S) are carried out under the same conditions (OH and SH concentrations,
reaction time), so any possible relative change in SH concentration due to the side process
will be the same in both chemical systems. Additional SH production in secondary reactions
seems unlikely. The Br atom formed in reactions (4) and (5) is the only active species
present in the reactor. In principle, SH radicals can be formed in the reaction of the Br
atom with H>S,

Br + H,S — SH + HBr (13)

kiz = 1.4 x 10~ Hexp(—2752/T) cm® molecule™! s~! (T = 319-431 K) [23]. However, consid-
ering extrapolated values of k13 =5.7 x 1071* and 3.6 x 10713 cm® molecule ! s~! at T = 500
and 750 K, respectively, and the range of the H,S concentrations used ([HyS]max = 7 X 1012
and 5 x 10'2 molecule cm~3 at T = 500 and 750 K, respectively), the potential impact of this
process can be neglected.
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4. Discussion
4.1. Temperature Dependence of k;

All the data available for the rate constant of reaction (1) are shown in Figure 7. In earlier
studies, using flash photolysis-resonance fluorescence technique, only upper limits of the
reaction rate constants were reported: k; <0.7 x 10~ * and <2 x 1071* cm® molecule ! s 7! at
T=299 and 430 K, respectively, by Atkinson et al. [2] and k; <0.88 x 1014,
<1.29 x 10~ and <3.27 x 10~ cm3 molecule~! s~1 at T =298, 343 and 369 K, respectively,
by Ravishankara et al. [4]. In contrast, Kurylo [3] measured a much higher value of the
rate constant: k; = (5.66 + 1.21) x 10~1* cm3 molecule ! s~! at T = 296 K. Wahner and
Ravishankara [7] minimized complications due to the secondary reactions of photolysis
products of OCS that were believed [4] to impact the measurements of Kurylo [3] and
determined k; = (1.92 4 0.25) x 1071° cm? molecule ! s~! at T = 298 K. In two studies [5,6]
the rate constant of reaction (1) was measured using a discharge flow apparatus combined
with the resonance-fluorescence method for OH detection. Leu and Smith [5] reported
the Arrhenius expression k; = 1.3 x 107!2 exp(—(2300 + 100)/T) cm® molecule ™ s~ in
the temperature range 300-517 K. Cheng and Lee [6] determined kj over the temperature
range 255-483 K: k; = 1.13 x 10713 exp(—(1200 4 400)/T) cm?® molecule ! s~!. Finally,
in a most recent study, Schmidt et al. [8] applied a relative-rate technique and measured
ki = (5.3 4 3.6) 10712 cm® molecule™! s~ at 296 K and 700 Torr total pressure.

300 C Reference / Temperature range (K):
r £k Kurylo / 296 <& Cheng & Lee / 255-483 @ This work (2 Torr) / 365-960
100 €) Atkinson et al. / 299, 430 £k Wahner & Ravishankara /298 @ This work (8 Torr) / 495
E @) Ravishankara et al. / 298, 343, 369 = Schmidt et al. /296 —— JPL NASA evaluation
= E O Leu & Smith / 300-517 @ This work (1 Torr) / 500
l, 30F
- -
(]
2 10k
(&) oy
o c
o 3
S L
E
s 1F
i =
‘l_ -
o 03
— -
N
—
X 01
0.03 |-
0.01 | | | | | |

1000/T (K1)

Figure 7. Temperature dependence of the rate constant of the OH + OCS reaction. Error bars shown
for the present measurements of k; correspond to estimated total uncertainty of 20%. References:
Kurylo [3], Atkinson et al. [2], Ravishankara et al. [4], Leu and Smith [5], Cheng and Lee [6], Wahner
and Ravishankara [7], Schmidt et al. [8], JPL NASA evaluation [18].

Current measurements of k; were conducted in the temperature range of 365-960 K.
At lower temperatures in the flow reactor, it was problematic to accurately measure the rate
constant of the slow reaction, especially in the presence of the considerable heterogeneous
OH loss (~10 s~ 1). The fit to the present measurements of k; (solid black line in Figure 7)
yields the following Arrhenius expression:

ki = (2.35 4 0.25) x 10712 exp(—(2144 4 56)/T) cm® molecule ' s 7%,

at T = 365-960 K. We estimate this expression to be accurate within the total relative
uncertainty of 20% (including statistical and systematic errors) over the investigated
temperature range.
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The present results can be compared to those of previous studies conducted in a
temperature range that overlaps with the temperature range of the present work. Our
measurements are consistent with the upper limits reported for k; by Atkinson et al. [2] and
Ravishankara et al. [4], but are 2 to 3 times higher than the k; data reported in discharge
flow /resonance-fluorescence studies [5,6], although the temperature dependence measured
for kp in the present work is similar to that reported by Leu and Smith [5]. Such a significant
difference is difficult to explain, especially since all three studies were carried out in similar
flow reactors and under similar experimental conditions. The only difference between
these works is the OH detection method. Unfortunately, only the original experimental
data at T = 517 K are presented in the paper of Leu and Smith [5]. However, the analysis
of these data raises some comments. The authors used a flow reactor with a fixed radical
source, fixed detector, and moveable injector for OCS. In this configuration, plots of ki’
versus [OCS] should not result in the positive intercept observed by the authors. This
observation may be due to some unaccounted side processes. Considering this fact, as well
as the rather low values of k1’ in the experiments, the final results for k; are expected to be
highly uncertain. It seems that at low temperatures, the measurements were even more
complicated due to the greater scatter of data noted by the authors. A similar comment
appears to be valid for the work of Cheng and Lee [6], where very low pseudo-first-order
rate constants were measured, for example, ki’ < 15 s latT=273and 255 K; <31s ! at
T =300 K.

It can be noted that the activation energy (4.26 kcal mol ') measured in the present
work is very similar to the energy barrier calculated for the addition of OH to OCS in
theoretical studies of reaction (1): 4.4 [8], 4.4 [9], and 4.2 kcal mol~! [10].

Interestingly, the extrapolation of the present data for k; to lower temperatures (dashed
line in Figure 7) results in k; = (1.76 £+ 0.35) x 10715 ecm3 molecule™ s™1 at T = 298 K,
in excellent agreement with the absolute measurements of Wahner and Ravishankara [7]
and Cheng and Lee [6]. The current recommendation for k; by the NASA Panel for
Data Evaluation, k; = 7.2 x 10~!* exp(—1070/T) cm® molecule~! s~ (T = 255-423 K,
red solid line in Figure 7), is based on k; measured by Wahner and Ravishankara [7] at
T =298 K and the temperature dependence reported by Cheng and Lee [6]. In this work, a
significantly stronger dependence of the rate constant on temperature is observed. In terms
of atmospheric implications, this does not change anything: the present work confirms
that the OH + OCS reaction is very slow and, as a consequence, is of minor importance in
atmospheric chemistry.

Theoretical calculations of Saheb et al. [10] (not shown in Figure 7) predict the total
rate constants that are lower by more than three orders of magnitude than measured
experimentally. In this regard, it should be noted that the rate constants computed by Saheb
et al. [10] for the SH-forming channel of reaction (1) are included in a detailed chemical
kinetic model for the oxidation of carbonyl sulfide developed by Glarborg and Marshall [11].
It should be kept in mind that, for example, at T = 500 and 960 K, the recommended
theoretical values for k; are lower by a factor of 4 x 10° and 1200, respectively, than
reported in the present work.

4.2. Pressure Dependence of ky

The present measurements of k; at total pressures from 1 to 8 Torr and T = 500 K indi-
cate that the rate constant does not depend on pressure under these conditions. This result
supports previous experimental observations. Cheng and Lee [6] reported no observable
change in the rate constant at pressures between 0.9 and 5.9 Torr at room temperature. The
room temperature measurements of Wahner and Ravishankara [7] also demonstrated the
lack of an effect of the total pressure and of the buffer gas on the reaction rate constant.
These experimental findings are in clear contradiction with theoretical calculations that
predict a significant dependence of k; on total pressure. Thus, Schmidt et al. [8] calculated
that at room temperature, the rate constant of reaction (1) increases by a factor of two with
increasing pressure from 10 to 700 Torr. An even more pronounced increase in the rate
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constant with pressure was suggested in the theoretical work of Saheb et al. [10]. Thus,
according to their calculations, the rate constant increases almost linearly with pressure
under the conditions of the present experiments (T = 500 K and P = 1-8 Torr), which
contradicts the experiment. It can be stated that there is a clear discrepancy between the
available theoretical and experimental data on the dependence of k; on pressure. On
the other hand, the question arises as to how appropriate and correct it is to carry out a
comparative analysis of experimental and calculated data regarding such a subtle effect as
the dependence of the rate constant on pressure when the computed overall rate constants
are orders of magnitude lower than the experimental values.

4.3. Products of Reaction (1)

Leu and Smith [5] performed direct mass spectrometric analysis of the reaction prod-
ucts at T = 517 K and concluded that SH is a predominant primary reaction product formed
through the mechanism suggested by Kurylo [3]:

OH + OCS <> OC(OH)S* (14)
OC(OH)S* — SH + CO, (15)
OC(OH)S* + M — OC(OH)S + M (16)

where OC(OH)S* is an intermediate excited complex (adduct), which can decompose back
to reactants (reaction 14), products (reaction 15), or be collisionally stabilized (reaction 16).
They also observed that SH is rapidly oxidized by NO, to HSO through reaction (7). These
findings are in line with the present measurements, resulting in a nearly unity yield of SH
in reaction (1) at least at temperatures between 500 and 750 K.

Schmidt et al. [8] in their theoretical study suggested two reaction pathways for reac-
tion (1): The pressure-dependent channel forming an energized OC(OH)S*adduct (which
can be stabilized or decompose back to reactants) and the pressure-independent CO +
SOH-forming channel. The rate constants calculated for the two reaction pathways at
T = 300 K are comparable: Independent of pressure k = 3.31 x 1071¢ cm?® molecule ! s~!
for a bimolecular sulfur atom abstraction channel and 0.209 x 10716, 1.36 x 10716, and
3.89 x 10710 cm3 molecule ! s~! for the adduct-forming channel at 10, 100, and 700 Torr,
respectively. The dissociation of the OC(OH)S* intermediate to CO, + SH was suggested
to be of potential importance only at elevated temperatures. Unfortunately, the range
of the elevated temperatures was not specified, which complicates a comparative anal-
ysis with the data from this work. Calculations by Schmidt et al. [8] suggest that under
atmospheric conditions, the OC(OH)S adduct reacts rapidly with O, to form CO; and
SOOH, followed by the dissociation of SOOH, resulting in OH recycling. This issue was not
explored in this work; the experiments were carried out in the absence of O; in the reactor
([0;] < 10'2 molecule cm~3). In another theoretical study by Saheb et al. [10], reaction (1)
has been suggested to proceed through two adduct and SH + CO,-forming channels. The
contribution of the SH-forming channel to the overall rate constant was calculated to be
nearly 10 and 100% at T = 500 and >800 K, respectively. It can be noted that, as in the case
of the dependence of the rate constant on temperature and pressure, the theoretical studies
do not fit with the experimental data on the reaction products.
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