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Kinetic studies of the reaction of the SO radical with N02 and cia from 210 to 
363K 

J. Brunning8
) and L. J. Stief 

Astrochemistry Branch, Laboratory for Extraterrestrial Physics, Goddard Space Flight Center, Greenbelt, 
Maryland 20771 

(Received 28 October 1985; accepted 30 December 1985) 

The rates of the reactions of the SO radical with N02 and CIO have been determined in a discharge 
flow system near 1 Torr pressure with detection of radical and molecular species using collision
free sampling mass spectrometry. The rate constants were determined from the decay of SO 
radicals in the presence of an excess ofN02 and CIO. The N02 reaction was studied between 2lO 
and 363 K and found to be temperature invariant: SO + N02~S02 + NO; 
k1 = (1.37 ± O.lO) X lO-l1 cm3 S-1. Similarly, the CIO reaction was observed to be independent 
of temperature in the interval from 248 to 363 K: SO + CI~S02 + CI; 
k2 = (3.22 ± 0.48) X lO-l1 cm3 S-1. Comparison is made with previous studies ofthese 
reactions at room temperature and with other radical-radical reactions involving SO or CIO. 

INTRODUCTION 

The kinetics and mechanisms of the elementary reac
tions of the SO free radical are of considerable interest due to 
their role in such diverse areas as the upper atmosphere of 
Earth, the upper atmosphere of Venus, and high tempera
ture combustion process. The two reactions studied here 

SO + N02-S02 + NO, (1) 

SO + CIO~S02 + CI (2) 

are considered in the NASA evaluation of data for use in 
modeling the stratosphere of Earth. 1 Both reactions provide 
routes for the oxidation of SO to S02 in the upper atmo
sphere. Reaction (2) is particularly significant in that it has 
the potential for providing coupling between the chlorine 
and sulfur cycles in atmospheric systems. 2.3 

Considering the importance of these reactions in atmo
spheric phenomena, the paucity of rate data based on direct 
experiments is surprising. There are only two previous abso
lute, direct studies4

,5 of reaction (1) as well as an earlier 
study6 which measured k1 relative to that for the reaction 
o + N02-02 + NO. Clyne and MacRobert4 used the dis
charge flow-mass spectrometry technique at 295 K and ob
tained the value k1 = (1.36 ± O.lO) X lO-l1 cm3 S-1. More 
recently, Black et al.5 determined k1 = (1.48 ± 0.20) 
X lO-l1 cm3 S-1 at 298 K in an experiment combining ex
cimer laser photolysis of S02 and detection and monitoring 
of SO via the chemiluminescent reaction 

(3) 

The discharge flow/chemiluminescence experiments of 
Clyne et al.6 yield k4/k1 = 0.67 where k4 refer to the rate of 
the reaction 

(4) 

Using the recommended 1 valueofk4 = 9.3 X lO- 12 cm3 
S-1, 

this ratio gives k1 = l.4x lO-l1 cm3 S-1 in good agreement 
with the recent absolute measurements. 

a) NAS/NRC Postdoctoral Research Research Associate 1983-85; present 
address: Dept. of Chemistry, The University of Binningham, P.O. Box 
363, Binningham, B15 2IT, United Kingdom. 

In the case of reaction (2) there has been only a single 
previous determination of the rate constant. Clyne and Mac 
Robert,7 again using the discharge flow-mass spectrometry 
technique, obtained the result k2 = (2.3 ± 0.6) X 10- 11 

cm3 S-1 at 295 K. 
In the present experiments, absolute rate constants for 

reactions (1) and (2) have been measured using the dis
charge flow-mass spectrometry technique at 1 Torr pressure 
over the temperature intervals 210-363 K and 248-363 K, 
respectively. Given the good agreement among previous de
terminations of k1 at 298 K, the present study of this reaction 
at 298 K will serve as a check on the newly assembled appa
ratus. The present study represents the first determinations 
of these rate constants as a function of temperature. Thus 
these results, especially those at lower temperatures, will be 
particularly useful for models of the stratospheres of Earth 
and Venus. The absolute rate constant for the reaction of the 
SO radical with BrO is also being measured and these experi
ments will be described elsewhere. 

EXPERIMENTAL 

The apparatus consists of a discharge flow system cou
pled via a collision-free sampling system to a quadrupole 
mass spectrometer. Figure 1 shows a schematic diagram of 
the system. A separate gas handling line was used to purify 
reagents and prepare standard mixtures for delivery to the 
flow tube. 

Discharge flow system 

The Pyrex flow tube (26 mm i.d., 50 cm long) incorpo
rated an annular jacket for heating and cooling the flow tube 
and a movable Teflon injector (6 mm o.d.) for the addition 
of reagents such as N02 or CIO. Gas flows from the micro
wave discharges enter the flow tube through either or both 
side arms and were pumped at constant velocity (u..:; 1900 
cm s -1) along the tube and around a reentrant section near 
the first pinhole. The short region between the end of the 
flow tube and the first pinhole is not efficiently pumped. 
Typical flow conditions ranged from - 600 ,umol s -1 at 363 
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FIG. 1. Diagram of discharge flow/mass spectrometer system. 

K to - 800 ,umol s -1 at 210 K of He carrier gas at 1 Torr 
pressure. The side arms each contained a microwave dis
charge (2450 MHz) for generation of atomic and free radi
cal species. The walls of the discharge used to form chlorine 
atoms were coated with H3P04 to minimize atom recombin
ation. The discharge used to produce the SO radical was 
connected to a flow bypass system desribed below. The walls 
of this discharge tube as well as the walls of the flow tube 
itself were left uncoated. 

The flow tube pressure was monitored at the center of 
the flow tube reaction zone using a capacitance manometer 
(MKS Baratron, model 222, 10 Torr head). Helium carrier 
gas flows and reagent flows (S02' N02, NO, Cl2 all diluted 
in He) were measured by separate flow controllers (ASM 
International N.V., model AFC-260). Small corrections to 
the indicated flow rates for the dilute reagent flows were 
made to allow for the contribution of reagents to the heat 
capacity of the dilute mixtures. 

The flow tube was cooled by pumping etyhyl alcohol 
through the jacket surrounding the tube. Cooling was pro
vided by a low temperature bath/circulator (Neslab Instru
ments, Inc., model ULT-80). In a similar fashion heating 
was achieved with a mixture of ethylene glycol and water 
which was heated and circulated through the outer jacket by 
a high temperature bath/circulator (Neslab Instruments, 
Inc., Model EXACAL EX-250 HT). The temperature of the 
flow tube was measured with a thermocouple/indicator 
(Doric model DS-350) equipped with a copper~nstantan 
thermocouple in contact with the coolinglheating jacket. 
The flow tube and jacket were insulated with several layers 
of "no drip" with a final layer of 15 mm thick foam rubber. 
Lines leading from the cooling and heating baths to the flow 
tube were similarly insulated. The difference between the 
bath temperature and flow tube temperature was always 
<: 10 ·C. Temperature fluctuations at the flow tube were ob
served to be < ± 1 ·C. 

Sampling system and mass spectrometer 

A two-stage stainless-steel collision free sampling sys
tem was designed and assembled based on those constructed 
by Clyne and co-workers.4

,7-9 Efficient collision-free sam
pling of the contents of the flow tube was achieved by use of 
two collinear pinholes which were 2 cm apart. Both pinholes 
were drilled in demountable stainless-steel disks, the first 
having a diameter of 1.5 mm and the second a diameter of 
1.75 mm. The residual background pressure in the ion 
source was -1O- 8 Torr. At a flow tubepresure of1 Torr the 
ion-source pressure was 10- 6 Torr with a background pres
sure in the mass spectrometer chamber of 10-7 Torr. 

The two differential stages were constructed of stainless 
steel and all flanges were sealed by copper gaskets. Each 
stage was pumped by a 6 in. diffusion pump (CVC PMC S-
6B, nominal pumping speed 550 cm3 S-I). Back streaming 
was minimized by the Dri-Cap shield incorporated into the 
pump design. Both pumps were filled with polyphenylether 
fluid (Convalex 010) which has a low backstreaming rate, a 
low vapor pressure ( - 2 X 10-9 Torr at 298 K) and is resis
tant to electron bombardment and thermal decomposition. 
A freon-cooled chevron baflle (CVC BC61C + BC016A) 
was incorporated into the first stage and an automatically 
filled liquid nitrogen trap added to the second stage in order 
to minimize contamination of the mass spectrometer and 
walls of the chamber resulting from back diffusion. A molec
ular-sieve foreline trap was used to trap rotary-pump oil. 

A quadrupole mass spectrometer (Extranuclear Labo
ratories, Inc.) was used in conjunction with an off-axis chan
neltron multiplier. Signals were passed through an amplifier 
discriminator (EG&G Model 1182) and ion counting per
formed using a photon counter (EG&G Model 1109). The 
quadrupole head was housed within a liquid-nitrogen
cooled copper shroud. This shroud was used during experi
mental runs and reduced the background signal by an order 
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of magnitude, thus increasing the detection limit of the mass 
spectrometer. 

Production and calibration of SO and CIO radicals 

SO radicals were generated in a microwave discharge 
(2450 MHz) of dilute mixtures of 1% S02 in He using the 
method of Clyne and MacRobert.4,7 The SO radicals are de
tected at m/e = 48. Since dissociative ionization ofS02 re
sults in the fonnation of SO+ it is necessary to work at low 
electron energies, i.e., energies below the appearance poten
tial for SO+ from S02' to prevent this contributing to the m/ 
e = 48 peak. The literature value 10 for the latteris 16.5 ± 0.5 
eV and consequently all measurements were made at elec
tron energies less than or equal to 16 eV. The lower limit to 
detection of SO was - 5 X 109 cm -3 at a signal-to-noise ratio 
of 1:1. The discharge in S02 also produces smaller concen
trations of 0 and S atoms which must be removed to prevent 
kinetic complications due to the occurrence of the rapid re
actions 0 + N02 1 and S + N02 11 in the SO + N02 experi
ments and the rapid reaction 0 + CIO 12 in the SO + CIO 
experiments. Removal of residual 0 and S from S02 dis
charge was accomplished using a discharge-bypass system4,7 
which takes advantage of the unreactive nature of the SO 
radical. The bypass system consisted of a 200 ml recombina
tion volume positioned downstream from the discharge with 
a bypass at the other end of the volume which carried a much 
larger flow (factor of 5 to 10) than that through the dis
charge. This results in a long residence time (- 1 s) in the 
recombination volume and allows sufficient time for remo
val of the reactive 0 and S atoms. Removal of 0 was evi
denced by the complete quenching within the recombination 
volume of the blue chemiluminescence due to the reaction 
o + SO~SOr when the bypass flow was increased to 5 to 10 
times the flow through the discharge. Absolute concentra
tions of the SO radical were detennined using the rapid titra
tion reaction SO + N02-S02 + N04-7 and measuring the 
decrease in the concentration of N02 upon complete remo
val of SO by excess N02. 

CIO radicals were generated in the flow tube by the rap
id reaction 13 

CI + Cl20-cIO + C12; 

k= (7.8±0.8)XIO- 1l cm3s- 1. 

The CI atom concentration ( - 1 X 1014 em - 3) allowed com
plete removal of Cl20 within 0.5 ms. Absolute concentra
tions of the CIO radicals were determined by converting CIO 
to N02 using the rapid reaction NO + CIO-+N02 + Cl1 

and measuring the concentration of N02 fonned. No decay 
of CIO in the absence of SO was observed indicating the 
absence of 0 atom impurities from the C12/He discharge. 12 
Also no reaction between SO and Cl20 was observed. 

Reagents 

Helium (99.999% Ideal Gas) was dried at 77 K using a 
molecular sieve trap. S02 (99.98% Matheson) and Cl2 
(99.9% Matheson) were degassed at 77 K. N02 (99.5% 
Matheson) was purified by adding O2 followed by trap to 
trap distillation at 196 K to remove O2 and NO. A small 

correction ( < 5%) was made to the N02 flow rate to ac
count for the rapid dissociation of the N20 4 dimer. Cl20 was 
prepared in situ using a variation of the method of Shack and 
Lindahl. 14 CI2/He mixtures were flowed (..;; 5 pmols -1) 

through a 30X 1 cm column of yellow MgO (99.9%, Mal
linckrodt) which was heated to :::::340 K. The resultant 
CI20/CI2/He mixture was then allowed to flow directly into 
the flow tube. 

RESULTS 

Rate constants for reactions (1) and (2) were deter-
mined under pseudo-first-order conditions with 
[SO]o< [X]o 

(a) 

3.0 

0' 2.0 ~ 
0 

0" 
(/) 

z 
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o~------~------~------~----~ 

300 

~ 200 
:;.: 
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FIG. 2. Kinetics of the SO + N02 reaction at 298 K. (a) Typical first order 
logarithmic decay plots of SO in the presence of various excess concentra
tionsofN02 (1012 cm- 3

): 0, 20.62; .. 8.52; and., 6.39. (b) Summary plot 
of pseudo-first-order rate constant k ' with [NO 12 mean. 
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In( [SO]o) = k't = k [X]t. 
[SO] 

The pseudo-first-order rate constant k' was corrected for 
axial diffusion of SO in the helium carrier gas. Also a small 
stoichiometric correction to [X] to allow for depletion of X 
was made: 

[X]mean = [X]o - [SO]0I2. 

The rate constant for the SO + N02 reaction was deter
mined over the temperature range 210-363 K with 
[N02 ]o> [SO]o' N02 was added at reaction times ranging 

TABLE I. Rate data for the SO + N02 reaction. 

Temp [SOlo [N02 1 mean 

Run (K) (1012 em-') (1012 em-') 

1 298 1.57 20.62 
2 1.52 17.24 
3 1.32 15.52 
4 1.37 13.75 
5 1.18 12.01 
6 1.06 10.80 
7 0.97 8.52 
8 0.95 7.62 
9 1.56 9.02 

10 1.56 12.92 
11 2.14 14.53 
12 2.09 13.55 
13 1.99 12.60 
14 1.85 11.77 
15 1.17 8.21 
16 1.42 8.99 
17 1.35 10.02 
18 1.79 10.80 
19 0.83 6.39 

from 2-20 ms. Table I summarizes the experimental condi
tions employed. The initial stoichiometries [N02 ]0I[SO]o 
ranged from 6 to 25. Figure 2(a) shows typical logarithmic 
decay plots of [SO] vs time which are linear over a tenfold 
decay of SO. An intercept was observed at each of the tem
peratures which extrapolates to a common origin at about 
- 1.0 ms and was assigned to a dead time in the sampling 

system. Similar dead times due to inefficient pumping 
between the end of the flow tube and the first pinhole have 
been seen in discharge flow-mass spectrometer systems pre
viously.4,JS Figure 2(b) shows the variation of the pseudo-

k' k 
(8- 1 ) (10- 11 em' 8- 1 ) 

249 1.21 
225 1.31 
210 1.35 
189 1.37 
171 1.42 
148 1.44 
127 1.49 
106 1.39 
125 1.39 
174 1.34 
188 1.29 
172 1.27 
164 1.30 
160 1.36 
121 1.47 
132 1.47 
137 1.37 
150 1.38 
92 1.44 

mean value = (1.37 ± 0.07) X 10- 11 em' 8-
1 (lq) 

20 363 0.44 10.38 123 1.25 
21 0.44 8.96 117 1.31 
22 0.40 7.21 88 1.22 
23 0.40 5.45 71 1.30 
24 0.39 3.68 51.6 1.40 
25 0.38 2.81 38.8 1.38 
26 0.38 4.57 63 1.38 
27 0.38 6.43 91 1.42 

mean value = (1.33 ± 0.07) X 10- 11 em' 8- 1 (lu) 
28 248 0.34 5.25 76 1.45 
29 0.35 6.08 91 1.50 
30 0.40 7.75 117 1.51 
31 0.34 6.94 103 1.48 
32 0.67 16.93 226 1.34 
33 0.60 15.27 223 1.46 
34 0.50 11.94 166 1.39 
35 0.40 8.60 120 1.40 
36 0.60 13.58 201 1.48 
37 0.47 10.26 143 1.39 

mean value = (1.44 ± 0.05) X 10- 11 em' 8- 1 (lu) 
38 210 0.62 11.13 142 1.28 
39 0.48 8.41 113 1.34 
40 0.40 8.45 107 1.27 
41 0.42 7.05 100 1.42 
42 0.41 5.65 76 1.34 
43 0.40 4.27 60 1.41 
44 0.66 4.29 61 1.42 
45 0.66 5.06 70 1.38 
46 0.81 7.30 96 1.32 
47 0.74 8.87 112 1.26 
48 1.00 10.30 134 1.30 

mean value = (1.34 ± 0.06) X 10- 11 em' 8- 1 (lu) 
overall mean value = (1.37 ± 0.07) X 10- 11 em' 8- 1 (lq) 
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first-order rate constant k i = - d In [SO]ldt with 
[N02 ] mean at 298 K and shows good second-order behavior. 
No intercept on the ordinate was observed at the tempera
tures employed. The rate constant was thus determined as a 
mean of the data and found to be invariant with temperature. 
The 48 determinations (Table I) gave a mean temperature 
independent value of kl = (1.37 ± 0.07) X 10- 11 cm3 S-I 
( 10'). Allowing for possible systematic error in flow rates, 
pressure, and reactant concentration gives the value 

2.0 

5 
!!?, 
;::s, 
0 
.~ 
z 1.0 ..J 

o ~ ______ -L ________ ~ ______ -L __ -..J 

5 10 15 

t/ms 

(b) • 
400 

300 

200 

100 

5 10 

o 12-3 
[et Olmean/10 cm 

FIG. 3. Kinetics of the SO + CIO reaction. (a) Typical first-orderlogarith
mic decay plots of SO at 298 K in the presence of various excess concentra
tions ofCIO (l012 cm-3): e, 1.44; A, 2.10;.,4.71; and 0,7.44. (b) Sum
mary plot of pseudo-first-order rate constant k 'with [CIO 1 mean at 298, 
248, and 363 K. 

kl = (1.37 ± 0.10) X 10- 11 cm3 S-I . 

The rate constant for the SO + CIO reaction was mea
sured over the temperature range 248-363 K with 
[CIO] 0> [SO] o' CIO was generated at reaction times from 2 
to 20 ms. Initial stoichiometries [CIO ) 01 [SO] 0 ranged from 
2 to 21. Figure 3 (a) shows several typical logarithmic decay 
plots of [SO] vs time at 298 K which display good linearity 
over an order of magnitude decay in [SO]. As in the case of 
the SO + N02 experiments, a similar dead time was ob
served. Figure 3 (b) shows the dependence of the pseudo
first-order rate constant k ' on [CIO] at 248 , 298, and 363 K. 
Good second-order behavior is obtained with a small posi
tive intercept of 22 s -1. The latter is attributed to loss of SO 
on the wall of the flow tube. The fact that the data from all 
three temperatures fit on a single line [Fig. 3(b)] suggests 
that the rate constant is independent of temperature in the 
range 248-363 K. This can also be seen in Table II which 
summarizes the results from 54 experiments. The rate con
stant was then determined from the slope of the line in Fig. 
3 (b) using least squares analysis. This gives a mean tempera
ture independent value of 

k2 = (3.22 ± 0.48) X 10- 11 cm3 s-I(1O') . 

Efforts were made to extend the temperature range 
down to 210 K. Sensitivity for the SO radical was similar to 
that for experiments at the other temperatures. However 
sensitivity changes occurred during experimental runs re
sulting in nonlinear exponential decays. This was confirmed 
to be a sensitivity problem as the SO signal in the absence of 
CIO was lower at the end of the run than it was at the begin
ning. 

DISCUSSION 

The value for kl (298 K) obtained here, 
(1.37 ± 0.10) X 10- 11 cm3 s-I, is in excellent agreement 
with the recent absolute measurements of Clyne and Mac 
Robert,4 (1.36 ± 0.10) X 10- 11 cm3 S-I, and Black et al.,s 
(1.48 ± 0.20) X 10- 11 cm3 s-I, as well as the earlier relative 
measurement of Clyne et a1.6 (1.4 X 10- 11 cm3 S-I). The 
SO + N02 reaction thus serves as a reference reaction at 298 
K and establishes the quantitative validity of the measure
ment of rate constants using the newly assembled discharge 
flow-mass spectrometry apparatus in our laboratory. The 
present experiments also demonstrate that the rate of reac
tion (1) is independent of temperature over the range 210-
363 K. This is not unexpected for a rapid reaction such as 
SO + N02-S02 + NO. 

Our results for the radical-radical reaction SO + CIO 
-S02 + CI may be compared with the only other measure
ment of this reaction. Clyne and MacRobert 7 used the same 
technique to obtain k2 = (2.3 ± 0.6) X 10- 11 cm3 S-I. Our 
mean value is somewhat higher, k 2(3.22 ± 0.48) X 10- 11 

cm3 s -I, but the two values do overlap within the stated 
error limits. The temperature invariance of k2 observed in 
the present experiments is again not surprising, especially 
since k2 is at least twice as fast at kl which was also found to 
be independent of temperature. 

Our results for SO + CIO may also be compared to 
those for other radical-radical reactions involving SO or 
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CIO. Jourdain et 01.16 studied the reaction having k (298 K) values of 1.2X 10- 11
, 5.0X 10- 12

, and 
6.7X 10-12 cm3 s-I, respectively. 1 These reactions have 
either a slight negative temperature dependence 
(CIO + OH, CIO + H02 ) or no measurable temperature 
dependence (CIO + BrO). This may be compared to the 
negligible temperature dependence observed in the present 
study for the reaction CIO + SO. 

SO + OH-+S02 + H (5) 

and determined ks (298 K) = (8.4 ± 1.5) X 10- 11 cm3 
S-I. 

This is a rapid reaction, its rate constant being 2 to 3 times 
faster than SO + CIO. The radical-radical reactions involv
ing CIO with which our results for CIO + SO may be com
pared include: CIO + OH, CIO + H02, and CIO + BrO. 
These reactions are 2.5 to 6 times slower than reaction (2), 

The results of the present temperature dependent study 
of the reactions of the SO radical with N02 and CIO are 

TABLE II. Rate data for the SO + CIO reaction. 

Run 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Temp. 
(K) 

298 

248 

363 

[CIOl.nean 

(1012 em-3 ) 

0.71 3.18 90 
0.71 2.10 48 
0.64 3.97 115 
0.67 3.62 107 
0.25 5.27 216 
0.66 4.71 135 
Q~ ~n I~ 

0.71 6.09 186 
0.65 6.59 210 
0.64 6.85 219 
0.63 7.44 234 
0.42 4.77 155 
0.42 7.09 222 
0.46 5.23 182 
0.44 3.78 135 
0.31 3.41 109 
0.35 3.11 100 
QM 2M ~ 

0.31 2.41 87 
0.30 2.15 71 
0.28 2.02 61 
0.27 1.39 45 
0.42 8.85 291 
0.83 3.99 131 
1.02 6.19 194 
1.06 7.27 241 
1.16 9.42 298 
1.17 12.92 405 
0.44 5.12 208 
0.51 1.76 53 
0.61 3.51 138 
0.64 3.21 125 
0.59 2.98 116 

Q" 2" " 
0.53 2.35 86 
0.51 2.13 73 
0.52 1.78 58 
0.51 1.41 41 
0.51 1.39 38 
0.51 1.16 29 
0.50 1.67 59 
0.83 1.15 30 
0.81 1.48 30 
0.80 1.69 40 
0.79 1.88 56 
0.77 2.20 68 
QW 2U n 
Q~ 2~ W 
0.75 2.73 115 
0.76 3.27 126 
o.n 3.77 140 
0.76 2.35 81 
0.75 2.30 76 
0.76 1.95 62 

mean value = (3.22 ± 0.48) X 10- 11 em3 8- 1 (10') 

2.83 
2.28 
2.90 
2.96 
4.10 
2.87 
2.95 
3.05 
3.19 
3.20 
3.15 
3.25 
3.13 
3.48 
3.57 
3.20 
3.21 
3.23 
3.61 
3.30 
3.02 
3.24 
3.29 
3.28 
3.13 
3.31 
3.16 
3.13 
4.06 
3.01 
3.93 
3.89 
3.89 
3.82 
3.66 
3.43 
3.26 
2.91 
2.73 
2.50 
3.53 
2.56 
2.01 
2.36 
2.96 
3.09 
3.39 
3.11 
4.21 
3.85 
3.71 
3.46 
3.32 
3.16 
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particularly applicable to the chemistry of the upper atmo
spheres of Earth and Venus. The lack of an observed tem
perature dependence for the rate constants of these reactions 
means that these data can confidently be employed in models 
describing such low temperature (200-270 K) atmospheric 
systems.2

,3 A better understanding of the role of SO in the 
atmospheric chemistry of Earth and Venus depends on mea
surements of rate parameters for the pertinent SO reactions 
at stratospheric temperatures. 
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