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The title reaction was studied using long path length FTIR spectroscopy coupled to a smog chamber. In 1
Torr of N, diluent at 2% K a large kinetic isotope effect was observiedk, = 6, suggesting that the reaction

of Cl atoms with CHI proceeds via H atom abstraction to give L£irhdicals and HCI with a rate constant

of (9.04 1.8) x 1073 cm?® molecule* s, In 700 Torr total pressure of NO», and air diluents the reactivity

of Cl toward CHJl was 50% greater than that at 1 Torr. The increase in reactivity is ascribed to the formation
of the CHI—Cl adduct. In 700 Torr of @the majority &98%) of the adduct decomposes back to reactants,
and a small fraction¥2%) is lost via one or more processes that do not regenerate reactants. In 1 atm of
air at 295 K the reaction of Cl atoms with GlHproduces less than 20% yield of @E1. The potential role

of the title reaction in atmospheric chemistry is discussed.

1. Introduction Under near ambient conditions (297 K, 500 Torr o keaction
. . S . 1 proceeds predominately05%) via adduct formation with
The atmospheric chemistry of iodine is a topic of current an overall rate constant & ~ 2 x 10-11 cn? molecule? 5111
interest. It has been suggested that iodine chemistry MaYThe rate constant reported for hydrogen abstractionkaas
influence tropospheric H&OH and NGQ/NO concentration 5.4 x 10711 exp(—1250) cm?® molecule® s1.11 Kambanis
ratigs and hence the qxidizing gapacity of the at_mosphére. et al1? studiedk; over the temperature range 27363 K at a
Unlike thr_e corresponding chlorinated and brommated com- very low total pressure (2 mTorr of helium) where channel 1b
pounds, iodo compounds and reservoir species are easilygy g iq e of negligible importance. Kambanis et al. refgrt
photodissociated in the near-UV and visible. As a consequence,_ 1.33 x 10711 exp(~700/T) cm® molecule® s112 Finally
iodine in its various forms is rapidly converted to iodine atoms Goliff and Rowland® conducted a product study of reactio’n 1
which can take part in ozone-depleting cycles in the troposphereand report a 9% yield of CiCI
and lower stratosphefe. ]
CHGsl is generally regarded as the main carrier of marine
iodine to the atmosphere. It is emitted into the atmosphere from
the oceans at a rate of-2 Tg/yr?* Concentrations of methyl
iodide in the marine boundary layer are typically4 ppt¥-€
but can be as high as 43 pgtvThe dominant atmospheric fate
of CHal is photolysis which occurs at a rate of approximately

6 o1 i i i i

f5 x dl(rsssg » corresponding 1o an atmospheric lifetime of a would represent a small, but significant, oceanic flux of:CH
ew days: . . ) . The global flux of CHCI to the atmosphere is presently

The reaction of atomic chlorine with GHhas been the estimated to be of the order 0f3.5 Tg yr.1%.18 The FTIR
subject of three recent studies. Wine and co-woiReétstudied smog chamber system at Ford Motor Company was employed
the kinetics of reaction 1 at 23894 K in 5-500 Torr of N 5 jnvestigate the possible role of reaction 1 in atmospheric
and observed two reaction channels: H atom abstraction chemistry.
(channel 1la) and addition to form a weakly bound adduct
(channel 1b).

Combiningk; ~ 2 x 10711 cm® molecule? s71 11 with an
estimate of the chlorine atom concentration in the marine
boundary layer of 16cm3 14716 gives a pseudo-first-order loss
rate of CHI with respect to reaction 1 of 2 1077 s!
(approximately 25 times slower than loss of £Mia photoly-
sis). The atmospheric fate of the gHCl adduct formed in
channel 1b is uncertain. Conversion of the adduct intg@H

2. FTIR Smog Chamber System

Cl + CH,4l — CH,l + HCI (1a) The apparatus consists of a Mattson Sirus 100 FTIR
spectrometer coupled to a 140 L Pyrex reactor described in detail
Cl+ CH;l + M ==CH;I-CI+M  (1b, —1b) elsewherd? Radicals were generated by the UV irradiation
Cl + CHyl — CH,CI +1 (1c) (22 black lamps) of mixtures of CH# CDsl, Cly, CH3;OCHO,
C.HsCl, CHsF, CHy, and CHCI in 1—700 Torr total pressure
with Ny, Oy, or air diluent at 295 K. Reagents and concentra-
* Corresponding author. e-mail: twalling@ford.com. tions used were as follows: GH2.9—749 mTorr; CQ, 13—
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14 mTorr; Ch, 51—-1950 mTorr; CHOCHO, 0-26.6 mTorr; 20
C,HsCl, 0—11.7 mTorr; GHsF, 0—-33.8 mTorr, CH, 0—60 181
mTorr; and CHCI, 0—16 mTorr. Reactants loss and product
formation were monitored by FTIR spectroscopy using the
wavenumber range 762000 cnT?, an analyzing path length

of 28 m, and a resolution of 0.25 cth Infrared spectra were
derived from 32 co-added spectra. Reference spectra were
acquired by expanding known volumes of reference materials
into the reactor. A reference spectrum of HC(O)CI was obtained
from the reference library at Ford Motor Company. Oxygen,
nitrogen, synthetic air, @l CHy, C;HsCl, C;HsF, CHsOCHO,
CHsCl, and CHI were obtained at the highest purities available 02} CH.OCHO
from commercial sources and used as received.sl GEDsl, 00 ‘ LD

and CHOCHO are liquids at 295 K and were degassed by 0 ! 2 3
freeze-pump-thaw cycling before use. Control experiments Ln([Reference],,/[Reference],)

were performed to test for loss of GHria either photolysis or Figure 1. Loss of CHI (open symbols) and C (filled symbols)
heterogeneous reactions in the chamber; no such effects wereersus reference compounds: H(triangles), CHOCHO (circles),
significant. Tschuikow-Roux et &P.have reported that reaction ~ or CHsl (squares), when mixtures containing these compounds were
between CH and Cb in the dark occurs at a “surprisingly fast” ~ €xposed to Cl atoms in 1 Torr of:Nat 295 K.

rate. In a control experiment a mixture of 24.1 mTorr of LH

and 238 mTorr of Glin 700 Torr of air was left in the chamber ~ Of the individual determinations. Hende(1 Torr) = (9.0 £

in the dark for 3 h; there was no discernible1®) loss of ~ 1.8) x 107 cm® molecule™ s™*.

CHal, showing that “dark” reactions are not a complication in For completeness, the rate of reaction of Cl atoms withICD
the present work. The uncertainties reported in this paper arewas studied at 1 Torr total pressure. Reaction mixtures consisted
two standard deviations unless otherwise stated. Standard erropf 13—14 mTorr of CQyl, 9—10 mTorr of reference compound
propagation methods are used to calculate combined uncertain{€ither CHOCHO or CH), and 106-300 mTorr of C} in 1

CH,CI
o

(e]
o CH,0CHO
08 ©

06
CH,|

04l

Ln([Reactant], /[Reactant],)

ties. Torr total pressure with Ndiluent. The results are shown in
Figure 1. Linear least-squares analysis gk@+CDsl)/ ks =
3. Results 0.099+ 0.007 andk(CIH+CDsl)/k; = 0.17 + 0.02. The rate

. . constant rati&(Cl+CDsl)/ks = 0.099+ 0.007 can be combined
rat:; th:Ir?r?wveenssa\}\?ers;udgrl?otr%nzgr[oTr%t:L\ZL?:Stﬁ:aek?ne;zz\;eof theWith the measurement dé/k; = 0.62+ 0.04 (see above) to
P b give an “indirect” measurement &(CIl+CDsl)/k; = 0.16 +

:g?ﬁg?rl:g; gési[ﬁg]es dVgllghev%ﬁ“éiéée;gtri:);O:r?ilxitjtziasszz)engizltg% 0.02, which is consistent with that measured directly. The fact
q ' that the reactivity of Cll toward Cl atoms is 6 times less than

of 7.7-44.7 mTorr of CHI, 4.8—16 mTorr of the reference .

y that of CHl suggests that at 1 Torr total pressure the reaction
pompound (CHOCHO or CH;Q)' and 18&302. mTorr of Cb of Cl atoms with CHI proceeds mainly (perhaps solely) via H
in 1 Torr total pressure of Ndiluent. Photolysis of molecular atom abstraction

chlorine was the source of chiorine atoms. 3.2. Products at 1 Torr Total Pressure. The aim of the
Cl, + hv —2Cl 2) experiments presented in this section was to investigate the
relative importance of the possible reaction channeisitaat

The kinetics of reaction 1 were measured relative to reactions 1 Torr total pressure. It should be noted that abstraction of
3 and 4. iodine to give ICl and a Cklradical is endothermic by 26 kJ

mol~1 24 and is not considered further.

Cl 4+ CH,l — products (1)
CHal + Cl— CH,l + HClI (1a)
Cl + CH;OCHO— products 3)
Cl + CH,Cl — CH,CI + HCI ) CH;l + Cl+ M =adduct+ M (1b, —1b)
The loss of CHI versus those of CEOCHO and CHCI in the Cl+ CH,l — CH,Cl + 1 (1c)

presence of Cl atoms is shown in Figure 1 as open symbols.

Variation of the initial concentration of GiHby a factor of 6 Mixtures of 14.8-92.1 mTorr of CHI and 148-222 mTorr of
and the initial concentration ratio [GH,/[ref];, by a factor of Clyin 1 Torr of N; diluent were irradiated, and the loss of §H

4 had no discernible impact on the results. Linear least-squaresand the formation of products were monitored by FTIR
analysis of the data in Figure 1 givkgks = 0.62+ 0.04 and spectroscopy. Figure 2 shows IR spectra acquired before (A)
ki/ks = 1.934 0.24. Usingks = 1.4 x 1072 22andk, = 4.8 and after (B a 5 min irradiation of a mixture of 15.4 mTorr of

x 10713 cm® molecule? s71 23 givesk(1 Torr) = (8.7 & 0.6) CHsl and 142.1 mTorr of Glin 1 Torr of N, diluent.

x 1078 and (9.3+ 1.2) x 1018 cm?® molecule! s, Comparison of panel B with reference spectra of,CH and
respectively. We estimate that potential systematic errors CHCI; given in panels C and D shows the formation of these
associated with uncertainties in the reference rate constants coulgpecies. In addition to Ci€l, and CHC} trace amounts of

add an additional 10% to the uncertainty rangeskf@t Torr). CHuICI (~1-2% yield) were observed; no other carbon-
Propagating this additional uncertainty givgél Torr) = (8.7 containing products were detected. The observed molar yield
+ 1.1) x 103 and (9.3+ 1.5) x 103 cm® molecule® s, of CHCl; increased with the degree of consumption ofsCH

We choose to cite a final value which is an average of the two indicating that CHG is a secondary product resulting from the
determinations with error limits that encompass the extremes chlorination of CHCl,.
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Cl + CH,Cl, — CHCI, + HCI (5)

(6)

The filled circles in Figure 3 show the observed formation of
CHoCI, versus the loss of Ci#l Corrections for the loss of
CHCI, via reaction 5 were computed using the Acuchem
progran®® with k; = 9 x 102 andks = 3 x 1072 cm?®
molecule! s71;23 corrected data are indicted by open symbols
in Figure 3. Variation of the initial concentration of GlHbver
the range 14.892.1 mTorr had no influence on the yield of

CHCI, + Cl, — CHCI

CHXCl,. Linear least-squares analysis of the corrected data gives

a CHCI, yield of 92 + 8%. The absence of any observable
CH3ClI product (<4%) shows that pathway 1c is unimportant.
The observation of trace amounts of €€l is a marker for
hydrogen abstraction (pathway 1a) giving £adicals which
then react with Glto give CHICI. The reaction of Cl atoms
with CH,IClI is fast,k = 8.5 x 10711 cm?® molecule? s, and
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Figure 2. IR spectra acquired before (A) and after)(B 5 min
irradiation of a mixture of 15.4 mTorr of Gdand 142.1 mTorr of Gl
in 1 Torr of N, diluent. Reference spectra of @El, and CHC} are
given in panels C and D.
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Figure 3. Formation of CHCI, versus loss of CH following UV
irradiation of CHI/Cl, mixtures in 1 Torr of N. Filled symbols are
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Figure 4. Decay of CHI versus CH (squares), CEDCHO (circles),
C,HsF (diamonds), and £1sCl (triangles) when mixtures containing
these compounds were exposed to Cl atoms in 700 Torr of air,or O
(filled symbols) or N (open symbols). For clarity, data for Gldnd
CH;OCHO have been shifted vertically by 0.2 units.

0.8 1.0 14

proceeds via iodine abstraction to give f£H radicals which

in the presence of glare converted into CyCl».2* The
formation of essentially 100% Cil, in the Cl-initiated
oxidation of CHl in 1 Torr total pressure of Nshows that
hydrogen abstraction is the only significant reaction pathway
at 1 Torr total pressure.

3.3. Relative Rate Studies at 700 Torr Total PressureThe
relative rate technique was also used to investigate the kinetics
of the reaction of Cl atoms with GJHat 700 Torr total pressure.
Reaction mixtures consisted of 2:200 mTorr of CHiI, 3.4—

60 mTorr of one of the reference compounds ¢OEGHO,
C.HsF, GHsCI, and CH,), and 107304 mTorr of C} in 700
Torr total pressure of ) air, or G diluent. Photolysis of
molecular chlorine was the source of chlorine atoms. The
kinetics of reaction 1 were measured relative to reactions 3, 7,
8, and 9.

Cl + CH;O0CHO— products 3)
Cl 4+ C,H;F — C,H,F + HCI @)
Cl + C,H.Cl— C,H,Cl + HCl (8)
Cl+ CH,— CH,; + HCI 9)

Sensitivity toward five different parameters was investigated.
First, the initial concentration of CiHwas varied over the range
2.9-100 mTorr. Second, the concentration ratio fGH[ref];,

was varied by a factor of 5. Third, the concentration of ClI
was varied by a factor of 3. Fourth, experiments were
performed in 700 Torr of either Nair, or G diluent. Finally,
four different reference compounds were employed. The values
of k; derived in these experiments were independent of all the
above parameters except for the initial £Honcentration.
Experiments employing initial concentrations of ghh the
range 2.9-7.9 mTorr gave indistinguishable results. However,
experiments using higher GH:oncentrations* 10 mTorr) gave
larger values ok;. Figure 4 shows the observed loss of LH
versus CHOCHO, GHsF, GHsCl, and CH for experiments
using CHl concentrations in the range 2:9.9 mTorr. Linear
least-squares analysis giviegks = 0.95+ 0.06,ki/k; = 0.18

=+ 0.02,ki/kg = 0.15+ 0.01, andky/kg = 14.7+ 1.6. Usingks
=14x 101222k, =75 x 1071226 kg = 8.0 x 1071227 and

ko = 1.0 x 10713 cm?® molecule! s 22 givesk (700 Torr)=

observed data. Open symbols are corrected for secondary chemistry(1.33+ 0.08) x 10°*2, (1.35+ 0.15) x 107*2 (1.20+ 0.08)

See text for details.

x 10712, and (1.47+ 0.16) x 10712 respectively. We estimate
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Figure 5. Decay of CHI versus CHOCHO for [CH:l]o = 2.9-7.9
mTorr (squares), 18.2 mTorr (triangles), and 80 mTorr (diamonds) when

1.4

mixtures containing these compounds were exposed to Cl atoms in

700 Torr of Q.

that potential systematic errors in the reference constants could

add an additional 10% to the uncertainty rangek{(t00 Torr).
Propagating this additional uncertainty gives (1:83.15) x
10712, (1.354 0.20) x 10712, (1.20+ 0.15)x 10712 and (1.47

+ 0.22) x 10712 respectively. We choose to cite the average
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Figure 6. IR spectra acquired before (A) and after (B) a 1.5 min
irradiation of a mixture of 15.2 mTorr of CdHand 326 mTorr of Gl
in 700 Torr of Q diluent. Reference spectra of @&, CO, and HC-

of these values with error limits that encompass the extremes(o)c| are also displayed.

of the individual determinations; hendg(700 Torr)= (1.3 +
0.4) x 10712 cm?® molecule* s,

It is interesting to compare the rate constant réitk; =
0.95+ 0.06 measured at 700 Torr total pressure with that of
ki/ks = 0.62+ 0.04 measured in 1 Torr total pressure. There
is a significant increase in reactivity of Cl atoms with €ldn
moving from 1 to 700 Torr total pressure. This finding is

consistent with the formation of an adduct via channel 1b, some

fraction of which is removed via one or more processes that do
not regenerate C#l The “effective” rate constant for adduct
formation, kypkio/(k-1p + kig), is given by the increase i/ks
from 1 to 700 Torr, i.e., (0.3% 0.10) x ks = (4.6 + 1.4) x
10713 cm® molecule® s,

Ayhens et al! used resonance fluorescence to monitor the
loss of Cl atoms in the presence of gltdn a millisecond time
scale in 500 Torr of Mat 297 K and concluded that the rate
constant for addition of Cl atoms to GHvask;, =2 x 10711
cm® molecule! s71. In the present study we monitor the loss
of CHjsl in the presence of Cl atoms on a time scale of minutes.
The fact that the “effective” rate constant for adduct formation
in 700 Torr total pressure measured heres3 times less than
the value ofky, reported by Ayhens et al. shows that in 700
Torr of air (K-1p + kig)/kio &~ 43. The dominant£98%) fate
of the CHI—CI adduct in 700 Torr of air at 295 K is
decomposition to regenerate gkdnd Cl atoms. Experiments
performed in 700 Torr of @and N gave indistinguishable
values ofk;, showing that there is no significant reaction of the
adduct with Q.

CHyl +Cl+M=CHy—CI+M (lb,—1b)

CH,l—Cl — products (20)
As mentioned above, in experiments using initial {LH
concentrations greater than 8 mTorr, the observed loss ef CH

was faster than in experiments employing lowersC¢bncen-
trations. Figure 5 shows the loss of giitersus CHOCHO in
700 Torr of Q for experiments using mixtures of 15 mTorr of

CH;OCHO, 200 mTorr of G, and either 2.9, 7.3, 7.9, 18.2, or
80 mTorr of CHl. As seen from Figure 5, the kinetic data
obtained from experiments using [GlHh = 2.9—7.9 mTorr are
indistinguishable; however, there is a noticeable increase in the
rate of CHil loss in the experiments using [GHp = 18.2 and
80 mTorr. The same effect was observed in experiments using
C.HsCl as the reference. We conclude that under the present
experimental conditions there are three fates of thel€BI
adduct: decomposition back to reactants, reaction withlCH
and loss via one or more other processes that do not regenerate
CHsl.

3.4. Product Studies at 700 Torr Total Pressure.The aim
of the experiments presented in this section was to establish
the yield of CHCI from reaction 1. The absence of any
observable CECl at 1 Torr total pressure shows that §His
not formed via direct substitution. The remaining question is,
“what fraction of the CHI—CI adduct formed at 700 Torr total
pressure undergoes decomposition to givesCHand 1?” To
address this question, mixtures of 4B349mTorr of CHI and
44—1075 mTorr of C} in 700 Torr total pressure of Nor O,
diluent were irradiated in the FTIR smog chamber system. The
loss of CHl and the formation of products were monitored by
FTIR spectroscopy. Figure 6 shows typical IR spectra acquired
before (A) and after (B) a 90 s irradiation of a mixture of 15.2
mTorr of CHsl and 326 mTorr of Glin 700 Torr of Q diluent.
Comparison of Figure 6B with reference spectra oCHCO,
and HCOCI shows the formation of these species. In addition
to these compounds, GEIOOH was observed in trace quanti-
ties and an unknown product(s) with IR features at 707, 1060,
1309, and 1359 crt. Figure 7 shows the formation of Géll,
HC(O)CI, and CO versus loss of GHor mixtures of 15 mTorr
of CHsl and 44-1075 mTorr of C} in 700 Torr of Q diluent.
The yield of HC(O)Cl increased with the fractional consumption
of CHal, indicating that this species is formed in secondary
reactions. Linear least-squares analysis of the data in Figure 7
gives product yields of 44 3% for CHCl and 43+ 4% for
CO; when HC(O)Cl and CHCIOOH are included, we can
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Figure 7. Formation of CHCI (circles), CO (squares), and HC(O)CI
(triangles) versus loss of GHin 700 Torr of G diluent. For clarity,
the data for CHCI have been shifted vertically by one unit.

account for 95+ 11% of the loss of Chkl. Variation of the
concentration of Gl by a factor of 24 had no discernible
influence on the product yields. The magnitudes of the
HC(O)Cl and CHCIOOH yields are consistent with those
expected following secondary loss of g via reaction with
Cl atoms?8

Variation of the initial CHI concentration over the range
4.3—749 mTorr with the Gl concentration fixed at 200 mTorr
caused a change in the relative importance ogClHand CO
products. Figure 8 shows the yield of &l versus the initial
concentration of Chl. As the initial CHl concentration
increased from 4.3 to 749 mTorr, the yield of gH increased
from 18 to 80%; conversely, the CO vyield decreased from 80
to 14%. Finally, an experiment was performed using 17 mTorr
of CH3l and 213 mTorr of Glin 700 Torr of N diluent. The
CH3sCl yield from this experiment was 3& 5%, which is
indistinguishable from that observed with @iluent; in addition,
CH.CI, was observed in a yield of 4% 6%.

4. Discussion

The reaction of Cl atom with C#lwas studied at 1 and 700
Torr total pressure at 295 K. In 1 Torr of,Nhe reaction
proceeds via H atom abstraction to give L£khdicals and HCI
with a rate constant of (9.8 1.8) x 10713 cm® molecule™
s 1. The H atom abstraction could either proceed directly in a
concerted bimolecular reaction or indirectly via the formation
of the CHl—CI adduct, which then decomposes via HCI
elimination. Kambanis et &f studied reaction 1 at 303 K in 2
mTorr of He diluent and reported a rate constant of (437
0.05) x 10712 cm® molecule! s™1 with essentially 100%
conversion of Cl atoms into HCI. Kambanis et al. conducted
experiments with both C#iand CDsl and did not observe any
evidence for a kinetic isotope effekt/kp = 1.1 + 0.1 and
concluded that H atom abstraction occurs via a weakly bound
CHsl—CI adduct.

In contrast to the findings of Kambanis, a large kinetic isotope
effect, ku’kp = 6 + 1, was observed in the present work in
experiments conducted in 1 Torr ogldnd 295 K. The origin
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Figure 8. Yield of CH;Cl versus the initial concentration of GHvhen
mixtures of CHI and Ckin 700 Torr total pressure of Qvere irradiated
in the chamber.

of the direct H atom abstraction channel la in the absence of
complications caused by formation of the adduct. Ayhens et
al! observed a significant kinetic isotope effect and reported
kia = 5.4 x 10711 exp(—1250M) cm?® molecule’! s71. Ex-
trapolation to 295 K gives a value &, = 8 x 10712 cm?
molecule! s71. This result is indistinguishable from the rate
constant for H atom abstraction of (98 1.8) x 10713 cm?
molecule! s71 at 1 Torr measured herein. We conclude that
in 1 Torr of N; at 295 K the reaction of Cl atoms with GH
proceeds predominately via the direct H atom abstraction
channel 1a with a rate constdat, = (9.04+ 1.8) x 10718 cm?3
molecule! s%

On increasing the total pressure from 1 to 700 Torr, we
observe a small, but significant, increase in the reactivity of Cl
atoms toward CHl. Kinetic data from experiments conducted
in 700 Torr of either N or O, were indistinguishable. It seems
reasonable to ascribe the increase in reactivity to the formation
of an adduct via channel 1b, some fraction of which is lost via
processes that do not regenerate reactants. In 700 Torr of air
the “effective” rate constant for addition of Cl atoms to £H
kKip(kio/(K=16 + Kio)), is (4.6 £ 1.4) x 10713 cm® molecule?

s Usingkip~ 2 x 101 cm® molecule? s71,11 we conclude
that the dominant fate of the GH-Cl adduct is decomposition
back to reactants. In experiments using0 mTorr of CHi,
anomalous kinetic behavior was observed with curved relative
rate plots (see Figure 5). GHI and CO were the major
products of reaction 1 in 700 Torr of,© The yield of CHCI
increased at the expense of CO in experiments employing higher
CHsl concentrations. For experiments usigg10 mTorr of
CHGal, it appears that the Ci€l yield is less sensitive to the
initial CH3l concentration and is about 20%. Product studies
could not be performed for initial Ci# concentrations< 4.9
mTorr. Itis unclear from the present work whether thesCH
yield “levels out” at 20% for initial CHI concentrations< 4.9
mTorr or whether the CkCl yield continues to decrease. We
choose to quote an upper limit of 20% for the £Hyield from
reaction 1 at 295 K. This result is consistent with the
observations by Goliff and Rowland of a 9% vyield of ¢H
from reaction 1.

of the apparent discrepancy between our results and those of The exact mechanism by which GHs lost in the high-

Kambanis et al. is unknown.
Ayhens et al! have recently studied the kinetics of reaction

1 over a wide range of temperature and pressure. At temper-

atures>364 K Ayhens et al! were able to study the kinetics

pressure experiments is clearly complex and not entirely defined
by the present experiments. The simplest chemical model that
fits the experimental observations from this work and that of
Ayhens et allis
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