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The reactions of Cl atoms with XGH(X = H, CHs, Cl, Br, I) have been studied using cavity ring-down
spectroscopy in 25125 Torr total pressure of Nliluent at 250 K. Formation of the XGiH-Cl adduct is the
dominant channel in all reactions. The visible absorption spectrum of the,XH adduct was recorded at
405-632 nm. Absorption cross-sections at 435 nm are as follows (in unitsdf ¢6¥ molecule): 12 for
CHjsl, 21 for CH;CHLal, 3.7 for CHICI, 7.1 for CH,IBr, and 3.7 for CHI,. Rate constants for the reaction of
Cl with CHsl were determined from rise profiles of the @HCl adduct.k(Cl + CHjl) increases from (0.4
+ 0.1) x 10t at 25 Torr to (2.0+ 0.3) x 107t cm® molecule® s™* at 125 Torr of N diluent. There is no
discernible reaction of the GH-CI adduct with 5-10 Torr of G. Evidence for the formation of an adduct
following the reaction of Cl atoms with GFand CHBr was sought but not found. Absorption attributable
to the formation of the XCK —CI adduct following the reaction of Cl atoms with XGHX = H, CHj, Br,

I) was measured as a function of temperature over the range3Z8DK.

1. Introduction The reaction of Cl atoms with C#H proceeds via two

The atmospheric chemistry of iodine-containing compounds channels: adduct formation and hydrogen atom abstraction

is a topic of current interedtlodinated source gases (gH
CHal,, CHyBrl, CH.CII) in the atmosphere are easily photo- CHyl + CI+ M =CHyl-CI+M (la,—1a)
dissociated in the near-UV regidrnodine in its various forms
is rapidly converted to iodine atoms. lodine chemistry may
influence tropospheric HOH and NQ/NO concentration CHyl + Cl— CH,l + HCI (1b)
ratios and hence the oxidizing capacity of the atmosph&has,
iodine chemistry may play an important role in the oxidation
of dimethyl sulfide and destruction of ozone in the marine
boundary layef:>

CHjsl is the most abundant iodine-containing species in the
air and the main source of active iodine compouktislthough
its major fate in the marine boundary layer is photodissociation,
reactions with OH radicals and Cl atoms together account for
about 10% of the loss of GHHin the troposphere. Cl atoms are
produced from sea salt aerosols in the marine boundary Tayer.
Night-time observations of @lconcentrations at a coastal site
during onshore wind flow conditions were reported by Spicer
et al® The measured mixing ratios of Olange from<10 to
150 ppt. The maximum predicted levels of Cl atoms occur
shortly after sunrise, peaking at€m~2, while the OH mixing
ratio is 4 x 10° cm2,

There have been several experimental and theoretical studies

of the reaction of Chl with Cl atoms?-13 At low temperatures

(T = 250 K), the adduct-forming reaction l1a is dominant, and

the rate constant for the reaction increases with total pre8sure.

At high temperaturesT( = 364 K) the H-atom abstraction

reaction 1b is dominant, and the rate of the reaction is

independent of pressure. In the intermediate temperature range

of 263 = T = 309 K, the reaction displays complex kinetic

behavior caused by reversible formation of the adduct via

reactions la and-1a? In previous work, the formation of

the CHl—CI adduct was deduced from observation of the

kinetic behavior of Cl atoms. In this paper, we present the first

direct measurement of the absorption spectrum of thel €H

Cl adduct over the wavelength range 432 nm. We report

(a) measurements of the visible spectra of the XICHCI

(X = H, CHjs, CI, Br, I) adducts and (b) kinetic data for the
*To whom corresponding should be addressed. Fax number: €action of Cl atoms with Chi at 250 K in 25-125 Torr of N

+ 81-75-383-2573. E-mail address: kawasaki@moleng.kyoto-u.ac.jp.  diluent.

10.1021/jp047297y CCC: $30.25 © 2005 American Chemical Society
Published on Web 02/05/2005




1588 J. Phys. Chem. A, Vol. 109, No. 8, 2005 Enami et al.

2. Experimental Section 7

)

(3]

The cavity ring-down spectroscopy (CRDS) technique was
introduced by O’Keefe and Deachnand has been applied
widely in spectroscopic and chemical kinetic studied’ The
CRDS apparatus used in the present study has been describe
elsewheré. The system employs photolysis and probe pulsed G 4
lasers. After the photolysis laser beam traverses the glass tube &
reactor, the probe laser beam is injected nearly collinearly to go 3
the axis of the photolysis laser through one of two high-
reflectivity mirrors (Research Electro Optics, reflectivity0.999
at 405, 435, 488, 532, and 632 nm). Absorption bypeécludes
CRDS measurements below 400 nm. Light leaking from the
end mirror was detected by a photomultiplier tube (Hamamatsu
Photonics, R212UH) with a fast-response photomultiplier socket 0o : - : .
assembly (Hamamatsu Photonics, E580%, 50-Ohm termina- 0 20 40 60 80
tion) through suitable narrow band-pass filters. The decay of Time (us)
the Iight. intensity was recprd?d. .using a digital oscilloscope Figure 1. Typical rise profile of the Chl—CI adduct monitored at
(Tektronix, TDL-714L, 8-bit digitizer) and transferred t(_) a 395 nm for gr? experimgnt conducted ir?{loo Toprdluent at 250 K
personal computer. In the presence of an absorbing species, thith [CH;l] = 1.8 x 10! and [Ch] = 3.3 x 10' molecule cm?.
light intensity within the cavity is given by the expression Adduct concentrations were calculated usifgHs —Cl) = 1.2 x 1077

cn? molecule™. See text for details. The smooth curve is a fit of eq 7
I(t) = I, exp(t/t) = |, exp(—t/r , — onclet/Ly)  (2) to the data.

eTule cm

[CH,I-CI] (1

~ 3.0

wherelg andl(t) are the light intensities at time 0 angdrg is (?E 25
the cavity ring-down time without photolysis laser light is O .5l 20 .
the length of the reaction region (0.46 rh},is the cavity length o vo se8a®
(1.04 m),7 is the cavity ring-down time with photolysis laser 3 % 15 AT
light, c is the velocity of light, andh ando are the concentration ~ @ 20T e8% 10 Y
and absorption cross-sections of the absorbing species. g 00 P ald

The 355-nm output of a Nd:YAG laser was used to = 15 [ ) 051 oy

. . o L) ® o«
dissociate Gl to generate Cl atoms. The laser power was "o 00.;%0 00 T 4 6 8o 100
measured in each experiment and was typically 20 mJ/pulse. T 19} o e%0 8
Shot-to-shot fluctuation of the laser power was less than 10%. = 4 d"ooo‘ :90 e ©
Absorption by the Chl—Cl adduct was monitored with a dye (;.) 05k ® e o&’ o° ®ou; * 8
laser (Lambda Physik, SCANMATE, spectral resolutio®.01 I"’ ' (°] 5
nm). The absorption profile was measured typically between 5 ¢3 . . . .
and 85us after the photolysis laser pulse for kinetic measure- °-°0 500 1000 1500 2000
ments. A large excess of GH 10'5—-10' molecule cm?, )
ensured that loss of Cl atoms, and formation of products, Time (us)
followed pseudo-first-order reaction conditions. Figure 2. Decay and rise profiles of the GH-Cl adduct at 250 K in

The reaction cell consisted of a Pyrex glass tube (21 mm either 100 Torr of N (filled symbols) or 90 Torr Mand 10 Torr @
i.d.). The temperature of the gas flow region was controlled (open symbols) diluent.
overT = 218-298 K. Experiments below 240 K were difficult
to conduct because of low vapor pressure of the parent All reagents were obtained from commercial sourcesglCH
compounds (except GFand CHBr). The difference between  (99.5%), CHCII (>97%), CHBrl (>98.4%), and CH,
the temperature of the sample gas at the entrance and exit of>98%) were obtained from Sigma Aldrich. GEHl (>99%)
the flow region was<1 K. The total flow rate was adjusted so and CHBr (>99%) were obtained from Tokyo Kasei Kogyo.
that the gas in the cell was replaced completely within the 0.5-s CHal, CHzCll, CHBrl, CHzl,, CHsBr, and CHCH,l were
time interval between photolysis laser pulses. subjected to freezepump-thaw cycling before use. £(high
To estimate the initial concentration of the Cl atoms, §CI] ~ Purity, Sumitomo Seika), GF(>97%, Lancaster), N99.999%,
the production of CIO at 273 K was measured at 266 nm using T€isan), and @(>99.995%, Teisan) were used without further
Cl,/O3/0, mixtures with photolysis of Glat 355 nm and [G] purification.

= (1-10) x 10' molecule cm?.
3. Results

Cl+0O;—CIO+ O, ) 3.1. Adduct Formation. As described already, the reaction
of Cl atoms with CHI proceeds via two channels: la and 1b.
O3 was produced by irradiating an oxygen gas flow (slightly Absorption at 405532 nm was observed following the UV
higher than 760 Torr) with a low-pressure Hg lamp (Hamamatsu irradiation of CHI/Cl/N, mixtures. Figure 1 shows a typical
Photonics, L93702). [Cl]o was (:-10) x 102 molecule cm® rise profile of this absorption in 100 Torr total pressure of
at 273 K. Formation of CIOO is negligible at 273'KThe initial N> diluent at 250 K. As shown in Figure 2, addition of 5 or
chlorine atom concentrations, [Gl]in experiments at 250 K 10 Torr of @ had no discernible effect on either the rise or
were estimated from the calibration at 273 K and literature data decay time profiles. These results show that the observed
for the temperature dependence of the &@bsorption cross-  absorption is not attributable to the @Hadical produced via
sectiongt® the abstraction reaction 1b, because this radical is consumed
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rapidly by reaction with @20

"o
CH,l + O,— 10 + HCHO (4) S 30
©
According to our previous work on the reaction of €iith NE 25 |
O, at room temperature, 10 radicals are produced in reaction g o
420 |n the present experiments, the structured (3,0) band of 10 520 ol ® O
radicals at 435.63 nm was not observed at 250 K, while it was o
observed at higher temperatures. These results indicate that forfc/
temperatures below 250 K the hydrogen abstraction path 1bis 6 15
negligible, while above 250 K, its contribution becomes g {
appreciable. 3 10 |
The formation of ICI might contribute to absorption in the 9 A A O o
probing wavelength region and complicate the present analysis. 6 5 | o
c o
o
CH,l + Cl— CH, + ICI a g | % g 5
o]
However, reaction 1c is endothermic by 28.5 kJ ™gH22and 2 400 450 500 550 600
hence, ICl is not expected to be a significant product of reaction < Wavelegth ( nm )
1. In agreement with the previous work of Ayhens et’ale Figure 3. Absorption spectra of XCH—Cl adducts. X= H, closed

conclude that under the present experimental conditions (250circles; Cl, triangles; Br, squares; |, diamonds; andsG¥pen circles.
K, 100 Torr N, diluent) the reaction of Cl atoms with GH Error bars are 19% for all points.

proceeds largely, if not exclusively, via adduct formation. Hence,
absorption observed at 46832 nm following the UV irradia-
tion of CHsl/Cl2/N, mixtures is attributable to the GH-CI

TABLE 1: Absorption Cross-Sections of Cl Adducts with
CHgsl, CH3CH.l, CH,CII, CH ,Brl, and CH ,l, at 250 K

adduct. wavelength absorption cross-sectid(lL018 cnm? molecule'?)
3.2. Visible Absorption Spectrum of the CHl —Cl Adduct. _m CHgl—Cl CH3CHal—Cl CHxClI—CI CHzBrl—Cl CHal,—Cl
Absorption cross-sections of the gIHCl adduct were deter- 405 21 24 4.4 8.3 4.7
mined using the following equation 435 12 21 3.7 7.1 3.7
488 2.9 8.0 25 1.8 15
1/t — 1y = [CH4l—Cl]ocLg/L¢ (5) ggg 0.9 f.-g 21 16 12
wherert is the ring-down time in the presence of the LHCI aError bars are 19%.
adduct. As discussed in the previous section, the results from
Ayhens et aP and the present work show that, at 250 K in the ~_ 10
presence of 100 Torr of Ndiluent, the CHI—-CI adduct is "-’E
essentially the sole product of reaction 1. Decomposition of the © g1
CHzl—Cl adduct occurs slowly at 250 K1, = 87 s1,° and %
is not significant over the experimental time scales employed § Aﬁéﬁaf °
in the present experiments. Cl atoms are lost by reaction with g 6 K and (3 00000802860.
. - . : @
CHsl and diffusion out of the detection region. For the « 2 A%g,o.
concentrations of Ckl employed in the present experiments, 2 3° afacfon
[CHsl] = 10%5—10' molecule cm3, reaction 1 dominates the = 4r .
loss of Cl atoms, and the maximum concentration o&ICHTI Q a
can be equated to [Gl] ‘EN 2l
T
[CHSI_CI] max — [CI]O (6) o
0 1 1 1 1
The absorption spectrum of the @HCI adduct was 0 50 100 150 200
measured in 0.05-nm steps over the wavelength ranges 434 Time (us)

437 and 485489 nm. There was no discernible structure in

the spectrum. Measured absorption cross-sections at 405, 435
488, and 532 nm are shown in Figure 3 and Table 1. Allowing
for fluctuation of laser power, uncertainties in pressure and mas
measurements, and diffusion loss of the adduct, we estimateO, to the reaction mixtures. As shown in Figure 4, there was
that the absorption cross-sections given in Figure 3 are accurateno discernible change in either the rise or decay time-profiles

Figure 4. Time profiles of the CHBrl—Cl adduct at 250 K in either

100 Torr of N (filled circles) or 90 Torr N and 10 Torr Q (open
triangles) diluent.

S

to within £19%. The spectrum for the GH-Cl adduct in the presence of © We conclude that the spectra are
measured herein is consistent with the charge-transfer (CT)attributable to adducts and not to alkyl radicals (which react
absorption bands calculated by Ayhens €t al. rapidly with ©,) and that there is no discernible reaction of the
3.3. Adduct Formation in Reactions of Cl Atoms with adducts with @ The spectra were calibrated by assuming that
CH3CHal, CHCII, CH2Brl, and CHl,. The absorption at 250 K the adduct is the sole reaction product. As seen from
spectra of the adducts of Cl atoms with §H,l, CH.CII, CH,- Table 1, CHCH,l—CI has the largest cross-section, about twice

Brl, and CHl, were also observed at 46532 nm at 250 K that of CHl—ClI. The cross-sections for GBIl —CI, CH,Brl—
and 100 Torr of N diluent. The absorption cross-sections are Cl, and CHl,—CI are indistinguishable.

shown in Figure 3 and Table 1. The reaction of the,BH— Experiments were conducted for &€and CHBr at temper-
Cl adduct with Q was investigated by adding 5 or 10 Torr of atures as low as 218 K in 100 Torr o Miluent in an attempt
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TABLE 2: Electronic Transition Energies and Oscillator
? Strengths of CH;l —Cl and C,Hsl —Cl
state energy (eV) wavelength (nm) oscillator strength
CH;l—-Cl
2.907 124/ 0
12A" 1.1255 1101.6 0.0002
227’ 1.2778 970.33 0.0003
22N 2.2693 546.35 0
A’ 3.6539 339.32 0.1753
2N 4.0378 307.06 0.1750
A" 4.2250 293.46 0
227" 4.6975 263.94 0
52A’ 4.8237 257.03 0.0012
6%A’ 4.9350 251.23 0.0112
trans-CHCH,l —ClI

A 0
12A" 1.1500 1078.09 0.0002
22N 1.3124 944.73 0.0003
22A" 2.2364 554.39 0
32A 3.6241 342.11 0.1589
42N 3.9913 310.64 0.1675
52A’ 4.1805 296.58 0.0333
A" 4.1894 295.95 0
42A" 4.6582 266.17 0
6%A’ 4.8829 253.91 0.0077

CHsl—Cl is in good agreement with the previously reported
theoretical calculation, 59.3 kJ md| by Ayhens et af.

For CHl—ClI, photoabsorption appears at 339.32 nm with
an oscillator strengtti = 0.1753 and at 307.06 nm with=
0.1750. This oscillator strength corresponds to the absorption
cross-section of 1.& 10~17 cn? molecule* when the absorp-
tion spectrum is assumed to have a Gaussian shape with a full-
width at half-maximum of 100 nm. These transitions are
Figure 6. Optimized structures ofis- andtrans C,Hsl —Cl adducts. assigned to @—o* transition localized on the+Cl bond and
The trans isomer is 3.8 kJ méImore stable than the cis isomer. ao* —o* transition from theo* orbital on the -Cl bond to the
to observe evidence for adduct formation in the form of o¢* orbital on the -Cl bond, respectively. Similarly, for Ci+
absorption at 405 and 435 nm. No such evidence was observedCHzl —Cl, absorption appears at 342.11 nm with= 0.1589
and we conclude that adduct formation is not significant for and 310.64 nm withf = 0.1675. Detailed results are listed in
the reaction of Cl atoms with GFand CHBr at temperatures ~ Table 2. The experimental observations (see Figure 3) are
of >218 K. This conclusion is consistent with work by Piety et attributable to the red wing of these transitions.

al 2 suggesting that C¥Br reacts with Cl to form ChBr + 3.5. Measurement ok(CH3l —Cl) at 250 K. The absorption
HCI at 250 K and by Kaiser et al. suggesting thatlQ€acts of the CHI—CIl adduct was monitored at 435 nm. In the
with Cl to form CR; + ICI at 271—363 K24 presence of a large excess of ££LBlver Cl atoms, the rise profile
3.4. Theoretical Calculation of Electronic Excitation follows pseudo-first-order kinetics. For the experimental condi-
Energies of CHl —Cl and C,Hsl —Cl Adducts. All calcula- tions used in the present work, at 250 K the forward reaction

tions were carried out with thGaussian 03Revision B.04  1ais dominant and the reverse reactierilg) is sufficiently
program package®.The equilibrium geometries of the ground ~ Slow that it can be neglectedk (. = 87 s%).° The rise of
state of the Chl—Cl and CHCH,l—Cl adducts were optimized ~ absorption at 435 nm provides kinetic information regarding
employing a hybrid density functional theory B3LYP, based the overall rate constant for reaction 1 (ilga+ kay). However,

on Becke’s three-grid integratigit?8 and exchange functional ~ as discussed in section 3.1, under the present experimental
and the correction functional of Lee, Yang, and ParA conditions (250 K'in 100 Torr of N, reaction channel 1b is of
6-311++G(d,p) basis set was used for carbon and hydrogen, minor importance and hende ~ ki, The formation of the
while a 6-3IIG(d,p) basis set was used for iodine and chlorine. CHsl—Cl adduct may be analyzed using the following equations
Electronic transitions of the adducts were investigated employing

time-dependent density functional theory (TD-DFT) calcula- [CH,I=CI], = [Cl] o{ 1 — exp(=K)} (1)
tions30
The calculations were based on th& ground-state equi- K =k JCHgl] + Ky (8)

librium.3! Cs molecular symmetry was assumed for the equi-

librium geometry of the ground state that is shown in Figures where [CHI—CI]; is the concentration of C#t—Cl at timet.

5 and 6. There are cis and trans isomers fogCHpl —CI. The kia and k' are the second-order and pseudo-first-order rate
present calculations predicted that the trans isomer is 3.8 kJconstants for reaction 1a, respectivelly.is the rate constant
mol~! more stable than the cis isomer. Vibrational analyses for diffusion from the observation region, which is experimen-
showed an imaginary frequency for the cis isomer but no tally obtained as the intercept at [GIH= 0. Figure 1 shows a
imaginary frequency for the trans isomer. The theoretically typical rise profile of the Chl —Cl adduct at 250 K with [CHI]
determined +Cl bond strengths for Ct—CIl and CHCH,l— = 1.8 x 10" molecule cm?®. The smooth curve is a fit of eq
Cl are 59.0 and 61.7 kJ md, respectively. The value for 7 to the data. The concentration of @HCI was determined
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Figure 7. Second-order plot for reaction of Cl with GHn 100 Torr
N2 diluent at 250 K.
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Figure 8. Rate constants of the reaction of Cl with gds a function

of total pressure of Ndiluent at 250 K. Open squares are taken from

Ayhens et aP. The solid curve is the fit of eq 9 to the data.

0 5 20

using the absorption cross-section given in Table 1. Figure 7
shows a plot ofk versus [CHI] at 250 K in 100 Torr total
pressure of Mdiluent. Linear least-squares analysis of the data
in Figure 7 gives the second-order rate constapt= (2.1 +
0.1) x 10~ cm?® molecule* s™1. They-axis intercept in Figure
7 iskqy = 68004 2000 st and is consistent with our previous
experimental result®

Figure 8 shows a plot df;, versus total pressure. The rate
constant increases from (024 0.1) x 10" to (2.0+ 0.3) x
10 cm® molecule! s™1 as the total pressure of the Niluent
was increased from 25 to 125 Torr. These results are typical
for a three-body reaction and support the formation of the
CHsl—Cl adduct. The curve in Figure 8 is a fit of the equation
for the simple hard-collision mechanism to the combined data.

_ ki ™" [M]
1+ (k. "M/ K,

1la hig (9)
a
The best fit is achieved witky /oY = (1.4 + 0.3) x 1072 cm®
molecule? s and ki "" = (3.0 + 0.4) x 10 cm®
molecule’l s~1. More data at high pressure are needed to more
accurately define the high-pressure limiting rate constant for
this reaction.

3.6. Temperature Dependence of Ckl—Cl Adduct For-
mation. The observed absorbance at 435 nm following flash
photolysis of CHI/CI,/N, mixtures was measured at the

maximum concentration (typically,= 80 us) as a function of

J. Phys. Chem. A, Vol. 109, No. 8, 2005591
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Figure 9. Absorbance at 435 nm (relative to that at 250 K) for XCH
Cl adducts as a function of temperature;=XH, closed circles; Br,
squares; |, diamonds; and Ghbpen circles. All experiments were
performed in 100 Torr of Bdiluent.

temperature over the range 25825 K in 100 Torr N diluent.

The absorption was normalized to that observed at 250 K and
plotted versus temperature in Figure 9. As seen from Figure 9,
the absorption attributable to the formation of £HCI
decreases almost linearly with increasing temperature. The ratios
of absorbance at 435 and 488 nm were measured at three
different temperatures, 250, 273, and 318 K and weg¢r38
nm)/o(435 nm)= 0.24+ 0.04, 0.27+ 0.04, and 0.2 0.04,
respectively. The shape of the absorption spectrum does not
change over the temperature range 2308 K. We conclude
that the decrease in absorbance at 435 nm with increasing
temperature shown in Figure 9 reflects a decreasing yield of
the CHl—CIl adduct with increasing temperature.

Linear extrapolation of the C##—Cl data in Figure 9 gives
an x-axis intercept, 356t 10 K, at which there will be no
appreciable adduct formation. This result is consistent with the
previous report by Ayhens et &khat adduct formation is not
significant at 364 K in 100 Torr pdiluent. In the present
experiment, the observed decrease in concentration gf-€H
Cl above 250 K,A[CH3l—Cl]qps is attributable to increased
rates of reactions-1a and 1b as temperature is increased. To
provide insight into the relative importance of these factors and
a more quantitative comparison of our results with those reported
by Ayhens et al%, a modeling exercise was undertaken. The
model consisted of reactions tala, and 1b with rate constants
kKia K-14 andky, reported by Ayhens et 8lin 100 Torr N
diluent. The loss of Cl atoms via diffusion from the viewing
zone was included in the model. The IB®hemical Kinetics
Simulatorprogram was used to calculate the maximum con-
centration (at typicallyt = 80 us) of the CHI—CI adduct for
“experiments” conducted at different temperatures. In the
calculations, uncertainties in the diffusion const&at= 6800
+ 2000 s, were taken into account, but those of the reported
rate constants were not. The squares in Figure 10 show the
results of the modeling exercise.

The solid curve in Figure 10 is a fit through the model results
to aid visual inspection of the data trend. The magnitude of
uncertainties in the experimental data is indicated by the error
bars for the data points (circles) at 279 and 318 K, while
uncertainties in the model results are indicated for the data points
(squares) at 283 and 323 K. As seen from Figure 10, the
experimental observations in the present work are, within the
combined uncertainties, consistent with those predicted using
the kinetic data reported by Ayhens et?dExamples of rate
constants used in the calculation are the followitkg; = 1.38
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Figure 10. Temperature dependence of the relative absorbance of
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reported the existence of stable adducts of Cl atoms with HI,
CHal, and CHOCH,I at 298 K with bond strengths of 31.1,
52.4, and 51.3 kJ mot, respectivelyl® In the present work,
CHsl—CIl and GHsl—Cl adducts are calculated to have bond
strengths of 59.0 and 61.7 kJ mbland are characterized by
decomposition temperatures-gxis intercepts in Figure 9) of
356 and 377 K, respectively. The decomposition temperatures
of CH.BrI—Cl and CHl,—CIl adducts are 333 and 315 K,
respectively, indicating lower bond strengths than for the
C,Hsl—Cl and CHI—CI adducts.

Absorption cross-sections of XGH—CI adducts at 405 and
435 nm decrease in the ordestl > CHasl > CH.Brl ~ CH,l»
~ CH,CIl. No adduct formation was observed in the reaction
of Cl atoms with CEl and CHBr. CT complex formation offers
a qualitative explanation of the observed trends, because the
ionization potentials 1) of the parent compounds are as
follows: |p(C2H5|) =94¢eV, |p(CH3|) =95 eV,|p(CH2|2) =

CH:l—Cl at 435 nm; circles are experimental data measured herein, 9-5 €V,1p(CHzBrl) ~ 9.6 eV, I(CH:CII) = 9.7 eV, Ix(CFRsl) =
squares and solid curve were calculated from the kinetic data reported10.3 eV, andp(CHsBr) = 10.5 eV3740

by Ayhens et af. (see text for details).

x 10711 cm® molecule® s71, k15 = 87.6 s, kyp = 3.85 x
10718 cm? molecule® st at 250 K, andk;, = 6.87 x 10712
cm®molecule s, ko1=1.42x 10*s %, kyp=1.13x 10712
cm® molecule’? s71 at 323 K. The branching ratio for adduct
formationkid(kia + kip) decreases from 0.97 to 0.86 over the
temperature range 25@23 K. In 100 Torr of N diluent at
323 K, the pseudo-first-order rate of adduct formation via
reaction lais 1.2% 10*s™%, while decomposition of the adduct
via reaction—1a occurs at a rate of 1.42 10* s*1. Unimo-
lecular decomposition of the GH-Cl adduct via reaction-1a

Piety et al. reported that the reaction of Cl atoms withsCH
Br proceeds with a rate constant which is independent of total
pressure and that the dominant reaction pathwdy=at213 K
is hydrogen transfer and not adduct forma#id@onsistent with
the findings of Piety et al., no evidence was observed in the
present work for the formation of a GHr—Cl adduct at
temperatures of 218 K.

The present work improves our understanding of the kinetics
and mechanisms of the reaction of Cl atoms with halogenated
methanes in three respects. First, we report the first measure-
ments of the visible spectra of the X@H-CI (X = H, CHa,

Cl, Br, 1) adducts. The experimentally observed spectra are

is the main reason for the observed temperature dependencesupported by our theoretical calculations. Second, we confirm

shown in Figure 10.

3.7. Temperature Dependence of Adduct Formation in
Reactions of Cl with CH3CH3l, CH 2Brl, and CH ,l ,. Similarly
to the case of the CiH—Cl adduct, assuming that the absorption
cross-section of the XC#t—CI (X = CHa, Br, and I) adducts

at 435 nm do not change significantly over the temperature range
studied, the decrease in absorption with temperature is attribut-
able to an increase in the rates of both the abstraction reac-

tion and the back reaction. Thentercepts of linear extrapola-
tion in Figure 9 are 37#& 8, 333+ 11, and 315+ 12 K for
XCH,l—Cl (X = CHgs, Br, and 1), respectively. At these

decomposition temperatures, no discernible adduct formation

is expected.

4, Discussion

the literature kinetic data for the reaction of Cl atoms withsCH
at 250 K? Third, we confirm that at temperatures greater than
218 K adduct formation does not play a significant role in the
reaction of Cl atoms with CgBr and CHl.
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