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Competing dissociation channels in the photolysis of S -Cl, at 235 nm
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The photodissociation of disulfur dichloride {&,) at 235 nm has been studied by
three-dimensiona(3D) imaging of the chlorine product recoil in its ground std®; [ Cl] and
excited spin—orbit statéP,,4 CI*] employing the resonance enhanced multiphoton ionization and
time-of-flight techniques. The photodissociation proceeds mainly along the three channels forming
S,+2Cl (1), S,CI+CI (2), and 2 SCI(3) photoproducts where slow and fast Cl fragments are
released i{1) and(2), respectively. The relative yield of chanri&) with respect to channé€R) was
determined to be 1.2:1.0. The yield of*Cl¢(CI*) =P(CI*)/[ P(Cl)+P(CF)], was found to be

0.35. The obtained state-specific velocity distributions of Cl arfda®® mainly different in the high
energy range: For Clthe two dissociation channels are almost equally present, whereas in the case
of ground state CI the contribution of dissociation chan(®l is of minor importance. The
dependence of the anisotropy parametam the fragment recoil velocity was directly determined
due to the novel technique where the 3D momentum vector of a single reaction product is observed.
For both spin—orbit states the anisotropy parameters differ for slow, intermediate, and fast chlorine
atoms. The observe@ values change from zero to slightly negative values up to positive values
with increasing kinetic energy. These observations can be explained by two overlapping dissociation
channels, where the two-body chani@l releases the chlorine atom with high kinetic energy and

a positiveB parameter via an excitéd\ state, whereas the three-body char(igproceeds mainly
sequentially, where the first Cl atom is released with intermediate speed and a slightly nggative
value via an excitedB state, while the second Cl product atom in the decay .0 & released
isotropically with slow recoil velocities. €2002 American Institute of Physics.

[DOI: 10.1063/1.1496465

I. INTRODUCTION Tokue et al® studied the photoabsorption cross section
and the fluorescence excitation spectrum gl vapor in
the range 110—200 nm using synchrotron radiation. They as-
@igned a number of broad bands in the 120—170 nm region as
dberg transitions. The predominant photodissociation pro-
nm. The broad co_n_tinuum Is attributed to th& Trg—_s and cgss ingthe 120-155 nmp region was pthe three-body depcay
the n— a%_¢, transition, where the nonbonding orbitals can 1),3 where SCl, splits into three photofragments. Chas-
be IocaFed at the S or the Cl _atoms. _Below 230 nm, anOtheivnikov et al® observed atomic ClI fragments at a dissocia-
absprpugn hband st;ajrts to rlselwhlch has not yet bee'ﬂon wavelength of 266 nm by laser magnetic resonance
321%2\?@;; gerlzlé?ronsﬁf‘feracgtfnzeiﬁ dors%hf)?//vmn?netlgldaz while Tiemannet al.” studied the SCI radical generated by
y "~ the photolysis at 248 nm by infrared diode laser spectros-

. The photolysis of the Z(S:IZ. moIe.culg has been the sub- copy. It was found that the photolysis yields the SCI radical
ject of several experimental investigations for decades cov-

ering the whole spectral range from 110 to 514 $#The Itsg electronic ground state via chann@). Later Park
. . T . et al’ studied the photodissociation 03, at 308, 248, and
following dissociation channels were observed:

193 nm where the radical chann@) was observed. In ad-
S,Cl,—S,+CI+Cl, (1) dition, Parket al* used the photolysis of,Sl, at 248 nm as
a source of Cl radicals to study the reaction dynamics of

The UV absorption spectrum o£8l,,2~3 shown in Fig.
1, starts at a wavelength of 350 nm with a first maximum
around 300 nm followed by a broad absorption peak at 26

Sl SCIHCl, @ chlorine atoms with deuterated cyclohexane. The radical de-
S,Cl,—2SCl, (3) cay channe(2) was confirmed by Leet al® by translational
spectroscopy at 308 nm. It was observed thatlSdissoci-
S,Cl,—SCh+S. @ atesvia channdR) with a mean translational energi ) of
65 kJ/mol and the measured anisotropy paramgteas 0.4
dAuthor to whom all correspondence should be addressed. +0.2. Leeet al. concluded that &1, undergoes a fast dis-
0021-9606/2002/117(9)/4214/6/$19.00 4214 © 2002 American Institute of Physics

Downloaded 27 Aug 2002 to 134.169.41.165. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



J. Chem. Phys., Vol. 117, No. 9, 1 September 2002 The photolysis of S,Cl, 4215

—_
[&))
13

-
(@]
1

©
[$)]
1

absorption cross section o/ 10" cm’

o
o

20 240 260 280 300 320 340
wavelength / nm

FIG. 1. Absorption cross section 0@, based on the publication of Speth
et al. (Ref. 1. The wavelength used in the present experiment is marked by
an arrow.

sociation process after excitation via a parallel transition.
However, the interest in the photodissociation g€ ex-
ceeded the UV region, as Chiu and Ch¥rgjudied the reso-
nance Raman and fluorescence spectra of f@d E&dical
which was generated by the photodissociation #FISusing  FIG. 2. Structure of &I, (Ref. 2 and the geometry of both transition
514.5 nm laser radiation. They confirmed that the radicafiPole moments(a) parallel to the symmetry axi§, andu(b) lying in the
channel(2) dominates at 514.5 nm, which is also the case P2 perpendicular o the, axis.
the photodissociation at 308 nm.

Recent work includes two studies by Tiemann and
co-workers*2 Lindner et al!* studied the major dissocia- more efficient forming $and 2CI with a Cl atom transla-
tion channels of &1, in the range between 280 and 240 nm tional energy distribution of Ey)=42 kJ/mol, which is in
by using laser induced fluorescence and resonance enhanc@feement with the value derived by Parkal® However,
multiphoton ionization and time-of-flight techniques the former interpretation given by Park that the observed ClI
(REMPI-TOP detection techniques on the state-specificare released via a radical channel at 193 nm was misleading.
photofragments S andZSThey Conc'uded that the h|gh_ The Observe(ﬁd Value Of_03 hints at an inVOIVement Of a
energy edge of the main absorption maximum is mainly théligher'B state in the excitation.
result of a fragmentation either inta,8Cl,, where C} is in The former studies show that the dissociation ¢€IS
the 311 state, or into $+2Cl (1). Thelong wavelength part following absorption in the main band between 230 and 280
of the absorption spectrum is connected to the channdlM is a highly complex process involving several excited
S,CI+Cl (2) and toward shorter wavelength a complex com-Potential energy surfaces and all decay chanfibls(4) are
petition between different dissociation channels is expected competition with each other. In order to elucidate the dy-
The involvement of SCI as an intermediate product is les§f@@mics behind this complicated behavior more detailed ex-
favorable. In addition to the above-described channel, th@erimental data are required. Since we are able to observe
dissociation into SGHS along channel4) was observed. the three-dimensional3D) momentum vector of a single

Leeet al*? studied the photodissociation 0§, at 248  State-selective photofragment by applying a novel 3D imag-
and 193 nm by translational spectroscopy. The SCI produdfid techniqué®*®the unsolved questions in the photodisso-
was detected with a relative yield of 20%. Due to the mea<iation of SCI, are a promising task to study. There are the
sured anisotropy parametggc, of 1.6 at 248 nm and 0.6 at relative yield of the reactions, the spin—orbit branching ratio
193 nm, they concluded that a rapid S—S bond fission takegf CI*/CI, the translational energy disposal, the different in-
place on the excitedB state. Leeet al. observed that the volved upper states, and the mechanism of the decay. To this
S—Cl bond fission is predominant with a factor 3.0 higherend, the energy dependence of the anisotropy paranGeser
than the S—S bond fission. Via reacti¢é®) two separate the most valuable tool to analyze the dissociation process
product Cl atom translational energy distributions (&)  including the dissociation enerdyq(CIS,—~Cl).
=42 and 126 kJ/mol were found. The slowCs fragments
undergo a secondary dissociation to form isotropically dis-
tributed S and Cl which probably arise from the,d& Il EXPERIMENT
ground electronic state, whereas the fast components more A more detailed description of the experimental setup
likely originate from a mixed excitation dfA and'B states and the novel position sensitive detect®SD has been
of S,Cl,. In addition, they observed the dissociation channepublished elsewherg&:'®Briefly, it consists of a combination
(4). At 193 nm the three-body decay chanr&l becomes of a home-built single-field time-of-flightTOF) mass spec-
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trometer and a position sensitive detecfor®The spectrom-  photoproducts, two decay channels will be discussed in the
eter was evacuated to a base pressure d® 8 mbar by a  following, i.e., reaction(1), which is called the three-body
turbomolecular pump system. Disulfur dichloride was con-decay channel, and reacti@®), which is named radical or
stantly cooled to-10 °C(gas pressure-1 mbar at—10 °C)  two-body decay channel:

to prepare a mixture of 0.03%,Sl, in helium which was o_

flowing through the cooling vessel. Measurements of the SLl=S+2C1 AHT=(38314) kJ/mol, @
room temperature sample were performed at a pressure of S,Cl,—S,CI+Cl, AH®%=(214+10) kJ/mol. 2

_7 . .
107" mbar, corres_pondmg to a;Sl, density of 10/cn. The dissociation enthalpies were calculated from the stan-
Measurements of jet-cooled samples at a temperature of 8 5 0N23
)= of the molecules and

agree with the results from the bulk measurements, but werearfj entr_\alp|es Of. formatiom¢H
. radicals involved in the process and the errors were calcu-
not further analyzed due to background interference. . . L
lated according to the given errors of the individual standard

Simultaneous dissociation and state-selective detection . . . .

: : enthalpies. The enthalpies were calculated for the spin—orbit
of chlorine atoms were performed using one dye laser 0 . )

) - ground state Cl. Th&aH" required for formation of one or
pumped by a Nd:YAG laseiCoherent, Infinity 40 100 The " -
. : two CI* atoms is higher by 10.6 and 21.2 kJ/mol, respec-

dye laser(Lambda Physik, Scanmatavas operated with tivel
Coumarin 47 at a repetition rate of 100 Hz, its light was Y-

frequency-doubled by a BBO crystal and focused by a 20 cm,. In _th(_a foIIowmg,. five a_lspects f:haracter.|zmg the. photo.-
) . ~ 4 dissociation dynamics will be discussed: the spin—orbit
lens in order to decrease the reaction volume 18

mn?. The output window was arranged in a Brewster ar]glebranchmg ratio, the velocity distribution, the anisotropy pa-

configuration of 54° to reduce the internally reflected light. rameters, the maximal lifetimes of the excited states and the

The energy of the frequency-doubled light amounted to 5_16ranslat|onal energy disposalk /E, via the different decay
. -channels.

ud per pulse. The energy was kept low to obtain approxi-

mately one fragment signal per ten laser pulses to avoid kiA. Spin—orbit branching ratio

netic energy transfer to the fragments due to space charge

effects and saturation of the dissociation step. The Iase[rne laser over the two resonance transitions of Cl arfd Cl

beam, the molecglar be_zam, aqd the Qetecto_r axes Were Mip e measurements were repeated at different laser light in-
tually orthogonal in the interaction region. Ultimate care was

taken to overlap the light and the molecular beam which Wa%ensities. Integrating the area under the Doppler profiles re-
Its i ignal ratio €I* [) of 0.50+0.04. Taking th
checked frequently by monitoring of NO vid+1) REMPI ults in a signal ratio &I")/S(C) of 0.5¢-0.04. Taking the

t 226 d optimizati f the sianal intenfvTh ratio of transition probabilities B of 1.68into account we
a nm and optimization of the signal INLENSYINe - yetermined a @l yield of ¢(CI*)=0.35+0.03, whereg is

polarization of the laser was changed by a half wave plate "Yefined as the ratio of the number of excited state atoms
order to investigate the spatial fragment distribution. Typi'P(CI*) to the total number of released chlorine atoms:
cally the acceleration voltage was 800 V in the acceleration (CP*)=P(CI*)/[P(C)+P(C*)]. The branching ratios
tube of the TOF spectrometer corresponding to an acceler jiven by Tiemannet al2* (0.17) and Parket al® (0.2 at

tion field of 16 kV/m. e
. . . _ 248 nm are somewhat lower, which is probably due to the
2 1
The *P, state of the chlorine atom is split by 882 chn different excitation wavelengths as Paekal® concluded

- - . . 2
gufhtot stpm—orblt dcotuptlln(;g bmt;?%/é)M?:r:d Cr( P1/21)'.h that the relative yield as well as the total Cl atom production
oth states were detected W&H1) > process. 1N ¢ e SCI, molecule varied with the wavelength studied.
ground state was probed via th&D(,—2P3,) transition at

235.336 nm, the excited state by th&P(,— 2P, transi-
tion at 235.205 nm-?? Typically the dye laser was scanned B. Speed distribution

over a range 0f£0.003 nm around t'he cl .atom transitio.n' In Fig. 3 the speed distributions and the speed dependent
accounting for the Doppler broadening. Signals were digi-

tized by time-to-diaital ' lated 2anisotropy parameteg for Cl and CF are presented. This
ized Dy time-lo-digital COnveriers, accumulated over =,,o gimensional presentation is obtained via integration of

x 105. laser shots, ar_1d saved online by a pe_rsonal COMPUteHe 35 data. Cl in its ground state is mainly produced at low
Details of the analyzing procedure are described else"\}ﬁere'speeds and peaks at 1200 m/s. Only a tail is observed in the

The PSD includes a Qelay-ling anode introduced imo.th%igh speed region above 2000 m/s. The bimodal character is
spectrometer chamber right behind the double stage miCros ore pronounced for spin excited*Olvhere the two speed

channel plates. The PSD allows one to monitor all threeregions are clearly separated. Here, the bimodal character

cp_mponents of the momentum vector from the measured .pQJnambiguously divides the speed distribution in two parts,
sition of the particles on the detector and the correspondln%here Ct is mainly released with high kinetic energy. The

TOF. Therefor(_a, a full .3D velocity d's.mbl.mon IS obs_erv_ed speed distribution of slow €latoms which are a minor con-
a_md complete |nfo_rmat|on about the kinetic energy d'_smbu'tribution peaks at 1500 m/s, whereas the peak for the fast
tion and the velocity dependefBtparameter can be obtained. atoms is at 2700 m/s. The small shoulder above 3600 m/s
belongs to a small contribution 6fCl. The two speed re-
gions correlate with the two different decay channé&jsand
Upon excitation at 235 nm the photodissociation of(2), where the energetic border between the two channels
S,Cl, may proceed via different decay channels which arewith respect to the dissociation enthalpies is at 2250 m/s.
well characterized by Spett al As we probe Cl and ¢l Accordingly, the fast Cl and ¢latoms are released via the

The spin—orbit branching ratio was obtained by scanning

IIl. RESULTS AND DISCUSSION
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The curve shape of the speed depengeparameter has
a trimodal character for both ground and excited chlorine
atoms. At low velocitieg<<500 m/g the B value is close to
zero, decreasing to a value 6f0.15 with increasing speed
up to 1750 m/s. The8 value increases strongly above 2000
m/s to a value of 0.450.12 and 0.240.12 for Cl and Cf,
respectively. In the case of Cithe change from-0.15 to
+0.24 at about 2000 m/s correlates with the determined limit
in the speed distribution which divides the bimodal speed
distributions in two parts. Agreeing with the above-given
suggestion that the bimodal character in the speed distribu-
tion reflects the different decay channels, the dependence of
the B values on the speeds supports this view and gives us an
insight into the dynamics of the photodissociation.

We will start our study for ground state CI. At high ve-
locities the Cl atoms have to be released via a two-body
decay for energetic reasons where the electronic transition
leads to a positivgg parameter of 0.450.12. This positive3
value suggests that the initially excited state istAfsym-
metry, because the transition dipole momenfor the *A
—A transition is oriented parallel to th€, axis, which
means perpendicular to the line connecting the two S atoms
and bisecting the CI-CI angle. The geometry and the corre-
sponding dipole moments are shown in Fig. 2. A theoretical

. e 05 limit of 0.48 for the 8 parameter for instantaneous decay is
2000 3000 estimated from the ground state symmetry witts-aS—Cl
speed / m/s bond angle of 45.5°. If only rotation of the parent molecules
about its major principal axis is responsible for the reduction

FIG. 3. Speed distribution fofa) ground state CRP3,) and (b) excited  of the 8 parameter, the lifetime can be estimated based on
state Cf(?P,;,) atoms produced in the photodissociation g€B at 235 the relationshi&?

nm. The dependence of th@parameter on the Cl fragment kinetic energy

(right scale is shown by curves with error bars. In addition, the fit of the

speed depender@ parameter(dashed ling for ground state CHP,) (@) = l (5)
and excited state €{2P,,,) (b) to the experimentally observed ddtdosed wa '

circles on the assumption of two underlying decay mechanisms. Three

Gaussians were fitted to the trimodal speed distribution. One describes thghere

fast chlorine fragments produced in a two-body decay wighpmrameter of

0.45 and 0.24 for Cl and €] respectively. The other two Gaussians de- KT

scribe the three-body decay withgparameter of-0.25 for the chlorine Bexp: P,( 77) ,3* ,
fragment released in the first step ang garameter of zero for the slow

chlorine fragment released in the second step.

0 as” T 3 = = y
0 1000 2000 3000 4000

1.0

B parameter

(b)

P(E;)/ arb. units

wp= —
I
Here 7 is the angle between the velocity vector that would
result if the molecules were not rotating and the velocity

radical decay channé?) and the slow Cl and Glatoms are Vector that actually resultsy, is the angular rotational fre-
released via the three-body decay charitielIn the case of —duency,Bey, the experimentally observed anisotropy param-
ground state Cl the contributions of the radical and the threeeter, andg* its theoretical limit. Assuming room tempera-
body decay channel are estimated to be 17% and 83%, réure of 300 K, withl y~7x 10" “° kg n* the mean rotational
spectively, whereas in the case of excited statetBé con-  frequencyw,~8x 10" s™%, which corresponds to an upper
tributions are found to be 55% and 45% for the radical andimit of the lifetime 7 of 270 fs from the experimenta,,,
three-body decay, respectively. Detailed information of thevalue of 0.45.

speed distributions for Cl and €is given in Table I. In order to extract the3 parameters belonging to the
speed region below 2500 m/s and therefore to the three-body

decay, three Gaussians were fitted to both the Cl arfd Cl
speed distributions. As th@ parameter is bimodal in the
speed region below 2500 m/s, it is expected that the three-
The spatial fragment distributionP(v,8)«f(v)(1 body decay occurs in a sequential way. Consequently one
+ B(v)Py(cos 0))?>? is characterized by the velocity de- Gaussian was fitted to the high speed regio2500 m/s,
pendent anisotropy parametgfv) ranging from—1 (per-  describing the two-body decay and two Gaussians were fitted
pendicular transitionto +2 (parallel transition, wherefis  to the low speed regio2500 m/$, describing both steps
the angle of the polarization vector of the dissociating laseof the sequential decay(la S,Cl—S,C+Cl and (1b)
with the product recoil velocity vector, arfé, is the second S,CI—S,+CIl. The Gaussian fits are also shown in Fig. 3.
Legendre polynomialP,(x)=3(3x>—1). The contributions of the Gaussians are used to simulate the

C. Anisotropy parameter B and lifetimes of the
excited states
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TABLE |. Characteristic data describing the speed distribution, ghparameter of the Cl and Tlfragments, and the kinetic energy release in the
photodissociation of £1,. The kinetic energy release is determined for the two- and three-body decay separately. The analysis consists of three Gaussians
assuming a two-body dec&9BD) and a sequential three-body ded88D). The calculation o, is based on an initial internal energy content of the€lg

molecule of 8 kJ/mol at room temperature.

Gaussian contribution

Full width at

Eau (Er) half maximum
Fragments Type Decay channel (kJd/mo) (kd/mo) f,=(E7)/Eay B Center(m/s) (m/s)
Cl 2BD S,Cl,—S,CI+Cl 302 16610 0.55-0.03 0.45-0.12 2650 950
3BD (a) S,Cl,—S,CI+Cl 136 68+10 0.50:0.03 —0.25+0.07 1750 950
(b) S,ClI—S,+Cl 0+0.05 980 800
CI* 2BD S,Cl,—S,CI+Cl 292 169+10 0.58:0.03 0.24r0.12 2670 980
3BD (@) S,Cl,—S,Cl+Cl 126 6410 0.51+0.03 —0.25+0.07 1710 750
(b) S,CI—S,+Cl 0+0.05 1030 780

observed curve shape of the dependence on the speed. another repulsivéB state may exist. Both observations are
Since the fit functions overlap in the medium energy rangein agreement with our present measurements. At 308 nm the
the B8 parameter is accordingly reduced. The obtained simu€l photoproducts were exclusively released via an exdited
lation is shown in Fig. 3. The best values for tBegparam-  surface vyielding a positives parameter of 0.£0.2. The
eters are 0,-0.25, and 0.45 for ground state chlorine de-sameg value is observed in the present measurement for the
scribing slow and intermediate Cl via three-body decay andyround state Cl which is released solely vid/a state. At
fast Cl via two-body decay, respectively. In the case of ex248 nm Cl atoms were released via both excited stafes
cited state C1 the values are 0-0.25, and 0.24, respec- and !B with a positive and negativg@ parameter, respec-
tively. From the negativg parameter in the low speed range tively. Since Leeet al. measured the averag@darameter, a
it can be concluded that the three-body decay proceeds via aralue of zero was observed. The same value would be ob-
excited state ofB symmetry. The value 0f0.25 is in very  served as an average at 235 nm, if there would not be the
good agreement with former translational spectroscopy megossibility to examine the speed dependence of the anisot-
surements at 193 nm by Le¢ al,'? who observed that€l, ropy parametep.
decays rapidly in gand 2CI with a8 parameter 0of~0.3 on In summary, the branching ratio of reactiofis and(2)
an excited'B state. was measured to be 2.45:1.0 and 0.4:1.0 for Cl and ClI
These observations hint at a fast dissociation, where theespectively. The simultaneous absorption into the different
molecule SCl, decays into two fragments on an excitedl  decay channels is illustrated in Fig. 4 in order to emphasize
state and mainly into three fragments on an excl@dtate. the competing dissociation channels at 235 nm. The three-
This is supported by the overall shape of the absorption spedody decay is found to be sequential as the second Cl atom is
trum which is smooth, displaying no structure on a typicalreleased isotropically with @ value close to zero, which
scale for vibrational spacinThe continuous absorption is a means the intermediate,&* lives long enough on a rota-
good indication that direct dissociative processes take placional time scale to lose the initial alignment of the parent
in this region. S,Cl, molecule and the second CI atom is ejected without
In the case of excited state™™he observe® parameter preferred spatial orientation.
in the high speed region is 0.249.12. The decrease of thg
parameter in comparison with the limiting value may hint at
a small contribution of the excitetB state associated with
the_ thrt_ae-body _decay_releasing fast (a!tonjs. This contri- B — 169 S,+2Cl(P,,)
bution is not unlikely since a mixed excitation at 235 nm can A
be expected due to the location at the high-energy end of the N T Sgo
strong absorption at 256 nm. By the reduction of hea- N S, +2CL(Pyp)
rameter the contribution of fast €being released via # N o, )
state could be estimated to b&% of the total assuming the e
B value of —0.25 for Cl atoms released via th8 state as
observed for the intermediate speed Cl andl &oms. Lee A —— 139,
et al* also favored a mixed excitation as the reason for their N S,C1+ClL (P, )
observedB parameter of zero for fast,6l products at 248 >
nm. In a former study of Leet al.® S,Cl, was photodisso-
ciated at 308 nm and the primary dissociation process
S,Cl,—S,Cl+Cl proceeds via a slightly positiveé parameter _ _ _ ] o _
of 0.4+0.2 via a'A siate through the exciation of angs £, 4, DRgET lusvatne e syuuroons sosoin e e s

% N o
— 05l or (ns—og) transition. L_e&t al. specul_ated due  tates of CI. The contributions refer to the total number of chlorine frag-
to the existence of many nonbonding electrons j@ISthat  ments.

o
o

O g S,Cl + Cl1 (3P5,)
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Using 3D imaging spectroscopy, we have measured th
competing dissociation channels to releasgCI$SCl or
S,+2Cl in the photolysis of &I, at 235 nm. The main
experimental findings are summarized as follows.

(1) Overall the branching ratio of reactid@) releasing
S,Cl+Cl and reactior(1) re"?asmg _§+2C| was de_termined !R. S. Speth, R. Niemann, and E. Tiemann, Chem. P238.309 (1998.
to be 1.0:1.2. If the two spin—orbit states are viewed Sepa-2r. feher and H. Niozer, Chem. Bei96, 1131(1963.
rately, the branching ratio decreases for ground state Cl tGH. P. Koch, J. Chem. Sod949 394.

~1.0:2.45 and increases for excited*G@b ~1.0:0.4. “B. Beagley, G. H. Eckersley, D. P. Brown, and D. Tomlinson, Trans.
. . . . . Faraday Soc65, 2300(1969.
(2) The yield of CF in the excited spin—orbit Sta@llz 51. Tokue, A. Hiraya, and K. Shobatake, Chem. Phys. 188 346(1988.

was found to bep(CI*)=0.35+0.03. 6S. A. Chasovnikov, A. I. Chichinin, and L. N. Krasnoperov, Chem. Phys.
(3) The translational energy disposal for reacti@hwas 116, 91 (1987).
determined to be 0.580.03 and 0.540.03 and for reaction 'E- Tiemann, H. Kanamori, and E. Hirota, J. Mol. Spectras87, 278

! (1989.
(2) 0.55+0.03 and 0.580.03 for Cl and Cl, respectively. &5 par v, Lee, and G. W. Flynn, Chem. Phys. L&86, 441 (1991).
(4) The two-body decay, releasing fast (@lL%) and CF °Y.R. Lee, C. L. Chiu, and S. M. Lin, Chem. Phys. L&, 209 (1994.
(19%), occurs mainly on a repulsivéA state through an '°C. Chiu and H. Chang, Spectrochim. Acta, Par§@ 2239(1993.

. . . 11 : . .
electronic transition with @ parameter of 0.45 and 0.24 for gig'é'gd”er' R. Niemann, and E. Tiemann, J. Mol. Spectrd$, 358
Cl and CF, respectively. The reduce@lvalue in the case of 12y g | ee, c. L. Chiu, E. Tiemann, and S. M. Lin, J. Chem. Phy0
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