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Competing dissociation channels in the photolysis of S 2Cl2 at 235 nm
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The photodissociation of disulfur dichloride (S2Cl2) at 235 nm has been studied by
three-dimensional~3D! imaging of the chlorine product recoil in its ground state2P3/2@Cl# and
excited spin–orbit state2P1/2@Cl* # employing the resonance enhanced multiphoton ionization and
time-of-flight techniques. The photodissociation proceeds mainly along the three channels forming
S212Cl ~1!, S2Cl1Cl ~2!, and 2 SCl~3! photoproducts where slow and fast Cl fragments are
released in~1! and~2!, respectively. The relative yield of channel~1! with respect to channel~2! was
determined to be 1.2:1.0. The yield of Cl* , f(Cl* )5P~Cl* )/@P(Cl)1P(Cl* )#, was found to be
0.35. The obtained state-specific velocity distributions of Cl and Cl* are mainly different in the high
energy range: For Cl* the two dissociation channels are almost equally present, whereas in the case
of ground state Cl the contribution of dissociation channel~2! is of minor importance. The
dependence of the anisotropy parameterb on 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 observedb 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 channel~2! releases the chlorine atom with high kinetic energy and
a positiveb parameter via an excited1A state, whereas the three-body channel~1! proceeds mainly
sequentially, where the first Cl atom is released with intermediate speed and a slightly negativeb
value via an excited1B state, while the second Cl product atom in the decay of S2Cl is released
isotropically with slow recoil velocities. ©2002 American Institute of Physics.
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I. INTRODUCTION

The UV absorption spectrum of S2Cl2,
1–3 shown in Fig.

1, starts at a wavelength of 350 nm with a first maximu
around 300 nm followed by a broad absorption peak at
nm. The broad continuum is attributed to then→pS2S* and
the n→sS–Cl* transition, where the nonbonding orbitals c
be located at the S or the Cl atoms. Below 230 nm, ano
absorption band starts to rise which has not yet b
assigned.2 The ground state of S2Cl2 is of C2 symmetry as
determined by electron diffraction and is shown in Fig. 24

The photolysis of the S2Cl2 molecule has been the sub
ject of several experimental investigations for decades c
ering the whole spectral range from 110 to 514 nm.5–12 The
following dissociation channels were observed:

S2Cl2→S21Cl1Cl, ~1!

S2Cl2→S2Cl1Cl, ~2!

S2Cl2→2SCl, ~3!

S2Cl2→SCl21S. ~4!

a!Author to whom all correspondence should be addressed.
4210021-9606/2002/117(9)/4214/6/$19.00
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Tokue et al.5 studied the photoabsorption cross secti
and the fluorescence excitation spectrum of S2Cl2 vapor in
the range 110–200 nm using synchrotron radiation. They
signed a number of broad bands in the 120–170 nm regio
Rydberg transitions. The predominant photodissociation p
cess in the 120–155 nm region was the three-body de
~1!,13 where S2Cl2 splits into three photofragments. Cha
ovnikov et al.6 observed atomic Cl fragments at a dissoc
tion wavelength of 266 nm by laser magnetic resona
while Tiemannet al.7 studied the SCl radical generated b
the photolysis at 248 nm by infrared diode laser spectr
copy. It was found that the photolysis yields the SCl radi
in its electronic ground state via channel~3!. Later Park
et al.8 studied the photodissociation of S2Cl2 at 308, 248, and
193 nm where the radical channel~2! was observed. In ad
dition, Parket al.14 used the photolysis of S2Cl2 at 248 nm as
a source of Cl radicals to study the reaction dynamics
chlorine atoms with deuterated cyclohexane. The radical
cay channel~2! was confirmed by Leeet al.9 by translational
spectroscopy at 308 nm. It was observed that S2Cl2 dissoci-
ates via channel~2! with a mean translational energy^ET& of
65 kJ/mol and the measured anisotropy parameterb was 0.4
60.2. Leeet al. concluded that S2Cl2 undergoes a fast dis
4 © 2002 American Institute of Physics
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sociation process after excitation via a parallel transiti
However, the interest in the photodissociation of S2Cl2 ex-
ceeded the UV region, as Chiu and Chang10 studied the reso-
nance Raman and fluorescence spectra of the S2Cl radical
which was generated by the photodissociation of S2Cl2 using
514.5 nm laser radiation. They confirmed that the rad
channel~2! dominates at 514.5 nm, which is also the case
the photodissociation at 308 nm.

Recent work includes two studies by Tiemann a
co-workers.11,12 Lindner et al.11 studied the major dissocia
tion channels of S2Cl2 in the range between 280 and 240 n
by using laser induced fluorescence and resonance enha
multiphoton ionization and time-of-flight technique
~REMPI-TOF! detection techniques on the state-spec
photofragments S and S2. They concluded that the high
energy edge of the main absorption maximum is mainly
result of a fragmentation either into S21Cl2, where Cl2 is in
the 3) state, or into S212Cl (1). Thelong wavelength part
of the absorption spectrum is connected to the chan
S2Cl1Cl ~2! and toward shorter wavelength a complex co
petition between different dissociation channels is expec
The involvement of SCl as an intermediate product is l
favorable. In addition to the above-described channel,
dissociation into SCl21S along channel~4! was observed.

Leeet al.12 studied the photodissociation of S2Cl2 at 248
and 193 nm by translational spectroscopy. The SCl prod
was detected with a relative yield of 20%. Due to the m
sured anisotropy parameterbSCl of 1.6 at 248 nm and 0.6 a
193 nm, they concluded that a rapid S–S bond fission ta
place on the excited1B state. Leeet al. observed that the
S–Cl bond fission is predominant with a factor 3.0 high
than the S–S bond fission. Via reaction~2! two separate
product Cl atom translational energy distributions of^ET&
542 and 126 kJ/mol were found. The slow S2Cl fragments
undergo a secondary dissociation to form isotropically d
tributed S2 and Cl which probably arise from the S2Cl
ground electronic state, whereas the fast components m
likely originate from a mixed excitation of1A and1B states
of S2Cl2. In addition, they observed the dissociation chan
~4!. At 193 nm the three-body decay channel~1! becomes

FIG. 1. Absorption cross section of S2Cl2 based on the publication of Spet
et al. ~Ref. 1!. The wavelength used in the present experiment is marked
an arrow.
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more efficient forming S2 and 2Cl with a Cl atom transla
tional energy distribution of̂ ET&542 kJ/mol, which is in
agreement with the value derived by Parket al.8 However,
the former interpretation given by Park that the observed
are released via a radical channel at 193 nm was mislead
The observedbCl value of20.3 hints at an involvement of a
higher1B state in the excitation.

The former studies show that the dissociation of S2Cl2
following absorption in the main band between 230 and 2
nm is a highly complex process involving several excit
potential energy surfaces and all decay channels~1!–~4! are
in competition with each other. In order to elucidate the d
namics behind this complicated behavior more detailed
perimental data are required. Since we are able to obs
the three-dimensional~3D! momentum vector of a single
state-selective photofragment by applying a novel 3D im
ing technique15,16 the unsolved questions in the photodiss
ciation of S2Cl2 are a promising task to study. There are t
relative yield of the reactions, the spin–orbit branching ra
of Cl* /Cl, the translational energy disposal, the different
volved upper states, and the mechanism of the decay. To
end, the energy dependence of the anisotropy parameterb is
the most valuable tool to analyze the dissociation proc
including the dissociation energyD0(ClS2–Cl).

II. EXPERIMENT

A more detailed description of the experimental set
and the novel position sensitive detector~PSD! has been
published elsewhere.15,16Briefly, it consists of a combination
of a home-built single-field time-of-flight~TOF! mass spec-

FIG. 2. Structure of S2Cl2 ~Ref. 2! and the geometry of both transition
dipole momentsm~a! parallel to the symmetry axisC2 andm~b! lying in the
plane perpendicular to theC2 axis.

y
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4216 J. Chem. Phys., Vol. 117, No. 9, 1 September 2002 Einfeld et al.
trometer and a position sensitive detector.17–19The spectrom-
eter was evacuated to a base pressure of;1028 mbar by a
turbomolecular pump system. Disulfur dichloride was co
stantly cooled to210 °C ~gas pressure:;1 mbar at210 °C!
to prepare a mixture of 0.03% S2Cl2 in helium which was
flowing through the cooling vessel. Measurements of
room temperature sample were performed at a pressur
1027 mbar, corresponding to a S2Cl2 density of 106/cm3.
Measurements of jet-cooled samples at a temperature of
agree with the results from the bulk measurements, but w
not further analyzed due to background interference.

Simultaneous dissociation and state-selective detec
of chlorine atoms were performed using one dye la
pumped by a Nd:YAG laser~Coherent, Infinity 40 100!. The
dye laser~Lambda Physik, Scanmate! was operated with
Coumarin 47 at a repetition rate of 100 Hz, its light w
frequency-doubled by a BBO crystal and focused by a 20
lens in order to decrease the reaction volume to 531024

mm3. The output window was arranged in a Brewster an
configuration of 54° to reduce the internally reflected lig
The energy of the frequency-doubled light amounted to 5–
mJ per pulse. The energy was kept low to obtain appro
mately one fragment signal per ten laser pulses to avoid
netic energy transfer to the fragments due to space ch
effects and saturation of the dissociation step. The la
beam, the molecular beam, and the detector axes were
tually orthogonal in the interaction region. Ultimate care w
taken to overlap the light and the molecular beam which w
checked frequently by monitoring of NO via~111! REMPI
at 226 nm and optimization of the signal intensity.20 The
polarization of the laser was changed by a half wave plat
order to investigate the spatial fragment distribution. Ty
cally the acceleration voltage was 800 V in the accelera
tube of the TOF spectrometer corresponding to an acce
tion field of 16 kV/m.

The 2PJ state of the chlorine atom is split by 882 cm21

due to spin–orbit coupling into Cl(2P3/2) and Cl* (2P1/2).
Both states were detected by a~211! REMPI process. The
ground state was probed via the (2D3/2←2P3/2) transition at
235.336 nm, the excited state by the (2P1/2←2P1/2) transi-
tion at 235.205 nm.21,22 Typically the dye laser was scanne
over a range of60.003 nm around the Cl atom transitio
accounting for the Doppler broadening. Signals were d
tized by time-to-digital converters, accumulated over
3105 laser shots, and saved online by a personal comp
Details of the analyzing procedure are described elsewhe16

The PSD includes a delay-line anode introduced into
spectrometer chamber right behind the double stage mi
channel plates. The PSD allows one to monitor all th
components of the momentum vector from the measured
sition of the particles on the detector and the correspond
TOF. Therefore, a full 3D velocity distribution is observe
and complete information about the kinetic energy distrib
tion and the velocity dependentb parameter can be obtaine

III. RESULTS AND DISCUSSION

Upon excitation at 235 nm the photodissociation
S2Cl2 may proceed via different decay channels which
well characterized by Spethet al.1 As we probe Cl and Cl*
Downloaded 27 Aug 2002 to 134.169.41.165. Redistribution subject to A
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photoproducts, two decay channels will be discussed in
following, i.e., reaction~1!, which is called the three-body
decay channel, and reaction~2!, which is named radical or
two-body decay channel:

S2Cl2→S212Cl, DH05~38364! kJ/mol, ~1!

S2Cl2→S2Cl1Cl, DH05~214610! kJ/mol. ~2!

The dissociation enthalpies were calculated from the s
dard enthalpies of formation (D fH

0)23 of the molecules and
radicals involved in the process and the errors were ca
lated according to the given errors of the individual stand
enthalpies. The enthalpies were calculated for the spin–o
ground state Cl. TheDH0 required for formation of one or
two Cl* atoms is higher by 10.6 and 21.2 kJ/mol, respe
tively.

In the following, five aspects characterizing the pho
dissociation dynamics will be discussed: the spin–or
branching ratio, the velocity distribution, the anisotropy p
rameterb, the maximal lifetimes of the excited states and t
translational energy disposalET /Eavl via the different decay
channels.

A. Spin–orbit branching ratio

The spin–orbit branching ratio was obtained by scann
the laser over the two resonance transitions of Cl and C*.
The measurements were repeated at different laser ligh
tensities. Integrating the area under the Doppler profiles
sults in a signal ratio S~Cl* !/S~Cl! of 0.5060.04. Taking the
ratio of transition probabilities B of 1.0622 into account we
determined a Cl* yield of f(Cl* )50.3560.03, wheref is
defined as the ratio of the number of excited state ato
P(Cl* ) to the total number of released chlorine atom
f(Cl* )5P~Cl* )/@P(Cl)1P(Cl* )#. The branching ratios
given by Tiemannet al.24 ~0.17! and Parket al.8 ~0.21! at
248 nm are somewhat lower, which is probably due to
different excitation wavelengths as Parket al.8 concluded
that the relative yield as well as the total Cl atom product
of the S2Cl2 molecule varied with the wavelength studied.

B. Speed distribution

In Fig. 3 the speed distributions and the speed depen
anisotropy parameterb for Cl and Cl* are presented. This
one-dimensional presentation is obtained via integration
the 3D data. Cl in its ground state is mainly produced at l
speeds and peaks at 1200 m/s. Only a tail is observed in
high speed region above 2000 m/s. The bimodal charact
more pronounced for spin excited Cl* where the two speed
regions are clearly separated. Here, the bimodal chara
unambiguously divides the speed distribution in two pa
where Cl* is mainly released with high kinetic energy. Th
speed distribution of slow Cl* atoms which are a minor con
tribution peaks at 1500 m/s, whereas the peak for the
atoms is at 2700 m/s. The small shoulder above 3600
belongs to a small contribution of37Cl. The two speed re-
gions correlate with the two different decay channels~1! and
~2!, where the energetic border between the two chann
with respect to the dissociation enthalpies is at 2250 m
Accordingly, the fast Cl and Cl* atoms are released via th
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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4217J. Chem. Phys., Vol. 117, No. 9, 1 September 2002 The photolysis of S2Cl2
radical decay channel~2! and the slow Cl and Cl* atoms are
released via the three-body decay channel~1!. In the case of
ground state Cl the contributions of the radical and the thr
body decay channel are estimated to be 17% and 83%
spectively, whereas in the case of excited state Cl* the con-
tributions are found to be 55% and 45% for the radical a
three-body decay, respectively. Detailed information of
speed distributions for Cl and Cl* is given in Table I.

C. Anisotropy parameter b and lifetimes of the
excited states

The spatial fragment distributionP(v,u)} f (v)(1
1b(v)P2(cosu))25,26 is characterized by the velocity de
pendent anisotropy parameterb(v) ranging from21 ~per-
pendicular transition! to 12 ~parallel transition!, whereu is
the angle of the polarization vector of the dissociating la
with the product recoil velocity vector, andP2 is the second
Legendre polynomial:P2(x)5 1

2(3x221).

FIG. 3. Speed distribution for~a! ground state Cl(2P3/2) and ~b! excited
state Cl* (2P1/2) atoms produced in the photodissociation of S2Cl2 at 235
nm. The dependence of theb parameter on the Cl fragment kinetic energ
~right scale! is shown by curves with error bars. In addition, the fit of t
speed dependentb parameter~dashed line! for ground state Cl(2P3/2) ~a!
and excited state Cl* (2P1/2) ~b! to the experimentally observed data~closed
circles! on the assumption of two underlying decay mechanisms. Th
Gaussians were fitted to the trimodal speed distribution. One describe
fast chlorine fragments produced in a two-body decay with ab parameter of
0.45 and 0.24 for Cl and Cl* , respectively. The other two Gaussians d
scribe the three-body decay with ab parameter of20.25 for the chlorine
fragment released in the first step and ab parameter of zero for the slow
chlorine fragment released in the second step.
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The curve shape of the speed dependentb parameter has
a trimodal character for both ground and excited chlor
atoms. At low velocities~,500 m/s! the b value is close to
zero, decreasing to a value of20.15 with increasing speed
up to 1750 m/s. Theb value increases strongly above 200
m/s to a value of 0.4560.12 and 0.2460.12 for Cl and Cl* ,
respectively. In the case of Cl* the change from20.15 to
10.24 at about 2000 m/s correlates with the determined li
in the speed distribution which divides the bimodal spe
distributions in two parts. Agreeing with the above-give
suggestion that the bimodal character in the speed distr
tion reflects the different decay channels, the dependenc
theb values on the speeds supports this view and gives u
insight into the dynamics of the photodissociation.

We will start our study for ground state Cl. At high ve
locities the Cl atoms have to be released via a two-bo
decay for energetic reasons where the electronic trans
leads to a positiveb parameter of 0.4560.12. This positiveb
value suggests that the initially excited state is of1A sym-
metry, because the transition dipole momentm for the 1A
←1A transition is oriented parallel to theC2 axis, which
means perpendicular to the line connecting the two S ato
and bisecting the Cl–Cl angle. The geometry and the co
sponding dipole moments are shown in Fig. 2. A theoreti
limit of 0.48 for theb parameter for instantaneous decay
estimated from the ground state symmetry with aS–S–Cl
bond angle of 45.5°. If only rotation of the parent molecu
about its major principal axis is responsible for the reduct
of the b parameter, the lifetimet can be estimated based o
the relationship:27

t5
h

vA

, ~5!

where

bexp5P2~h!b* , vA5AkT

I A

.

Here h is the angle between the velocity vector that wou
result if the molecules were not rotating and the veloc
vector that actually results,vA is the angular rotational fre
quency,bexp the experimentally observed anisotropy para
eter, andb* its theoretical limit. Assuming room tempera
ture of 300 K, withI A'7310245 kg m2 the mean rotationa
frequencyvA'831011 s21, which corresponds to an uppe
limit of the lifetime t of 270 fs from the experimentalbexp

value of 0.45.
In order to extract theb parameters belonging to th

speed region below 2500 m/s and therefore to the three-b
decay, three Gaussians were fitted to both the Cl and*
speed distributions. As theb parameter is bimodal in the
speed region below 2500 m/s, it is expected that the th
body decay occurs in a sequential way. Consequently
Gaussian was fitted to the high speed region~.2500 m/s!,
describing the two-body decay and two Gaussians were fi
to the low speed region~,2500 m/s!, describing both steps
of the sequential decay:~1a! S2Cl→S2C1Cl and ~1b!
S2Cl→S21Cl. The Gaussian fits are also shown in Fig.
The contributions of the Gaussians are used to simulate

e
the
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TABLE I. Characteristic data describing the speed distribution, theb parameter of the Cl and Cl* fragments, and the kinetic energy release in t
photodissociation of S2Cl2. The kinetic energy release is determined for the two- and three-body decay separately. The analysis consists of three
assuming a two-body decay~2BD! and a sequential three-body decay~3BD!. The calculation ofEavl is based on an initial internal energy content of the S2Cl2
molecule of 8 kJ/mol at room temperature.

Fragments Type Decay channel
Eavl

~kJ/mol!
^ET&

~kJ/mol! f r5^ET&/Eavl b

Gaussian contribution

Center~m/s!

Full width at
half maximum

~m/s!

Cl 2BD S2Cl2→S2Cl1Cl 302 166610 0.5560.03 0.4560.12 2650 950
3BD ~a! S2Cl2→S2Cl1Cl 136 68610 0.5060.03 20.2560.07 1750 950

~b! S2Cl→S21Cl 060.05 980 800

Cl* 2BD S2Cl2→S2Cl1Cl 292 169610 0.5860.03 0.2460.12 2670 980
3BD ~a! S2Cl2→S2Cl1Cl 126 64610 0.5160.03 20.2560.07 1710 750

~b! S2Cl→S21Cl 060.05 1030 780
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observed curve shape of theb dependence on the spee
Since the fit functions overlap in the medium energy ran
the b parameter is accordingly reduced. The obtained sim
lation is shown in Fig. 3. The best values for theb param-
eters are 0,20.25, and 0.45 for ground state chlorine d
scribing slow and intermediate Cl via three-body decay a
fast Cl via two-body decay, respectively. In the case of
cited state Cl* the values are 0,20.25, and 0.24, respec
tively. From the negativeb parameter in the low speed rang
it can be concluded that the three-body decay proceeds v
excited state of1B symmetry. The value of20.25 is in very
good agreement with former translational spectroscopy m
surements at 193 nm by Leeet al.,12 who observed that S2Cl2
decays rapidly in S2 and 2Cl with ab parameter of20.3 on
an excited1B state.

These observations hint at a fast dissociation, where
molecule S2Cl2 decays into two fragments on an excited1A
state and mainly into three fragments on an excited1B state.
This is supported by the overall shape of the absorption s
trum which is smooth, displaying no structure on a typic
scale for vibrational spacing.1 The continuous absorption is
good indication that direct dissociative processes take p
in this region.

In the case of excited state Cl* the observedb parameter
in the high speed region is 0.2460.12. The decrease of theb
parameter in comparison with the limiting value may hint
a small contribution of the excited1B state associated with
the three-body decay releasing fast Cl* atoms. This contri-
bution is not unlikely since a mixed excitation at 235 nm c
be expected due to the location at the high-energy end o
strong absorption at 256 nm. By the reduction of theb pa-
rameter the contribution of fast Cl* being released via a1B
state could be estimated to be;6% of the total assuming th
b value of 20.25 for Cl atoms released via the1B state as
observed for the intermediate speed Cl and Cl* atoms. Lee
et al.12 also favored a mixed excitation as the reason for th
observedb parameter of zero for fast S2Cl products at 248
nm. In a former study of Leeet al.,9 S2Cl2 was photodisso-
ciated at 308 nm and the primary dissociation proc
S2Cl2→S2Cl1Cl proceeds via a slightly positiveb parameter
of 0.460.2 via a1A state through the excitation of an (nCl

→sS-Cl* ) or (nS→sS-Cl* ) transition. Leeet al. speculated due
to the existence of many nonbonding electrons in S2Cl2 that
Downloaded 27 Aug 2002 to 134.169.41.165. Redistribution subject to A
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another repulsive1B state may exist. Both observations a
in agreement with our present measurements. At 308 nm
Cl photoproducts were exclusively released via an excited1A
surface yielding a positiveb parameter of 0.460.2. The
sameb value is observed in the present measurement for
ground state Cl which is released solely via a1A state. At
248 nm Cl atoms were released via both excited states1A
and 1B with a positive and negativeb parameter, respec
tively. Since Leeet al.measured the averagedb parameter, a
value of zero was observed. The same value would be
served as an average at 235 nm, if there would not be
possibility to examine the speed dependence of the an
ropy parameterb.

In summary, the branching ratio of reactions~1! and~2!
was measured to be 2.45:1.0 and 0.4:1.0 for Cl and C*,
respectively. The simultaneous absorption into the differ
decay channels is illustrated in Fig. 4 in order to emphas
the competing dissociation channels at 235 nm. The th
body decay is found to be sequential as the second Cl ato
released isotropically with ab value close to zero, which
means the intermediate S2Cl* lives long enough on a rota
tional time scale to lose the initial alignment of the pare
S2Cl2 molecule and the second Cl atom is ejected with
preferred spatial orientation.

FIG. 4. Diagram illustrating the simultaneous absorption into the exc
states1A and 1B and the different decay channels including the spin–or
states of Cl. The contributions refer to the total number of chlorine fr
ments.
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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IV. CONCLUSION

Using 3D imaging spectroscopy, we have measured
competing dissociation channels to release S2Cl1Cl or
S212Cl in the photolysis of S2Cl2 at 235 nm. The main
experimental findings are summarized as follows.

~1! Overall the branching ratio of reaction~2! releasing
S2Cl1Cl and reaction~1! releasing S212Cl was determined
to be 1.0:1.2. If the two spin–orbit states are viewed se
rately, the branching ratio decreases for ground state C
;1.0:2.45 and increases for excited Cl* to ;1.0:0.4.

~2! The yield of Cl* in the excited spin–orbit state2P1/2

was found to bef(Cl* )50.3560.03.
~3! The translational energy disposal for reaction~1! was

determined to be 0.5360.03 and 0.5460.03 and for reaction
~2! 0.5560.03 and 0.5860.03 for Cl and Cl* , respectively.

~4! The two-body decay, releasing fast Cl~11%! and Cl*
~19%!, occurs mainly on a repulsive1A state through an
electronic transition with ab parameter of 0.45 and 0.24 fo
Cl and Cl* , respectively. The reducedb value in the case o
Cl* is probably due to mixed excitation of1A and1B, where
6% of the observed Cl* are released via the excited1B state.

~5! The three-body decay, releasing relatively slow
~54%! and Cl* ~16%! atoms, occurs on a repulsive1B state
through an electronic transition with ab parameter of20.25
in the first step. The decay has a sequential character an
second step Cl or Cl* atoms are released isotropically~b
50!.

All observations can be rationalized in terms of a sim
taneous excitation on a1B and1A surface. Accordingly, the
main 1B state excitation would lead to three fragments,2

and two ground-state chlorine atoms. Originally from the1B
state, nonadiabatic coupling might be responsible for a sm
production of excited spin–orbit Cl atoms via two- an
three-body decay. The main1B state excitation could be ac
companied by a minor excitation of a1A state, quickly de-
caying into S2Cl1Cl, with Cl atoms generated in both spin
orbit states in almost equal amounts.
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