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The photodissociation dynamics of thiophosgene (GS&hd the respective branching ratios of
both dissociation products Cl and CSCI have been studied by 3D imaging of the photodissociation
product chlorine in its ground stat®5,] Cl] and excited spin—orbit staf®;,[ CI*] employing the
resonance enhanced multiphoton ionization and time-of-flight technique at a dissociation
wavelength of about 235 nm. A novel technique is applied where the complete three-dimensional
(3D) momentum vector of a reaction product is directly determined. The kinetic energy distribution
(KED) for CI* is observed for the first time. The obtained KEDs of Cl antl & different in the

low kinetic energy range due to the correlating state of the partner fragment CSCI. In the case of
ground state Cl the CSCI partner radical is produced in the groGnd, and B states with a
contribution of 4:0.5%, 6G-5%, and 36:-3%, respectively. In the case of*Cthe corresponding

CSCl is produced with a contribution of 28.5% in the groundX, 71.5:5.5% in stateA, and
21+1.5% in stateB. The yield of CF, ¢(CI*)=P(CI*)/[P(Cl)+ P(CI*)], was found to be 0.47.

No significant velocity dependence of the anisotropy paramgteould be observed. The mean
value +0.03 suggests a decay on tBg A,) surface. ©2002 American Institute of Physics.

[DOI: 10.1063/1.1480272

I. INTRODUCTION [corgl (9a;)%(10a,)?(6b,)?%(11a,)%(7b,)?(3b;)?(12a,)?
X (2a,)?(8b,)?(13a,)%(4b,)%(9b,)?, where the @,, 6b,,
and 1@&; molecular orbitalstMOs) contain theo bonding
electrons, the B, and the 4, orbitals are a combination of

The implication of a novel 3D imaging technique that
allows us to monitor the full three-dimensional momentum

vectors of individual products of a chemical elementary !
reactiort has led to a detailed examination of the uItravioIetthe  bonding electrons and CI{g electrons, and thei®

o= . . .—and 1%; MOs contain the sulfur lone pair electrofsThe
photodissociation of a series of tetra-atomic starlike, . . -
4. .. . L : thiophosgene absorption spectrum as shown in Fig. 1 was
moleculed~* which can, in principle, decay into three frag- . .
o eported by Farnworth and Kind. Thiophosgene absorbs
ments. Adequate projection methods allow us to extrac

oo T C weakly in the visible region to produce the lowest triplet and

state-specific fragment kinetic energy distributions as well a? . . ~ 3 ~

the anisotropy paramete® describing the spatial fragment owest _excned s_mglet state3, (a“A;) and S, (A AZ).’

distribution from the 3D momentum data. The determinationrefpecuvely’ which- corresponds to a symmetry-forbidden

of the velocity dependence of the anisotropy parametef’cs—Ns(SP19Dby) electron promotion. lllumination in the

proved to be especially useful in the analysis of competing'0nd band system in the near-UV region populates the sec-

two- and three-body channels in the photodissociation ofNd excited singlet states, (B 'A1), which arrives from

SOC}, (Refs. 3 and #and COCJ.2° We present here a study the allowed promotion of al# electron to the 5; MO. The

of the structurally similar thiophosgene (C$Cimolecule  B(*Ay)«—X(*Ay) transition is therefore partiallyrgs—mcs

which offers the possibility to investigate a different elec-in character, and results in lowering the C-S bond order,

tronic transition than in the phosgene case at the same di$¢ngthening the equilibrium C—S bond length by about 0.5

sociation energy. A, and decreasing of the CI-Cl bond angle from 111.2° to
Thiophosgene, CSgl has been the object of extensive 103°2% The Farnworth and Kin’@ analysis indicated that the

studies both in the gas phase and in solution because it offergolecule is nonplanar in the uppek, state with an out-of-

insight into several important aspects of electronic spectroselane angle of 20° and an inversion barrier of 126 ¢m

copy, photophysics, and photochemi$try® One advantage Studies of the gas-phase photochemiétty and

of thiophosgene is its thermal stability and ready availability.photophysic$' of thiophosgene have fluorished since the dis-

The structure of its ground statX (A;) in C,, symmetry is ~ coveries of fluorescence from both g (A 'A;) and S,

well known!’ The electron configuration of the general state(B 'A;) states>?3The fluorescence from the first sing®t

has been determined by photoelectron spectroscopy to lend the second singl&, has been observed at wavelength
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CSCI and CJ fragments were detected from 248 nm la-
0 ser photolysis of a pulsed molecular beam of GS€These
fragments formed under collision free conditions were ex-
plained by two decomposition pathways: reacti¢hd) and
(1.2). The quantum vyield fof1.1) was found to be 0:80.1
5 and the experimental energy releaBge/E,, 0.29+0.02,
whereE is the averaged total translational energy &g
the maximal energy available to the fragments after dissocia-
tion. The observed translational energy release was only in
modest agreement with the calculation of 0.37 which was
predicted by employing the impulsive spectator mddel.
o o~ s P This deviation led Hachegt al® to question, whether the
original assumption was correct that only ground-state, bent
CSCl radicals could be produced in reactidnl). Calcula-
FIG. 1. Absorption cross section of CSCTRef. 19, the photon energy used  tions by Chan and Goddaftand by Hachet al*® showed
in the present experiment is marked by an arrow. Due to the lack of experithat a very low |y|ng excited Sing|et linear state is thermo-
mental data, the absorption cross section in the high energy range is extrapa— namically accessible. Hach al. re-evaluated viaab
lated and presented by a dotted curve. . y y . ’ &t al. .
initio Cl studies the geometry of the ground and the first
electronically excited states of the CSCI radical, the vertical
excitation energies of its ten lowest doublet states and two
above 455 nm(Refs. 23 and 24and 277 nm(Refs. 22 and  |owest quartet states to construct a more complete energy
23), respectively. The spectrum in the 240—-287.5 nm regioneve| correlation diagram. These studies show that the three
shows no fine structure and only the vibrational spectrum i?)ossible stateX. A. andB of the CSCI fragment can be
apparent down to 268 nni. Below this wavelength the agsessed in the UV photofragmentation of GS@hich are
bands become very diffuse, |pd|cat|n?4 increasing predissog|ready introduced in the reaction scheme of the radical de-
ciation of the upper state within 1¢° s: lay channel1.1).

Excitation at higher energigg.g.,A =248 nm) does not  * pegpite this, the question about their relative importance
produce observable fluorescence, but results exclusively ifas ot yet been answered. In the present work the photo-
photodissociation. The mechanism of the photodissociationagmemation dynamics of CSCare studied when irradi-
of this tetra-atomic molecule can be characterized by thregiaq around 235 nm. The purpose of the present work is to
possible decay mechanisms. For the photodissociation Qfetermine(i) the complete 3D velocity distribution for both
CSCh above 200 nm, the radicél.1) and molecular channel  grqnd state CI and excited state* @ind the respective an-
(1.2) produces two fragments, isotropy parametes, (i) the contribution of theX, A, andB

CSCh+hv—CI(2P,)+ CSCIX,A,B), (1.1) stlat/esI of CSCI, andiii) the spin—orbit branching ratio of
CI*/CI.

absorption cross section ¢ / 10" cm®

energy / cm’

CSCh+hr—Cly('s ) +CS's), (1.2)

Below 221 nm the excitation energy exceeds the energy rell' EXPERIMENT

quired to break both CI-C bonds, and three-body A more detailed description of the experimental setup
dissociatio”® (1.3) may also take place, and the novel posrjigzon sensitive detect®SD has been
published elsewhere’ Briefly it consists of a combination
CSCh+hy—2CI*Py) + CS™2). 13 6f a homebuilt single-field time-of-flight(TOF) mass-
Other than in phosgene, excitation at 235 nm will notspectrometer and a position sensitive detettot: The spec-
access the lowestA, state, but the second absorption trometer was evacuated to a base pressure 0 mbar
band associated with tH&\; state. The absorption cross sec- by a turbomolecular pump system. Thiophosgene was con-
tion is much stronger[o,3(CSCh)=4x101 cm ™1,  stantly cooled to~20 °C to prepare a mixture of about 0.5%
03 COCL)=9x10"%° cm 1] because contrary to COCI CSC), in helium. The mixture was fed into the spectrometer
the CSCJ transition is symmetry-allowed. The wavelength via a continuous supersonic beam as well as under bulk con-
shift in the absorption spectrum is due to the substitution oflitions, yielding the same results. With a nozzle diameter of
the oxygen atom by a sulfur atom. The relative weakness 020 um and a stagnation pressure-e8 bar typical working
the C—S bond goes along with a strengthening of the C—Qpressures were in the order of 170mbar. Under these con-
bond, and the three-body threshold is increased such that tltitions the beam is characterized by a rotational temperature
three-body channg[1.3) is not accessible at a dissociation of about 8 K, determined by a rotationally resolved calibra-
wavelength of 235 nm. Thus, a similar situation is created asion spectrum of the NOA 22 *—X 2II) transition!
in the photodissociation of COFCI, where the substitution of ~ Simultaneous dissociation and state-selective detection
a chlorine by a fluorine atom also closes the three-body desf chlorine atoms were performed using one dye laser
cay channef® Contrarily to the case encountered here, thepumped by a Nd:YAG laseiCoherent, Infinity 40 100 The
accessed state for COFCI| was the sdwgstate as in phos- dye laseLamba Physik, Scanmatevas operated with Cou-
gene so that by chemical substitution the first step of a threenarin 47 at a repetition rate of 100 Hz, its light was
body break-up could individually be studied. frequency-doubled by a BBO crystal and focused by a 20 cm
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lens in order to decrease the reaction volume t018 4 CSCh—CSX '2)+Cly('2y)
mnr°. The energy of the frequency-doubled light amounted to o
5-10 uJ per pulse. The energy was kept low to obtain ap- A;H"=302+10 kJ/mol, (3.2

p.roxi.mately one fragment signal per ten laser pulses to avoid CSCh—CSX 13)+2CI(2Ps,)
kinetic energy transfer to the fragments due to space charge
effects and saturation of the dissociation step. The laser AH%=540+10 kJ/mol. (3.3

beam, the molec_ular be_:am, a’?d the Qetecto_r axes Were Mipare are some uncertainties in the enthalpies of formation
tually orthogonal in the interaction region. Ultimate care was

taken lan the liaht and th lecular b hich A¢H? for the CSC} and CSCI molecules. For this study, the
axen to overlap the ignt and the molecular beam whic WaifHo of the CS radical was adopted from the most recent
checked frequently by monitoring of NO vid+1) reso-

) 4 o 2
nance enhanced multiphoton ionizatidREMPI) at 226 nm literature sourcé The A¢H® of CSCh and CSCI K, A, and

and optimizing of the signal intensifg. The polarization of B) were obtained from Josftiand Hach_eyat aI.,lGOrespec-
the laser was changed by a half-wave plate in order to investl\,'ely' Hacheyet al. based the calc_ulayon ak¢H" of the
tigate the spatial fragment distribution. Typically the accel-d'ﬁeren.t CSCI states on the publication of Okabayho
eration voltage was 800 V in the acceleration tube of thj:etermlned the bond enerdy, (SCIC-C) to be 265-2.5

TOF spectrometer corresponding to an acceleration field J/imol. The enthalplgﬁrH ,Of the reactions abovg were
16 KV/m. calculated for the spin—orbit ground state Cl, 5gH" re-

The 2P, state of the chlorine atom is split by 882 ¢in quired for the generation of one *Chtom is higher by 10.6

. . O kJd/mol.

due to spin—orbit coupling into ClPy,) and CF(?Py,). .
Both states were detected by(z+1) REMPI process. The AS th?‘ molecular channgB.2) cannot be obsrve(_JI n
ground state was probed via thD{g,« 2P4;) transition at ~ OUr €xperiment and the three-body decay chanBe) is
235.336 nm, the excited state by tP(,— 2P,,) transi- energetically not allowed at the wavelength of 235 nm, we

tion at 235.205 nm. Typically the dye laser was scanned Ovec;oncentrated on the three details of the two-body decay

a range of=0.003 nm around the center transitions account—Channel(S'l)’ the spin—orbit branching ratio of OLI, and

ing for the Doppler broadening. Signals were Oligitizedthe relative import'ance of_the diffgrent states of CSCI which
by time-to-digital converters(TDCs), accumulated over are not yet established with certairify.
2x10° laser shots, and saved on-line by a personal com-
puter. The analyzing procedure is described in detailb‘
elsewheré. The spin—orbit branching ratio was obtained by scanning
The PSD includes a delay-line anof@LA) introduced the laser over the two resonance transitions of Cl arfd ClI
into the spectrometer chamber right behind the double stagéhe measurements were repeated at different laser light in-
microchannel plate8MCPs. The PSD allows us to monitor tensities. Integrating the area under the Doppler profiles re-
all three components of the momentum vector from the measults in a signal rati®(Cl*)/S(Cl) of 0.80+0.04. Taking the
sured position of one particle on the detector and its correratio of transition probabilitie® of 1.06 (Ref. 37 into ac-
sponding time-of-fligh{ TOF). Therefore, a full 3D velocity count we determined a Tlyield ¢(Cl*)=0.47+0.03,
distribution is observed and the complete information aboutvhere ¢ is defined as the ratio of the number of excited state
the kinetic energy distribution and the velocity dependentatoms P(CI*) to the total number of chlorine atoms,
anisotropy paramete8 can be extracted. d(CI*)=P(CI*)/[P(CI)+ P(CI*)]. On statistical grounds
one expects a yield obgisiicar 0-33.

. Spin—orbit branching ratio CI  */Cl

B. Fragment kinetic energy and angular distribution

- - In Fig. 2 the kinetic energy distributiof&EDs) and the
The B(*A;)-X(*A;) band system of CSgimolecules  anisotropy parametes are presented for the photodissocia-
has been extensively studied by spectroscdists®who  tion of thiophosgene around 235 nm for both spin—orbit
found that the onset of predissociation required 42D4  states. HereB, the anisotropy parameter ranging fromi
kJ/mol, i.e., 17.3:0.6 kJ/mol above th8('A,) state. (perpendicular transitigrto +2 (parallel transitiop, charac-
Reaction enthalpiea H for the three photodissociation terizes the spatial fragment distributioR(6,v)«f(v)(1
channels of CSGlare calculated from the enthalpies of for- + g(v)P,(cos 6)), where§ is the angle of the polarization
mationA¢H of the reactants, vector of the dissociating laser with the product recoil veloc-
ity vector, and P, is the second Legendre polynomial,

Ill. RESULTS AND DISCUSSION

CSCL—CSCIX)+ClI(*P3p) P,(x)=%3x?—1). The 1D KED presentation is obtained
A,H%=265+2.5 kJ/mol, (3.1  Via integration of the 3D data, while for the anisotropy pa-

_ rameterg the velocity dependency is evaluated from the 3D
CSCL—CSCIA) + Cl(?P5) data subdivided into velocity ranges of 200 m/s. Although
A HO=342+2 5 KJ/mol (3.1b both Cl and C! are released with kinetic energies in the
r : ’ : whole available energy range up to the calculated limit of
CSCE—>CSC[§)+CI(2P3,2) 170 kJ/mol, a r_emarkably differe.nt pehgvior of the twq spin
components with respect to their kinetic energy acquisition
A,H®=443+25 kJ/mol, (3.109 in the photodissociation is obvious. The KED of ground state
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respectively. The3 parameters are almost velocity indepen-
dent within the experimental error, only a very small increase
is observed at very high kinetic energiésee Fig. 2 and
Table ). The theoretical limit for theB parameter for an
instantaneous decay from the excité8l; state geometry
with a CI-C-Clbond angle of 103{Ref. 20 is 0.08. The
respective transition dipole momeptis oriented along the
C, axis containing the CS bond. Although lack of anisotropy
can be due to an excited state lifetime longer than a rota-
tional period, the geometry of the molecule and the transition
moment resulting in a half bond angle between CI-ClI close
to the magic angled,,=54.7° with P,(cos 6,,)=0, could
cause an isotropic fragment distribution, even if the dissocia-
tion is direct. In agreement with Ondrey and Bershgtitis
concluded that the dissociation proceeds directly and fast via
the excited'A, state of ground state geometry.

P(E,;,) / arb. units
B parameter

C. CSCI energy disposal

The internal energy of CSCI is not measured directly.
However, via the relation,

Ein(CSC)=Eq—Er—Ein( CI), (3.4

Ei{(CSCI) can be determined by transforming the measured
KED of both Cl and CI into the internal energy distribution
(IED) of the respective partner fragments CSCI by conserva-
tion of linear momentum and energy according to

0 50 100 150
Cl (*P,) kinetic energy / kJ/mol

Mgy
1+

Er= Exin(Cl). (3.5

FIG. 2. Kinetic energy distribution fofa) ground state CKP3,,) and (b)
excited state CI(?P,,,) atoms produced in the photodissociation of CSiEl
235 nm. The dependence of tieparameter on the Cl fragment kinetic The available energieRg,, in Eq. (3.4) is given by the

_energy_(right s‘ca}le is shc_>wn by curves with error bars. This 1D presentation photolysis energy hy and the dissociation energy
's obtained via integration of the 3D data. Do(SCIC-C). The internal energy of the parent molecule
Eini(CSCh) is negligible,
Cl is bimodal relea_sing CI_ mainly_with Iow_ kinetic energy, E.,~hv—Dy(SCIC-CI) . (3.6)
where a shoulder is obtained at intermediate energy range
with a tail reaching the high energy range. In comparison the ~ The obtained IEDs via Ed3.4) are shown in Fig. 3 and
KED of excited state Clis broad showing no preference for characteristic data are summarized in Table I. Three Gauss-
very low kinetic energies. No fine structure is observed ovetans are fitted to these internal energy distributions with re-
the whole energy range. The maximal available kinetic enspect to the calculations of th¢, A, andB state of Hachey
ergy of one Cl fragment is calculated from the bond energyet al*® Based on the Gaussians fit, the internal energies of
of 265.3 kJ/mol given by Okab&assuming that the partner the three electronical states can be calculated. Two aspects
fragment SCCI has no internal energy. must be taken into account: First, the low internal energy
Chlorine is almost isotropically released: The spatialflanks of the Gaussians reaching the energetic forbidden re-
fragment distribution is characterized by very small average@ion must be excluded. The energetic limits are marked in
B parameters of 0.010.05 and 0.06:0.06 for Cl and Ci, Fig. 3 by a dotted line for thé and by a dashed line for the

Mcscl

TABLE |. Characteristic data describing the kinetic energy distribution of Cl arid &id the internal energy distribution of the partner fragment CSCI, the
B parameter, the branching ratios of the CSCIjragment and the~kinetic energy relef$e,,— E) in the photodissociation of CSCIE,(Cl+CSC)
=243 kJ/mol,E (CI* + CSC)=232.4 kd/molE¢(A) =77 kd/mol,E(B) =178 kd/mol.

Correlating Contribution

Fragment CSClI states (%) Ein (kd/mol) E+ (kJ/mo) E+/(Ea—Ee) B parameter

Cl (X) 2 75 168 0.69:0.04 0.2:0.07
(A) 32 98 68 0.4%0.03 0.03:0.05
(B) 19 47 18 0.280.03 -0.07+0.06
cI* X) 35 57 175 0.7%0.05 0.08-0.07
(A) 335 7 78 0.58:0.03 0.03-0.06
(B) 10 23 31 0.57%0.04 0.15-0.08
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(a) CSCl + Cl (2p3/2) . STATES DISSOCIATION PRODUCTS
of CI,CS LIMITS CSCl+ Cl/ Cl* (%)

_ =37000 B 19/10
- 34275
g 4275

28600 A 32/335

ENERGY (cm')

<22170 + 190 X  2/35

b

P(E, ) arb. units
o
(ol
o
5]
o
o
o
N
o
(=]
N
an
(=)

(b) CSCl + CI (*P, ,) C1,CS

FIG. 4. Energy level diagram for CSCand its dissociation products taken
. from Hacheyet al. (Ref. 17. The energy levels are given relative to the

ground statex of CSCl. The observed correlation to the ground or excited
state of chlorine in the products are added.

- d and 0.28-0.02 for CSCIK)+Cl, CSCIA)+Cl, and
Of=—==sr-=--= ""'('7 """""" - CSCI(B) +Cl, respectively. In the case of excited staté Cl
0 ‘ 50 I 160 I 150 I 200 ' 250 the energy reIeasdET)/(Ea\, e|) is 0.75:0.05, 0.51
*0.03, and 0.520.03, wherek+ is 175, 79, and 32 kJ/mol
CSCl internal energy / kJ/mol for CSCI(X) + CI*, CSCI(A) + CI*, and CSCIB)+CI*. The
obtained energy releases are summarized in Table I.
FIG. 3. Internal energy distribution of CSCI for both Gl and CF (b) It is concluded that the simple impulsive spectator

partner fragments. The energetlc limits taken from Ref. 17 are marked by a )
dotted and a dashed line for theand B state of CSCI, respectively. Re- OdeF predlctlng a value OK ET>/E3V_O 369 cannot be

markable is the different curve shape especially in the high internal energ§flsed for describing the photodissociation of CS&tl~235
region. Three Gaussians are fitted to the distribution in order to evaluate tham in detail. This conclusion is supported by the geometry

contributions of the different electronic states of CSCI. The dashed line '%hange upon eXCItlng CSgirom its ground Staté((lAl) to

aSS|gned to the state, the dotted line to the state, and the dot-dashed line 1

o the X state. its excited stateB( Al.) being evidence of a strong gradient
of the upper potential energy surface with respect to the
angle y describing the out-of-plane bending of C$€Cbm-

_ pared to the planar ground state geomé&try.

B state of CSCI. This energetic restriction has only a minor

effect_on the calculated internal energies of CS@I(

CSCI(A), and CSCIB). Second, the maximal energy of 243 D. Spin correlation of the CSCI partner fragment

kJ/mol limits the Gaussians at high energies. This influences  The optained internal energy distributions for the partner

essentially the contribution of CS®@]. The total internal  fragment CSCI of the ground and excited state Cl atoms,

Ein (including the electronic energy of tieandB state is  shown in Fig. 3, allow us to study the contribution of the

accordingly calculated to be 225, 175, and 75 kJ/mol, whichnyolved states CSC}() CSCI(A), and CSCIB) calcu-

are assigned to CS@)+Cl, CSCI(A)+Cl, and CSCUX) lated by Chan and Goddé&fdand Hacheyet al®6 Figure 4

+Cl, respectively, and 201, 154, and 57 for C3®)I( shows the energy valu¥sfor our present study.

+CI*, CSCI(A)+ CI*, and CSCI@) + CI*. Considering the The overall contributions of the CS®|, A, andB states

electronic energyE,, of 77 kJ/mol for theA state and 178 can be determined by the three Gaussians which are fitted to

kJ/mol for the B state of the CSCI, one obtains for the the IED taking the calculation by Hachey into account. Inte-

Cl(® P4 channel an internal energy release of 75 kJ/mol forgrating the area under the Gaussian profiles yield the ratio of

CSCI(X), 98 kJ/mol for CSCIA), and 47 kJ/mol for 1:13:6 for CSCIK):CSCI(A):CSCI(B), summed over both

CSCI(B). For the Cf channel one obtains the respective chlorine atom spin—orbit states. Clearly, the generation of
values of 57, 77, and 23 kJ/mol. CSCI(X) is only a minor channel. In the case of ground state
In addition, the state specific kinetic energy releaseCl, the statesX, A, and B of CSCI contribute to 1:15:9,
(E1)/(Ea—Eg) can be calculated. Since the state specifioespectively. Cl in its ground state is predominantly released
E; is obtained viaE;, resulting in E;=168, 69, and 18 with a CSCI partner fragment with high internal energy up to
kJ/mol for reaction(1a), (1b), and(1c), respectively, releas- the energetic limit. In the case of spin—orbit excited @ie
ing ground state Cl, the total kinetic energy releasecontributions of the states, A, andB of CSCl are 1:9.5:2.8,

(E1)/(Ea—Eg) is evaluated to be 0.690.04, 0.42:0.03, respectively.
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The observed contribution of the different CSCI statesner fragment. It was found that the main partner of both CI
allows to speculate that CSGhvould decay into three frag- and CF is CSCl in the excited staté andB, and the gen-
ments releasing two slow ground state Cl, if the three-bodyration of CSCIK) is only a minor channel. Considering the

threshold will be passed by increasing the photolysis energyjectronic energyE,, of 77 kJ/mol for theA state and 178

With respect to Cl the shape of the contributiofiower /) for theB state of the CSCI, an internal energy release

pa}nel of Fig. :}suggests that Clwould be reIea;ed as a 4t 75 kJ/mol for CSCIf(), 98 kJ/mol for CSCIA), and 47
minor product if the three-body decay channel is energetlk\]/moI for CSCIé) is evaluated if the Cl partner is gener-
cally allowed. This view is further supported by the CSCI

i o . : . . ated in its ground state. For the*Gthannel respective values
fstate f%efcmf::(flt )/1P2(Cf:I) tﬁr%ncrl?g ra;l(:s (\)Ng'fh tséop of 57, 77, and 23 kJ/mol are obtained. By taking the spin—
cage e 10 S TOT TER STATE, AnEo BB T orbit branching ratio ofP(CI*)/[P(Cl)+P(CI¥)] of 0.47

In addition, due to the geometry change upon eXcitmgmtoglccount, the absolute values of the contributioX oA\,

CSC}, a significant rotational excitation of the electronically "’_deB states are 5:50.5%, 65.3-5%, and 2&-3%, respec-
excited CSCIl radical seems likely, with a tendency to realizeVe'-

; The energy releasé/(E,,— E¢) was found to be 0.69

a three-body decay as soon as the respective threshold en- T\ =av el
ergy is surpassed. A large internal fragment excitation favor--0-04, 0-420.03, and 0.280.02 for ground state Cl and
SCI(X), CSCI@A), and CSCIB), respectively, and 0.75

ing a three-body decay upon transgressing the three-b009 ) :
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