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4 Photodissociation of CSCI, at 235 nm:
Kinetic Energy Distributions and Branching Ratios of
Cl Atoms and CSCI Radicals

The photodissociation dynamics of thiophosgene (CSCl,) and 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 state ?Ps;, [CI] and excited spin-orbit state
’P1;» [CI*] employing the resonance enhanced multi-photon ionization and time-of-flight
technique (REMPI-TOF) 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 and CI* are 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 ground state X, inthe A and B states with

a contribution of 4 + 0.5 %, 60 £ 5 %, and 36 + 3 %, respectively. In the case of CI* the
corresponding CSCI is produced with a contribution of 7.5 + 0.5 % in the ground state X,
715 + 55 % in the state 5\, and 21 + 1.5 % in the state B. The yield of CI*,
@(CI*)=P(CI*)/[P(CI)+P(CI*)], was found to be 0.47. No significant velocity dependence

of the anisotropy parameter 3 could be observed. The mean value of 0.03 suggests a decay

on the B (Ay) surface.

4.1 Introduction

The implication of a novel 3D imaging technique that allows to monitor the full 3D
momentum vectors of individual products of a chemical elementary reactionIII has led to a
detailed examination of the ultraviolet photodissociation of a series of tetratomic star-like

molecules

which can, in principle, decay into three fragments. Adequate projection
methods allow to extract state-specific fragment kinetic energy distributions as well as the
anisotropy parameter 8 describing the spatial fragment distribution from the 3D momen-
tum data. Especially the determination of the velocity dependence of the anisotropy

parameter proved to be useful in the analysis of competing two- and three-body channels in



4 Photodissociation of CSCl, 101

the photodissociation of SOCIZIEIZI

and COCIQE. We present here a study of the structurally
similar thiophosgene (CSCI;) molecule which offers the possibility to investigate a

different electronic transition than in the phosgene case at the same dissociation energy.

Thiophosgene, CSCl,, has been the object of extensive studies both in the gas phase and in
solution because it offers insight into several important aspects of electronic spectroscopy,

photophysics, and photochemistry.EIEI One advantage of thiophosgene is its thermal stabi-

lity and ready availability. The structure of its ground state ()2 A1) in C, symmetry is
(4

well known.™ The electron configuration of the ground state has been determined by

photoelectron spectroscopy to be
[core] (9a:)*(10a1)*(6b1)?(L1a1)*(7b1)* (302)*(12a1)7(2a1)°(8b1)*(13a1)*(4b2) (9b1)?,

where the 9a;, 6b;, and 10a; molecular orbitals (MOs) contain the o bonding electrons, the
3b, MO contains the 1t bonding electrons, and the 9b; and 13a; MOs contain the sulfur
lone pair electrons.l'—iil The thiophosgene absorption spectrum as shown in Fig. 4.1 was

reported by Farnworth and King.m

Thiophosgene absorbs weakly in the visible region to produce the lowest triplet and lowest

excited singlet states, T; (3 °Az) and S; (AlAz), respectively, which corresponds to a
symmetry-forbidden 1es* < ns (5b, — 9b;) electron promotion. Illumination in the strong
band system in the near-UV region populates the second excited singlet state, S, (E A,
which arises from the allowed promotion of a 4b, electron to the 5b, MO. The
B (‘A1) « X (*Ay) transition is therefore Tes* — Tis in character, and results in lowering
the C-S bond order from 2 to 1, lengthening the equilibrium C-S bond length by about
0.5 A, and decreasing of the CI-Cl bond angle from 111.2° to 103.0°E Farnworth and
#e—is-Aon-planar in the upper 'A; state with an

++

[aes
-
B

King's analysisE eicated-tha

jer of 126 cm™. Studies of the gas-phase
rosbene have flourished since the disco-
L.
from the first singlet S, apd the second singlet S, has been ohserved at wavelengths above

455 nmA24 anet-277-Armi 22 ety i to 287.5 nm region

|

veries of fluorescence from both the S; (,Z\ IA;) and S, (E A, states The fluorescence

shows no fine structure and only the vibrational structure is apparent down to 268 nmE
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Below this wavelength the bands become very diffuse. indicating increasing predisso-

ciation of the upper state within 10™3 sll__"
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Figure 4.1: Absorption cross section of CSCI, based on the publication of Farnworth and
King (ref. 19). The wavelength used in the present experiment is marked by
an arrow. Due to the lack of experimental data in the present wavelength
region, the absorption cross section is extrapolated.

Excitation at higher energies (e.g. A = 248 nm) does not produce observable fluorescence,
but results exclusively in photodissociation. The mechanism of the photodissociation of
this tetraatomic molecule can be characterized by three possible decay mechanisms. For
the photodissociation of CSCI, above 200 nm, the radical (4.1) and the molecular channel

(4.2) produce two fragments:

CSCl, + hv — CI (?3P;) + CSCI (X, A, B), (4.1)
CSCl, + hv - Cl, (*Z4") + CS (*3). (4.2)

Below 221 nm the excitation energy exceeds the energy required to break both CI-C bonds,
and three-body dissociationEI(4.3) may also take place:



4 Photodissociation of CSCl, 103

CSCl, + hv - 2 CI (°Py) + CS (*5). (4.3)

Other than in phosgene, excitation at 235 nm will not access the lowest *A; state, but the
second absorption band associated with the *A; state. The absorption cross-section is much
stronger (0235(CSCly) = 400 cm™, 0,35(COCL,) = 90%° cm™) because contrary to
COCI, the CSCI, transition is symmetry-allowed. The wavelength shift in the absorption
spectrum is due to the substitution of the oxygen atom by a sulfur atom. The relative
weakness of the C-S bond goes along with a strengthening of the C-CI bond, and the three-
body threshold is increased such that the three-body channel (4.3) is not accessible at a
dissociation wavelength of 235 nm. Thus, a similar situation is created as in the photo-
dissociation of COFCI where the substitution of a chlorine by a fluorine atom also closes
the three-body decay channel Contrarily to the case encountered here, the accessed state
for COFCI was the same A, state as in phosgene so that by chemical substitution the first
step of a three-body break-up could individually be studied.

CSCl and ClI, fragments were detected from 248 nm laser photolysis of a pulsed molecular

beam of CSClzll__E These—fragmentsfermed-under—Collision free conditions were explained
by two decomposition pathways: reaction (4.1) and (4.2). The quantum yield for (4.1) was
found to be 0.8 = 0.1 and the experimental energy release Et/E,, 0.29 + 0.01, where Et is
the averaged total translational energy and E,, the maximal energy available to the

fragments after dissociation. The observed translational energy release was only in modest

agreement with the calculated value of 0.37 which was pre

licted | loving

impulsive spectator model.EI This deviation led Hachey et aIE—te—quesﬁen,—whefheHhe—
original assumption that CSCI was produced exclusively in its bent electronic ground state
was correct. Calculations by Chan and GoddardE and by Hachey et aE—shewed—Eh&t—a—ver—

low lying excited singlet linear state is thermodynamically accessible. Hachey et al.
reevaluated via ab initio CI 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 lowest quartet states to construct a more complete energy level correlation
diagram. These studies show that the three possible states X, A, and B of the CSCI

fragment can be accessed in the UV photofragmentation of CSCIl, which are already

introduced in the reaction scheme of the radical decay channel (4.1).
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Despite this, the question about their relative importance has not yet been answered. In the
present work the photofragmentation dynamics of CSCI, are studied when irradiated
around 235 nm. The purpose of the present work is to determine (i) the complete 3D

velocity distribution for both ground state Cl and excited state CI* and the respective

anisotropy parameter S, (ii) the contribution of the X, A and B states of CSCI, and (iii)
the spin-orbit branching ratio of CI*/ClI.

4.2 Experiment

A more detailed description of the experimental set-up and the novel position-sensitive
detector (PSD) has been published elsewhere. Briefly, it consists of a combination of a
home-built single-field time-of-flight (TOF) mass-spectrometer and a position-sensitive

balkdl

detector. The spectrometer was evacuated to a base pressure of about 10® mbar by a
turbo molecular pump system. Thiophosgene was constantly cooled to —20°C to prepare a
mixture of about 0.5 % CSCI, in helium. The mixture was fed into the spectrometer via a
continuous supersonic beam. With a nozzle diameter of 20 um and a stagnation pressure of
about 3 bar typical working pressures were in the order of 107 mbar. Under these
conditions the beam is characterized by a rotational temperature of about 8 K, determined

[

by a rotationally resolved calibration spectrum of the NO (A%Z* — X?) transition.

Simultaneous dissociation and state-selective detection of chlorine atoms were performed
using one dye laser pumped by a Nd:YAG laser (Coherent, Infinity 40 100). The dye laser
(Lamba Physik, Scanmate) was operated with Coumarin 47 at a repetition rate of 100 Hz,
its light was frequency-doubled by a BBO crystal and focussed by a 20 cm lens in order to
decrease the reaction volume to 510 mm?. The energy of the frequency-doubled light was
kept low (< 1 pJ) to obtain approximately one fragment signal per ten laser pulses to avoid
kinetic energy transfer to the fragments due to space charge effects and saturation of the
dissociation step. The laser beam, the molecular beam, and the detector axes were mutually
orthogonal in the interaction region. Ultimate care was taken to overlap the light and the
molecular beam which was checked frequently by monitoring of NO via (1+1) REMPI at
[

226 nm and optimizing the signal intensity.* The polarization of the laser was changed by

a half wave plate in order to investigate the spatial fragment distribution. Typically the



4 Photodissociation of CSCl, 105

acceleration voltage was 800 V in the acceleration tube of the TOF spectrometer corres-

ponding to an acceleration field of 16 kV/m.

The 2P, state of the chlorine atom is split by 882 cm™ due to spin orbit-coupling into
CI(?P35) and CI*(°Pyy,). Both states were detected by a (2+1) REMPI process. The ground
state was probed via the (D, — 2P3p) transition at 235.336 nm, the excited state by the
(®Py2 « 2Pyp) transition at 235.205 nm. Typically the dye laser was scanned over a range
of + 0.003 nm around the center transitions accounting for the Doppler broadening. Signals
were digitized by time-to-digital converters (TDCs), accumulated over 2010° laser shots,
and saved on-line by a personal computer. The analyzing procedure is described in detail
&l

elsewhere.

The PSD includes a delay-line anode (DLA) introduced into the spectrometer chamber
right behind the double stage micro-channel plates (MCPs). The PSD allows us to monitor
all three components of the momentum vector from the measured position of one particle
on the detector and its corresponding time-of-flight (TOF). Therefore, a full 3D velocity
distribution is observed and the complete information about the kinetic energy distribution

and the velocity dependent anisotropy parameter 3 can be extracted.

4.3 Results and Discussion

The B A - X (*A.) band system of CSCI, molecules has been extensively studied by

spectroscopistslghlI"&“I—\7v’rTo—I‘01:1TTd—Otrl—l'hrarl—t'he—I onset of predissociation required

427.4 + 0.6 kJ/mol, i.e. 17.3 + 0.6 ki/mol above the B (*A,) state.

Reaction enthalpies AH for the three photodissociation channels of CSClI, are calculated

from the enthalpies of formation AsH of the reactants:

CSCl, — CSCI (X) + Cl (P3p) A, H® = 265 + 2.5 ki/mol (4.1a)
CSCl, — CSCI (A) + Cl (P3p) A, H® =342 + 2.5 ki/mol (4.1b)

CSCl, — CSCI (B) + Cl (?P3,) A, H° =443 + 2.5 kJ/mol (4.1c)
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CSCl, - CS (X '5) + Cl, (154") A, H° =302 + 10 ki/mol (4.2)

CSCl, - CS (X '%) + 2CI (*P3p) A,H® =540 + 10 k/mol (4.3)

There are some uncertainties in the enthalpies of formation A H° for the CSCI, and CSCI
molecules. For this study, the A,H® of the CS radical was adopted from the most recent
literature source.;J The A, H° of CSCl, and CSCI (>~<, 5\, and E) were obtained from
JoshiEI
the different CSCI states on the publication of Okabd'{-whe-determined-the-bord-erergy————

Doscer-ciy to be 265 + 2.5 ki/mol. The enthalpies A, H® of the reactions above were calcu-

and Hachey et al.["trespectivetyHacheyetat—based-thecatculation of A H° of

lated for the spin-orbit ground state CI, so A H°® required for the generation of one CI*

atom is higher by 10.6 kJ/mol.

As the molecular channel (4.2) cannot be observed in our experiment and the three-body
decay channel (4.3) is energetically not allowed at the wavelength of 235 nm, we
concentrated on the details of the two-body decay channel (4.1), the spin-orbit branching
ratio of CI*/Cl and the relative importance of the different states of CSCI which are not yet
kd

established with certainty.

4.3.1 Spin-Orbit Branching Ratio CI*/Cl

The spin-orbit branching ratio was obtained by scanning the laser over the two resonance
transitions of Cl and CI*. The measurements were repeated at different laser light
intensities. Integrating the area under the Doppler profiles results in a signal ratio
S(CI*)/S(CI) of 0.80 +0.04. Taking the ratio of transition probabilities B of 1.06EI into
account we determined a CI* yield ¢(CI*) = 0.47 + 0.03 where @is defined as the ratio of
the number of excited state atoms P(CI*) to the total number of chlorine atoms:
@(CI*) = P(CI*)/[P(CD)+P(CI*)]. On statistical grounds one expects a yield of

@statstical = 0.33.
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4.3.2 Fragment Kinetic Energy and Angular Distribution

In Fig. 4.2 the kinetic energy distributions (KEDs) and the anisotropy parameter 3 are
presented for the photodissociation of thiophosgene around 235 nm for both spin-orbit
states. Here (3, the anisotropy parameter ranging from —1 (perpendicular transition) to +2

(parallel transition), characterizes the spatial fragment distribution:

P(8,v) Lf(v)(1+B(v)P2(cosh)),

where 8 is the angle of the polarization vector of the dissociating laser with the product
recoil velocity vector, and P, is the second Legendre polynomial: Py(x) = ¥ (3x*-1). The
1D KED presentation is obtained via integration of the 3D data, while for the anisotropy
parameter S the velocity dependency is evaluated from the 3D data subdivided into
velocity ranges of 200 m/s. Although both CI and CI* are released with kinetic energies in
the whole available energy range up to the calculated limit of 170 kJ/mol, a remarkably
different behavior of the two spin components with respect to their Kkinetic energy

acquisition in the photodissociation is obvious.

The KED of ground state Cl is bimodal releasing ClI mainly with low kinetic energy, where
a shoulder is obtained at intermediate energy range with a tail reaching the high energy
range. In comparison the KED of excited state CI* is broad showing no preference for very
low kinetic energies. No fine structure is observed over the whole energy range. The

maximal available kinetic energy of one CI fragment is calculated from the bond energy of
265.3 kJ/mol given by OkabeE assumtg-that-the-partrerfragment-SECHhas! no internal
energy.

Chlorine is almost isotropically released: The spatial fragment distribution is characterized
by very small averaged [ parameters of 0.01 + 0.05 and 0.06 + 0.06 for Cl and CI*,
respectively. The (3 parameters are almost velocity independent within the experimental

error, only a very small increase is observed at very high kinetic energies (see Fig. 4.2 and
Table 4.1).
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Figure 4.2: Kinetic energy distribution for (a) ground state CI(*P3,) and (b) excited state
CI*(®Pys,) atoms produced in the photodissociation of CSCI, at 235 nm. The
dependence of the 3 parameter on the Cl fragment kinetic energy (right scale)
iIs shown by curves with error bars. This 1D presentation is obtained via
integration of the 3D data.

The theoretical limit for the [ parameter for an instantaneousI decay from the excited

A, state geometry with a CI-C-Cl bond angle of 103° is 0.08. ba Therespective transition
dipole moment p is oriented along the C, axis containing the CS bond. Although lack of
anisotropy can be due to an excited state lifetime longer than a rotational period, the

geometry of the molecule and the transition moment resulting in a half bond angle between
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CI-CI close to the magic angle 6, = 54.7° with P,(cos 8,) = 0, could cause an isotropic

fragment distribution, even if the dissociation is direct. In agreement with Ondrey and

idad that th
ct

Fal
\Y IRy v

Bersohn 4t

dissociation proceeds directly and fast via the excited

LA, state of ground state symmetry.

Table 4.1: Characteristic data describing the kinetic energy distribution of CI and CI*,
and the internal energy distribution of the partner fragment CSCI, the
[ parameter, the branching ratios of the CSCI fragment and the Kinetic energy
release Et/(Eay — Eq) in the photodissociation of CSCl,.
Eav(Cl+CSCI) = 243 kJ/mol, E4(CI*+CSCl) = 232.4 kJ/mol,
Eq(A) =77 kdJ/mol, Eg(B) =178 kJ/mol.
Fragment | Correlating | Contribution | Ejy (kJ/mol) | Er (kJ/mol) | E1/(Ea — Ee) | B Parameter
CSCiI states (%)
Cl ()~( ) 2 75 168 0.69+£0.04 | 0.20+0.07
(,Z\) 32 98 68 0.41+0.03 | 0.03+0.05
( 'é ) 19 47 18 0.28 £0.03 | -0.07 £ 0.06
Cl* (;( ) 3.5 57 175 0.75+£0.05 | 0.08 £0.07
(;5\) 33.5 77 78 0.50+0.03 | 0.03+£0.06
( 'é ) 10 23 31 0.57+£0.04 | 0.15+0.08

4.3.3 CSCI Energy Disposal

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

Eint(CSCI) = Ea - E7 - Eine(Cl)

(4.4)

Eint(CSCI) can be determined by transforming the measured KED of both CI and CI* into
the internal energy distribution (IED) of the respective partner fragments CSCI by

conservation of linear momentum and energy according to:
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e = e, )

CsClI

(4.5)

The available energies E,, in equation 4.4 is given by the photolysis energy hv and the

dissociation energy Docsci-ciy. The internal energy of the parent molecule E;(CSCly) is

negligible, yielding:

Eav = hv - Do(cscicy

(4.6)

The obtained IEDs via equation 4.4 are shown in Fig. 4.3 and characteristic data are

gy di

summarized in Table 4.1. Three Gaussians are fitted to these internal ener i?smbutions
with respect to the calculations of the X, A,and B state of Hachey et al CBasedomthe

Gaussian fits, the internal energies of the three electronical states can be calculated. Two

aspects must be taken into account: first, the low internal energy flanks of the Gaussians

reaching the energetic forbidden region must be excluded. The energetic limits are marked

in Fig. 4.3 by a dotted line for the A and by a dashed line for the B state of CSCI. This

energetic restriction has only a minor effect on the calculated internal energies of

CSCI(X), CSCI(A), and CSCI(B). Secondly, the maximal energy of 243 kd/mol limits

the Gaussians at high energies. This influences essentially the contribution of CSCI( B ).

The total internal E;; (including the electronical energy of the A and B

state) is accor-

dingly calculated to be 225, 175, and 75 kJ/mol which are assigned to CSCI(§)+CI,

CSCI(A)+CI, and CSCI()?)+CI, respectively, and 201, 154, and 57 kJ/mol for

CSCI(§)+CI*, CSCI(A)+CI*, and CSCI()~()+CI*. Considering the electronical energy

Ee of 77 kd/mol for the A state and 178 kJ/mol for the B state of the CSCl, one obtains

for the CI(°P3;) channel an internal energy release of 75 kJ/mol for CSCI()?), 98 kJ/mol

for CSCI(,&), and 47 kJ/mol for CSCI(@). For the CI* channel one obtain
values of 57, 77, and 23 kJ/mol.

s the respective

In addition, the state specific Kinetic energy release [Et/l(E,, — E¢) can be calculated.

Since the state specific Et is obtained via Ejy resulting in Er = 168, 68, and 18 kJ/mol for

reactions 4.1a, 4.1b, and 4.1c, respectively, releasing ground state Cl, t

he total kinetic
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energy release [Et/[I(Ea, — Ee) is evaluated to be 0.69 + 0.04, 0.41 + 0.03, and 0.28 + 0.03

for CSCI()~<)+CI, CSCI(A)+CI, and CSCI(§)+CI, respectively. In the case of excited
state CI* the energy release [Et[I(Ea — Eg) is 0.75 + 0.05, 0.50 + 0.03, and 0.57 + 0.04,

where Er is 175, 78, and 31 kJ/mol for CSCI(X)+CI*, CSCI(A)+CI*, and

CSCI( B )+CI*. The obtained energy releases are summarized in Table 4.1.

(a) CSCI + CI (°P

3/2)

o

n:

P(E. )/ arb. units

T T T T T T T T
0 50 100 150 200 250

CSCl internal energy / kJ/mol

Figure 4.3: Internal energy distribution of CSCI for both (a) ground state Cl and (b)
excited state CI* partner fragments. The energetic limits taken from Hachey
et al." are marked by a dotted and a dashed line for the A and B state of
CSCI, respectively. Remarkable is the different curve shape especially in the
high internal energy region. Three Gaussians are fitted to the distribution in
order to evaluate the contributions of the different electronic states of CSCI.
The dashed line is assigned to the B state, the dotted line to the A state, and
the dot dashed line to the X state.
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It is concluded that the simple impulsive spectator modelﬁI predicting a value of
[E+[IE,, = 0.369 can not be used for describing the photodissociation of CSCl, at about
235 nm in detail. This conclusion is supported by the geometry change by exciting CSClI,
from its ground state X (*Ay) to its excited state B (*A;) 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 CSCI, compared to the planar ground state geometry.@I

4.3.4 Spin Correlation of the CSCI Partner Fragment

The obtained internal energy distributions for the partner fragment CSCI of the ground and

excited state Cl atoms, shown in Fig. 4.3, allow us to study the contribution of the involved

states CISCI(;(), CSCI(A), and CSCI(§) calculated by Chan and Goddard®tandHachey

et al.hhﬁ-l;'rg.—ri#slmwﬁhe-mérgy values] Hor-ourpresent-study
STATES DISSOCIATION PRODUCTS
of CI,CS LIMITS CSCI + CI/ CI* (%)
_ ~37000 B 19/10
£ 34275
| B ——
& _ ~28600 A 32/335
ad
L
Z ~
L < 22170 + 190 X 2135
X
Cl,CS
Figure 4.4: Energy level diagram for CSCI, and its dissociation products taken from

Hachey et al.'* The energy levels are given relative to the ground state X of
CSClI,. The observed correlation to the ground or excited state of chlorine in
the products are added.
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The overall contributions of the CSCI X, 5\, and B states can be determined by the three

Gaussians which are fitted to the IED taking the calculation by Hachey et al.[°Hnte

account. Integrating the area under the Gaussian profiles yield the ratio of 1:13:6 for
CSCI()?):CSCI(A):CSCI(E), summed over both chlorine atom spin-orbit states. Clearly,
the generation of CSCI()~() is only a minor channel. In the case of ground state Cl, the

states X, A, and B of CSCI contribute to 1:15:9, respectively. Cl in its ground state is

predominantly released with a CSCI partner fragment with high internal energy up to the
energetic limit. In the case of spin-orbit excited CI* the contributions of the states X, A,

and B of CSCl are 1:9.5:2.8, respectively.

The observed contribution of the different CSCI states allows to speculate that CSCl,
would decay into three fragments releasing two slow ground state Cl, if the three-body
threshold will be passed by increasing the photolysis energy. With respect to CI* the shape
of the contribution (lower panel of Fig. 4.3) suggests that CI* would be released as a minor
product if the three-body decay channel is energetically allowed. This view is further
supported by the CSCI state-specific P(CI*)/P(Cl) branching ratios which drop from 1.6

for the X to 1.2 for the A states, and to 0.6 for the B state.

In addition, due to the geometry change by exciting CSCl, a significant rotational
excitation of the electronically excited CSCI radical seems likely, with a tendency to
realize a three-body decay as soon as the respective threshold energy is surpassed. A large
internal fragment excitation favoring a three-body decay upon transgressing the three-body
threshold was observed for COCI, and COFCI upon excitation in the first absorption bands
associated with the 'A, state. The same behavior is also found upon excitation of the
A; band of CSCl,. Whereas different electronic excitations are involved they have the
same excited 1t*cs molecular orbital in common. The observations on CSCl; in conjunction
with the observations on COCI, and COFCI therefore suggest that the tendency towards
exhibiting an early three-body decay is linked to the excitation of a 1t* electron in the
double bond on the far side of the molecule, i.e. opposite to the bonds that are to be broken.
A subsequent rearrangement of the energy initially deposited in the CS bond channels a
significant portion into the dissociation coordinate of the intermediate CSCI fragment
leading to its eventual unimolecular decay. In agreement with the above, in the vibra-

tionally mediated dissociation of CHFCIZIB and CHg,CFCIzIEI vibrational energy initially
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deposited in the CH vibrational degrees of freedom is redistributed to all degrees of
freedom of the intermediate after departure of the first Cl fragment. Due to the larger
number of degrees of freedom not associated with the dissociation coordinate, the
contribution of three-body decay was small for CHFCI, and almost absent for CH3CFCl.,.
This supports our view that the excitation of the far double bond tends to produce a
sequential or at least a slow concerted three-body decay in small polyatomic molecules
such as carbonyl halides and related species.

4.4 Conclusions

The photodissociation of CSCl, at 235 nm was studied by a novel REMPI-TOF 3D ima-
ging technique. The 3D velocity distribution of excited state CI* and ground state Cl and
the respective anisotropy parameters (3 as a function of the recoil velocity were measured.
The B parameter was found to be essentially velocity independent with an averaged value

of 0.03 = 0.06.

The kinetic energy distribution of the ground state Cl is bimodal releasing Cl mainly with
low kinetic energy, whereas the KED of the excited state CI* is broad showing no pre-

ference for very low kinetic energies.

The kinetic energy distributions of Cl and CI* include the information of the corresponding

states of the CSCI partner fragment. It was found that the main partner of both Cl and CI*
is CSCI in the excited state A and B, and the generation of CSCI(>~() is only a minor
channel. Considering the electronical energy E¢ of 77 kJ/mol for the A state and
178 ki/mol for the B state of the CSCI, an internal energy release of 75 kJ/mol for
CSCI(X), 98 kJ/mol for CSCI(A), and 47 kd/mol for CSCI(B) is evaluated if the CI

partner is generated in its ground state. For the CI* channel respective values of 57, 77, and
23 kJ/mol are obtained. By taking the spin-orbit branching ratio of P(CI*)/[P(CI)+P(CI*)]
of 0.47 into account, the absolute values of the contribution of X, A, and B states are
55£0.5%, 65.5+5 %, and 29.0 + 3 %, respectively.
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The energy release Et/(Eay — E¢) was found to be 0.69 + 0.04, 0.41 + 0.03, and 0.28 + 0.03
for ground state Cl and CSCI()?), CSCI(A), and CSCI(E), respectively and 0.75 + 0.05,
0.50 + 0.03, and 0.57 + 0.04 for spin excited CI* and CSCI(X ), CSCI(A), and CSCI(B).

A significant rotational excitation of the electronically excited CSCI radical seems likely

followed by a three-body decay as soon as the respective threshold is surpassed.
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