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Small penta-atomic molecules like FC(O)SCl and ClC(O)SCl have been analyzed by using both photoelectron
spectroscopy (PES) and results derived from the use of synchrotron radiation in the same energy range. For
this second experiment total ion yield (TIY), photoelectron photoion coincidence (PEPICO), and partial ion
yield (PIY) spectra have been recorded. This set of data together with results obtained by computational
chemistry allow us to study electronic properties and the ionization channels of both species. Thus, whereas
the photodissociation behavior of FC(O)SCl can be divided into three well-defined energy regions, the
fragmentation dynamics of ClC(O)SCl seems to be more complex. Nevertheless, simultaneous evaluation of
the PES and valence synchrotron photoionization studies helps to clarify the molecular ionization processes.

Introduction

Molecular photoionization and ionic photofragmentation
processes are of fundamental importance and find applications
in a large number of scientific contexts, including studies in
astronomy, astrophysics, and radiation chemistry, physics, and
biology.1 Although for simple molecules quite detailed studies
have been carried out by using many experimental techniques,1-3

little is known for more complex molecules, even medium-size
species. Covering this gap, relevant studies have been recently
reported for simple biomolecules such as amino acids,4-10

natural products,11-13 and organic species.14-19 Photoionization
studies concerning the pentaatomic sulfenylcarbonyl-C(O)S-
compounds FC(O)SCl20,21 and ClC(O)SCl have been also
reported recently by our group,22 by using synchrotron radiation
in the range 100-1000 eV, together with PEPICO and PEPI-
PICO multicoincidence techniques. Increasing molecular com-
plexity, other representative members of the family, thioacetic
acid, CH3C(O)SH,23 and CH3OC(O)SCl,24 have been also
analyzed.

Mainly due to experimental limitations, most of synchrotron-
based studies on photodissociation dynamics are concerned with
relatively high-energy photons. In effect, it is well-known that
synchrotron beamlines operating in the vacuum ultraviolet range
suffer from the problem of high-order harmonic contamination.
On the other hand, photoelectron spectroscopy (PES) is a well
suited technique for the direct measurement of the energy
required to remove valence shell electrons from molecules and
provide information on the bonding characteristics of orbit-
als.25,26

The recent development of a neon gas filter in the TGM line
at the Brazilian Synchrotron National Laboratory (LNLS), which
affords “pure” synchrotron radiation in the 12.0-21.5 eV range,
allows us to expand the study of the photoionization process in
the valence region. The complement between both PES and
multicoincidence time-of-flight (TOF)-based techniques seems
to be promising for a deeper understanding of the processes
involving a photon absorption by a molecule followed an
electronic excitation and eventually by a subsequent ionic
dissociation. Here, continuing our work on-SC(O)- species,
two simple five-atom FC(O)SCl and ClC(O)SCl molecules have
been selected. Photoelectron (PES) for ClC(O)SCl and photo-
electron photoion coincidence (PEPICO) spectra for the title
molecules using synchrotron radiation in the valence region have
been measured. Electronic properties and ionization channels
have been studied by comparing experimental results and
quantum chemically computed properties.

Relevant previous studies have been reported for both species
selected here. The molecular structure of ClC(O)SCl has been
experimentally reported by Shen and Hagen.27 From a gas
electron diffraction study, it is known that the ClC(O)SCl
molecule presents a planar structure withCs symmetry and
synperiplanar (syn) orientation of the CdO double bond with
respect to the S-Cl single bond. The observed features in the
vibrational spectra [IR (gas) and Raman (liquid)] and quantum
chemical calculations28 support a planar structure for the
molecule, with syn conformation. Recent matrix infrared
spectroscopy experiences are in agreement with these former
results. Thus, the predominance of the syn conformer in both
gas and crystal phases have been reconfirmed.29 Furthermore,
the photochemistry of ClC(O)SCl isolated in solid Ar or N2

matrixes at 15 K has been investigated and several photodis-
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sociation channels were elucidated, including the finding of low
amounts ofanti-ClC(O)SCl after convenient irradiation times.30

Recently, these mechanisms were further studied through the
computed potential energy surface of the electronic excited states
of ClC(O)SCl at the CASSCF and MR-CI methods with the
cc-pVDZ basis set.31

Fluorocarbonylsulfenyl chloride, FC(O)SCl, was one of the
first compounds investigated in this context. Gas electron
diffraction,32 vibrational analysis,33 and ab initio calculations34

demonstrate that this molecule exists as a mixture of two planar
conformers with the syn form (CdO bond syn with respect to
the S-Cl bond) being lower in energy than the anti conforma-
tion, with ∆G° ) G°anti - G°synvalues being 1.2(3) (gas electron
diffraction) and 1.4 kcal mol-1 (infrared spectroscopy). The
study of the He I photoelectron spectrum (PES) of FC(O)SCl
has been recently reported.35 A wide electronic delocalization
in the whole planar FC(O)SCl molecule has been determined.

Experimental Section

Synchrotron radiation from the Brazilian Synchrotron Light
Source (LNLS) was used.36 Linearly polarized light monochro-
matized by a toroidal grating monochromator (available at the
TGM beam line in the range 12-310 eV)37 intersects the
effusive gaseous sample inside a high-vacuum chamber, with a
base pressure in the range of 10-8 mbar. During the experiments
the pressure was maintained below 5× 10-6 mbar. The intensity
of the emergent beam was recorded by a light-sensitive diode.
The photon energy resolution, from 12.0 to 21.5 eV, is given
by E/∆E ) 550. The ions produced by the interaction of the
gaseous sample with the light beam were detected using a time-
of-flight (TOF) mass spectrometer of the Wiley-Mac Laren type
for PEPICO measurements. This instrument was constructed
at the Institute of Physics, Brasilia University, Brasilia, Brazil.38

The axis of the TOF spectrometer was perpendicular to the
photon beam and parallel to the plane of the storage ring.
Electrons were accelerated to a multichannel plate (MCP) and
recorded without energy analysis. This event starts the flight
time determination process of the corresponding ion, which is
consequently accelerated to another MCP. High-purity vacuum
ultraviolet photons were used, the problem of high-order
harmonics contamination being suppressed by the innovative
gas-phase harmonic filter recently installed at the TGM beam
line at the LNLS.39,40

The PE spectrum of ClC(O)SCl was recorded on a double-
chamber UPS-II machine that was built specifically to detect
transient species at a resolution of about 30 meV, as indicated
by the Ar+(2P3/2) photoelectron band.41-47 Experimental vertical
ionization energies (Iv in eV) are calibrated by simultaneous
addition of a small amount of argon and methyl iodide to the
sample.

OVGF48 calculations using the extended aug-ccpVTZ basis
set and B3LYP/aug-cc-pVTZ optimized geometry of the syn
conformers have been performed on the FC(O)SCl and ClC-
(O)SCl ground state using the Gaussian 03 program package.49

The energy of the dissociation of the FC(O)SCl+ and ClC(O)-
SCl+ parent ions into possible fragments were calculated at the
UB3LYP/6-311+G* level of approximation.

The sample of chlorocarbonylsulfenyl chloride, ClC(O)SCl,
was obtained from commercial sources (Aldrich, 95%). FC-
(O)SCl was prepared by the reaction between ClC(O)SCl
(Aldrich, 95%) and SbF3 in the presence of SbCl5 as catalyst.50,51

The liquid products were purified by fractional distillation and
subsequently purified several times by fractional condensation
at reduced pressure to eliminate volatile impurities. The final

purity of the compounds in both vapor and liquid phases were
carefully checked by IR (vapor), Raman (liquid), and19F and
13C NMR spectroscopy.28,33

Results and Discussion

In the electronic ground state, both FC(O)SCl and ClC(O)-
SCl belong to theCs point group. In a molecular orbital
representation of their most stable syn conformation, the leading
electronic configurations are

All canonical molecular orbitals of the type a′ are σ-orbitals
(in-plane) and a′′ are π-orbitals. In the ground state of both
molecules, the 30 valence electrons are arranged in 15 double-
occupied orbitals in the independent particle description. The
photoelectron spectra as well as the dissociative photoionization
and the photoion branching ratios of XC(O)SCl (X) F, Cl)
are conveniently discussed with reference to this ground state
electronic configuration.

Photoelectron Spectra.The He I PE spectrum of ClC(O)-
SCl is depicted in Figure 1. The experimentally determined and
theoretical ionization energies are listed in Table 1. Assignments
were made with reference to the results of the OVGF/aug-cc-

Figure 1. He I photoelectron spectrum of ClC(O)SCl.

TABLE 1: Experimental and Calculated Ionization Energies
(eV) and MO Characters for ClC(O)SCl

PES TIY calcda MO symmetry characters

10.36 10.10 (32) a′′ nπS
11.32 12.1 10.90 (31) a′ nσO
12.34 12.8 11.79 (30) a′′ nπClCl(CdO)

12.9 12.05 (29) a′ nσClCl(CdO)

12.83 13.2 12.13 (28) a′′ nπClS-Cl

13.52 13.9 12.80 (27) a′ nσClS-Cl

14.3
14.51 14.7 14.08 (26) a′′ πCdO

16.38 15.1 15.42 (25) a′ σS-Cl

15.5
16.2 15.97 (24) a′ nσS

16.64 16.4 16.54 (23) σC-S

a Calculated values at the ROVGF/aug-cc-pVTZ level of approxima-
tion with B3LYP/aug-cc-pVTZ optimized geometries.

FC(O)SCl, (core)26 (a′)2 (a′)2 (a′)2 (a′)2 (a′)2 (a′)2 (a′′)2 (a′)2

(a′)2 (a′′)2 (a′)2 (a′′)2 (a′)2 (a′)2 (a′′)2

ClC(O)SCl, (core)34 (a′)2 (a′)2 (a′)2 (a′)2 (a′)2 (a′)2 (a′)2 (a′)2

(a′′)2 (a′)2 (a′′)2 (a′)2 (a′′)2 (a′)2 (a′′)2
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pVTZ calculations (optimized geometry for the syn conformer
at the B3LYP/aug-cc-pVTZ level of approximation). In the low
ionization region (E < 14 eV) there are five bands with no
obvious vibrational structure. From the calculated orbital
characters shown in Table 1 and Figure 2 it can be easily
concluded that all five bands originate from the removal of
nonbonded electrons on the sulfur, oxygen, or chlorine atom.
Thus, the first ionization band appears in the spectrum of ClC-
(O)SCl at 10.36 eV and can be assigned with confidence to the
ionization process from the HOMO, an out-of-plane nπS orbital,
which can be visualized as a lone pair nominally located on
the sulfur atom. Vertical ionization values for-SC(O)- related
species, such as CH3C(O)SH,52 FC(O)SSCH3,53 and FC(O)-
SCl,35 are 10.0, 9.0, and 10.7 eV, respectively. The second
ionization potential observed at 11.32 eV is assigned to the
ionization process of an electron ejected from the nσO orbital
in the Koopman approximation. The following band in the PES
of ClC(O)SCl at 12.34 eV is associated with ionization processes
involving mainly the chlorine atom in the chlorocarbonyl group
[-C(O)Cl]; calculated ionization values for nπ and nσ orbitals
are 11.79 and 12.05 eV, respectively. Similarly, the following
two bands observed at 12.83 and 13.52 eV are assigned to the
ionizations involving nπ and nσ lone pair orbitals, respectively,
mainly located at the chlorine atom in the S-Cl group. The
14.51 eV feature in the PES is related to an ionization process
from theπ orbital in the carbonyl double bond, the 16.38 eV
to theσS-Cl bond, and the 16.64 eV to theσC-S orbital.

Photoionization Processes.For absorptions above the ioniza-
tion thresholds, the quantum yield for molecular ionizations is
quite likely tending to unity; i.e., for each photon absorbed, an
ion is produced. Consequently, the detection of parent and
fragment ions as a function of the incident photon energy (TIY)
is a powerful method to be used as a complement of the
absorption spectroscopy.54 Thus, an increase in the total ion
production is expected every time the incident energy exceeds
a particular ionization potential (PES conditions); the magnitude
of the increment will depend upon the cross section of the
particular ionic state. On the other hand, it is well-known that
a valence ionic state even outside the ground state’s Franck
Condon region can be resonantly populated using tunable
synchrotron radiation throughout a transition from the ground
electronic state to a neutral state followed by a subsequent auto
ionization process. Thus, comparable but not identical transition
energies are expected by comparing PES and TIY spectra.
Moreover, the yield of each of the different formed ions (partial

ion yield spectra) serves to infer information about dissociation
channels related with particular ionic states.

Total ion yield spectra for FC(O)SCl and ClC(O)SCl in the
valence photon energy range are shown in Figures 3 and 4,
respectively. The spectrum of FC(O)SCl shows a well-defined
band at 12.10 eV followed by an increase in the intensity of
the ionic production with the photon energy, with a pronounced
step near 13 eV. A group of well-defined bands superimpose
this background. The position of the maxima of these bands
coincides rather well with the ionization threshold observed in
the PES.35

The first band in the TIY spectrum of FC(O)SCl at 12.10
eV agrees well with the ionization energy for the n′(O) in plane
orbital. Above the step enhancement near 13 eV, a weak feature
is defined at 13.26 eV, associated with the 12.9 eV ionization
reported in the PES [n′(Cl)].35 At higher photon energies, a
group of three bands are clearly observed, a very well-defined
peak at 13.84 and two others at 14.28 and 14.83 eV, which
parallel the set of bands in the PES at 13.7 [n′′(Cl)], 14.5 [n′-
(S)], and 14.9π-(FCO) (πCdO) eV, respectively. Near 15.4
eV a diffuse and weak signal is defined, which coincides with
the band assigned to the ionization of fluorine in-plane lone
pair [n′(F)].

The TIY spectrum of ClC(O)SCl is quite similar (Table 1)
to that of FC(O)SCl and shows a sharp peak at the same value
of 12.10 eV, which can be associated with the same process as
in FC(O)SCl. The band near 12.8 and the well-defined bands
near 13.2, 13.9, and 14.3 eV of the TIY spectrum are related to
photoelectron bands near 12.3, 12.8, and 13.5 eV in the PES of
ClC(O)SCl. The 14.7 eV transition observed in the TIY
spectrum is assigned to the ionization related with theπ CdO

orbital in a similar way as its counterpart in the PES spectrum
about 14.5 eV.

A series of bands are well-defined in the TIY spectrum of
ClC(O)SCl above 15 eV. These inner valence transitions are
poorly resolved in the PES and are related with bonded
electrons, such asσS-Cl and σC-S for the 15.5 and 16.4 eV
signals of the TIY spectrum, respectively.

PEPICO and PIY Spectra. The quantum chemically esti-
mated double ionization threshold at the UMP2/6-31+G* level
of approximation for FC(O)SCl and ClC(O)SCl are computed
at 27.2 and 25.7 eV, respectively.20,22Thus, no contribution of
double ionization processes is expected in the range of energy
used.

The PEPICO spectra obtained at selected photon energies
together with a fragment assignment of the bands are shown in

Figure 2. Schematic representation of the ten highest occupied molecular orbitals of ClC(O)SCl. The trend following Table 1 is from MO32 (nπS)
to MO23 (σC-S).
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Figures 5 and 6 for FC(O)SCl and ClC(O)SCl, respectively.
Naturally occurring isotopomer fragments, due to the presence
of 35Cl and 37Cl isotopes are clearly observed. This splitting
assists the assignment of the ion fragments appearing in the
coincidence spectra.

FC(O)SCl. The lowest energy delivered by the TGM beam
line at the LNLS (12.0 eV) is higher than the first ionization
potentials of both FC(O)SCl and ClC(O)SCl molecules. There-
fore, the ionization processes can be already observed at the
very first stage of the experiments. Thus, for FC(O)SCl
irradiated with 12.0 eV photons, the molecular ion is clearly
observed with the natural occurring isotopomeric ratio atm/z
) 114 and 116 amu/q for the35Cl and 37Cl isotopomers,
respectively.

A second signal atm/z ) 60 amu/q is also evident, denoting
the presence of the OCS+ ion. Whether the presence of OCS+

is either due to an intrinsic process occurring in the molecule
or is originated by decomposition or chemical byproducts
formed in the synthesis is a question that shall be discussed.
The very first chemical argument to explain that the OCS+ signal
derives from processes occurring in the FC(O)SCl molecule is
that no evidence of the formation of ClF+ is observed at 54
amu/q. To evaluate the second option, electronic properties and
possible ionization processes of OCS have been analyzed in
the valence region. The normal He I,55 the threshold photoelec-
tron,56 and photoionization resonance57 spectra for OCS have
been reported and the ionic states well assigned. The OCS ionic

ground state X2Π band extends from near 11.2 to about 12.0
eV. The following ionic state, A˜ 2Π, located at about 15.1 eV is
characterized by a very long and irregular band that extends
over the B2Σ+ band. The second excited ionic state B2Σ+ is
observed as the most intense photoelectron band near 16.0 eV.
Moreover, it is well established that the OCS+ first dissociation
limits to yield S+ (4Su)+ CO (X1Σ+) is observed in the region
of 13.5 eV, in the Franck-Condon gap region between A˜ and
X.58 Photoelectron photoion coincidence measurements have
shown that for vibrational excited A˜ 2Π states the predissociation
is complete.59,60 In competition with the predissociation, the
autoionizing Rydberg levels are excited in the same gap.61 The
O(3Pg) + CS+ (X2Σ+) dissociation is reached at much higher
energies, above 18 eV.

No clear evidence of this set of transitions is observed in the
TIY spectra, with the exception of the sharp feature near 16.4
eV, which might in principle be assigned to the second excited
ionic state B2Σ+ of OCS. As discussed, this transition corre-
sponds to the most intense band in the PES of OCS. Therefore,
a thorough analysis of the TIY spectra reveals that the amount
of OCS that might either be originated as a decomposition
product during the measurement or be derived as a byproduct
of the chemical synthesis is not significant.

When the photon energy reaches a value near 13.3 eV, other
ionization channels becomes accessible, as observed by the
relative simultaneous diminution of the molecular ion intensity
and the consequent formation of the FCO+ ion as a new and
dominant fragment besides the presence of minor quantities of

Figure 3. Total ion yield spectrum of FC(O)SCl.

Figure 4. Total ion yield spectrum of ClC(O)SCl.

Figure 5. Photoelectron photoion coincidence spectra of FC(O)SCl
at selected irradiation energies.

Figure 6. Photoelectron photoion coincidence spectra of ClC(O)SCl
at selected irradiation energies.
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OCS+ and S+. Less intense signals located at 63 and 67 amu/q
are assigned to the COCl+ and SCl+ fragments, respectively.
At photon energy values near 13.8 and 16.4 eV, ionization
channels for the production of CS+ (m/z ) 44 amu/q) and CO+

(m/z ) 28 amu/q) ions, respectively, from ionized states of FC-
(O)SCl are formed.

More detailed information about the ion branched productions
can be achieved form the partial ion yield spectra for selected
ions showed in Figure 7. These spectra were normalized by the
photon flux. It should be noted that the production of fragment
ions may or may not exactly coincide with the ionization energy
identified in the PES. Indeed, if the ionic state has a dissociation
channel leading directly to the production of the observed
fragment ions, identical values must be observed. However, for
ionic XC(O)SCl molecules (X) F, Cl) the bound states
produced in the low vibrational states within the Franck-
Condon region will lead to the formation of the molecular ion.
When the value of the photon energy is increased, higher
vibrational states can be populated, which could then predis-
sociate or dissociate, leading to the ionic fragments.

The first ionization potential of FC(O)SCl is reached at 10.7
eV. The high production of the molecular ion observed in the
PIY spectrum below 12.5 eV seems to indicate that the low-
lying (10.7 eV) and the first excited (12.1 eV) ionic states are
mainly bounded and, after ionization, FC(O)SCl+ is produced.
The monotonic decrease of the PIY signal of the parent ion
indicates that higher ionic states have dissociative character.

It becomes also apparent that at about 12.10 eV the OCS+

fragment is predominantly formed. The possibility of a deeper
study of the characteristics linked with the corresponding ionic
state, formally created by removing an electron from the n′(O),
is beyond our current results. As a first approximation, quantum
chemical calculations were performed to estimate the energetic
of the OCS+(X2Π) + FCl dissociation channel. Moreover, in
Figure 8, a schematic energy profile for the direct dissociation
of C-S, S-Cl, and F-C bonds from the parent FC(O)SCl•+

species are shown. A qualitative agreement is observed between
this diagram and the ion productions observed in the PEPICO
spectra of FC(O)SCl. For example, FCO+ is first observed in
the 13.3 eV PEPICO spectrum and represents the most intense
ion signal for higher photon energies. This ion is formed in the
energetically most favored C-S bond rupture from FC(O)SCl•+.
Dissociation channels leading to the formation of OCS+ are also
energetically favored, possibly by direct rearrangement process
from the parent ion as well as by the subsequent dissociation
of FCOS+ or COSCl+ ions. The lack of halogen ion signals in

the PEPICO spectra can be related to the fact that dissociation
pathways leading to the formation of atomic F+ and Cl+ ions
are energetically disadvantaged.

The PIY spectrum of CS+ (Figure 7) shows a clear threshold
at 13.6 eV, and irradiation of FC(O)SCl with photons of
increasing energy (E > 16 eV) leads to the formation of the
CO+ ion. Signals at mass to charge ratios of 51 and 63 amu/q
appear in the PEPICO spectra at photon energies above 14.0
eV. These peaks originated by the SF+ and COCl+ ions,
respectively, may be fragments originated in rearrangement
process.

ClC(O)SCl. For ClC(O)SCl, the PEPICO spectrum obtained
near 12.1 eV close to the lowest proton energy available at the
LNLS (12.0 eV) shows the presence of signals corresponding
to the molecular ion (130 amu/q) and to COSCl+ (95 amu/q),
COCl+ (63 amu/q), and OCS+ (60 amu/q) fragments. Again, a
major contribution of the OCS+ ion is observed. As shown in
Figure 6, an increment of the photon energy has a minor impact
in the PEPICO spectra. At 13.2 eV, the ionization channel for
the formation of SCl+ (67 amu/q) is opened. A low intense band
assigned to the Cl+ fragment is also present, which increases
its intensity at 13.9 eV.

One of the most intense ion signals present in the PEPICO
spectra of ClC(O)SCl, atm/z ) 95 amu/q, is due to the loss of
a chlorine atom from the parent molecular ion (M+ - 35). This
ion can originate from the rupture of either the C-Cl or the
S-Cl single bonds of ClC(O)SCl. Figure 9 shows the PIY for
ClC(O)SCl.

Figure 7. Partial ion yield spectrum for selected ions of FC(O)SCl in
the valence photon energy range. Figure 8. Theoretical energy profiles for FC(O)SCl.

Figure 9. Partial ion yield spectrum for selected ions of ClC(O)SCl
in the valence photon energy range.
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As mentioned before, quantum chemical calculations were
performed to estimate the energetic of different pathways from
ionic dissociation of the parent ion. A schematic representation
is given in Figure 10. Concerning the C-S rupture, quantum
chemical calculations predict the ClCO+ + SCl• channel favored
against the ClCO• + SCl+. This is in accordance with the
observed behavior in the PEPICO spectra, where ClCO+ appears
at lower energies, but much higher energies are needed to form
the SCl+ ion. The extruction of the Cl• atom from ClC(O)SCl+

can produce both COSCl+ and ClCOS+ ions (m/z ) 95), the
latter being calculated to be energetically favored. Similar bond
ruptures leading to the formation of charged chlorine atoms are
thermodynamically disadvantaged, especially the Cl+ + COSCl•

channel. Finally, similar to the behavior found for FC(O)SCl,
the formation of the OCS+ ion is expected to be present in
photodissociation of valence excited ClC(O)SCl.

Conclusions

The simultaneous evaluation of the results from both PES
and valence photoelectron ionization helps to clarify basic
processes occurring when the ionization of a molecule from its
ground electronic state occurs. The nature of both events can
be well established by direct comparison of the two different
processes. Moreover, such a combination would be necessary
to give confidence to the interpretation of this kind of result.
The preference of different dissociation channels with the
incident radiation was explained in terms of the calculated
relative stability of the possible ionic and neutral fragments.

The photodissociation behavior of FC(O)SCl can be rational-
ized by dividing the photon energy range (12.0-21.5 eV) in
three regions clearly observed in the Figure 5, depending on
the ions formed by the photonic impact. Thus, it is possible to
identificate a low-energy region between 12.0 and 13.3 eV
where only the OCS+ and M+ ions are formed, mainly
associated with the ejection of electrons from the outermost
orbitals. A second region comprises the 13.3-14.8 eV range,
where the molecular ionization produces FCO+ as the predomi-
nant species and other ionization channels are opened, origi-
nating, for instance, SCl+, COCl+, and S+ ions. Finally, the
more energetic region, at photon energies higher than 14.8 eV,
is characterized by the formation of several ionic fragments,
including those computed to be energetically less favored, like
Cl+ and SF+ ions, the latter originated in a rearrangement
process. The ionization of innermost valence electrons, including

bonding electrons, and the formation of excited ionic states
should be responsible for the greater extent of the FC(O)SCl+

fragmentation and the concomitant formation of such ions.
The fragmentation dynamic of ClC(O)SCl seems to be

complex, as observed in Figure 6. In effect, the incidence of
low-energy photons causes the ionization of the molecule and,
together with the molecular ion, a series of fragmentation
channels are opened, mainly leading to the formation of OCS+,
COCl+, SCl+, and COSCl+ ions. The branching ratios for each
of these channels change by increasing the photon energy. The
formation of SCl2+, a rearrangement fragment, is also observed
in concordance with the photochemically induced transformation
of ClC(O)SCl isolated in a matrix.30 Finally, the arguments for
the formation of the OCS+ rest in internal processes occurring
both in FC(O)SCl and in ClC(O)SCl.
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