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Total ion yield spectra and photoinduced fragmentations following S 2p, Cl 2p, and O 1s inner shell excitations
of methoxycarbonylsulfenyl chloride, GBC(O)SCI, have been studied in the gaseous phase by using
synchrotron radiation and multicoincidence techniques, which include photoeleginotoion coincidence
(PEPICO) and photoelectreiphotoion—photoion coincidence (PEPIPICO) time-of-flight (TOF) mass
spectrometry. According to the analysis of the partial ion yield spectra thirgsignal shows a steep
enhancement near the S 2p resonance, which could represent an evidence of state-specific fragmentations
promoted by electronic excitations from the S 2p to vacant orbitals with strong antibonding character mainly
located at the sulfur atom. The dissociation dynamics for selected PEPIPICO islands have been discussed.
Fragmentation channels that involve the extrusion ofad CH™ (x = 0, 1, 2, 3) fragments have been
predominantly observed for dissociation of doubly charged@E{O)SCt".

Introduction standing localization phenomena in chemical reacti®ivore-
over, photoinduced processes at solid surfaces have attracted
much attention not only as a fundamental science but also as

! ; ; technological applications, because they provide a unique route
violet (VUV) .and. soft X-ray regions hgs .s.hown Important ¢, e synthesis of new materials through non thermal reac-
advances, primarily because of the availability of synchrotron tions 1

radiation sources together with the use of coincidence techniques . .
g g Our research group has quite recently started studies concern-

as tools for the detection of charged particles. The main products. hall d i lect ) fenvicarbonvl
of photodissociation processes in these energy regions argnd sha 3W'Ta? | 'mner-Tgr%s ec rgns 'tf‘ Is_,u enylgarpﬁpy
positive ions, which can be conveniently detected by means of compounds. Total ion yield (TY) and partial ion yield (P1Y)

time-of-flight (TOF) spectrometric based methdddoreover, SpeC‘Fa’ aS.W?" as multicoincidence spectra (photqelectron-
multicoincidence spectroscopies are well-known techniques photoion coincidence, PEPICO, and photoelectiphotoiort-

which make possible the measurement of the arrival times of pCT(;tm%n—lcmgmldenc% EElPItPICO_z_were PFGS%J;S%LOJ ?I%S 2p,
each charged particle at a detector in a correlated ma&riner. P, 3 S, © 1S, an s transitions of ( .
In contrast to valence electrons, which can be formally (O)sct r?y ESInghsynchrqtro? rgdlatlon(;n the 1930(.)0 3%
. . o X range. The branching ratios for ion production obtained from
E?Sif;?sergseﬁsth?cxﬁzlgg r#%clggiﬁad ggrg?lzfglzsﬁa&w_e;#éﬁr the PEPICO spectra for these both species exhibit only a small
. . ' e . dependence on the incident photon energy, which was inter-
electrons are highly localized on a specific atomic level of a

. . . : . preted in terms of a “lose memory” effect after an Auger decay,
wg:zcﬂgég:/léz (?Lﬁegﬂlglees Irrr]](gle(liﬂ\lleesylg;dse())(fcif{i?%rlehgﬁIlons promoted by the delocalization of valence orbitals over the entire

electronst® The tunable synchrotron radiation can selectivel planar moleculé*On the other hand, a similar experimental
R y : L y study carried out for thioacetic acid, GE(O)SH, was inter-
excite inner shell electrons. If the dissociation occurs before

. g 3 e _preted in terms of a moderate site-specific fragmentation
tmhznf;?ig[:;nclz;r:et: r:gggnggi'te and element-specific frag evidenced by a diminution of the GBO™ fragment signal in
- Anticip Lo . going from the S 2p to the O 1s transition regidfs.
The radiation can initiate electronic changes in the molecules, . . S . o
which can rearrange in a few femtoseconds. This process is In spite of its versatility in _syn_thenc applications, and
considered to be practically “instantaneous” for all chemical considering molecular characterization as a central part of the

purposes (FranckCondon principle). The insight into the nature chemistry, the structural and spectroscopic properties of the
of the site specific fragmentation is of importance in under- methoxycarbonylsulfenyl chloride mole_cule have been _only
recently reported’ Additionally, the reaction of H atoms with

T This work is part of the thesis of M.G., who is a doctoral fellow of ChH30$(O)SCI at room ':e.mf}grature was studied by infrared
CONICET. C.0.D.V., R.M.R. and M.F.E. are members of the Carrera del CN€miluminescence technigues.
Investigador of CONICET. _ The main goal of the present study of ¢gMC(O)SCl is to

*To whom correspondence should be addressed. E-mail: carlosdv@ gptain evidence regarding the electronic transitions throughout
quimica.unlp.edu.ar. .

* Universidad Nacional de La Plata. the whole region of the S and CI 2p shallow-core and O 1s

8LaSelSiC. core edges as well as the ionic dissociation mechanisms

In recent years, the study of the dissociation dynamics of
isolated molecules excited with energies in the vacuum ultra-
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following the electronic relaxation of the core excited CHC- 1,14
(O)SCI. The methodology includes the use of multicoincidence
TOF—mass spectroscopy techniques and tunable synchrotron |
radiation. Fragmentation patterns deduced from PEPICO spectra ] l‘f\
at various excitation energies in the VUV and soft X-ray regions \

were especially analyzed in order to establish the existence of& 097 ,NMW\-
a site-specific fragmentation effect. Also, ionic double coinci- £ 1
dences were examined, and dissociation mechanisms wereg 0.8
proposed to explain the shape and slope of observed PEPIPICGE

S2p

ve

islands. £ 074
°
Experimental S
0,6
Synchrotron radiation was used at the Labaiatdlacional
de Luz Sncrotron (LNLS), Campinas, "®aPaulo, Brazilt® os

Linearly polarized light monochromatized either by a toroidal 6o " 165 j 170 ' 175 " 180
grating monochromator (available at the TGM beam line in the
range 12-300 eV¥0 or by a spherical grating monochromator ) )

(available at the SGM beam line in the range 20000 eV), re'gforﬁ 1. Total ian yield spectrum of CKOC(O)SCI near the S 2p
intersects the effusive gaseous sample inside a high vacuum glon.

Photon Energy (eV)

chamber, with base pressure in the range®Ifibar. During 1,05 -

the experiments the pressure was maintained belowrhbar. ] Cl2p

At the LNLS, the TGM and SGM beamlines resolution power 1,00 1 "'N’ _M/‘hh
are better than 400 and 3000, respectively. The intensity of the i e

emergent beam was recorded with a light-sensitive diode. The _ 9 .
ions produced by the interaction of the gaseous sample with ] “1\&
the light beam were detected using a time-of-flight (TOF) mass 2 %% '\m
spectrometer of the Wiley-Mac Laren type for both PEPICO 085_' V‘&m
and PEPIPIC& 22 measurements. This instrument was con- ]

structed at the Institute of Physics, Brasilia University, Brasilia,
Brazil. 2 The axis of the TOF spectrometer was perpendicular

to the photon beam and parallel to the plane of the storage ring. 0'75:%‘&&;%”\' [J'
A

0,80

Relative Intensity

Electrons were accelerated to a multichannel plate (MCP) and
recorded without energy analysis. This event starts the flight 0,70
time determination process of the corresponding ion, which is
consequently accelerated to another MCP.

The sample of methoxycarbonylsulfenyl chloride, £O€- Photon Energy (eV)
(O)SCI, was obtained from commercial sources (Aldrich, Figure 2. Total ion yield spectra of CEDC(O)SCI in the Cl 2p region.

estimated purity 97%): The_ ”ql.“d sample was pu_rified by the S 2p edge is shown in Figure 1. Below the S 2p threshold,
repeated trap-to-trap distillation in vacuum. The purity of the the spectrum is dominated by a group of six signals centered at
compound in both vapor and liquid phases was checked by IR 162.5 163.3. 165.3. 166.0. 166.9. and 168.2 eV. while the
and'H NMR. spectroscopies, respectively. Highly pure samples ioniza,tion edée is IO(,:ated a’t appro>l<imately 171.0 e:V. Two of
were used in the_e_xperlments, and the_ presence of thermody-these signals may correspond to transitions involving the-spin
namic decomposition products are unlike due to the inherent orbit split of the 2p term in the 2p and 2@ levels in the
thermal Stab'“ty. of the samplg. . . excited species to unoccupied antibonding orbitals and in

'I_'he core equivalent mode was mjplemente_d n or(_ier to agreement with the 2+ 1 rule, an intensity ratio of 1:2 is
estimate S 2p and O 1s core lonization energies, taking OCSexpected for these transitions. In the case of the simplest sulfide,
as reference compound [experimental ionization energy of OCSHZS this splitting was reported to be 1.201 VA rather

26,27 i i i i ’ ) )

(17%'2 eV)]_. i Tfh|s apErOX||mat|on h;; §I%('e|$1n %}ozwnb_to dglve a complex feature is observed below the threshold, and Rydberg
goo es;}crlp 'gn or ca:_ on%/ gompou H eth P fm Ing series corresponding to the S 2p excitations cannot be ruled
energy has been es |r3?a ed using «CHas the re €rence  out. Furthermore, the nonresonant X-ray emission spectrum for
compound (206.26 e\ Core equivalent related calculations OCS at the S 2p edge shows a clear sign of breakdown of the
were petrformeq atl the LtJBd?’l.‘Y;/G'é}H'G. geg/el Ofﬁ;p' molecular-orbital picture in this region due to high density
proximation as impiemented In the aussianvs programs. overlapping and vibrational broadeni#gThis assignment for
the CHOC(O)SCI molecule should be taken as tentative, since
an unambiguously description of the excitations appearing below

Total lon Yield Spectra (TIY). The TIY spectra were  the S 2p ionization potential is not likely to assess for such a
obtained by recording the count rates of the total ions while large molecule by using our available techniques.
the photon energy is scanned. At high photon energies corre- The TIY spectrum measured near the Cl 2p region is shown
sponding to shallow- and coreshell electronic levels, the inthe Figure 2. The Cl 2p threshold is located at approximately
guantum yield for molecular ionization is quite likely tending 207.0 eV and below this photon energy two signals can be
to unity. Consequently, the detection of parent and fragment observed at 198.0 and 199.3 eV. The observed resonance
ions as a function of the incident photon energy is a powerful transitions may be mainly assigned to transitions involving the
method to be used as a complement to absorption spectrosspin—orbit split of the 2p term in the 2p and 2p,, levels of
copy3® The TIY spectrum of CHOC(O)SCI, measured near the excited chlorine species.
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117 mental values, measured at around 170.0, 207.0, and 539.0 eV,
] 0_‘ respectively.
o Os PEPICO Spectra.Several PEPICO spectra that include the
094 most important S 2p, ClI 2p, and O 1s transitions of;08-
s (O)SCI have been recorded. In order to identify the role of
S 084 resonant Auger processes in the fragmentation, spectra were not
.;7? 07_‘ only measured at the resonant values (maxima of the absorp-
s ] tions) but also at photon energy values below (typically 10 eV)
ﬁ 06- and above (typically 50 eV) each resonance. For all spectra,
Z the intensity of each ionic fragment is obtained as the integrated
3 05- area under the peak, fitting as a Gaussian function to the time-
® of-flight spectra.
0’4__"‘""““»‘\"%\// lonic Fragmentation Near the S 2p Shallow-Core Edge.
03 The PEPICO spectra near the S 2p edge o§@E(O)SCI are
Y . r . Y . r . shown in Figure 4. In Table 1 the corresponding branching ratios
520 530 540 550 are collected for the main fragment ions. The most intense peak
Photon Energy (eV) for the resonant energy ranges under the threshold is observed

Figure 3. Total ion yield spectra of CEDC(O)SCl in the O 1sregion.  for the CH* ion (14% approximately). The next most abundant
ions, with relative intensities between 7 and 13%, are S
Figure 3 displays the TIY spectrum obtained near the O 1s (Wz = 32), HCO" (m/z = 29), and CI (mz = 35). At
region. This spectrum is dominated by an intense resonancel71.0 eV (S 2p threshold) an increment in the intensity of the
centered at 533.0 eV, whereas the O 1s threshold is located aBmu/gq= 32 peak corresponding to theé ®n can be observed
approximately 539.0 eV. A shoulder at 530.0 eV and a low- being the most abundant ion at this energy (16% approximately).
intensity signal at 536.6 eV were also observed. As has beenOther less abundant ions are the following* vz = 1), SCI*
reported for other carbonyl compounds, electronic excitations (Mz = 67), the methyl fragments GH(x = 0, 1, 2,) withrm/z
to vacant antibondingr*c—o and o*c—o orbitals may be = 12, 13, and 14, O or &* (m/z = 16), CO" (m/z = 28),
associated with the signals observed at 533.0 and 536.6 eV,CHO" (m/z= 30), and COS (m/z= 60). The intensity of the
respectively. However, for a complete description of the O 1s Signal atm/z= 32 amu/q, corresponding to thé ®n, increases
edge region in CEDC(O)SCI transitions involving core elec- when the incident photon energy is increased. An increment in
trons from both oxygen atoms present in the molecule should the intensity of thewz = 35 amu/q ion signal can be seen at
be taken into account. At the resolution used in the present171.0 eV (S 2p threshold). Signals for the £Q(m/z =
experiments, it becomes apparent that the different chemical44 amu/q) and CEDC=0" (m/z= 59 amu/q) ions also appear

environments of the two oxygen atoms do not cause any in these spectra, having weak relative intensity. Surprisingly,
appreciable signal shift. the parent ion, CEDC(O)SCt, can be observed as a very low

The S 2p, Cl 2p, and O 1s ionization energies fors0B- intense signal in all PEPICO spectra and shows the characteristic
(O)SCI obtained from the TIY spectra were compared with chlorine isotopic distribution.
values derived from the equivalent-core approximation. The As discussed previously, the transitions that appear in the
calculated S 2p, ClI 2p, and O 1s binding energies at 170.8, TIY spectra just below 171.0 eV can be interpreted as
206.6, and 538.3 eV are in good agreement with the experi- originating from the overlap of several discrete resonance

140x10° 4 CH3" +  CO,%, cs’
H* + o2t T v croco)
Q.8 cl 30G0) | .
< SCI 171.0ev. M
120 -
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Figure 4. PEPICO spectra of C#C(O)SCI recorded near the S 2p edge.
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TABLE 1: Branching Ratios (%) for Fragment lons Extracted from PEPICO Spectra Taken at Photon Energies around the S
2p Energies for CH;OC(O)SCI

branching ratios at various/zvalues (amu/q)

electronic  photon 1 12 13 14 15 16 175 28 29 30 32 3% 44 59 60 677 126
edge energy (eV) (H") (C") (CH") (CH.") (CHs") (O'/$*) (CP*) (CO') (HCO') (OCS*) (Sf) (CIY) (COf) (CHOC=0") (OCSY) (SCi) (M)
S2p 160.0 40 30 17 3.1 14.1 4.6 3.5 6.5 1.9 87 71 91 3.5 1.6 4.9 1.0
162.5 37 25 16 3.0 13.7 3.6 3.3 7.2 2.2 107 86 7.1 3.7 2.0 4.7 0.9
163.6 39 27 19 34 135 4.1 3.8 6.7 21 104 77 34 5.3 15 4.9 1.0
165.3 40 26 19 3.6 14.6 3.8 4.0 7.5 2.3 122 6.7 3.0 4.3 12 5.7 0.9
166.0 42 23 21 3.7 13.7 29 3.7 8.0 25 128 71 23 3.8 1.4 5.6 0.9
168.2 39 23 19 3.6 14.0 3.0 4.0 8.4 2.0 130 65 59 45 14 5.1 0.9
171.0 37 25 17 3.2 11.6 3.7 3.7 6.7 17 16.1 102 74 3.0 12 5.9 0.5
Cl2p 198.0 58 24 21 4.0 11.9 2.9 0.5 4.4 7.3 1.9 174 136 25 3.0 2.2 5.1 0.2
208.5 57 22 22 3.7 115 2.1 0.7 6.6 8.4 11 231 55 41 4.1 1.1 75 0.2
212.2 81 25 23 3.9 11.9 24 0.7 4.0 7.0 1.8 155 161 2.1 1.8 2.2 4.0 0.1
260.0 110 33 27 4.1 10.0 2.9 1.0 4.1 6.2 15 161 171 21 1.4 1.7 3.1 0.1
O1ls 523.0 85 52 23 21 3.6 5.2 2.9 3.9 16 0.8 11.7 13.1 15 0.8 18
533.0 68 88 21 2.2 45 9.0 1.7 9.8 3.0 1.0 106 91 21 0.9 15
536.6 98 75 24 2.3 4.1 7.3 2.9 4.9 1.7 0.6 9.9 1238 15 0.4 1.3
583.0 73 66 22 21 3.8 7.0 2.4 5.0 2.0 0.8 109 111 15 0.9 1.6

@ Peaks for the corresponding naturally occurring isotopomer were observed.

109 _a_ser o~ in the internal energy redistribution before fragmentation. Other
e CO”orCS’ 3 «4‘4 important contributing ions are GH and CI. Both ions can
a-cr B g ,vv"" Te be formed by single bond ruptures of the £+D and S-ClI
081 o v <« single bonds, respectively. Thus, processes that involve excita-
e O ors* T« tions to the corresponding*o-c and o*s—¢; antibonding
3 < CH* 'a"“ “a orbitals, respectively, can be suggested. It is worth noting the
o %6 e : bk, anant parallelism of the TIY and the CH ion signals below the
2 « < O hasats ionization edge
= - 4 : .
5 o' v‘, A «4"‘«* __x‘ — The heaviest fragment observed in the spectrum of Figure 5
3 4 ‘_; e is the SCft ion. It should be noted that only a singly charged
E A molecular ion can produce SCfrom ionized CHOC(O)SCI.
024444 s ::::_ “....-...,_. catetes®eetete In effect, even the whole remaining @BIC=0 group is lighter
2 yume . :""' oo 440000008 000000t testebe than SCI, and should be detected in the PEPICO spectra instead
_MSWW of SCI. Thus, the detection of this ion in the PEPICO spectra
00 implies the following mechanism of dissociation:
166 168 170 172 174 176
Photon Energy (eV) CH,OC(0)SCT — SCI" + neutral products (nondetected)
Figure 5. Partial lon Yield spectrum for selected ions of §MC(O)-
SClin the S 2p region. The simple rupture of the €S bond could be understood as

caused by electronic excitations from inner shell levels to the
vacanto*c_s orbital, which is know to play a relevant role in
transitions corresponding to transitions of the inner shell orbitals the electronic spectra of GB(O)SH2° In connection with these
of the S 2p;, and S 2py,; to unspecified antibonding orbitals  remarks, it is relevant to note that the most important ion
and/or Rydberg series. The close analysis of the ion productionobserved in the electron impact mass spectra at 70 e\§; CH
in this region could serve as a tool for the assignment of these OC=0" (m/z = 59), has only a minor abundance at the energies
features. With these facts in mind, more detailed partial ion yield examined in this work®
(P1Y) spectra have been obtained in the 165.85.0 eV range lonic Fragmentation Near the Cl 2p Shallow-Core Edge.
by recording the count rates of selected ions while the photon The PEPICO spectra of GBC(O)SCI recorded at photon
energy is scanned in steps of 0.2 eV (Figure 5). In these PIY energies near the Cl 2p edge are shown in the Figure 6. The
spectra, each point corresponds to one time-of-flight spectrum corresponding branching ratios are listed in Table 1. The S
measured at this defined photon energy. The intensity of eachand CI* ions are now the most abundant fragments. The
ionic fragment is obtained by fitting a Gaussian function to the increment of the intensity of the Hion at increasing incident
time-of-flight spectra. photon energies even within the ClI 2p energy region can also
Although less resolved, the PIY spectra for the main single be noticed (from 5% to 11%). Apart from a moderate enhance-
charged ions resemble the TIY spectrum of Figure 1. The ment of the Ct ion signal, the PEPICO spectra in this region
production of ions increases as the photon energy increasesare very similar to those measured in the S 2p edge. New signals
with a pronounced slope between 169.0 and 171.5 eV. The S appear atm/z = 17.5 and 18.5 amu/q, corresponding to the
ion signal shows a steep enhancement at around the S 2plouble charged chlorine isotopes. The formation of doubly
threshold. It becomes predominant up 169.0 eV (see Figure 5charged ions hints at least to the occurrence of triple ionization
and Table 1). Since multiple bond fissions are necessary to formprocesses. Surprisingly, the molecular ionrét = 126 amu/q
this ion from the ionized CEDC(O)SCI, complex processes can still be observed at these energies as a low intensity but
are expected to take place in the productionafA& the lowest well-defined signal with the isotopomeric contributionratz
energy examined, 165.0 eV (corresponding to the deep valence= 128 amu/q.
excitations), the contribution of this ion to the total ion Changes in the TOF spectral shape ofittiie= 44 peak can
production is also important, which could be a hint about the be noticed by going from the S 2p to the CI 2p region. It is
importance of non-resonant or direct double ionization processeswell-established that the analysis of ion peak shapes from a
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Figure 6. PEPICO spectra of C#C(O)SCI recorded near the Cl 2p edge.

12x10°
583.0 eV
LLM o W Yy
8 -
536.6 eV
LA A~

Counts

533.0 eV
4 —
H+ O+, S2+ S+
2 +
ol et l o oo’ o
CO ‘ ‘ 523.0 eV
o A AN S\
| I | | I I |
0 20 40 60 80 100 120 140

Figure 7. PEPICO spectra of C#C(O)SCI recorded near the O 1s edge.

PEPICO spectrum provides information concerning fragment A diminution in the miz = 29 amu/q peak intensity,
ion kinetic energies. The production of two possible ions with corresponding to the HCOon, can be observed. This fact can
the same value of mass/charge, £@r CS" and different be correlated with the observed enhancement in the signal
kinetic energy release, may be responsible for this observedintensity of the ions Fi and CO' in this energy region. Formy!
change. cation was previously detected in the gas phase by mass
lonic Fragmentation Near the O 1s Core EdgePEPICO spectrometric studies on the electron impact ionization of
spectra of CHOC(O)SCI have been recorded near the O 1s edge formaldehyd€’ HCO* is believed to be an important interme-
and are shown in Figure 7. In Table 1 the corresponding diate in the chemistry of carbon monoxide in acidic environ-
branching ratios are displayed for the main fragment ions. The ments. However, its observation in solution has been elusive
intensity of the C ion (5.2-8.8%) is always higher than the  for a long time?® Only recently was it possible to generate this
intensity of the methyl fragments GHx = 1, 2, 3). The most species by the reaction of CO with the liquid superacid
important ions near the O 1s edge are SI*, O* or $* and hydrofluoric acid-antimony pentafluoride (HFSbFs) under
H*. The intensity of the signal at 17.5 amug, corresponding to pressuré?
the CF ion, is higher than that observed in the Cl 2p region. In this energy region, the main features in the spectra are
The molecular ion cannot be observed at these high energiesdominated by atomic ions, while signals corresponding to ionic
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800 s'— cr with the —OC(O)S- central moiety. The O 1s~ 7*c—o
’ excitation may give raise to the Resonant Auger processes that
g %7 further results in the ejection of valence electrons from molecular
8 400 - co’ orbitals involving the G-C and C-S single bonds. Thus, the
oS ' ocs" oo preferred production of these ions can be understood.
2007 ﬂ * @ g PEPIPICO Spectra. Two-dimensional PEPIPICO spectra for
0 Mo the correlation between one electron and two positive ions were
2500} - H recorded at several photon energies near the S 2p edge, Cl 2p
. 2000 edge and Ols edge. A multicoincidence measurement allows
£ CH.* the identification of the various ions produced in the same
815007 ' ? photoionization event. The analysis of the PEPIPICO spectra
10007 is useful for identifying several two-, three- and four-body
500 JL A dissociation mechanisms which especially follow Auger decay
0 I , , i | | | mechanism4%41
O ety M w4 Projections of PEPIPICO spectra of @BC(O)SCI on the
Figure 8. T1 and T2 projections of the PEPIPICO spectrum of;CH .Tl ar!q T2 axes were Obtam.ed by Integratllng. the signal
OC(0)SClI recorded at 212.5 eV on the S 2p resonance. intensities over the time domains. These projections for the

spectrum recorded at the S 2p threshold are depicted in the

fragments such as GBC=0" (59 amuq), OCS (60 amu/q), Figure 8. The H ion signal dominates the T1 domain followed
and SCt (67 amu/q) appear as low-intensity bands. Moreover, in importance by the Cit (x =0, 1, 2, 3) group of ions and
there is a remarkable diminution in the intensity of the signal those related tanz values of 28, 29, 32, and 35 amu/q. The
at m'’z = 32 amu/q together with an increment in théz 16 heaviest observed fragment in the T2 domain is'SThe T2
(S?") peak intensity. The Clion signal is more intense than  projection is dominated by ion signal corresponding torttie
the S ion, contrary to the observation in the other spectral ion ratio of 32 amug, while other fragments with significant
regions. Thus, strong atomization processes occur at these higlintensity are those related to/z values of 16, 28, 29, 35, and
photon energies that include the formation of multiply charged 44 amu/g. The Ckt (x =0, 1, 2) group of ions also appear in
molecular ions. An increase in the peak intensities correspondingthe T2 domain, implying that CH (x = 1, 2, 3) ions undergo
to the ions H, Ct, OF, or &, together with the diminution in  further dissociation by losing one hydrogen atom to form the
the intensity of the Chl, HCO', H,CO*, Sf, CO,*, COS', CHy-1* (x =1, 2, 3) species. The'SCI*, CO*, and HCO'
SCIHt, and CHOCO' ion signals is observed by going from S can be formed in different processes where they are both the
2p to the O 1s region. Near the O 1s edge, the signals at 6 andightest and the heaviest fragments. When comparing T1 and
8 amu/q can be assigned with confidence to the doubly chargedT2 PEPIPICO projection spectra of @BIC(O)SCI recorded
ions G and G, respectively. around the Cl 2p, S 2p, and O 1s energy regions, some

In particular, the TOF mass spectrum of §£M(O)SCI differences are observed in the group of intensities of thg"CH
measured at the main transition below the 1s O ionization edge(x= 0, 1, 2) and O or $* ions, denoting some minor changes
(533.0 eV) shows noticeable differences with the PEPICO in the fragmentation by varying the incident energy.
spectra obtained in the other photon energy region near the 1s The PIPICO projections for the time difference (T2 minus
O edge. A clear increase in the intensity of the signals T1) domain were also analyzed. Figure 9 shows the spectrum
corresponding to the ions COO™ or $* and C results evident taken at 212.5 eV on the S 2p resonance with an assignment of
(Figure 7). It is noteworthy that all these fragments are related the main peaks. The progression of coincidences involving the
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Figure 9. PIPICO projection spectrum of GBC(O)SCI recorded at 212.5 eV on the S 2p resonance.
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Figure 10. Enlargement of the PEPIPICO spectrum of K(O)SCI obtained at 533.0 eV photon energy in the rangeso12—16 and 28-37
amu/q in the T1 and T2 domains, respectively.

H*—CHy" (x =0, 1, 2) series of ions is clearly observed. The two aspects were taken into account. First, due to the inherent
Partial Double Coincidence Yields (PDCY) obtained from the limited resolution used in the experiments, for islands involving
PEPIPICO spectra for the islands involving the-HCH* (x mvz values of 16 amu/q, the distinction betweeri énd S*

=0, 1, 2) series of ions were 4%, 3%, and 2%, respectively ions is not always feasible. Second, peaks corresponding to
and no coincidence is observed for theé HCHz™ ions, as double coincidences involving the/z values of 1, 12, 16, 32,
expected. The excitation of shallow- and inner-core electrons and 35 amu/q are the most intense reflecting the importance of
in CH30C(O)SCI seems to proceed in such a way that the the atomization processes in the dissociation mechanisms of
positive charge is mainly placed on the CHx =0, 1, 2)-H* CH30C(O)SCI. These processes may be originated by several

fragments: multi-body dissociation events that conduce to the same final
couple of atomic ions, making ambiguous the analysis of these
CH3OC(O)SCf+ —H" + CHX+ (x=0,1,2)+ coincidences. Taking into consideration these comments, in a

first approximation, the attention is paid on selected pairs of
ions, for which both a good statistics and well-defined shape
are observed. Therefore, the double coincidences considered here
are: O'CO", CHx'/CI* (x=0, 1, 2, 3), and §CI*.

1. Coincidence between lons withaWalues of 28 amul/q
(CO") and 16 amu/q (®). This coincidence is depicted on the
Figure 10. The observed slope close-tb can be explained by
a deferred charge separation (DCS) four-body ion protess:

neutral fragments (not detected)

The Partial Double Coincidence Yield (PDCY) for the island
between ions witlm/z values of 15 amu/q (C#) and 32 amu/q
(St) showed the highest intensity (14%) in the S 2p region. An
increase in the intensity of the island involving th&-HC" ions
is observed by going from S 2p (4%) to the O 1s region (12%).
The PDCY for the island between the iong knd CI" in the
O 1sis higher than that observed in the S 2p and CI 2p regions.

Other competitive channels are observed, mainly involving CH,0C(0)Scf" — CH,0C(OY " + SCl
atomic charged fragments. These coincidences are better defined N ot
in the original PEPIPICO spectra. Thus, as anticipated from CH;OC(Of" — CH; + CO,

the qualitative analysis of the projection spectra, in the case of
a rather complex molecule such as {£LHC(O)SCI, several
islands are expected in the PEPIPICO spectra, and hence a
complete interpretation of the spectra is not straightforward. It is quite unlikely that ther/z = 16 amu/q signal involves
Thus, in the analysis of the PEPIPICO spectra, the following the S ion, instead of the ion § since the fragments should

Cco**— 0"+ co’
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Figure 11. Enlargement of the PEPIPICO spectrum of {(O)SCI obtained at 533.0 eV photon energy in the rangeso28—32 and 32-37
amu/q in the T1 and T2 domains, respectively.

come at least from the triple charged molecular ion,;08- the CH*/CIT, that is approximately-1, can be explained by
(O)SCP*. It is also remarkable that the experimental slope for the following three-body ion pair process DCS:
this coincidence can be also explained by a second type of four-

body ion pair process DCS, in which the neutral methyl fragment CHG,OC(O)SCfJr — CHSCI2+ + NP

is generated in the first place, while the SCI species is generated - N N

in a second step. In both cases the last step dissociation dynamics CHCI”" — CH;" + ClI

yield Ot and CO from double charged carbon dioxide.

Masouka et al. have studied the dissociation of,&My the A four-body ion pair mechanism DCS can also be responsible

coincidence PEPIPICO methd8lA strong coincidence between ~ for this island, in agreement with the following processes:
O™ and CO ions was observed in the G@pectra measured N "

at 90 eV. The analysis of the kinetic energy release distribution CH,OC(0)SCf" — CH,SCF' + CO,

observed for these ionic fragments suggests that the observed

channels cannot be explained by a simple framework at low CH3$CI2+ —S+ CH3C|2+
excitation energies whereby the doubly charged molecular ion
is directly produced by a single photon absorption followed by
the dissociation into two ionic fragments. Thus, the proposed
mechanism to explain the coincidence betweéra@d CO'" in

the spectra of CEDC(O)SCI must be taken to be tentative.

2. Coincidence between lons withzrValues of 32 amul/q
(S") and 35 amu/q (Cl). The observed slope (Figure 11) of
—0.93 for this coincidence can be explained by the following
three-body dissociation process in a DCS scheme:

CH,CP*" — CH," + CI"

Coincidences between GH(x =0, 1, 2) and Ct show slight
changes in the slope when the hydrogen extrusion increases.
Little differences are expected in the slope of double coinci-
dences involving Ckt (x =0, 1, 2) when compared with GH
because of the low mass of the kbn. This fact might evidence
that the mechanisms involved in the formation of Ckk = 0,

1, 2) ions can be sequential via the formation of£Clibn in

the very first step. Thus, four-body ion pair processes need to
be invoked to explain the coincidence between,Ceind CI
ions.

CH,OC(0)Scf" — CH,0C(0)+ SCF*

SCPr—s+cI*
3. Coincidence between lons withzvalues of 15 amu/q Conclusions

(CHs") and 35 amu/q (Cl). The coincidence island for these The TIY spectra of shallow-core levels S 2p and Cl 2p and

two fragments is shown in Figure 10. The observed slope for inner-shell level O 1s of CEDC(O)SCI were obtained in the
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