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Two novel species, trichloromethanesulfenyl acetate ;8QC(O)CH, and trichloromethanesulfenyl trif-
luoroacetate, CGEOC(O)CEkL, have been generated in situ by the heterogeneous reactions between
trichloromethanesulfenyl chloride, C{SICI, and corresponding silver salts, silver acetate (AgOC(Q)@hrd

silver trifluoroacetate (AgOC(O)GJ; respectively. Photoelectron spectroscopy and quantum chemical
calculations are performed to investigate these two molecules, together with their precurs8CICBbth

of these two compounds may exist in the gas phase as a mixture of gauche and trans conformations. As for
the dihedral angledrsor Of the gauche conformers, 107.8nd 108.5 are derived by theoretical calculations

(at the B3LYP/6-311G(3df) level) for CC{SOC(O)CH and CC{SOC(O)CHE, respectively. The first vertical
ionization energies of CgSOC(O)CH and CC}SOC(O)CE, which have been determined by photoelectron
spectroscopy, are 9.67 and 10.34 eV, respectively. According to the experimental results and theoretical analysis,
the first ionization energy of these two molecules both come from the ionization of the lone pair electron of
S atom.

Introduction by microwave spectroscopy and high-level ab initio calculations
(CCSD(T)/cc-pCVQZ)2 which predicted its dihedral angle of
91.3. Lone pair-lone pair interactions in unsymmetrical
systems, RSSRvs RSOR, were discussed by means of
semiempirical MO calculation$ RSSR and RSOR were
. theoretically predicted to exhibit comparable equilibrium ge-
anddrsor, respectively. , ometries and to undergo conformational transformation with
As the parent compound of peroxides ROORIOOH qualitatively similar energy requirements. The structural char-
possesses an equilibrium dihedral angle of 11wdich has  gcteristics of thioperoxides are much similar to those for
been derived from spectroscopic datEhe interaction between i ifanes than to those for peroxides. Many thioperoxides were
theno lone pairs of the two oxygen atoms and anomeric effects ¢5nd to be quite unstablé,so very little was known about
between the p-shaped lone pairs with the opposi®©—R) the structural properties of these compounds before. Penn et al.
bonds make the substituents of R and fRvor a gauche gt died the conformational features of methanesulfenic acid,
orientation. The dihedral anglésoor o'f unstrained perox@es CHsSOH, by microwave spectroscopyThe dihedral angle
are between about 8@nd 130. But with very bulky substit- 5. is determined to be 93.9(})which is very close to its
uents, bidert-butyl) peroxide and bis(trimethylsilyl) peroxide parent compound, HSOH. Gas electron diffraction (GED)
have the dihedral angles of 166(3nd 144(6), respectively, gy dies for dimethoxy sulfid® CH;OSOCH, and dimethoxy
which have been derived by gas electron diffraction (GED). disulfide® CH;OSSOCH, show that the dihedral angles of
.HSSH, the parent compound of gisulfanes RS3Rs a dosoc and dssocare 84(3) and 74(3), respectively.
dihedral angle of 90.76(8)and 90.3.°4 Because SS bond Recently, several studies have been performed to illustrate

length is larger than ©0 bond, the steric repulsion between he structure of RSORA new compound trifluoroacetylsulfenyl

. . Lo . t
the substituents is reduced in disulfanes. The reported dlhedral[ : ; f
5t R CCs A6 . rifluoroacetate, CFC(0O)SOC(O)CE, has been synthesized, in
angles of CHSSCH,® t-Bu—SSt-Bu,° FSSF! FC(0)SSC(O)F, which the substituents on-%) bond are identicdf The

9
CH;0SSOCH are 85.3(37), 128'2(27?’ 87.7(47, 82.2(19), calculated torsional angle around the S bond,dcsog of the
9L(4y, respect|v<_aly. Very recently, dihedral an_glé.s_SSR of most stable conformer is smaller than’8@berhammer et al.
chlorosqlfar!yl thiocyanate, CISSCN (8% ;arifl bis(trifluoro- studied the molecular structures and conformational properties
z;ceto) dlsulflde,hC£C(O)OSSOC(O)CE(95.1) were reported of trifluoromethanesulfenyl acetate, §FOC(O)CH, and trif-
y O‘%r resegrc group. ) luoromethanesulfenyl trifluoroacetate, §£©C(O)CHE, there-
Thioperoxides, whose parent compound is HSOH, are eSS 5¢er6 The dihedral angles of the most stable conformers, which
stable than peroxides and disulfanes. HSOH was studied recentlyore determined by GED, are 100{4)nd 101(3), respectively.
They also found that both compounds existed in gas phase as
* Author to whom correspondence should be addressed. E-mail: a mixture of two conformers. The prevailing component
emaofa@iccas.ac.cn. ’ .
* Institute of Chemistry, Chinese Academy of Sciences. possesses a gauche structure around @ Bond. This result
* Graduate School of Chinese Academy of Sciences. of GED is consistent with quantum chemical calculations.

For a long period of time, species of the general formulas
ROOR, RSSR, and RSORhave attracted considerable interest
in chemistry. The most interesting feature in the structures of
these species in general is the dihedral anglgsor, Orssr,
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Figure 1. Schematic representation of stable conformers of;8QC(O)CHE. (1 for gauche-syn structure, 2 for gauckeanti structure, 3 for
trans-syn structure).

S (fluoroformyl)O-(trifluoroacetyl)thioperoxide, FC(O)SOC(O)- Photoelectron SpectroscopyAs described elsewhetéllthe

CFs, was also investigated by Oberhammer et al. with GED, photoelectron spectrum was recorded on a double-chamber UPS-
matrix isolation infrared spectroscopy, and quantum chemical Il instrument, which has been proved to be effective apparatus
calculations” The most stable conformer shows a dihedral angle for detecting unstable species. The resolution of the instrument

dcsoc of 75(3), which is much smaller than GEOC(O)CE.
Zeng et al. investigated bis(trifluoroaceto) disulfide s;CEO)-
OSSOC(0O)CE, by Raman, photoelectron spectroscopy (PES),
and theoretical calculatiod$The most stable conformer of this
molecule shows a gauche conformation with both@groups

cis to the S-S bond. They also find that the ground cationic-
radical form of CEC(O)OSSOC(O)CE", which is generated

is about 30 meV as indicated by the &#P,3) photoelectron
band. During the experiments, small amounts of Ar angICH
were added to the sample flow to calibrate the experimental
vertical ionization potentials.

Quantum Chemical Calculations.Gaussian 08 was used
for the theoretical calculations of the two molecules, $3CIC-
(O)CH; and CCSOC(O)CE. All the conformers of these two

after the ionization of the molecule, adopts a trans planar main molecules were optimized at HF/6-8G*, BAPW91/6-34G*,

atom structure dosso = 180° and docos = 0°) with Cyp
symmetry. This result is similar to that of Li et af. who
conclude that the cationic-radical form of @5CH*" adopts
a planar conformation.

B3LYP/6-31+G*, and B3LYP/6-31#G(3df) theoretical levels,
respectively. The vertical ionization energies for all conformers
were calculated at the ab initio level according to Cederbaum’s
outer valence Green'’s function (OVGFinethod at 6-31G basis

In the present study, we report a combined experimental andset. Besides, the geometry of GBCI| was optimized with the

theoretical investigation of two sulfenic acid derivatives, trichlo-
romethanesulfenyl acetate, GSOC(O)CH, and trichlo-
romethanesulfenyl trifluoroacetate, GEDC(O)CRk. Photo-

method and basis set of B3LYP/6-3#G(3df), and the vertical
ionization energies were calculated with OVGF/6-31G*.

electron spectroscopy (PES) and quantum chemical calculationsResyits and Discussion

were performed to investigate the structural and conformational

properties of these two molecules. Also, the first vertical

Geometry of CClLSOC(O)CH3 and CCIsSOC(O)CFs. As

ionization energies of these two species, as well as the reactionpreviously reported;'®*”lone pair interactions make thioper-

precursor, trichloromethanesulfenyl chloride, XTI, are
determined by PES for the first time.

Experimental Section

Generation of CCl3SOC(O)CHs; and CCI3SOC(O)CFs. In
the literature, G-\F,CSOC(0)CE (n = 1,2,3) were synthesized
by Clk-nFCSCI and AgOC(O)Ckat 20 °C.2° In this work,
CCI3SCI and AgOC(O)Ckwere used to generate GSDC-
(O)CF; (actually whem = 0) for the first time. Similarly, CGH
SOC(O)CH was generated from C¢3Cl and AgOC(O)CHl
following the same way. The reaction route is illustrated as
below:

CCI,SCI (g)+ AgOC(O)CH; (s)—
CCI,SOC(O)CH (g) + AgCl (s)
CCLSCI (g)+ AgOC(O)CK (s)—
CCI;SOC(0O)CFK (g) + AgCI (s)
The products were generated at room temperature 620

through gassolid reactions by passing GSICI vapor over
finely powdered AgOC(O)Ckland AgOC(O)CE, respectively,

oxides of the type RSORprefer gauche conformations. Ac-
cording to the results of GED at 298 K, the most stable
conformer of FC(O)SOC(O)GFadopts gauche conformation,

of which the dihedral anglécsocis 75(3Y.17 Similar phenom-
enon was found in GJE(O)SOC(0)CE;*® CRSOC(0O)CH, and
CRSOC(0O)CR.S So the starting geometry of the gauche
conformers of CGSOC(O)CH and CC}SOC(O)CE for
qguantum chemical calculations were based on the structure of
gauche conformers of GEOC(O)CH and CRSOC(O)CHk
measured by GED. Besides, unexpected conformers of trans
structure around the-SO bond were found in GJSOC(O)CH

and CRSOC(O)CR,5 and similar structure may exist in G£I
SOC(O)CH and CC}SOC(O)CE. The trans structures around
S—0 bond were also optimized of C430OC(O)CH and CCt-
SOC(0O)CE, among which the different conformers of GCl
SOC(O)CE were shown in Figure 1. The structure of GCI
SOC(O)CH is similar.

To search for other possible conformers with different
dihedral ofdcsoc relax scans of the potential energy surface
were performed by rotating the torsional dihedral aniiieoc
in steps of 10 with HF/6-31G* and B3LYP/6-31G* ap-
proximation, while keeping the structure of G@nd CRC(O)
moieties optimized. Figures 2 and 3 show the potential curves

and in situ photoelectron spectrum of the gas-phase productsfor dihedral angles)csoc from 60° to 300 of CClLSOC(0)-

were recorded. The precursor G8CI (97%), which was
purchased from Alfa Aesar, was distillated in vacuum under

room temperature to remove the slight impurities before use,

CHjs; and CC}SOC(O)CHR, respectively.
As seen from Figure 2, at both levels, there are 3 minima of
the calculated potential curves, which implies that besides the

and its purity was checked by photoionization mass spectros-gauche structures withcsocaround 110 and 250 (both with

copy. AgOC(O)CH (99%) and AgOC(O)C£(98%) were also

C=0 syn of S-O bond), a trans structure withtsoc = 18C¢°

purchased from Alfa Aesar. Before reaction, both silver salts probably exists as a stable conformer. According to the results

were dried in vacuum (k 1074 Torr) for 2 h.

of HF/6-31G* level, the energy of the trans conformer is slightly
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71 r7 TABLE 1: Calculated Relative Gibbs Free Energies
A A (kcal/mol, T = 298 K) of Different Conformers of
6 \A 6 CCl;SOC(0)CH; and CCl.SOC(O)CFs
= 51 S HF/ B3PW91/ B3LYP/ B3LYP/
E 4] L4 6-31+G* 6-31+G* 6-31+G* 6-311+-G(3df)
T CCLSOC(0)CH
X 34 -3 gauche-syn 0 0 0 0
\ NN AL, .
§ 2] W el [, gauche-anti 6.79 5.16 5.22 4.46
8 trans-syn 0.45 —0.13 —-0.01 0.31
& g L4 CCLSOC(O)CR
00 gauche-syn 0 0 0 0
04 oo °"’°M”°‘°J -0 gauche-anti 8.19 6.78 6.40 5.93
0 80 120 180 240 300 380 trans-syn 0.44 1.54 1.54 —0.94
Dihedral angle (C-5-O-C) (degrees) 3 Includes different multiplicitiesro = 1 for trans andm = 2 for
gauche).

Figure 2. Calculated potential curves for internal rotation around the
S—0O bond in CQSOC(O)CH at the HF/6-31G* and B3LYP/6-31G* TABLE 2: S—0O Bond Lengths and Dihedral 'Ang|eS(SRSOR

levels. The curve of B3LYP/6-31G* level is shifted by 2 kcal/mol. in Known Thioperoxides?
RSOR I'so 6RSOR method
6 A —O—HFI6-31G* P 6
e / HSOH!2 1.662 91.3  CCSD(T)/cc-pCVQZ
5 g 7 -5 FSOCR?2 1.574 81.9 SINDO1
= \\ / CH3SOHH4 1.658(2) 93.9(1) microwave
g 41 4 spectroscopy
T, \ 1 3 CRSOCR?® 1.677 105.0 B3LYP/
£ i 6-311++G(3df,3pd)
=) § o, attsnd [, CR:SOC(0)CHS 1.659(4) 100(4)  GED
] \ / CRSOC(O)CR# 1.663(5) 101(3) GED
@ 14 L1 CCLSOC(O)CHP 1.675 107.0  B3LYP/6-31:EG(3df)
M CClLSOC(0)CRP 1.694 108.5 B3LYP/6-31G(3df)
04 -0 CH;OSOCHS 1.625(2) 84(3) GED
v T T T - CHs0SSOCH? 1.653(3) 74(3) GED
0 60 120 180 240 300 360 FC(0)SOC(O)CE 1.647(5) 75(3)  GED
Dihedral angle (C-S-0-C) (degrees) CRC(O)SOC(O)CE*® ¢ 77 B3LYP/6-31G*
Figure 3. Calculated potential curves for internal rotation around the CRC(0)OSSOC(O)CH 1.755 918  B3LYP/6-311G*
S—0 bond in CGSOC(O)CE at the HF/6-31G* and B3LYP/6-31G* aDistances in A, angles in defThis work.<No data available.

levels. The curve of B3LYP/6-31G* level is shifted by 2 kcal/mol.

higher (0.18 kcal/mol) than the gauche conformer. However, = S—O bond lengthssc and dihedral angledrsor of known
when the level of B3LYP/6-31G* is used, energy of the trans thioperoxides RSORare summarized in Table 2. The calculated
conformer is 0.31 kcal/mol lower than the gauche conformer. S—O bond lengths of CGEOC(O)CH and CC}SOC(O)CHR
The situation of CGSOC(O)CE in Figure 3 is similar, which are 1.675 and 1.694 A (B3LYP/6-3+15(3df)), respectively,
also shows that a trans conformer may exist. At the level of which are longer than most of the thioperoxides listed in Table
HF/6-31G*, the energy of the trans conformer is 0.53 kcal/mol 2. Oberhammer et al. suggested a simple electrostatic model to
higher than gauche conformer, while at B3LYP/6-31G* level, rationalize qualitatively of the trends of-% bond length in
the energy of trans conformer is 0.19 kcal/mol lower. The energy thioperoxide$. The S-O bond in these molecules is expected
differences are very small, so both the gauche and transto be highly polar, $—0O. If the electronegativity of substitute
conformers may exist in the gas phase of the title compounds.R at S atom increases, the polarity of the bond is increased and
When considering the relative orientation o0 and S-O the bond shortens. So the-® bond in CC4SOC(O)CH and
bond, another two conformers with=© anti of S-O bond CCI;SOC(O)CFE are longer than those in GFOC(O)CH and
should be taken into account. Only the gauche conformers with CRsSOC(O)CHE, respectively. If the electronegativity of sub-
C=0 anti of S-O bonds were found to be stable conformers stitute R at O atom increases, the polarity of the bond is
of CCLSOC(O)CH and CC}SOC(O)CE by calculations, decreased and the bond lengthens. This explains the trend
whose structures were also shown in Figure 1. All the three between CESOC(O)CH (1.659(4) A) and CESOC(O)CR
stationary points of each compound (Figure 1) were verified as (1.663(5) A), and CG5OC(0)CH (1.675 A) and CGISOC-
local minima by vibrational analysis. After optimization, the (O)CF; (1.694 A).
relative Gibbs free energies calculated at 298 K for the Besides SO bond length, another important structural
conformers of CGSOC(O)CH and CC}SOC(O)CR with parameter for thioperoxides is the dihedral angledgéor,
different levels of theory are listed in Table 1. From Table 1 which can influence the overall structure of the molecules
we can see, for both molecules, the differences of Gibbs free greatly. Because of the lone palone pair interactions between
energy between the corresponding gauesyn conformer and S and O atoms, thioperoxides adopt gauche conformation as
trans-syn conformer are less than 1.6 kcal/mol at all the the most stable structure. In general, when the substitutes R
theoretical levels. So both the gauetsyn and transsyn and R are larger, the dihedral angle &sor tends to increase.
conformers may exist in the gas phase, which is similar to the For example, when the moiety of g CRSOC(O)CH is
situation of CESOC(O)CH and CESOC(O)CE. Our discus- replaced by CG| the dihedral angle changes from 100(%)
sion of the geometry and electronic structure mainly focuses 107.C°. This could be illustrated by the steric effect of the
on the gauchesyn conformer of the title molecules. The moieties.
optimized geometric parameters for the gauesyn conformers Photoelectron Spectrum of CC}SCI. CCI;SCl is a remark-
of CCLSOC(O)CH and CC}SOC(O)CFE are given in Sup- able compound for synthesis of its derivatives for a long
porting Information. period?426 |ts infrared and Raman spectra were thoroughly
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Figure 4. Hel photoelectron spectrum of GSICI.

TABLE 3: Experimental Vertical lonization Energies (IP in
eV), Computed Vertical lonization Energies €, in eV) by
OVGF/6-31G* Calculations, and Molecular Orbital
Characters for Trichloromathanesulfenyl Chloride, CCI3SCI

exptl IP calcde,? MO character
9.61 9.64 (091) 45 Ns, N¢|

11.33 11.29 (0.90) 44 N
11.50 (090) 43 ocs, Ney

11.62 11.66 (0.90) 42 N

11.78 11.69 (0.90) 41 Ne

12.63 12.36 (0.90) 40 Nciccizy Neiscly
12.51 (0.90) 39 N
12.65 (0.90) 38 ne

13.36 13.16 (0.89) 37 Ne

14.10 13.94 (0.89) 36 Oscl

16.13 16.27 (0.88) 35 ocal

a Pole strength in parentheses.

investigated and a point group Gf was proposed’ However,
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Figure 5. Hel photoelectron spectrum of GSIOC(O)CH.
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Figure 6. Hel photoelectron spectrum of GSIOC(O)Chk.

there was no photoelectron spectroscopy investigation before.ionization energy caused by is 11.22 eV48 which is very

So in the present study, the photoelectron spectrum o§-CCl

close to the experimental value of GECl at 11.33 eV. As to

SCl was measured before its reactions. The Hel photoelectronthe third band of 11.62 eV, it is also close to the fourth one of

spectrum of the precursor, GSICI, is shown in Figure 4. OVGF

11.78 eV, both of which are due to the ionization of chlorine

calculations were performed to obtain the ionization energies lone pair at the moiety of CGlThe ionization energy of 3p

for assigning the spectrum of GSICI. The experimental vertical
ionization potentials, theoretical vertical ionization energies
(OVGF/6-31G*), molecular orbitals (MO), and corresponding
characters of outer valence shells for &Il are listed in Table

3. Drawings of the first 12 HOMOs for Cg3Cl are given in
Supporting Information.

As seen from Figure 4, the Hel photoelectron spectrum of
CCIsSCI exhibits several ionization bands in the low-energy
region (<14.5 eV). The experimental values are in good
agreement with the calculated ionization energies with OVGF
method. The first band, which centered at 9.61 eV, is mainly
due to the ionization of electron from sulfur lone pag and
partly from nc; of SCI moiety. Theng lone pair is easier to be
ionized in the molecule of CESCl, which is similar to other
sulfur(ll)-containing compounds, such as3{10.48 eV), Ch
SH (9.46 eV), CHCH,SH (9.36 eV), and CkSCH; (8.72 eV)?8
In all these molecules, the ionization 1 lone pair results in

electron at nonbonding orbitals of Cl atoms are expected to be
in the range of 1+14 eV. The ionization energies discussed
above, which are caused by the ionizatiomgf are all within

this range. The fifth band of the photoelectron spectrum otCCl
SCl is probably also caused by the ionization of 3p electron
from nonbonding orbitals of different Cl atoms in the molecule.
The bands at higher energy of 13.36 and 14.10 eV are due to
the ionization of electron from Cl atom at SCI moiety and the
bonding orbital of S-CI bond, respectively.

Photoelectron Spectra of CG}SOC(O)CHz and CCI3SOC-
(O)CF3. Before assigning the spectra, OVGF calculations were
carried out to obtain the ionization energies for the theoretically
stable conformers of Ce3OC(O)CH and CC}SOC(O)CH (the
three conformers of CE@EOC(O)CF are shown in Figure 1).
The optimized structures (B3LYP/6-3tG(3df)) are used to
perform OVGF calculations, and the ionization energies of the
six conformers are given in the Supporting Information. Our

the first ionization energies. The second band is localized at discussion of the electronic structures and photoelectron spectra
11.33 eV, while the corresponding results of calculation show are based on the gauche conformers witk@@syn to S-O

two very close values of 11.30 and 11.49 eV. The photoelectron bond. The Hel photoelectron spectra of &DC(O)CH and
spectrum shows only one band by experimental measurementCCIlLSOC(O)CE are shown in Figures 5 and 6, respectively.

This band is caused byc from both CC}§ moiety and SCI
moiety. In the photoelectron spectrum of QCCls, the first

The experimental vertical ionization potentials, theoretical
vertical ionization energies (OVGF/6-31G), molecular orbitals,
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TABLE 4: Experimental Vertical lonization Energies (IP in
eV), Computed Vertical lonization Energies E, in eV) by
OVGF/6-31G Calculations, and Molecular Orbital
Characters for the Gauche-Syn Conformer of
CCI3SOC(O)CH;s

exptl IP calcdg,2 MO character
9.67 9.57 (0.91) 52 ns
10.99 11.01 (0.90) 51 N
11.02 (0.92) 50 No
11.06 (091) 49 ocs, Ncy
11.77 11.45 (0.92) 48 Nci
11.52 (0.91) 47 Nei
12.38 12.22 (0.91) 46 Nel, Tco
12.37 (091) 45 Nci, No
12.78 12.54 (0.90) 44 Nei
13.15 13.22 (0.90) 43 0so
14.18 14.17 (0.91) 42 TTcH3

aPole strength in parentheses.

TABLE 5: Experimental Vertical lonization Energies (IP in
eV), Computed Vertical lonization Energies E, in eV) by
OVGF/6-31G Calculations, and Molecular Orbital
Characters for the Gauche-Syn Conformer of
CCI;SOC(O)CRs

exptl IP calcde,® MO character
10.34 10.34 (0.92) 64 Ns
11.32 11.42 (0.92) 63 Nci
11.73 11.66 (0.92) 62 Nci, Ocs
11.90 11.93 (0.92) 61 Nci
11.95 (0.92) 60 Nei
12.26 12.25 (0.90) 59 No
12.63 12.68 (0.91) 58 Nei
12.72 (0.91) 57 Nej
13.41 13.39 (0.89) 56 No, 7Tco
14.26 14.27 (0.90) 55 Os0

aPole strength in parentheses.

Du et al.

12.38 eV comes from the ionization processes{46afc,,
mco)} 1 and {45afc, No)} 1. The CC} group in CC}SOC-
(O)CH; is a characteristic functional group, and some observed
photoelectron bands have come from the ionizationngf
electron of CG. The sharp band centered at 12.78 eV is
definitely coming from the ionization of chloride lone pair
electron, and the ionization energy of electron fromdtzond
of S—0O is 13.15 eV. These two bands could be clearly
distinguished, although the energy difference between them is
relatively small. As for the band at 14.18 eV, it could be
attributed to ionization of electron from the pseudorbital of
the methyl groug®29The bands in high ionization energy region
(>15 eV) are not attributed because the ionization processes
are more complicated and the spectrum is not as clearly as in
low-energy region.

The similar analysis can be used to the assignment of the
Hel photoelectron spectrum of GSIOC(O)CE. Drawings of
the first 12 HOMOs for CGSOC(O)CER is given in Supporting
Information. Combined with theoretical calculations, the as-
signment of the bands in the photoelectron spectrum o§-CCl
SOC(O)CE could be easily done. Similar to GSIOC(O)CH,
the first ionization energy of CE8OC(O)CE (10.34 eV) is
also caused by the ionization of lone pair electron of S atom.
However, when Chkl moiety in CC§SOC(O)CH is replaced
by CF; moiety, the first ionization energy increases 0.67 eV,
which means that the lone pair electron of S atom tends to be
more difficult to ionize in CGSOC(O)CE. This is probably
caused by the electron-withdrawing effect of the;@Roiety
with high electronegativity. From Table 5, we can see the
experimental vertical ionization energies, and the calculated
values agree very well. As for the second band at 11.32 eV, it
could be attributed to the ionization of an electron from a 3p
nonbonding molecular orbital of the G@hoiety. The third band
is composed of two overlapping peaks (11.73 and 11.90 eV),

and corresponding characters of outer valence shells for thewhich is caused by the ionization processefa#afc, oco} 2,
gauche-syn conformers of CGSOC(O)CH and CC§SOC- {61afc)} 1, and{60afic)} ~*. The strongest peak of 12.26 eV
(O)CF; are listed in Table 4 and 5, respectively. can be attributed to the ionization of nonbonding electigps-
Drawings of the first 12 HOMOs for Ce3OC(O)CH is o)- The ionization energy fromo(c—o) is quite different from
given in Supporting Information. As for the photoelectron CCLSOC(O)CH (10.99 eV). The CEmoiety has very high
spectrum of CGSOC(O)CH, the ionization energies of dif-  electronegativity, the electron aipc—o) tends to be more
ferent bands are in good agreement with the calculated valuesdifficult to ionize in CCkSOC(O)CR. The peak centered at
derived from OVGF method. The molecular orbitals associated 12.63 eV comes from the 3p nonbonding electron ionization of
with each ionization band are assigned according to their atomicCl atom at CCG moiety. The peak at 13.41 eV could be
and bonding characters. It is well-known that ionization of lone attributed to the electron ionization g at S-O bond, together
pair electrons always leads to a sharp peak and results in lowerith the zz bonding electron of &0 bond. The ionization
ionization potentials. The band with longer vibrational progres- energy of electron fronwse is 14.26 eV in CGSOC(O)CE,
sions should be related to ionization of antibonding or bonding which is 1.11 eV higher than in C€OC(O)CH (13.15 eV).
orbital electrons, and the broad band without vibrational fine The change of substituent brings an obvious difference to the
structure should usually be attributed to ionization of stronger jonization energy of electron fromso. The ionization energies
antibonding or bonding orbital electrons. of CCLSOC(O)CE at the high-energy region have not been
The first sharp band of Ce3OC(O)CH, which located at attributed.
9.67 eV, is attributed to the ionization of the lone pair electron  |n a word, the outer molecular orbital structure of €&DC-
of S atom. It is similar to its precursor, C{SICI, of which the (O)CH; and CCSOC(O)CKF are investigated combined with
first ionization energy (9.61 eV) also comes from the ionization photoelectron spectroscopy and quantum chemical calculations
of nslone pair. However, the first vertical ionization energy of  for the first time. The nonbonding electron from CI atom and
CCILSOC(O)CH is slightly (0.06 eV) bigger than Ce3Cl as the lone pair electron of S atom lead to many typical characters
determined by photoelectron spectrum. According to the results of the photoelectron spectra of both compounds. In the corre-
of theoretical calculations, the second band (10.99 eV) with high sponding gauchesyn conformers, the dihedral angléssor
intensity is composed of three possible peaks, which could not of CClLSOC(O)CH and CCiSOC(O)CE are theoretically
be clearly distinguished on account of the resolution of the determined to be 10720and 108.8 (B3LYP/6-31HG(3df)),
instrument. With the aid of OVGF calculations (Table 4), the respectively.
second band could be attributed to the ionization processes of .
{51afc)} 4 {50af0)} 2, and{49apcs nc)} % The third band Conclusion
at 11.77 eV is due to the ionization of an electron from a 3p  The compounds of CESOC(O)CH and CC}SOC(O)CEk
nonbonding orbital of Cl atom in Cglmoiety. The band at  are generated in situ in the gas phase for the first time. The



CCLSOC(0)CH and CC}SOC(O)CR

geometry of both molecules is optimized with DFT and ab initio
methods. The gaseous products are detected and characteriz
by Hel photoelectron spectroscopy with the help of OVGF ggg5
calculations. The combination of experimental and theoretical

results proves the formation of GISIOC(O)CH and CCSOC-
(O)CFs. The dihedral angledcsocof the gauche syn conform-

J. Phys. Chem. A, Vol. 111, No. 23, 2004949

(10) Yao, L.; Ge, M.; Wang, W.; Zeng, X.; Sun, Z.; Wang, borg.

efrem.2006 45, 5971.

(11) Zeng, X.; Ge, M.; Sun, Z.; Wang, D. Phys. Chem. 2006 110,

(12) Winnewisser, G.; Lewen, F.; Thorwirth, S.; Behnke, M.; Hahn, J.;
Gauss, J.; Herbst, EEhem—Eur. J.2003 9, 5501.

(13) Snyder, J. P.; Carlsen, 1. Am. Chem. Sod.977, 99, 2931.

(14) Penn, R. E.; Block, E.; Revelle, L. K. Am. Chem. Sod 978

ers are given in this work by theoretical calculations. The first 145 3522

ionization energies of CEOC(O)CH and CC}SOC(O)CHR

(15) Baumeister, E.; Oberhammer, H.; Schmidt, H.; SteudeH&-

are determined to be 9.67 and 10.34 eV, respectively. The first eroatom Chem199], 2, 633.

HOMOs correspond to the electron mainly localized on the

sulfur lone pair MOs:{52afs)} ~ and{64afs)} ~* for CCls-
SOC(O)CH and CC}SOC(O)CE, respectively.
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