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The structure of SFsOSO,F has been investigated using gas-phase electron diffraction and quantum-chemical
calculations. It is found to exist primarily in the gauche form (SFs group gauche relative to the S—F bond of the
SO.F group with ¢(S-0-S—-F = 71(7)°). A small contribution of the trans conformer cannot be excluded.
Photoelectron spectroscopy gives ionization energies for the sulfur 2p electrons that reflect the relative
electronegativities of fluorine and oxygen. The widths of the peaks in the photoelectron spectra indicate that there
is considerable vibrational excitation associated with the core ionization of the sulfur atoms.

Introduction Chart 1
Y Y
Sulfonates of the type XO©SQG,Y can adopt different | | x
conformations, depending on the torsional orientation of the o/@\o O/@\O
O—X bond relative to the bonds around sulfur. For steric X N
trans gauche

reasons staggered structures are expected with X either trans

or gauche with respect to the—=§ bond (Chart 1). For . . .

. . additional gauche conformer very likely. According to
fluorosulfonates X SO,F, different conformational proper- : : X )
ties have been reported. For the fluorine and chlorine quantum ch§m|cal calculations the potential funct_|o_n to
derivatives, FOSEF and CiOS(} onlv gauche structures internal rotation around the-8D0 bond possesses minima
with dihedr,aI angles(XOSF) ~ 760 weyregobserved by 0as only for gauche structures and the trans form corresponds

; 9 o . Y9 to a transition state (see below).

electron diffraction (GED}. Ab initio calculations (HF/6- In th ¢ stud t a structural and ‘
31G*) predict a second minimum in the torsional potentials n the present study we report a structural and conforma-

of these compounds gi{XOSF) = 18(° (trans conforma- tional |nvest|ggt|on of S@SOZF' based on .GED and
tion).* Its energy is higher than that for the gauche form by guantum chemical calculations. The conformational proper-
2.8 kcal/mol (FOSGF) and 2.1 kcal/mol (CIOSE). Similar ties of this compound are of interest in comparison with the
relative energies are predicted also by the hybrid method previously StUd'eq fluorosulfonates, since the, @Fogp IS
B3LYP/6-31G* (see below). Microwave spectra of €H a very bulky substituent. Furthermore, the geometric param-
OSOF were interpreted in terms of a trans conformafion eters of the SO—S skeleton are interesting in context with

GED intensities of this compound are not sensitive toward roozsse_gf_tshgftawo dségj]oeirgz% su(tj)jft;'tutetd ct;)tmppunds
the conformational properties, but make the presence of an ; an - Inacddition fo obtaining
structural information we have also measured the sulfur 2p
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changes in molecular shape that accompany photoionization
The first synthesis of SOSGF involved the photochemi-
cal reaction of SQwith SRZ (Z = Cl, Sk, SKO0)2 In
the same year, it was reported that the reaction oivith
sulfur produced SJOSQF (the fluorine was contaminated
with oxygen or OF).® Additional pathways include the reac-
tion of SKEOF with SQ and the thermal reaction of §F
OOSFK with SO,.”8 More recently, SEFDSOF was prepared
in high yield and purity from SiBr and BrSQF.° SFOSQF
is a decomposition product in electric discharges of the gas-
eous insulator SFin the presence of oxygen or watéiThe
vibrational spectra of this compound have been repdfted.
SKOSGF is a colorless liquid, with a boiling point of 39.6
°C,a density of 1.867 g/mL, and Trouton constant of 22.1.

Quantum Chemical Calculations

All quantum chemical calculations were performed with the
GAUSSIAN98 program packadéusing primarily the 6-31G* basis
set and both B3LYP and MP2 methods. Some calculations have

3.5

been made using the cc-pVTZ basis sets. Core ionized molecules
have been simulated using the equivalent-cores approximation. That

is, the core ionized sulfur has been replaced by a chlorine cation
and the calculation has been performed for the singly charged
molecular ion.

Structure optimizations were performed for fixed torsional angles
¢(SOSF) in steps of 30with both MP2 and B3LYP methods. Both
functions are very similar, and only the result derived with the
B3LYP method is shown in Figure 1. This curve possesses minima
for gauche and trans conformations with the gauche form being
lower in energy. The relative energy of the trans form is 1.03
(B3LYP) and 1.11 kcal/mol (MP2), respectively, and the relative
Gibbs free energy is 1.95 and 2.11 kcal/mol, if the different
multiplicities for gauche h = 2) and trans conformersn(= 1)
are taken into account. It should be pointed out that thegeéup
staggers the ©SO,F bond in the gauche conformer, but it eclipses
this bond in the trans form. Vibrational amplitudes and vibrational
corrections for interatomic distances were derived from a calculated
(B3LYP) force field using the method of Sipachev and the program
SHRINK, which takes the nonlinear relation between Cartesian and
internal coordinates into accoulit. The application of such
vibrational corrections transformg to rp; distances.

Core-ionization energies can be obtained as the difference
between the energy of the neutral molecule and that of the ionized

(5) Emelass, H. J.; Packer, K. J. Chem. Socl962 771.
(6) Cohen, B.; MacDiarmid, A. Glnorg. Chem 1962 1, 754.
(7) Pass, G.; Roberts, H. llnorg. Chem 1963 2, 1016.
(8) Merrill, C. I.; Cady, G. HJ. Am. Chem. Sod 963 85, 909.
(9) Johri, K. K.; Katsuhara, Y.; DesMarteau, D. D. Fluorine Chem
1982 19, 227.
(10) Vial, L.; Casanovas, A. M.; Coll, I.; CasanovasJJPhys. D1999
32, 1681.
(11) Willner, H.; Mistry, F.; Aubke, FJ. Fluorine Chem1992 59, 333.
(12) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A;;
Stratman, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
V.; Cossi, M.; Cammi, R.; Menucci, B.; Pomelli, C.; Adamo, C.;
Clifford, S.;. Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.;. Raghavachari, K.;
Foresman, J. B.; Cioslovski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
A.; Gonzales, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen,
W.; Wong, M. W.; Andres, J. L.; Gonzales, C.; Head-Gordon, M.;
Replogle, Pople, J. AGAUSSIAN9S, revision A.7; Gaussian, Inc.:
Pittsburgh, PA, 1998.
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O1 bond.
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Figure 2. Experimental (dots) and calculated (full line) molecular

intensities for long (above) and short (below) nozzle-to-plate distances and
residuals.

molecule. The equivalent cores approximation does not, however,
give the energy of the ionized molecule, but an energy that differs
from this by the amount involved in exchanging a chlorine cation
for a core-ionized sulfur atom. We expect this energy to be
approximately independent of species, with the result that the
difference will cancel out if we calculatelative ionization energies.

We have used this approach to obtain sulfur 2p ionization energies
relative to that in Sk

Experimental Section

SKOSQOF was prepared from BrS® and SEBr as described
by Johri, Katsuhara, and DesMartédilectron diffraction intensi-
ties were recorded with a Gasdiffraktograph KD3Gat 25 and
50 cm nozzle-to-plate distances and with an accelerating voltage
of about 60 kV. The sample was cooled+®5 °C, and the inlet
system and nozzle were at room temperature. The photographic
plates were analyzed with an Agfa Duoscan HiD scanner, and total
scattering intensity curves were obtained from the TIFF file using
the program SCAN3? Experimental molecular intensities (Figure
2) were obtained in the range= 2—18 and 8-35 A1 in steps of
As= 0.2 A-1for the long and short camera distances, respectively,
(s = (4n/2)(sin 6/2), wherel is the electron wavelength arfdis
the scattering angle).

Sulfur 2p photoelectron spectra of SEBnd SEOSQF were
measured at the MAX-lab using beamline 1494t a photon energy

(13) Sipachev, V. Vibrational Effects in Diffaction and Microwave Experi-
ments: A Start on the Problem. Akdvances in Molecular Structure
ResearchHargittai, I., Hargittai, M., Eds.; JAl: Greenwich, 1999;
Vol. 5, p 323. Sipachev, V. AJ. Mol. Struct 2001, 567/568, 67.

(14) Oberhammer, HMolecular Structure by Diffraction Method3he
Chemical Society: London, 1976; Vol. 4, p 24.

(15) Atavin, E. G.; Vilkov, L. V.Prib. Tekh. Eks2002 45, 27.
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of 220 eV. The photoelectrons were detected and analyzed in a
Scienta SES 200 analyzer. The combined monochromator and
analyzer slits and the analyzer pass energy were chosen to give a

Leibold et al.

resolution of about 40 meV in the photoelectron spectra.

include the effects of resolution, lifetime, and the interaction of
the photo and Auger electrons (postcollision interaction, or PCI).
The line shape given by eq 12 from van der Straten &t aias
used to describe the effect of PCI. This was convoluted with a
Gaussian function, which in the case ofsSEpresents the effect

of the experimental resolution and in the case o:GFOF
represents the combined effect of the experimental resolution and
the vibrational (or dissociative) broadening. ForgSteur peaks
have been used in the fitting. These are to take into account

The spectra have been fit by least squares with peak shapes that J

Figure 3. Experimental radial distribution function and difference curve
RDF(exp)— RDF(calc). Important interatomic distances are indicated by

transitions to the ground vibrational state of the molecule (adiabatic yertical bars.

transition) and to they = 1 excitation of the sulfurfluorine
symmetric stretching mode. Also included in the fits is a constant
background.

For SFK, the Lorentzian lifetime width and the Gaussian

experimental resolution are treated as fitting parameters. The valueg;—o1

for the resolution that was obtained is 45 meV, in keeping with
the value of about 40 meV expected from the choice of instrumental
parameters. The Lorentzian width is 47 meV. The 1 vibrational
excitation is found to be at an energy of 92 meV. The vertical
ionization energy (that is, the average over the spectrum) fgr SF
has been reported to be 180.210.05 eV?8 Taking this, together
with the spin-orbit splitting of 1.21 eV and a 2:1 ratio for the
intensities of the spinorbit components, we can infer an ionization
energy of the adiabatic peak of 180.20 eV, which is in good
agreement with the value reported by otH€f8This value provides
the calibration for the ionization-energy scale.

For SEOSGF we have used the same lifetime width as was
found for Sk. As noted, the combined effect of instrumental

Table 1. Experimental and Calculated Geometric Parameters of
SKEOSGF

GED? B3LYP/6-31G*d MP2/6-31G*

1.599(9) pl 1.651 1.652
S2-01 1.654(% 1.715 1.698
S=0 1.4003) p2 1.436 1.436
S2-F 1.555(2) p3 1.601 1.597
S1-F1 1.550(29 1.594 1.593
S1-01-S2 129.1(13) p4 126.4 125.8
01-S1=02 105.4(12) p5 103.2 103.0
01-S1=03 114.4(18 112.3 112.0
F1-S1-01 96.8(25) p6 97.8 97.4
F1-S1=0 108.0(21) p7 107.6 107.5
Feq—S2—Fax 91.4(6) p8 90.2 90.1
tilt(SFs)f 46(10)  po9 2.9 2.9
#(S2-01-S1-F1) 71(7) pl0 76.1 75.4
$(S2-01-S1=03) —40(7) ~36.5 ~36.9
#(S1-01-S2-F3) 64(3) pll 62.7 64.7
#(S1-01-S2-F6) —26(3) —27.2 -25.3

broadening and vibrational broadening has been described using a_*rn: values in A and deg with@uncertainties. For atom numbering see

Gaussian shape. The two peaks comprising the-spinit doublets

Figure 4.° Mean values for parameters which are not unigy&1-01)
— (S2—01) fixed to 0.055[10] A. The estimated uncertainty in brackets is

are constrained to have the same Gaussian width, but this parametefayen into account in the uncertainties of the individual bond lengfg2-

is allowed to be different for the two different kinds of sulfur in
this molecule.

Structure Analysis

The radial distribution function (Figure 3) which was
obtained by Fourier transformation of the molecular intensi-
ties is reproduced satisfactorily only with a gauche confor-
mation, in agreement with quantum chemical calculations.

The molecule contains some closely spaced bond lengths

and one-angle nonbonded interatomic distances, which
cannot be resolved individually in a gas-phase electron

F) — (S1-F1) fixed to 0.005 A& (01-S1=03) — (01-S1=02) fixed to
9°. fTilt angle of the SE group, see text.

Figure 4. Molecular model with atom numbering.

diffraction analysis. For such parameters, mean values were _ _ _
derived in the experiment, and differences between thesecOmputational methods, B3LYP and MP2, predict slightly
bond lengths or bond angles were constrained to calculateddifferent values for some differences, mean values were used

values. This applies to the difference betweer-81 and
S2-01, between StF1 and S2-F distances, and between
the O1-S=02 and O+S=03 bond angles. If the two

(16) http://www.maxlab.lu.se/.

(17) Van der Straten, P.; Morgenstern, R.; NiehausZ APhys. D198§
8, 35.

(18) True, J. E.; Thomas, T. D.; Winter, R. W.; Gard, Glihorg. Chem.
2003 42, 4437.

(19) Wang, H.; Basler, M.; Hjelte, |.; Burmeister, F.; Karlsson, L.Rhys.
B: At. Mol. Opt. Phys2001, 34, 1745.

(20) Giertz, A.; Basler, M.; Bjaneholm, O.; Wang, H.; Feifel, R.; Miron,
C.; Karlsson, M.; Svensson, S.; Brrve, K. J.; SFthre, LJ.JChem.
Phys.2002 117, 7587.
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(see Table 1). If the predicted difference between geometric
parameters is smaller than the experimental uncertainty for
the mean value, these parameters were set equal. This applies
to the two S=O bond lengths and the F51=0 bond angles

in the SQF group and to the -SF¢q bond lengths and &—
S—Feq bond angles in the SFgroup. The B3LYP method
predicts the SFy bond (S2-F2 in Figure 4) of the S
group slightly shorter than the equatorial bondsFg, (S2—

F3 to S-F6) and the MP2 approximation slightly longer.
Therefore, all SF bonds in the SFgroup were set equal in
the structure analysis. Thug,, symmetry was assumed for
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Table 2. Interatomic Distances and Experimental and Calculated
Vibrational Amplituded

distance ampl (GED) ampl (MP2)
S=0 1.40 0.035 0.035
S—-F 1.55-1.56 0.042(2) 11 0.042
S-0 1.60-1.65 0.05% 0.051
FeF 2.20-2.23 0.059(5) 12 0.068
O1--F 2.21-2.28 0.077 0.077
Ol---F1 2.35 0.075 0.075
F1.--02 2.39 0.065 0.065
01:--0 2.39-2.52 0.068 0.068
02---:03 2.44 0.051(9) 13 0.056
F1---F6 2.55 0.202 0.202
S1---F6 2.80 0.115(21) 14 0.125
03--F3 2.83 0.220 0.220
S1.--S2 2.93 0.051(9) 13 0.056
03--F6 2.97 0.218 0.218
S1---F3 3.03 0.148 0.144
F3---F5 3.11 0.056(18) 15 0.054
O1--F2 3.20 0.056(18) 15 0. 060
S2---F1 3.26 0.115(21) 14 0.131
F1---F5 3.34 0.263 0.263
S2--:03 3.35 0.075(19) 16 0.111
S1---F5 351 0.115(21) 14 0.131
S1---F4 3.72 0.075(19) 16 0.096
F1---F3 3.80 0.166 0.166
S2--:02 3.98 0.070 0.070
02:--F6 4.10 0.115(21) 14 0.119
02:--F3 4.14 0.1641 0.161
03--F4 4.25 0.150 0.150
02:--F5 4.32 0.148 0.144
S1---F2 4.39 0.079 0.079
F1---F4 4.40 0.115(21) 14 0.125
02:--F4 4.40 0.129 0.129
F1---F2 4.52 0.177 0.177
03--F2 4.56 0.1641 0.161
02---F2 5.562 0.078 0.078

aValues in A with 3r uncertainties. For atom numbering see Figure 4.
b Not refined.

the Sk group with a possible tilt angle between @gaxis

and the OS2 bond direction. This tilt occurs in the S1
01-S2 plane away from S1. Vibrational amplitudes were
collected in groups according to calculated values. Ampli-
tudes that caused large correlations with geometric param-

eters and amplitudes that were poorly determined in the gas-

phase electron diffraction experiment were not refined. With
these constraints elevep geometric parameters, pl to p11,
and six vibrational amplitudesll to 16, were refined
simultaneously. The following correlation coefficients had
values larger that0.6): pl/p4= —0.79, p6/p7= —0.68,
p6/pll= 0.74, p7/pll= —0.63 and pld = —0.75. The
results are listed together with calculated values in Table 1
(geometric parameters) and Table 2 (vibrational amplitudes),
and the molecular model is shown in Figure 4.

Additional least squares refinements were performed for
mixtures of gauche and trans conformers. The geometric
parameters of the trans form were tied to those of the gauch
conformer using the calculated differences, and calculated
amplitudes were used. The agreement factor remained
unchanged for contributions of less than 10% of the trans
form and increased for larger contributions.

Discussion of the Structure

Only the gauche conformer of §BSOF is observed in
the gas-phase electron diffraction experiment, but a small

e

10+

B3LYP/6-31G*

CIOSO,F

A E in Kcal/Mol

CH,0S0,F

SF,0S0,F

T T T
60 180 240 300

¢ (X-O-S-F)

Figure 5. Calculated (B3LYP/6-31G*) potential functions for internal
rotation in fluorosulfonates XOS@B. Each curve is shifted by 1 kcal/mol.

T
120 360

contribution of the trans form<{10%) cannot be excluded.
This result is in agreement with the quantum chemical
calculations, which predict a trans contribution of about 4%.
Thus, the conformational properties of this compound are
the same as those of FOgand CIOSGF, for which also
only the gauche form was observed experimentally. Calcu-
lated (B3LYP) potential curves for internal rotation around
the S-O bond in these three compounds are very similar
with minima at gauche and trans orientation and the gauche
conformation favored (Figure 5). As mentioned in the
Introduction, the experimentally determined conformational
properties of CHOSQF are different. For this fluorosul-
fonate a microwave and GED investigation resulted in a trans
conformer with some contribution of the gauche form.
However, the calculated (B3LYP) potential curve for this
compound, which is also shown in Figure 5, possesses
minima only for the gauche form and a flat maximum in
the trans regiong(X—S—0O—F) = 18(°), about 1.8 kcal/
mol higher in energy. An additional calculation with the
MP2/cc-pVTZ method (not shown in Figure 5) predicts an
additional shallow minimum for the trans structure, 2.3 kcal/
mol higher in energy than the gauche form. These calculated
potential functions are not compatible with the experimental
results.

The dihedral angles around the-S@1 bond in SEOSGF
(¢(S2—-01-S1-F1) = 71(7f and ¢(S2—01-S1=03) =
—40(7Y) imply that the SE group is rotated closer to the
S=0 double bond than to the SF1 single bond, which
contradicts chemical intuition. On the other hand, the
nonbonded distance S2F1 (3.26 A) is shorter than the S2
-«0O3 contact (3.35 A). Thep(S2—01-S1-F1) dihedral
angle is equal to the XO—S—F dihedral angle in FOS®
and CIOSGQF within their experimental uncertainties. Geo-
metric parameters of the $Bgroup in the four fluorosul-
fonates XOSGF with X = F, Cl, CH;, and Sk are almost
equal within their experimental uncertainties. TheCssingle
bond decreases with decreasing electronegativity of the
substituent X from 1.606(8) A in FOS® to 1.558(7) A in
CH3OSGF. This bond length is intermediate in the chlorine
(1.585(10) A) and SFderivatives (1.599(9) A). This trend
can be rationalized qualitatively by a simple electrostatic

Inorganic Chemistry, Vol. 43, No. 13, 2004 3945
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Table 3. Sulfur 2p lonization Energies, eV

SFs Al 2py,
2p312 2pu2 expt theor ref

Sk 180.20  181.41 0 0
10000 A S*FsOSQF  180.09  181.30 —0.11  —0.42

SROS*OF  177.23 17842 297  —3.03
Sk, 177.8 —2.4 ~3.62
SOF 177.67 253  -231

15000 —

O TO®

1
5000 —

a References 18, 19, 20 for 2p This work for spir-orbit splitting to
give 2p2. P This work. ¢ Using average 2p ionization energy of 178.2 eV
from ref 21, together with assumed spiorbit splitting of 1.2 eV and spin
orbit intensity ratio of 2:1.

180.0 180.5 181.0 181.5 182.0

5000

broad and featureless, indicating either a high degree of
vibrational broadening or that the core-ionized state is
dissociative. In Figure 6B the $FBpectrum is shown for
comparison as a dashed line.
lonization Energies. The experimentally determined
vertical ionization energies are listed in Table 3. Also given
here are the sulfur 2p ionization energies 0f?5&nd SQF,*?
for comparison. The values are listed both as absolute values
and as values for the Zpionization energy relative to that
i it in SK. The ionization energies are consistent with the relative
I I I T T I electronegativities of fluorine and oxygen. One of the sulfur
frr 178 - 179 - 180 181 182 atoms in SEOSQOF is 6-fold coordinated as is the sulfur
lonization energy, eV : : :
atom in Sk. We are thus comparing 8B with Sk, and
Figure 6. Sulfur 2p photoelectron spectra of S&hd SEOSOF. Open — the gylfur jonization energy is slightly lower in the former
circles show the experimental data. Solid lines show least-squares fits to . L.
the data. Dashed lines show individual components of the fit for SF than the latter, reflecting the lower electronegativity of
oxygen. The other sulfur atom in §BSQF is 4-fold
model. The oxygen net charge becomes more negative withcoordinated as are $Bnd SQF,. With three oxygen atoms
decreasing electronegativity of X, and thus the electrostatic and one fluorine atom, its ionization energy is lower than
attraction between oxygen and the highly positive sulfur atom that in either of the other two molecules, which have more
increases. SPOSOF contains two types of S(VHO bonds, fluorine atoms and fewer oxygen atoms. Also shown in the
FO,S—0 (1.599(9) A) and F5—0 (1.654(9) A), which differ table are the calculated relative ionization energies. Except
by 0.055[10] A. This difference was not refined in the gas- for the value for Sk these approximately reproduce the
phase electron diffraction analysis; it was fixed to a mean experimental results. Since calculations at several different
value of the two quantum chemical methods (0.064 A from levels give similar results, we suspect that there may be an
B3LYP and 0.046 A from MP2). Within experimental error  error in the reported experimental value.
limits, the FQS—O0 bond length is equal to that in the For the compound SOSQJF, the sulfur ionization energy
symmetrically substituted disulfuryl fluoride, R&-0O— in the Sk group is almost as high as that of the sulfur in
SOF (1.611(10) AR The RS—O bond in SEOSQOF, Sk and is considerably higher than that of sulfur in several
however, is appreciably longer than that ieSFO—Sk SKEX compounds (X= Br, SK, Cl, CR).!8 This high
(1.586(11) A)* This can be rationalized with the much larger ionization energy reflects the high electronegativity of the
O—S—0 angle in the latter compound (142.5(26) fluorosulfonate group. True et #lused a correlation between
Both guantum chemical methods predict all bond distanceselectronegativity of the halogens and the sulfur ionization
in this compound too long by up to 0.06 A. The experimental energy to estimate the electronegativities of the &l Sk
bond angles are reproduced to witHi3° and dihedral angles  groups. Applying the same approach to the fluorosulfonate
to within their experimental uncertainties. group, we can conclude that this group has an electronega-
tivity similar to that of fluorine.
Vibrational Structure. The analysis of the SFphoto-
The experimental sulfur 2p photoelectron spectra for SF  electron spectrum shows that the= 1 excitation of the Aq
OSGOF and Sk are shown in Figure 6, where the data are symmetric stretching mode comes at an energy of 0.092 eV
represented by open circles and least-squares fits to the daté744 cn?). This is in approximate agreement with the
are represented by solid lines. For each sulfur atom the 2pharmonic frequency calculated for the equivalent-cores
spectrum has two components,2pand 2g,, with an species, CIF, of 663 cnt! (B3LYP/6-31G**), 692 cnmt
intensity ratio of about 2:1. For the $Bpectrum (Figure
6A) additional structure is apparent, and this is due to (21) Shaw, R. W, Carroll, T. X.; Thomas, T. D. Am. Chem. S0d973

O —— SF,0S0,F q SFq
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The Photoelectron Spectrum

o : - ; ; 95, 5870.
echtatIon of the sulfurfluorine symmetnc stretching vi- (22) Jolly, W. L.; Bomben, K. D.; Eyermann, C. At. Data Nucl. Data
brational mode. For SOSGF (Figure 6B) the peaks are Tables1984 31, 433.
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(MP2/6-31G**), or 726 cm* (MP2/cc-pVTZ). The intensity  lengths is in the oxygen sulfur bond for the sulfur that has
of the v = 1 excitation is 12.3% of that of the = 0 not been core ionized. For ionization of the sulfur in QBO
transition. Using the harmonic oscillator model to calculate the SkE—O bond length increases by 38 pm, and for
Franck-Condon factors, we find that this intensity ratio ionization of the sulfur in S§O, the C-SO,F bond length
implies a change in equilibrium sulfafluorine bond length increases by 17 pm. There is, therefore, much more
of +£1.0 pm upon ionization. The theoretical calculations vibrational excitation associated with ionization of the QSO
using the MP2/cc-pVTZ method indicate that this bond sulfur than with ionization of the B sulfur, and this
decreases in length by 0.41 pm, but other calculations excitation is reflected in the widths of the peaks. The
indicate an increase in bond length upon core ionization. In calculations indicate that ionization of the OFGulfur leads

all cases, the bond-length change is small, and in this senseto a vibrational excitation of about 0.5 eV, while ionization
Sk is similar to Ck, which also shows a very small change of the SEO sulfur leads to an excitation of only about 0.3
upon ionizatior?® For SEOSQF, the peaks in the photo- eV. These energies are very similar to the observed Gaussian
electron spectra are broad, indicating a high degree ofwidths of the peaks in the spectrum, 0.50 and 0.37 eV,
vibrational excitation, or, possibly, that the core-ionized respectively, which should reflect this excitation energy.
molecule is dissociative. The widths of the peaks corre-
sponding to ionization of the OSP group (0.53 eV) are
noticeably greater than those for thesSFgroup (0.40 eV).
Comparing the geometries of the neutral and core-ionize
molecules, we find that the major change of equilibrium bond
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