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Using vacuum-UV radiation from a synchrotron, gas-phase negative ions are detected by mass spectrometry
following photoexcitation of SFsCI. F~, Cl” and SFs are observed, and their ion yields recorded in the range
8-30¢eV. F and CI" show a linear dependence of signal with pressure, showing that they arise from
unimolecular ion-pair dissociation, generically written AB +hv — C~ + D" (+ neutral(s)). F is the
strongest signal, and absolute cross sections are determined by calibrating the signal intensity with that of F~
from SF¢ and CF4. Resonances are observed, and assigned to transitions to Rydberg states of SFsCl. The
CI signal is much weaker, despite the S—CI bond being significantly weaker than the S—F bond.

Appearance energies for F~ and C1" of 12.7 £ 0.2 and 10.6 + 0.2 eV are determined. The spectra suggest that

these ions form indirectly by crossing of Rydberg states of SFsCl onto an ion-pair continuum.
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1. Introduction

There have been many investigations of the ion chemistry of sulfur hexafluoride, SF¢, involving production
of cations, anions, and chemical reactions, ™ but relatively few of the derivative molecule sulfur
chloropentafluoride, SFsCl. The structure of SFsCl, Cy, symmetry in the gas phase, has been established by
microwave spectroscopy * and electron diffraction.” Four equatorial S—F bonds have a slightly longer
length, 0.157 nm, than the S—F axial bond, 0.159 nm, whilst that of S—Cl is significantly longer, 0.204 nm.
There have only been two photoelectron studies of this molecule, one using fixed-energy He I and He 11
resonance lines ° and one using tunable vacuum-UV (VUV) photons coupled with threshold electron
detection.” The relative ordering of the valence molecular orbitals (MO) has been calculated using self-
consistent discrete variational Xo methods.” The state-selected fragmentation dynamics of the electronic
states of SFsC1" has been studied by threshold photoelectron photoion coincidence spectroscopy.” This
publication also reported results from a Gaussian 03 calculation * which supported the MO assignments
made by Klyagina e al.® Figure 1 summarises the combined findings of these investigations, and correlates
the MOs for SFsCI with those of SF¢ of O, symmetry. While the ordering of the valence MOs in for SFg is
well established,'’ we note that the ordering and assignments given for SFsCl are based on more limited
evidence. The kinetics and ionic products of the reactions of a large number of small cations with SFsCI

have been studied in a selected ion flow tube.’

The studies of anion production following excitation of SFsCl are even more limited. There have been two
measurements of the thermal electron attachment rate coefficient to SFsCI : (4.8+1.2) x 10 em® 57! by van
Doren ef al.'” and (2.0+0.3) x 10 cm’ s~ by Mayhew et al.,”” a factor of ca. 512 slower than the value for
SFg, (2.38+0.15) x 107 ¢m® s7."* Under thermal electron conditions, electron attachment to SFsCl is
dissociative, producing SFs™ (92%), CI" (5%) and FCI™ (3%), whereas that to SF¢ is predominantly non-
dissociative. A recent crossed beam study of SFsCl with low-energy electrons in the range 0—14 ¢V ' has
clarified inconsistencies arising from two earlier studies.'®'” As in the thermal experiment, electron

attachment is dissociative with SFs~ being the dominant anion at low electron energies, but resonances



forming F~, CI" and FCI™ are now observed at £ > 3 eV. The experimental study by van Doren ef al.
stimulated an extensive ab initio study of the structures and enthalpies of formation of SF,Cl (n = 0-5) and

. . 1
their anions.'®

In this paper, we report the first study of ion-pair formation in SFsCI following tunable VUV
photoexcitation in the range 10—30 eV from a synchrotron. It continues our earlier study on SFs-containing
molecules, SF¢ and SFsCFs."” Cross sections for anion production are put onto an absolute scale by
calibration of the signals with that of F~ from SF¢ and CF4,>*" but quantum yields for their production

cannot be determined because there are no reported values of the total absorption cross section in this region

of the VUV.

2. Experimental

The ion-pair apparatus, described in detail elsewhere,”’ comprises a crossed effusive beam of the molecular
sample with tunable VUV radiation from beamline 3.1 (1-metre Wadsworth) of the Daresbury, UK
synchrotron source.”” There is no internal cooling of the sample in the effusive beam. Anions are detected
on the third orthogonal axis by a Hiden Analytical HAL IV triple quadrupole mass spectrometer (QMS)
which is differentially pumped from the interaction region to reduce the number of free electrons and
secondary collisions. Two gratings cover the wide range of the vacuum-UV: the high-energy grating
covering ca. 12-35 eV, and the low-energy grating covering ca. 8—18 eV. The optimum resolution of the
beamline is 0.05 nm, corresponding to ca. 0.01 eV at 15 eV. However, to enhance sensitivity, the spectra
reported here were recorded with degraded resolution. A 2 mm diameter, 300 mm long capillary light guide

connects the beamline to the experimental apparatus, providing the necessary differential pumping.

Ion yields were determined by recording the yield of an anion of defined m/z as the beamline
monochromator was scanned. The signals are first normalised to photon flux, ring current, gas pressure,

ionization gauge sensitivity, and relative mass sensitivity of the QMS to detection of the different anions;



full details are given elsewhere.” These signals are then put onto an absolute scale by determining the

F~ intensity in the experiment from SFs and CF4, and calibrating them to values of the cross section
determined by Mitsuke et al. for SFq ((7 £2) x 107" cm?® at 14.3 eV) and CE, ((1.25+0.25) x 10! cm? at
13.9 eV.>?" We estimate that the cross sections are accurate to a factor of ca. 2. F~, Cl” and SFs were the
only anions detected. The variation of anion signal with pressure was determined for all three anions over
the range ca. (0.5-5.0) x 107> mbar. F~and CI” show a linear dependence with pressure, showing that these
ions form by an ion-pair process. That is, an anion and cation are produced simultaneously in the photon-
induced reaction, which we write generically as AB + hv — C~ + D" (+ neutral(s)). SFs shows a non-linear
dependence with pressure, with the signal rising more rapidly with pressure than from a linear relationship.
This suggests that SFs ™ likely results from the two-step process of dissociative electron attachment. That is,
SFsCl + hv— SFsCI" + ¢, followed by SFsCl + e~ — SFs~ + Cl, where a quadratic dependence of SFs~

signal with pressure is predicted.

The SFsCl sample was provided by Apollo Scientific with a quoted purity of ca. 97%. Impurities of SF4,
FCl and Cl, have been noted in previous studies using SFsCl samples, and small amounts of SF,O, species
have also been detected — identified as by-products in the industrial production of SFsCl from the hydrolysis
of SE4.”'* The effect of any contributions from these impurities to the anion spectra cannot be quantified,

but is probably very small. Production of F~ from SF, and FCl is likely to be the biggest contaminent, so the

values of the cross section for F~ production from SFsCl (Section 4.1 and Figure 2) are upper limits.

3. Thermochemistry

This work determines appearance energies at 298 K (AE;gg) for fragment anions formed from
photoexcitation of SFsCl, and they are compared with calculated thermochemical values. Berkowitz has
noted that for many polyatomic molecules, when suitable assumptions are made about the nature of the
accompanying cation and neutral fragment(s), a calculated threshold energy is a lower limit to the
experimental AEyog of an anion.”* For the generic ion-pair reaction AB + hv — C~ + D" (+ neutrals(s)), this

inequality can be written:



AE(C") > D,(A-B)+ IE(C) — EA(D) )

where D, is a bond dissociation energy, IE an ionisation energy and EA an electron affinity. Furthermore, in
comparing AEyog values with calculated enthalpies of appropriate dissociation reactions at 298 K, A,H59s,
two assumptions are being made which are justified at the relatively modest resolution of the experiment, ca.
0.1-0.2 eV. First, although an AE,og value cannot be equated to A,H’,9g because of thermal effects,25 the
corrections needed to the AE,og values are typically less than 0.1 eV and they can be ignored. Second, the
effects of entropy are disregarded, even though all unimolecular reactions involve An > 0, where An is the
stoichiometric number of product species minus the number of reactant species. This is justified because the

|A-H’y9g| values are all large.

Values for A,H’y9s of relevant ion-pair reactions were calculated using literature values for enthalpies of
formation (AfHozgg in kJ molfl): SFsCl=-1039, SF4Cl =-761, SFs=-915, SF4=-768, SF; =-442, SF, =
—295, FCl=-50, Cl =+121, F =+79; SFs = -1282, CI" =227, F = -249; SF,CI" <+327, SF5" =+29,
SF," =+389, SF;" =+361, SF," =+693, SF" =+998, CI"=+1372."'"*** Where multiple values for a
species which differ significantly from each other are given in the literature, a subjective choice has been

made for the preferred value.

4. Results and discussion

Only three anions, F~, CI” and SFs~, were detected following VUV photoexcitation of SFsCI. The F~ signal
was by far the strongest, followed by Cl°, whilst SFs~ was only just detected above the sensitivity limit of
the apparatus. The strength of the F~ signal may initially appear somewhat surprising, given that the

F4CIS-F bond dissociation energy, 3.70 eV, is stronger than that of FsS—Cl, 2.54 eV.'' =%

4.1 Formation of F



The cross section for F~ formation is shown in Figure 2(a) over the range 12-30 eV. The F signal increased
linearly with increasing SFsCl gas pressure, indicating it is formed via unimolecular ion-pair dissociation.
The onset for F~ production is 12.7 = 0.2 eV (Figure 2(b)), and we note that this value lies above the
adiabatic ionization energy for SFsCl, 12.3 eV.®” The onset is gradual and the cross section increases at a
steady gradient up to ca. 13.6 eV (labelled ‘1’ in Figure 2(b)). Above this energy, the gradient increases and
leads to a cross section maximum of 6.1 x 1072° cm? at 14.06 eV (‘2 in Figure 2(b)). The shoulder between

12.7-13.6 eV may arise from one or more of the following ion-pair dissociation reactions:

SFsCl — F~ + SE4CI" AH95<11.58eV (1)
SFsCl - F + SF3+ + FCl ArHoggg =1141eV (2)
SF5C1 —F + SF3C1+ +F ArHoggg unknown (3)

There is considerable uncertainty in the enthalpy of formation for SF4CI"; the value used is +327 kJ mol ™,
an upper limit determined from the appearance energy (AE) of SF4Cl" ions following dissociative
photoionization of SFsCl.” The enthalpy of reaction (3) is expected to be less than the AE(F ) of 12.7 eV,
but the value for A#7°593 (SF3CI+) is not known. It is noted that SF;C1" was not observed in the photon or
electron dissociative ionization experiments,” suggesting that the production of F~ from reaction (3) is
unlikely. The increase in gradient of the cross section at 13.6 eV giving rise to feature 2 may correlate to

production of F~ by reaction (4):

SFsCl - F + SF4+ +Cl ArHoggg =13.47 eV (4)

The thermochemical evidence therefore suggests that the most significant contribution to the F~ cross
section at 14.06 eV is from production of the the F~ + SF4" ion pair in which the S—Cl bond is also broken,

and not from reactions (1)—(3).

It is difficult to assign features in ion-pair spectra to specific dissociation reactions with any confidence.

This is particularly true at higher photon energies because the number of accessible ion-pair products



increases. Some examples of the many reactions producing F~ which may be occurring at photon energies

above 14 eV (giving rise to features 3—8, Figure 2(c)) are listed below:

SFsCl — F + Cl" + SF, AH 205 =14.52 eV (5)
SFsCl — F + SF," + F + FCl AHC 395 =15.67 eV (6)
SFsCl — F + SF' + F, + FCl AH’205=18.01 eV (7)
SFsCl — F + SF," + 2F + Cl AHC 305 =18.26 €V (8)
SFsCl - F +Cl"+ SF; +F AHC 305 = 18.64 eV 9)
SFsCl —» F +Cl" + SF, + F, AH 205 =19.35 eV (10)
SFsCl — F + SF' + 2F + FCl AHC 205 =19.65 eV (11)
SFsCl > F +SF +F,+F+Cl  AH»5=20.60 eV (12)
SFsCl — F + Cl" + SF, + 2F AHC 395 =20.99 eV (13)
SFsCl - F + SEF"+3F + Cl AHC 595 =22.25 eV (14)

Feature 1 of the F~ ion yield exhibits characteristics often associated with direct ion-pair formation; the
onset is gradual and the resulting feature is broad and structureless.”* Features 2—9 show characteristics
usually associated with indirect ion-pair formation via crossing of a resonantly-excited Rydberg of SFsCl by
an ion-pair potential curve. Assuming that these features do indeed arise from an indirect process, they have
been assigned to Rydberg states of SFsCl, using the Rydberg formula for the energy levels, £, of a Rydberg

series

E, - IE——& (1)

(n—8)2

The results are shown in Table 1. These data assume that, in most cases, the given Rydberg state converges
towards the excited state of SFsC1" closest in energy to that of the resonance. For example, it is assumed

that feature 2 at 14.06 eV converges to SFsC1" (4 24;) at 14.79 eV, and not to SFsC1" (B ?4,) at 15.35 eV.

The maximum cross section for F~ formation at 14.06 eV is 6.1 x 107" cm?. The higher-energy peaks are



much weaker with cross sections approximately one order of magnitude smaller; the cross section at 23.2
eV, corresponding to feature 6, is 5.9 x 102! cm”. This large difference may be due to the nature of the
Rydberg state assigned to feature 2. Gaussian 03 calculations have shown that the 4 4, state of SFsCl™
involves the removal of an electron from the 15a; molecular orbital which has both S-F,, and S—Cl bonding
character; the Rydberg state represented by feature 2 is thought to converge to the first excited state of
SFsCI", and has been identified to come from reaction (4) where a fluorine anion and a chlorine atom are
both cleaved from the molecule. However, it is not known unambiguously whether the F~ signal comes

from one of the four equivalent S—F(equitorial) bonds, as suspected, or from the S—F(axial) bond.

4.2 Formation of CI”

CI" anions were observed following VUV photoexcitation of SFsCl, but the signal was much weaker. Only
one peak at 10.9 eV was detected in the range 8—-35 eV (Figure 3). This feature was reproducible when
scanning over the same energy region using a lithium fluoride window transmitting only hv < 11.8 eV, and
s0 it is not an artefact arising from higher-order radiation. The appearance energy of Cl” is 10.6 = 0.2 eV.
Now, unlike the F~ signals, these energies lie below the adiabatic ionization energy of SFsCl, 12.3 eV.%’
Therefore, C1™ can only form from an ion-pair dissociation, and this was confirmed by a linear dependence

of C1” signal with sample pressure. The only energetically accessible ion-pair reaction at this energy is:

SFsCl — CI” + SFs" AHP 95 =8.72 eV (15)

The experimental onset therefore occurs 1.9 eV above the thermochemical threshold. The sharp onset
implies that this ion-pair product forms indirectly.”* This feature can be assigned to the resonant transition
from the highest-occupied MO of SFsCl to the 4p Rydberg state converging on SFsCl™ X *E which then
predissociates into the C1” + SFs" ion-pair state. The quantum defect of this (9¢) ' 4p Rydberg state is then
calculated to be 1.47, consistent with data for high-lying Rydberg states (Table 1). The CI” ion yield in
Figure 3 could not be put accurately onto an absolute scale because the signal level was weak. However, by

comparison of the signal-to-noise ratio of the C1” spectrum with that of weak anions observed in other



2% it is estimated that the maximum

studies of non-symmetric molecules where different bonds can break
cross section for CI” production is less than ca. 107> cm®. An upper limit for the bond dissociation energy
of A-B in the generic ion-pair reaction AB — C~ + D" (+ neutral(s)) can be obtained from the anion
appearance energy data (eq. (I)).”***" Using AE(F") = 12.7 + 0.2 eV, an upper limit for D,(CIF4S—F) of
4.82 eV is obtained. Likewise, using AE(C1") =10.6 + 0.2 eV, an upper limit for D,(FsS—Cl) of 4.44 eV is

obtained. These upper-limit values are consistent with the thermochemically-determined bond dissociation

energies of 3.70 and 2.54 eV for cleavage of the S—F and S—Cl bonds, respectively, in SFsCL'"****

4.3 Formation of SF5~

SFs ™ anions were also detected from SFsCl in the photon range of 12—-35 eV (Figure 4). The signal was very
weak, and again no attempt has been made to determine its absolute cross section. There is only one peak in
the spectrum at 22.0 eV, and when the excitation source was fixed at this energy the SFs signal was shown
to increase non-linearly with increasing SFsCl gas pressure. Whilst a quadratic dependence of signal with
pressure could not unambiguously be determined, we conclude that the SFs anions are produced by
dissociative electron attachment (see Section 2). This anion is the dominant species formed from thermal
electron attachment to SF5CI. 1213 A stated earlier, the thermal electron attachment rate coefficient for
SFsCl lies between (2—5) x 107* cm® s™'. This value is of a similar magnitude to that of other molecules
such as SFsCF; (k, = 8.0 x 1078 cm® sfl) and CF;Br (k,= 1.4 x 1078 cm® sfl).32’33 In photon-induced
experiments, the anions SFs~ and Br from SFsCF; and CF;Br, respectively, are observed and identified as
products from electron attachment reactions rather than from ion-pair dissociation.'””’ Thus, SFsCl is
following the same pattern. It is predicted that an anion spectrum resulting from an electron attachment
process will mimic, at least to some extent, a threshold photoelectron spectrum.'” The peak in Figure 4 at
22.0 eV matches the vertical ionization energy of a band observed by photoelectron spectroscopy at 21.9 eV,
ionization to SFsC1" K “E (see Figure 1). This is, however, the only such similarity between the two spectra,

and the reasons are unknown.



5. Discussion and Conclusions

The anions F~, CI, and SFs have been observed following VUV photoexcitation of SFsCl. F~ and CI™ arise
from ion-pair dissociation, SFs5~ from dissociative electron attachment. Only the F~ spectrum can with
confidence be put onto an absolute cross section scale, but the quantum yield for its production cannot be
determined because photoabsorption cross section data are not available. Indeed, the analysis of the results
is limited by the lack of other complementary spectroscopic investigations, e.g. fluorescence excitation as
well as absorption spectra. Data for SFsCI are compared with that for comparable molecules in Table 2. It
is an apparent coincidence that the AE(F") from both SFsCl and SF, takes the same value, 12.7 £ 0.2 eV. It
is the relative position of the AE to the adiabatic ionization energy (AIE) of the parent molecule which is

more interesting. The most significant features in the F~ spectrum from SF; appear below its AIE,”'"”

yet for
SFsCl the AE(F") and the first F~ peak exceed the AIE. The same comment can be made when comparing
F™ from CF4 with F~ from CF3C1;19’20’30 for CF,4 the AE(F) is less than the adiabatic IE, whereas for CF;Cl
the AE(F") exceeds the adiabatic IE (Table 2). SF¢ and CF, follow the expected trend that the probability
for an excited electronic state to predissociate into ion pairs is greater in the absence of a competing
autoionization process. It is possible, therefore, that the change in symmetry on substituting a fluorine for a
chlorine atom (e.g. SF¢ — SFsCl) suppresses the formation of ion pairs below the ionization energy, or
possibly increases the probability of a competing process such as neutral dissociation (e.g. SFsCl — SFs +
Cl). We note that when comparing data for ion-pair formation from CF;Cl with photoabsorption and

fluorescence excitation spectra,”’ the evidence suggests that photoexcitation below the ionization energy

almost exclusively results in neutral photodissociation.

The absence of ion-pair reactions from SFsCl producing C1™ anions with any significant yield cannot easily
be explained. Indeed, perhaps the most interesting aspect of this work is the observation that the F~ cross

sections are at least two orders of magnitude greater than those for production of C1, yet the S—CI bond is



significantly weaker than the S—F bond ; the bond dissociation energies of the S—-Cl and S—F bonds are 2.54
and 3.70 eV, respectively. Thus not only is the thermochemical energy of the product exit channel F~ +
SF,4CI" ca. 2.8 eV higher than that for production of CI” + SFs",** there is also a much higher branching ratio
at the appropriate energy for F~ than for CI™ production. It appears that the dynamics of the crossing of
Rydberg states with the ion-pair continuum determines the relative intensities of the anions that are formed,
and not the thermochemistry of the different dissociation channels or the physical properties (e.g. electron

affinity, electronegativity or polarizability) of the corresponding neutral species.

Acknowledgement. We thank Professor Colin Latimer and Dr Ken Dunn (Queens’ University Belfast)
for the use of their apparatus, and many useful discussions. This collaboration between the groups in
Birmingham and Belfast was partially funded by EPSRC Network Grant No. GR/N26234/01. We thank Dr
David Shaw for help in running experiments at the Daresbury synchrotron, and the Science and Technology
Facilities Council is thanked for the provision of beamtime. MJS thanks the EPSRC Anaytical Trust for a

research studentship.

References and Notes

(1) Creasey, J. C.; Jones, H. M.; Smith, D. M.; Tuckett, R. P.; Hatherly, P. A.; Codling, K.
Chem. Phys. 1993, 174, 441.

(2) Mitsuke, K.; Suzuki, S.; [amamura, T.; Koyano, I. J. Chem. Phys., 1990, 93, 8717.

(3) Jarvis, G. K.; Kennedy, R. A.; Mayhew, C. A.; Tuckett, R. P.
J. Phys. Chem. A., 2000, 104, 10766.

(4) Bellet, J.; Jurek, R.; Chanussot, J. J. Mol. Spectrosc., 1979, 78, 16.

(5) Marsden, C. J.; Bartell, L. S. Inorg. Chem., 1976, 15, 3004.

(6) DeKock, R.L.; Higginson, B. R.; Lloyd, D. R. J. Chem. Soc. Faraday Disc., 1972, 54, 84.

(7) Chim, R. Y. L.; Cicman, P.; Mirk, T. D.; Mayhew, C. A.; Scheier, P.; Tuckett, R. P.
Int. J. Mass Spectrom., 2007, 261, 208.

(8) Klyagina, A. P.; Levin, A. A.; Gutzev, G. L. Chem. Phys. Letts., 1981, 77, 365.



(9) Parkes, M. A. private communication.

(10) Holland, D. M. P.; MacDonald, M. A.; Baltzer, P.; Karlsson, L.; Lundquist, M.; Wannberg, B.;
von Niessen, W. Chem. Phys., 1995, 192, 333.

(11) Atterbury, C.; Critchley, A. D. J.; Kennedy, R. A.; Mayhew, C. A.; Tuckett, R. P.
Phys. Chem. Chem. Phys., 2002, 4, 2206.

(12) Van Doren, J. M.; Miller, T. M.; Viggiano, A. A.; Spanel, P.; Smith, D.; Bopp, J. C.; Troe, J.;
J. Chem. Phys., 2008, 128, 094309.

(13) Mayhew, C. A.; Critchley, A.; Howse, D. C.; Mikhailov, V.; Parkes, M. A.
Eur. Phys. Journal D, 2005, 35, 307.

(14) Hunter, S. R.; Carter, J. G.; Christophorou, L. G. J. Chem. Phys., 1989, 90, 4879.

(15) Braun, M.; Ruf, M. W.; Hotop, H.; Cicman, P.; Scheier, P.; Mirk, T. D.; Illenberger, E.;
Tuckett, R. P.; Mayhew, C. A. Int. J. Mass Spectrom., 2006, 252, 234.

(16) Harland, P.; Thynne, J. C.J. J. Phys. Chem., 1969, 73, 4031.

(17) Fenzlaff, M.; Gerhard, R.; Illenberger, E. J. Chem. Phys., 1988, 88, 149.

(18) Van Doren, J. M.; Miller, T. M.; Viggiano, A. A. J. Chem. Phys., 2008, 128, 094310.

(19) Simpson, M. J.; Tuckett, R. P.; Dunn, K. F.; Hunniford, C. A.; Latimer, C. J.; Scully, S. W. J.
J. Chem. Phys., 2008, 128, 124315.

(20) Mitsuke, K.; Suzuki, S.; Imamura, T.; Koyano. I. J. Chem. Phys., 1991, 95, 2398.

(21) Hunniford, C. A.; Scully, S. W. J.; Dunn, K. F.; Latimer, C. J.
J. Phys. B. : At. Mol. Opt. Phys., 2007, 40, 1225.

(22) Howle, C. R.; Ali, S.; Tuckett, R. P.; Shaw, D. A.; West, J. B. Nucl. Inst. Meth. B., 2005, 237, 656.

(23) Rogers, N. J.; Simpson, M. J.; Tuckett, R. P.; Dunn, K. F.; Latimer, C. J. Mol. Phys., 2010, 108, 895.

(24) Berkowitz, J. 1996. VUV and soft-XRay photoionization (eds. Becker and Shirley).
Plenum Press, New York, Chapter 8.

(25) Traeger, J. C.; McLoughlin, R. G. J. Amer. Chem. Soc., 1981, 103, 3647.

(26) Fisher, E. R.; Kickel, B. L.; Armentrout, P. B. J. Chem. Phys., 1992, 97, 4859.

(27) Bauschlicher, C. W.; Ricca, A. J. Phys. Chem. A., 1998, 102, 4722.

(28) Chase, M. W. J. Phys. Chem. Ref. Data, 1998, Monograph 9, 1.



(29)

(30)

€2))

(32)

(33)

(34)

(35)

(36)

(37)

Chim, R. Y. L.; Kennedy, R. A.; Tuckett, R. P.; Zhou, W.; Jarvis, G. K.; Collins, D. J.;
Hatherly, P. A. J. Phys. Chem. A., 2001, 105, 8403.

Simpson, M. J.; Tuckett, R. P.; Dunn, K. F.; Hunniford, C. A.; Latimer, C. J.

J. Chem. Phys., 2009, 130, 194302.

Rogers, N. J.; Simpson, M. J.; Tuckett, R. P.; Dunn, K. F.; Latimer, C. J.
Phys. Chem. Chem. Phys., 2010, 12, xxxx (in press, DOI as yet unknown)

Kennedy, R. A.; Mayhew, C. A. Int. J. Mass Spectrom., 2001, 206, AR1.

Christophorou, L. G. Zeit. fiir Phys. Chem., 1996, 195, 195.

It is noted that this energy difference incorporates not only the difference in the S—F and S—ClI
bond strength, but also the difference in the IE of SF4Cl vs. SFs and the difference in EA of F vs. Cl.
(See eq. (I).) The first two contributions have the same sign, and dominate the third.

Yencha, A. J.; Thompson, D. B.; Cormack, A. J.; Cooper, D. R.; Zubek, M.; Bolognesi, P.;
King, G. C. Chem. Phys., 1997, 216, 227.

Creasey, J. C.;Smith, D. M.; Tuckett, R. P.; Yoxall, K. R.; Codling, K.; Hatherly, P. A.

J. Phys. Chem., 1996, 100, 4350.

Yencha, A. J.; Hopkirk, A.; Hiraya, A.; Dujardin, G.; Kvaran, A.; Hellner, L.;

Besnard-Ramage, M. J.; Donovan, R. J.; Goode, J. G.; Maier, R. R. J.; King, G. C.; Spyrou, S.

J. Elec. Spec. Rel. Phen., 1994, 70, 29.



Table 1. Rydberg assignments to features observed in the F~ ion yield recorded following the

photoexcitation of SFsCl.

Feature * E/eV® IE ¢ 67 assignment ¢
2 14.06 14.79 (4 *4y) 1.68 (15a,)"" 6p
3 16.8, 18.07 (F 24)) 1.73 (14a;)™" 5p
21.0 (J %4)) 1.80 (13a,)" 8p
4 20.65
21.9 (K ’E) 1.70 (5e)" 5p
5 21.65 21.9 (K ’E) 1.62 (5¢)' 9p
6 23.2, 25.1 (L %4)) 1.33 (12a;)" 4p
7 23.95 25.1 (L %4)) 1.56 (12a,)" 5p
8 24.6, 25.1 (L %4)) 1.78 (12a;)" 7p

a

The feature in the F~ ion yield as labelled in Figure 2.

> The photon energy of the feature identified from the spectra in Figure 2. The uncertainty

in these values is estimated to be = 0.01 eV for feature 2, £ 0.1 eV for features 3—8.

c

The electronic state of SFsCI" to which the assigned Rydberg state converges. Values of

the vertical ionization energy are taken from DeKock et al.’

4 Value of the quantum defect calculated from the Rydberg formula, eq. (II).

e

Rydberg orbital assignment. The numbering scheme for the MOs of SFsCl (Figure 1) is

that used by Klyagina et al. and Parkes,”” where both core and valence orbitals are counted.




Table 2. Comparison of data obtained for ion-pair formation of F~ from SFsCl, SFs and SFsCF;. A

separate comparison for CF;Cl and CF; is also included.

Molecule AIE“/eV AE (F)?/eV  Reactionat AE® E (6ma)?/€V  Reaction at 6
SFsC1 12.3 12.7+£0.2 not known 14.06 SFsCl - F +SF,” + Cl
SF, 15.1 12.7+02 SFs — F~ + SFs" 14.2 SFs — F~ + SFs"
SF;sCF; 12.9 11.05 +0.05 SEsCF; — F~ + CF;" + SE, 16.9 not known
CF;Cl 12.4 16.0+0.2 CF,Cl - F +CF," + Cl 21.0 not known
CF, 154 13.0+0.2 CF, > F +CF;" 14.0 CF, > F +CF;"

“  Adiabatic ionization energy for SF5CI,6’7 SF6,35 SF5CF3,29 CF3C1,36 and CF,.*’

b

c

Experimentally-observed appearance energy of F~ anions.

features observed in the anion ion yield spectra.

d

The energy for maximum cross section for production of F.

The ion-pair reactions are assigned by comparing calculated enthalpies of reaction with onsets to




FIGURE CAPTIONS

Figure 1 : Valence molecular orbitals (indicated by solid lines with numeric values in eV) assigned to
energy maxima observed in experimental photoelectron spectra for SFsand SFsCL>'" Orbitals in brackets

are thought to lie close in energy, but have not been resolved in experimental spectra.

Figure 2 : Upper-limit cross section for F~ formation from SFsCl; (a) from 12—-30 eV recorded with a step
size of 0.05 eV and a wavelength resolution of 6 A, (b) from 12.5-15.0 eV recorded with a step size of
0.005 eV and a wavelength resolution of 1.2 A, and (c) an expansion of (a) from 15-26 eV. All the features

labelled 1-8 in spectra (b) and (c) are referred to in the text.

Figure 3 : Ion yield of CI” following photoexcitation of SFsCl in the range 8—15 eV. The spectrum was

recorded with a step size of 0.1 eV and a wavelength resolution of 6 A.

Figure 4 : ITon yield of SFs™ following the photoexcitation of SFsCl in the range 12—-35 eV. The spectrum

was recorded with a step size of 0.1 eV and a wavelength resolution of 6 A,
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Figure 1 : Valence molecular orbitals (indicated by solid lines with numeric values in eV) assigned to energy maxima observed
in experimental photoelectron spectra for SFgand SFsCL.*'"" Orbitals in brackets are thought to lie close in energy, but have not
been resolved in experimental spectra.
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Figure 2 : Upper-limit cross section for F~ formation from SFsCl; (a) from 12-30 eV recorded with a step size of 0.05 eV and a
wavelength resolution of 6 A, (b) from 12.5-15.0 eV recorded with a step size of 0.005 eV and a wavelength resolution of 1.2 A,
and (c) an expansion of (a) from 15-26 eV. All the features labelled 1-8 in spectra (b) and (¢) are referred to in the text.
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Figure 3 : Ion yield of CI” following photoexcitation of SFsCl in the range 8—15 eV. The spectrum was recorded with a step size
of 0.1 eV and a wavelength resolution of 6 A.
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Figure 4 : Ion yield of SFs~ following the photoexcitation of SFsCl in the range 12—-35 eV. The spectrum was recorded with a

step size of 0.1 eV and a wavelength resolution of 6 A
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