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Using tunable vacuum-UV radiation from a synchrotron in the range262V, we have measured the threshold
photoelectron and threshold photoelectr@motoion coincidence spectrum of &H, a new anthropogenic
greenhouse gas. The ground state of(3%* is repulsive in the FranckCondon region, the parent ion is not
observed, and the onset of ionization can only give an upper limit to the energy of the first dissociative
ionization pathway of SiEF;, to CR* + Sk + . We have determined the kinetic energy released into the
two fragments over a range of photon energies in the Fra@dadon region of the ground state ofs8f;*.

Using an impulsive model, the data has been extrapolated to zero kinetic energy to obtain a value for the first
dissociative ionization energy for g6 of 12.9+ 0.4 eV. A similar experiment for CRto CR* + F +

e7) and Sk (to SKE™ + F + e7) yielded values for their dissociative ionization energies of 14:4%20 and
13.6+ 0.1 eV, respectively, in agreement with previous data on thea@f Sk free radicals. The enthalpy

of formation & 0 K of SRCF; is determined to be-1770+ 47 kJ mot?, and the dissociation energy of the
SFK_CR; bond at 0 K to be 392 43 kJ mot? or 4.064 0.45 eV. The implication of this bond strength is
that SECF; is very unlikely to be broken down by UV radiation in the stratosphere. In addition, over the
complete energy range of 26 eV, coincidence ion yields of $ER; have been determined. €Fand

SK;* are the most intense fragment ions, withsSISF,*, and CE;* observed very weakly. Energetic constraints
require that S§F, SK*, and CK' can only form with CE+ F, CF,, and Sk, respectively, so that fragmentation

of SRCR:' to these ions involves migration of a fluorine atom across th€ $ond.

1. Introduction ously unreported, it is believed to be anthropogenic in nature,
. . . a breakdown product of $Fn high-voltage equipment. IR
The greenhouse effect is usually associated with small ; ; ;
gr y absorption measurements have shown that it has the highest
polyz?‘tomlc n,]olecules such as 4,0, CH,, N;O, and Q. radiative forcing per molecule of any gas found in the
The “natural _greenhouse gases, mainly Cid HZ.O' _ha_we atmosphere to date (0.57 WAppb1). Antarctic firn measure-
been responsible for hundreds of years_for maintaining _the ments suggest that it has grown from a concentration of near
temperature of the earth at ca.290 K, suitable for habitation. zero in the late 1960s to ca. 0.12 parts per trillion in 1999, and

:1—23e ecrézacg(;]?gtig:\ese?nh(t)#:ea?n{:zzshgilruﬁ,gj?é\?g?n%;ease tratospheric profiles suggest that the lifetime of this species in
P he atmosphere is between several hundred and a few thousand

dramatically in the last 50100 years, have infrared (IR) : . ; .
) . years. It is estimated that the GWP ofsSI; is 18 000 relative
absorptions where G{and HO do not absorb, and are believed to COy, with only Sk having a higher value.

to be the main culprits for global warming. It is now clear, i S i ]
however, that there are larger polyatomic gases of low concen- From an applied, atmospheric viewpoint, one of the main
trations in the atmosphere which can contribute significantly guestions to answer is whethersSEF; can be broken down
to global Warming because of the"' exceptlona"y strong IR by uv phOtOdiSSOCiation in the Stratosphere, or whether the loss
absorption in the parts of the-®25 um region where other of this species from the atmosphere is governed by bimolecular
greenhouse gases do not absorb. A notable examplegis SF ionic reactions (i.e. electron attachment and -iomolecule
which has a global warming potential (GWP) of 22 200 relative reactions) and vacuum-UV photodissociation processes in the
to CO, over a time horizon of 100 years. In a very recent paper, mesosphere. The strength of thesSEF; bond is needed to
Sturges et al. have detectedsSF; in the atmosphere. Previ- answer this question. Photodissociation generally occurs through
excitation of a molecule to a repulsive state. Close to the energy
* Author for correspondence. E-mail: r.p.tuckett@bham.ac.uk. Faé threshold, the cross section for photodissociation is negligibly
121 414 4426. small. Thus, Ckhas a dissociation energy (to &F F) of 5.61
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eV? but VUV photons with energies in excess of 12 eV are
required to photodissociate ¢¥Likewise, the bond dissociation
energy of Sk (to Sk + F) is 3.82 eV but photodissociation
is not observed until the photon energy exceeds ca. 19laV.

Chim et al.

CF4 and Sk, and the DIE of these species has been the subject
of controversy. The DIE of a molecule AB is given by

DIE(AB) = Dy(A—B) + AIE(A) 1)

the lower stratosphere, the highest-energy photons have an

energy of ca. 4.0 eV. It seems unlikely, therefore, thaiC¥g
will be destroyed in this region through photolytic cleavage of
either a CG-F or a S-F bond. If the S-C bond in SECF; is
relatively weak 2.5 eV or 250 kJ mol'), SRCF; could, in
principle, be broken down by UV photolysis. However, although

where A-B refers to Ck-F, Sk_F, or CR_SFs, Dg(A—B) is
the dissociation energy of the-A8 bond, and AIE(A) is the
adiabatic ionization energy of the A free radical. The principal
unknown in the estimation of the DIE of Gfand Sk is the
AIE of the Ck; and Sk radicals. While the C&£F and SE-F

an absorption spectrum has not been recorded, there is nddond dissociation energies are known to an accuracy of ca. 10
evidence from electron energy loss spectroscopy for dissociativekd mol or 0.1 eV?# the experimental values for the AIE of

excited states of SEFR; lying ca. 3-8 eV above its ground
state® If the bond strength is rather greater, then the removal
of SKCF; from the atmosphere will, like GFand Sk, be
governed by ionic or vacuum-UV processes occurring in the
mesospheré.

We report a study of the fragmentation of the parent cation
of SKCR; excited by photons in the range 126 eV by
threshold photoelectrerphotoion coincidence (TPEPICO) spec-
troscopy. It follows from our previous studies of g£Fand
SFKs™.82We use a technique, developed for recent work onsSeF
and Tek and described in section'2fo deduce the dissociative
ionization energy of CF(to CR* + F + €7), Sk (to SR™ +
F + €7), and SECR; (to CR* + Sk + €7) at 0 K. In this
paper, these thresholds are calledftre dissociative ionization

the CFk and Sk radicals are still uncertain at the level of ca.
4+0.3 and+1.0 eV, respectively. The problem with €&rises
essentially due to the change from pyramidal to planar geometry
upon ionization. A consensus has emerged that the AIE gf CF
lies between 8.8 and 9.1 %13 with the most complete ab
initio calculation giving 9.05 e\#* Experimental values for the
AIE of SFs lie in the larger range 9:611.5 eV, a review being
given in ref 4. The consensus now is that the high values are in
error, and the value of 9.68 0.05 eV* obtained from a guided
ion beam study of the charge-transfer reaction of 'SFth Xe

is probably correct; the most complete ab initio study to date
gives 9.71 e\’ For SKCF, the estimation of its first DIE needs

a knowledge of both the SFCF; bond dissociation energy and
the AIE of the CE radical. Neither is well characterized.

energies of these molecules, although we should note that the One method to determine the DIE of £SF, and SECFs

dissociation channel SEF; — SF," + CF, + € lies lower in
energy than CF + Sk + e (section 6). We are then able to
determine the SECFRs bond dissociation energy and the
enthalpy of formation of S§EF; at 0 K. We also report the
threshold photoelectron spectrum ofs8I; in the range 12

directly is to use the fact that, in the FrareRondon region,
the ground state of the parent cation lies above the DIE and
perform a photoelectreraphotoion coincidence experiment to
measure the translational KE released into the A B
fragments. From an analysis of the width and shape of the

26 eV, the coincidence ion yields over this energy range, and fragment ion (A time-of-flight distribution in the (T)PEPICO
the mean translational kinetic energy (KE) release into the Spectrum measured at a photon enehgy it is possible to

fragment ions. Some indication of the dynamics of photo-
dissociation of excited electronic states ofsSF* can be
inferred.

2. First Dissociative lonization Energy (DIE) of CF,;, SF,
and SFCF;

The parent cations of GFSF, and SECF; have the common

determine the kinetic energy released in fragmentation at that
one energy. This will correspond to some fraction of the
available energy, where

E,..ii = hv + (thermal energy of AB)- DIE(AB) (2)

The size of the fraction is governed by the dynamics of the
decay mechanisA?. The mechanism cannot unambiguously be

property that the parent ion is not observed in a conventional determined from a measurement at one single photon energy.
70 eV electron-impact mass spectréiin other words, the By measurement of the KE release continuously as a function
ground electronic state of these cations is repulsive in the of photon energy, however, and assumption that the fractional
Franck-Condon region, dissociating on a time scale that is very KE release is independent of energy, an extrapolation to a KE
much faster than the transit time of the ion through a magnetic release of zero gives an intercept corresponding to the DIE of
or quadrupole mass spectrometer. For,CBnd Sk, it is AB. We used this method to determine the DIE of SaRd
obvious that dissociation must occur by cleavage of-&-@r TeRs1% and obtained values for ¢h0 K enthalpy of formation
S—F bond to form CE" or Sk* + F. With SECRs*, we assume  of Sek* and Tek'. However, there were no other data with
that cleavage of the-SC bond will occur. Since the GF + which to compare our results, so the method could not be
Sk + e threshold lies ca.0.8 eV below that of SF+ CF; + validated. Here, we demonstrate its use to estimate the DIE of
e (section 5.2), the former products are expected to be producedCF, and Sk. From the former result, we deduce the 0 K
from photoionization of S§CFs through the repulsive ground  enthalpy of formation of C& and, viaA{H%(CFs),2 the AIE
state of the parent cation. We define the first DIE of,CHFs, of CFs. Our AIE value, 8.84+ 0.20 eV, is in good agreement
and SECF; to be the 0 K energy of GF + F + e, SK* + with recent experimental determinatiét$®17and theoryt418
F+ e, and CR* + SK + e relative to the ground vibronic ~ The Sk result determineaH%(SFs*). Using the recommended
state of Cl, SFs, and SECF;, respectively. value for AH%(SFs) from the ion beam study of Fisher et 4l.,
The determination of the DIE of species whose ground state we obtain a value for the AIE of SFof 9.8 + 0.2 eV. This
of the parent ion is repulsive in the Frare€ondon region is value is at the lower end of the wide range of values in the
a notoriously difficult problem, because its value is likely to be literature and, within error limits, is in agreement with the guided
significantly less than the energy corresponding to the onset ofion beam result.Following these “test” experiments, we have
ionization of the neutral precursor. Thus, the photoelectron measured the first DIE of SEFR;. Using the AIE (CF) result
spectrum of the precursor molecule can only give an upper above, we have been able to determine, in an indirect manner,
bound to its first DIE. This problem is well-known for both  the dissociation energy of the SFCF; bond.
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3. Experimental Section when two possible ions differ in mass by less than?? which
does not arise for the fragment ions ofs8F;™. lon yields and
breakdown diagrams as a function of photon energy may be
obtained from cuts taken at fixed ion TOFs. False coincidences
are removed by subtracting a cut of the same width, taken over

monochromator (range 4@.50 nm or 8-30 eV) attached ©0 5 ToF range which differs from any of the observed ions. The
the synchrotron storage ring at Daresbury, U.K. Light enters ., oo hromator is calibrated by recording the TPES of Ar

the apparatus via a glass capillary, providing differential through the two ...(33§3p)f ionic states of At, 2Py, and2Py,

pumping between the monochromator (ca.1lorr) and the 4 15759 and 15.937 eV, respectivélyFor the measurement
interaction region (ca.1@ Torr). The photon beam interacts of the DIEs of Ch, SR, and SECFs, the TOF spectrum was
with an effusive jet of sample gas and is monitored by a ro:6rged over a narrower time window (1385.6us for CFR*,
photomultiplier tube via the visible fluorescence provided by a 1g g o 8us for SE™) with a resolution of 16 ns. In the fixed
sodium salicilate window. A threshold electron analyzer and a phbton énergy mode. recorded with a TDC resdlution of 16 ns
linear ion time-of-flight (T_OF)_drift tube are mounted collinearly the TPEPICO spectra are two-dimensional graphs of coincidence
and orthogonal to the direction of the photon beam, detecting cqnt ys jon TOF. This mode is used to measure accurate values

threshold electrons and cations, respectively. The photon beamyg i gl mean translational kinetic ener@gER for a single-
is plane-polarized, with its electric field vector also perpendicular 4 cleavage such as the production o CF SFs

to the direction of flight of both electrons and ions. An extraction

) - S SKCF; was manufactured by Flura Corp. (99.99%), Newport,
1

field of 20 V cmi! draws the products of photoionization out TN, and used without further purification.

of the interaction region to their respective detectors. The first
lens of the threshold electron analyzer is designed with high o . N
chromatic aberrations and serves to focus zero-energy electron%‘ngretergé?:;?;ﬁ;tge Total Mean Translational Kinetic
to the 2 mm diameter entrance aperture of a°I®¥stanalyzer. 9y

The postanalyzer discriminates against energetic electrons that The kinetic energy release distribution (KERD) and hence
enter it on axis. In this configuration, the threshold analyzer the total, mean translational kinetic energy rele@E[] were

provides a collection efficiency of ca. 30% and a resolution of determined from the fragment ion peak shape obtained in the
10 meV, ensuring that only zero-kinetic-energy electrons reach fixed photon energy experiment by the method described in

the channeltron electron detector. In all experiments, the detail elsewheré! Each spectrum is fitted to a basis set of KE
resolution of the VUV monochromator was 0.3 nm, a factor of releases, the KERD, given ky(n) = (2n — 1AE, with n =

ca. 4-20 times inferior to that of the threshold analyzer; hence, 1, 2, 3, ....AE, the minimum energy release in the basis set,

the resolution of these experiments is governed primarily by depends primarily on the statistical quality of the data; the higher
the monochromaticity of the photon beam. The ion TOF the signal-to-noise ratio of the spectrum, the lov& and the
analyzer is configured to satisfy the space-focusing condflon. highern can be set to obtain the best#The thermal energy
It consists of two accelerating regions and a 186 mm field-free of the parent molecule is convoluted into each component of
region. lons are detected by a pair of microchannel plates the KERD. Each computed peak in the KERD spans the range
arranged in the chevron configuration. The TOF resolution is of energies 4{ — 1)2AE to 4n?AE. The reduced probability of
sufficient to allow measurement of kinetic energy releases from each discrete energ[e(n)], is varied to minimize the least-
photoionization processes, while the analyzer still maintains a squared errors between the simulated and experimental TOF
high collection efficiency. spectra. From the derived[(e(n)] vs (n) distribution, it is
Raw signals from both the electron and ion detectors passsimple to calculate the total mean translational KE rele&d€[]
through discriminating and pulse-shaping circuits to a dedicated The analysis assumes a two-body process, corresponding to the
data-acquisition PC equipped with a time-to-digital converter cleavage of one bond only, and conservation of linear momen-
(TDC, highest time resolution 8 ns) and a counter card. The tum. This method is clearly applicable for fragmentation of
PC also controls the scanning of the vacuum-UV monochro- CF;+, SK*, and SECR:* to CR™ + F, SE™ + F, and CR+ +
mator. The TDC operates in the multihit mode, with the SF;, respectively, but not for three-body processes such as
electrons providing the “start” and the ions the “stop” pulses, dissociation of SECR:™ to SR™ + CF, + F. The analysis does
and threshold electrons and ions are then detected in time-not allow for anisotropy in the dissociation. The valueSK¥E[]
delayed coincidence. The counter card can record the thresholccan be compared witBay,; (defined in eq 2) to determine the
electron, total ion, and photon flux signals. The TDC and counter fraction of the available energy being channeled into transla-
card operate simultaneously, thus flux-normalized TPEPICO, tional energy of the fragments. In the experiments to determine
threshold photoelectron, and total ion yield spectra can be the DIEs of Ch, SF;, and SECFs, this procedure is simplified
measured concurrently. by constrainingh to 1 and only varyingAE (section 5.1). The
Experiments can be performed as a function of VUV photon single peak in the KERD, convoluted with the thermal energy
energy or at a fixed photon energy. In the scanning photon of the parent molecule prior to ionization, then spans the range
energy mode, flux-normalized TPEPICO spectra are obtained of energies from 0 to AE, with a mean value of 2E. The
as three-dimensional histograms where the coincidence countprobability is constant within this range and zero outside. This
is plotted against both the photon energy and the ion TOF. A mean value is likely to be very similar to the value BfEL]
low time resolution of the TDC, 128 ns per channel, is used, obtained from the full KERD.
with the TOF window extending from 0 to 32u& so that all For a pure impulsive dissociation, applicable to the ground
ions in the mass range 0 to ca.340 u are detected. A cut throughstates of CE", SR, and SECF;™, the release of energy occurs
the histogram at fixed photon energies gives the TOF of the after the fragment ion has relaxed to its final gegomét’# The
ions which are coincident with threshold electrons at those repulsion of the atoms as the bond breaks is then so great that
energies. Since the ion TOF is dependent only on its mass (TOFintramolecular collisions result between the recoiling atoms and
O m'?) and known drift tube parameters, in most cases its the remainder of their recoiling fragments and transfer of energy
identity can unambiguously be determined; problems only arise occurs to vibrational modes of the fragments. If the dissociation

The apparatus for the acquisition of TPEPICO data has been
described in detail elsewhete!® In brief, monoenergetic
photons are selected ugim 1 mSeya-Namioka vacuum-UVv
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applies a torque to the fragments, rotation may also be excited. 2.0 ' , , .

Under these circumstancekKELland jare related by simple @)
Kinematica 23 eKEL Eavail y p CF,—> CF; +F+e (AH = 14.450.20 eV)

L5 ¢

KEW_ s
E

®3)

avail Mt

Hereuy, is the reduced mass of the two atoms whose connecting
bond is broken ang; is the reduced mass of the two products
of the dissociation. This model was developed for dissociation
of polyatomic ions to a fragment molecular ion and neutral 0.0
atom23 but it is simple to show that it is valid also for a ®)
molecular neutral fragment. The maximum fraction of the
available energy that can be channeled into translational energy
of the products is predicted by this model; for cleavage of the
C—F bond in CR", S—F bond in SE*, and S-C bond in Sk
CRs™, this fraction is 0.49, 0.72, and 0.20, respectively. The
model predicts a linear dependence®E[LJwith Eayai. Within
the approximation that the experimental mean value of the 0t
kinetic energy is equivalent taKE[] the DIE can be deduced . ‘ ‘
by extrapolating the plot of the mean KE releasehwsto a 13 14 15 16 17 18 19 20
release of zero. Being a classical model, the extrapolation should
be linear even for very !OW values O.f the mean K.E release. Figure 1. (a) Mean total kinetic energy released in the reaction CF
. By comparison, the minimum fractlc_m'of th‘? ava!laple Energy | hy — CR* + F + e for photon energies in the range 1558.8
is channeled into translation for a statistical dissociation. Rlots ey a linear extrapolation to zero kinetic energy gives the dissociative
has then shown that, for dissociation of a parent ion to a daughterionization energy of CE 14.45+ 0.20 eV. The error in each value of
ion plus neutral atomKE[]and Eay4j are related by the kinetic energy release is ca. 20%. (b) Threshold photoelectron
h spectrum of Ckover the same range of energies.

r—1 Vi
Eavail = —— KELJ+ [KELI+ z (4) of CF4t. These three ionic states all dissociate to;CFhe

2 — explw/[KEL) — 1 dissociation mechanism of the AT, and B 2E states is
uncertairt2*However, it seems likely that the low-energy parts
of the X 2T state dissociate directly in an impulsive manner
from its repulsive potential energy surface tosCH- F.

Figure la shows the mean translational KE released for
agmentation to CF + F, while Figure 1b shows the threshold
photoelectron spectrum (TPES) of £&ver the energy range
15.5-18.8 eV. The KE data were extracted from the multiple
TOF spectra by the simplified way described in section 4. As
an example, Figure 2a shows the TOF spectrum for"Gem
[KE[] 1 CF4 recorded at a photon energy of 16.05 eV, for which a mean

= (5) KE release of 0.8% 0.11 eV was obtained. A few TOF spectra

Eavai were checked more rigorously by determining the full KE
release distribution (section 4), but thiéE[Jvalues showed little
deviation from the values shown in Figure la. Values of the
mean KE release range from 0.7 to 1.3 eV, with a general trend
of an increasing KE release as the photon energy increases.
However, the increase is not linear, suggesting that the dis-
sociation mechanism varies for different parts of the X-,
and Bstate potentials of Cf. There appears to be a linear
increase in the KE release whém corresponds to energies
below the FranckCondon maximum of each of these three
5 Results states of CE". As thg photon energy passes through each

) Franck-Condon maximum, the KE release then appears to

5.1. Measurement of the First Dissociative lonization decrease. This phenomenon is also observed in tha,B,

Energy of CF, and SFs. To validate the method for determining  and Cstates of SE (see below). One explanation for this effect
the first DIE of SECF;, we have recorded the TPEPICO is that as the photon energy is increased across a photoelectron
spectrum of Cirand Sk in the scanning photon energy mode band, symmetric vibrations are excited. If these modes do not
from the onset of ionization (ca.15.5 and 15.3 eV, respectively) couple efficiently to the reaction coordinate, the additional
over the range of energies of the ground and low-lying excited energy will not necessarily appear as an increase in the
states of the parent ion. For ¢Rhe spectrum was recorded translational energy of the products. We should also note that
from 66 to 88 nm (15.5 to 18.8 eV) in 64 channels. The these effects are only observed due to the high signal-to-noise
integrated accumulation time per wavelength channel rangedratio of the TPEPICO spectra. In particular, the spectra are
from ca. 26-40 min. This energy range encompasses the onsetsuperior to those of SgF and Tek",1° where no such effects
of ionization of Ch through the X2T4, A 2T,, and B2E states were observed. Only a linear increase in the mean KE release

05 r

Mean total KE release / eV
&

Threshold Photoelectron
signal / arb. units

Photon Energy /eV

wherer andv; are the number of rotational degrees of freedom
and the vibrational frequency of thih vibrational mode of the
daughter ion. Such dissociations assume that the ground
electronic state of the parent ion is bound, at least in some ¢
regions of its multidimensional potential energy surface, and
knowledge of the vibrational frequencies of the daughter ion is
required. If these values are not known, it is possible to estimate
a lower limit to the fractional release by

X+ 1

wherex is the number of vibrational degrees of freedom in the
transition stat@® For SECFRs*, x = 24, leading to a fractional
release> 0.04. From eq 4KE[Jis approximately proportional

to Eavair The extrapolation to zerdKE[L] however, is not
completely linear, with a higher slope when approaching
threshold as quantum effects become important. A linear
extrapolation can therefore give a value for the DIE which is
too low and an underestimation of the AIE of the A radical.
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L5

0.5+

Mean total KE release / eV
=

Coincidence Signal /arb units

0.0

(b)

(b) o

Threshold Photoelectron
signal / arb. units

Coincidence Signal /arb units

12 13 14 15 16 17 18 19 20

. ! Photon Energy /eV

Figure 3. (a) Mean total kinetic energy released in the reaction-5F

hv — SK* + F + e for photon energies in the range 1519.1 eV.

A linear extrapolation to zero kinetic energy gives the dissociative
i ionization energy of S§ 13.6+ 0.1 eV. The error in each value of
the kinetic energy release is ca. 20%. (b) Threshold photoelectron
spectrum of Skover the same range of energies.

appears to extrapolate to an intercept of 14.45 eV but with a
reduced slope
7 A similar experiment was performed for &&ver the range

° 1 65—82 nm (15.1-9.1 eV). This energy range encompasses the
. ‘ X 2T14, A 2Ty, B 2Ty, and CZE states of S§, all of which

Coincidence Signal /arb units

13 14 15 16 dissociate solely to S$F.2 Figure 3a shows the mean KE

TOF /us measured for fragmentation to SF+ F as a function of photon
Figure 2. TPEPICG-TOF spectra (open circles) for (a) €FCF. energy, while Figure 3b shows the TPES ofeSBnly one
. 4 i i o _+ i

(b) SK*/SF;, and (c) CE*/SKCFs recorded at photon energies of 16.05, It?]%ton[:g?nerKoét?;g::egshtlzsloigeiz r?};\fgs Igisgelf{r(teo de;a t;r]r(r)\xse the

15.72, and 14.09 eV, respectively. Shown as solid lines, the data fit to : ! -

mean kinetic energy releases of 081.11, 0.83+ 0.07, and 0.24- TOF spectrum of S§f/SFs recorded at 15.72 eV, from which

0.05 eV, respectively (see text). a mean KE release of 0.88 0.07 eV was determined. The

general trend of an increasing KE release with increasing photon
o _ energy is observed, but as in £Rhe increase is not linear.
with increasing photon energy over the range of the ground and pata from the eleven lowest photon energies fit to a straight

first three excited electronic states was observed fogSafd line with a slope of 0.39, whereas the pure-impulsive model
TeRs*,'9with any small deviations being obscured by the limited predicts a fractional energy release of 0.72. This discepancy
signal-to-noise ratio of these spectra. may relate to the nonplanarity of the fragmentsSkation.

To deduce the DIE of Cfs we have extrapolated the mean Indeed, there is even uncertainty in the geometry of this ion,
KE releases from only the eight lowest photon energies of Figure with two isomers (one square pyramid@l,, one trigonal
1a, since impulsive dissociation is most likely to pertain for bipyramid Ds,) predicted to have comparable energiés,
these points. These data points lie on a straight line with a although this prediction has been disputeé Extrapolation
positive slope of 0.55. This value for the fractional energy to a mean KE release of zero yields the DIE ot 8-Sk +
release is consistent with the prediction of the pure-impulsive F + e~ to be 13.6+ 0.1 eV. (We comment that this value is
dissociation model, 0.49. Assuming that the decay mechanismsignificantly lower than a recent determination of 141 0.08
of the X 2T, state of CE" does not change if it were possible eV from an analysis of thenaximumpeak width of SEt/SFs
to access the potential energy curve below 15.5 eV, the in a TPEPICG-TOF spectrun® a procedure now recognized
extrapolation of this linear region to zero KE gives the first to be fraught with uncertainties.) Usingett0 K enthalpy of
DIE of CF, to be 14.454+ 0.20 eV. Using enthalpies of formation for Sk (—1206 kJ mot?l), we determine directly
formation @ 0 K for CF,; (—927 kJ mof?!) and F ¢77 kJ AfH%(SFsT) to be 29+ 10 kJ mot L. ConstrainingAsH%(SFs)
mol1),2” we determineAsH°(CF;™) at 0 K to be 390+ 19 kJ to the value 0of-9154 18 kJ mol! recommended by Fisher et
mol~1. ConstrainingAsH%(CFs) to be —463 £+ 4 kJ moi?,2 al.* we determine the AIE of the SFadical to be 944t 21 kJ
we determine the adiabatic ionization energy (AIE) of thg CF mol~! or 9.8+ 0.2 eV. Again, we note that the linear region of
radical to be 853+ 19 kJ mot?! or 8.84 4+ 0.20 eV. We Figure 3a below the FranekCondon maximum of the Atate
comment that the linear region of the graph (Figure 1a) leading of SK™ at 17.0 eV appears to extrapolate back to the same
to the Franck-Condon maximum of the Atate of CE™ also intercept of 13.6 eV.
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At this stage, we comment on the assumptions and limitations
of this extrapolation method. The quoted errors for, @Rd
SK; arise from random statistical errors in the data. Three factors,
which have been ignored in our analysis, might produce
systematic errors. First, if the extrapolation to zero mean KE
release is not linear, an error will result in the DIE. Second, the
single-value KE release determined at each photon energy from
the multiple CE* or S5™ TOF spectra represents a mean value;
eachP[e(n)] vs e(n) distribution is constrained to= 1. Given
the broad distribution ofP[e(n)] vs e(n) when each TOF
spectrum is fitted to the full KE release distributidKELImay
be slightly different from the mean KE release. Third, aniso-
tropic effects have been observed for F-atom loss fromthe X
2T,q state of SE" with 5 parameters ranging from 0.9 to 8.
Likewise, fragment ion anisotropy has been demonstrated both
in the F 1s core ionization and the valence ionization of €£3
In our experiments, the polarization of the VUV photon beam
is perpendicular to the TOF axis. The energy releases are
determined from the flight times of the fragment ions, or a
projection of the recoil velocity on to the TOF axis. It is
therefore possible that anisotropy in the fragmentation may lead
to a consistent under- or overestimation of the mean KE release,
which could cause a small systematic error in the intercept when
extrapolating these values to zero. However, this effect is
difficult to quantify, and it is not even obvious whether it under-
or overestimates the DIE. Our justification for ignoring all three
factors is that the enthalpies of fomation@K of CF™ and
SK* which we determine directly from the DIE data, 390
19 and 29+ 10 kJ motl, agree within experimental error with
the previous best estimates, namely 41@ and 11+ 18 kJ
mol~1, respectively2*

5.2. Measurement of the First Dissociative lonization
Energy of SFCF3. The onset of ionization of SEFR;, ca.12.9
eV, lies significantly lower in energy than that in either ff
Sk. This arises because its highest-occupied molecular orbital
(HOMO) has a very different character to that of QF Sk.
With SKCFRs, it is essentially a SC o-bonding orbitaP*
whereas the HOMO of both Gland Sk is a F 2pr nonbonding
orbital with an ionization energy similar to that of an isolated
fluorine atom?35 Over the range 8697 nm (12.8-15.5 eV),
which encompasses all the ground state and the lower-lying part
of the first excited state of the parent cation (Figure 4b)k-SF
CR; dissociates exclusively to GF (see also section 5.4). We
have recorded the scanning-energy TPEPICO spectrumsf SF
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Figure 4. (a) Mean total kinetic energy released in the reactiog SF
CR + hv — CR*t + Sk + e for photon energies in the range 13.3
15.5 eV. A linear extrapolation to zero kinetic energy gives the first
dissociative ionization energy of 86, 12.94+ 0.4 eV. The error in
each value of the kinetic energy release is ca. 20%. (b) Threshold
photoelectron spectrum of 8EF; over the same range of energies.

mol~1.27 Second, using the value for AIE (gFdetermined in
section 5.1, 8.84t 0.20 eV, we determine the dissociation
energy of the S&—CF; bond @ 0 K to be4.06 £+ 0.45 eV or
392 + 43 kJ mot . Using the value for the AIE(SJ from
Fisher et al4 9.60 = 0.05 eV, thesecondDIE of SRCFR;
(defined here to be SF + CR; + €7) is calculated to be 13.66

+ 0.45 eV. This energy is ca. 0.8 eV higher than the first DIE
to Sk + CR* + e and explains why only CF is observed
for dissociation of the low-energy regions of the ground-state
potential of SECFs*.

5.3. Threshold Photoelectron Spectrum of S§CF3. The
threshold photoelectron spectrum (TPES) ofs@R was
measured from 12.7 to 26.4 eV with a constant wavelength
resolution of 0.3 nm (Figure 5a). No vibrational structure was
observed. The onset of ionization, defined as the energy at which

CF; over this range in 64 channels. The mean KE releases aresjgnal is first observed above the level of background noise, is

much smaller than in GFand Sk, ranging from 0.05 to 0.4
eV (Figure 4a). Figure 2c show the TOF spectrum ofCF
SKCF; recorded at 14.09 eV from which a mean KE release
of 0.244 0.05 eV was determined. Within experimental error,
the 35 lowest-energy data points fit to a straight line with a
slope of 0.19, in excellent agreement with the prediction of the
pure-impulsive model of 0.2%. Extrapolation to a mean KE
release of zero yields the first DIE of 8= to CR™ + Sk +

e to be 12.9+ 0.4 eV. The relatively large error in the DIE
reflects the small slope of the KE release vs photon energy graph
and the shallow nature of the extrapolation. We should note
that the DIE, unlike that of CfFand Sk, is coincidentally
isoenergetic with the ionization onset of the first photoelectron
band of SECF;. Two important thermochemical data can now
be determined. First, using values foeth K enthalpies of
formation of CR" (390 + 19 kJ mofi?!) (section 5.1) and SF
(—915 + 18 kJ molh),* we determineAiH%(SFCFs) to be
—17704+ 47 kJ mot?. This value is significantly lower than
that quoted in the most recent JANAF tables,700+ 63 kJ

12.92+ 0.18 eV. The vertical ionization energy of this first
band occurs at 14.13 eV. The low value of this vertical IE, ca.
2 eV lower than that in both GFand Sk where the HOMO

has F 2@ nonbonding character, has already been noted. The
large difference between the onset of ionization and the vertical
IE suggests a significant change in geometry between neutral
and cation, probably in the-SC bond length, compatible with

a repulsive ground state of the parent cation along this
coordinate. Ab initio calculations on the structure o&SF; at

the Hartree-Fock level predict bond angles close to either 90.0
(e.g. FSF) or 109%4(e.g. FCS), a SF bond length of 1.58 A,

a S-C length of 1.87 A, and a €F length of 1.30 A3 in
good agreement with the experimental structure from gas-phase
electron diffractior?® No other structures of molecules with
stoichiometry GS,Fg are stable. The HOMO of SEF; has a
large S-C o-bonding character, whereas the next three orbitals
lie ca. 0.1 au or 2.7 eV lower in energy and are Fr2p
nonbonding in character. No minimum-energy geometry of the
ground state of SJER™ can be obtained at either the Hartree
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12.92+ 0.18 eV (for CR*) and 14.94+ 0.13 eV (for SEY).

The average internal energy of s&F at 298 K is calculated

to be 0.17 e\Z so this corresponds to AE$ @ K of 13.094+

0.18 eV (CRk™) and 15.114- 0.13 eV (Sk*). The weakness of
the signals for the other three fragment ions is reflected in large
uncertainties in their AEs. We measure AEs at 298 K of 13.9
+1.2,13.5+ 1.5, and 16.Gt 2.0 eV for SE*, SK,*, and CR,
respectively.

The shape of the GF ion yield follows that of the TPES of
SKCF; from the onset of ionization to ca.20 eV, and clearly
the states of the parent ion with vertical energies below 20 eV
dissociate predominantly to GF The AE at 298 K of CE"
corresponds to the onset of ionization o&SF;, which is close
to its first DIE to CR* + Sk + ™. The AE of SE*, 13.9 eV
with relatively large errors, also corresponds closely to the
calculated second DIE of $ER; to SR + CR; + €7, 13.66
+ 0.45 eV. The SF signal is so weak that it is not possible to
say whether there is any correlation between its ion yield and
the electronic states of §ER™ as revealed in the TPES. The
thermochemical threshold for dissociative ionization oS
to SK* (+ CR, + F) is 13.01 eV (section 6), considerably below
] the observed AE at 298 K of $F 14.944 0.13 eV. In fact,
Figure 5. (a) Threshold photoelectron spectrum ofSF; at a this AE appears to correspond to the onset of ionization to the
resolution of 0.3 nm. The electronic states of t_he parent cation areA tate of S + indicati lectronic stat ificity in th
labeled Xthrough G(Table 2). (b) Coincidence ion yields of €F state o _ECF3 , Indicating electronic state specificity in . e
and SE*, the two most intense fragment ions. fragmentation of SECR;* to form SK*. Furthermore, peaks in
the SK* ion yield also correlate weakly with peaks in the TPES
of SKCR; at 16.94, 17.86, 19.44, 21.34, and 22.01 eV.
Thermochemistry shows that, at energies between threshold and
17.02 eV, SE" can only form in association with the neutral
products Ck + F (see section 6). The ion yields of €Fand
SFK,* are extremely weak. As with $F, it is not possible to
say whether there is any correlation between their ion yields
and peaks in the TPES of §FFs. Thermochemistry, however,
shows that, certainly at low energies above threshold;C&n
only form in conjunction with Sfand Sk* with CF, (section
6). Thus, for the three fragment ions formed involving more
than one bond cleavage (g€F Sk, and Sk*), a fluorine
migration must occur across the-§ bond to produce the
necessary neutral partner(s). Such intramolecular rearrange-
ments, involving migration of a fluorine atom across &)X
bond, have been observed in the fragmentation of perfluoro-
carbon cations, &, .37

Fock or the MP2(full)/6-31g(d) level, giving further evidence ~ 5.5. Fixed-Energy TPEPICO Spectra of SECF3z. TPEPI-
that this state is unbound. CO—TOF spectra of S§EF; were recorded at a resolution of
Higher-energy peaks in the TPES are observed at 15.68,16 ns for the CE" fragment at photon energies of 14.25, 15.69,
16.94, 17.86, 19.44, 21.34, 22.01, and 24.67 eV. The broad peakl6.98, 17.97, and 19.07 eV, corresponding to the first five peaks
at 16.94 eV, ca.2.7 eV above the ground state, probably in the TPES of SFCF. Accumulation times per spectrum
corresponds to several bands produced by remdvalFo2pr ranged between 2 and 8 h. Figure 7 shows the TPEPTOOF
nonbonding electron. No attempt has been made to assign thespectrum of CE"/SFCFs at an excitation energy of 14.25 eV,
other peaks in the TPES. corresponding to the vertical ionization energy to the ground
5.4. Scanning-Energy TPEPICO Spectrum of SFCFs. The state of the parent ion. The spectrum is fitted wikE = 0.03
TPEPICO spectrum of SEF; was measured from 12.7 to 26.4 eV andn = 3, andKE[lis determined to be 0.32 0.05 eV
eV with an optical resolution of 0.3 nm. Figure 6 shows the (Table 1). This value of KE[] corresponds to 21% of the
ions produced from the TPEPICO spectrum, summed over this available energy, in excellent agreement with the prediction of
range of energies. The parent ion is not observed. The five the pure-impulsive modéE This is to be expected, because the
fragment ions observed are, in order of increasing mass;,CF  ground state of SfER' at the Franck Condon maximum lies
CRs*, SK*, SR, and SE*. CR:™ and SE* are the dominant ~ over 1 eV higher in energy than the dissociative limit to;CF
ions, with CR*™ and SE* very weak. The relative intensities + SFs + e™. Dissociation from this repulsive potential energy
of the most intense ions (GF SK*, and SE') are ca. surface is therefore expected to occur rapidly, probably on a
38:13:1, and we note that these three ions are also the mostsubpicosecond time scale, with a relatively large amount of the
intense and formed in approximately this ratio in the 70 eV available energy released into translation of the two fragments.
electron-impact mass spectrum ofs6F:.1! The coincident ion The IKE[LIvalues determined for the other §FSKCR; spectra
yields of CR" and SE" are shown in Figure 5b. The appearance are shown in Table 1. As the photon energy increases from 14.25
energies (AE) at 298 K of these two ions are determined to be to 19.07 eV, the values 6KE[Jonly increase by ca. 0.1 eV, so

arb. units

Threshold photoelectron signal /

S

Coincident ion counts /
arb. units

Photon Energy / eV

Coincident ion intensity /
arb. units

9 5 10 15 20 25 30 35
TOF / ps

Figure 6. Time-of-flight spectrum of the fragment ions from &=,
summed over the photoexcitation energies +26.4 eV.
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Figure 7. (a) Coincidence TOF spectrum (dots) of £from SKCF; photoionized at 14.25 eV into the ground skate of the parent cation. The
solid line gives the best fit to the data, comprised of three contributions (—3) in the basis set foe(n). The reduced probability of each

contribution is shown in (b). The fit yields a total mean translational kinetic energy ingd €FSFs of 0.32+ 0.05 eV, which constitutes 21% of
the available energy.

TABLE 1: Total Mean Translational Kinetic Energy Release, [KE[] of the Two-Body Fragmentation of the Valence States of
SKCF3t

parent ion daughter ion E/leV EavaileV? KELJeV (lex? Mlstat [dimp
SKCR* CR* 19.07 6.34 0.3 0.01 0.06 0.04 0.20
CR* 17.97 5.24 0.4@: 0.01 0.08 0.04 0.20
CR* 16.98 4.25 0.38:0.01 0.09 0.04 0.20
CR* 15.69 2.96 0.29- 0.02 0.10 0.04 0.20
CR* 14.25 1.52 0.32- 0.05 0.21 0.04 0.20
SKCR* SK* 16.98

2 Eqvail is defined in eq 2° Given by (KE[JEavai. ¢ The peak shape of the $Fdaughter ion at this photon energy fits to a mean KE release of
0.17+ 0.01 eV.

the fractional release into translational energy of the'CF eV. The interpretation of the mechanism of reactions which form
SFKs products decreases. It appears, therefore, that as higherthese ions, however, does not depend on the precise values of
lying electronic states of SEFRs*™ are populated, there is a the bond dissociation energies.
reduced coupling of the initially excited vibrational modes to Products formed by cleavage of the-S bond are easy to
the reaction coordinate. This phenomenon, that the value Ofunderstand_ As shown earlier, the onset of ionization of SF
[(KE[Jdoes not increase as rapidly with photon energy as a pure-CF; at 298 K, 12.92+ 0.18 eV corresponding to 13-t 0.2
impulsive model would predict, has also been observed #TCF ey at 0 K, lies slightly higher in energy than the experimentally
CFsand SE*/SF* and for single bond cleavages in the ©Ct deduced value for the first DIE of 12.8 0.4 eV. The KE
and CEX2+ series of molecule®40 In all these cases, the releases from S£F3+ X — CE+ + SK; are therefore re|ative|y
ground state of the parent cation in the FranClondon region  small, making an accurate extrapolation to zero KE difficult to
lies above the first dissociative ionization energy. achieve. The calculated dissociation threshold ¢f$&to Sk*+

One TPEPICO TOF spectrum was measured forsSrith + CFRs + e, 13.66 eV, lies within error at the same energy as
a resolution of 16 ns at a photon energy of 16.98 eV. The peakthe experimentally determined threshold of 13:9.2 eV. In
shape of the daughter ion fits to a KE release of G£10.01 other words, S§ turns on, albeit very weakly, at its thermo-
eV into SKk*. A value of [KE[] cannot be determined since  chemical threshold. For photon energies above this threshold,
dissociation involves more than one bond cleavage. No other dissociation to CF + SF; + e~ dominates that to GF+ Skt
fragment ions were measured as signal levels were too weak.+ e, This effect has also been observed for reactions of cations

) with recombination energies in excess of 13.66 eV with-SF

6. Thermochemistry CFs, where the CE" product dominates SF.42

The 0 K energies of various dissociation channels of- SF Channels involving more complicated photodissociation
CRs* can now be determined (Table 2). We use values for the processes are perhaps more interesting. The threshold for
first DIE of SFCF; (12.9 eV), adiabatic IEs for GH8.84 eV) production of SE* at 298 K is measured to be 14.940.13
and Sk (9.60 eV) determined by this work and by Fisher et eV. This threshold corresponds to the onset of ionization to the

al. respectively, and the bond dissociation energies for SF second band in the TPES of s8F and suggests a nonstatistical
from the guided ion beam studyThe CR_F bond dissociation electronic state-selective fragmentation of thestate of Sk
energy (5.61 eV) is taken from Asher and Ruscighile that CR* is occurring. Even with allowance for a significant
of CR"—F (6.32 eV) is calculated assuming an IE for QfF uncertainty in the enthalpy of formation of 8F it is clear from

11.44 eV*! The largest uncertainty in these energies occurs in Table 2 that this channel is energetically only open f'SlBrms
channels involving Sf and SE™, at the level of ca. 0:30.5 in conjunction with Ck + F + e~ (dissociation energy 13.01
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TABLE 2: Energetics of Important Dissociation Channels
and lonization Energies of SECF;

vertical
neutral/ dissociation dissociation ionization
parent ion channel energy/e¥  energy/eV
SRCF* G 24.67
SKRCR*" F 22.01
SRCFs* E 21.34
SKCFK:* D 19.44
CR"'+ Sk +2F+ e 19.28
CR"+Sk+F+e 19.22
SKR"+ CR+ 2F+ e 18.62
SERT+CR+F+e 18.26
SKRCR* C 17.86
SKE"+CR+F+e 17.37
_ SR*+CR+F+e 17.02
SKCF:* B 16.94
SKECRTA 15.68
CR*'+SKR+F+e 15.41
CR"+SKk+e 15.40
SKECR* X 14.13
SKE"+CR+e 13.66
SKR*"+CR+F+e 13.01
CR"+ Sk +e 12.90
SF"+CR+e 12.65
B Sk + CR 4.06
SKCR; X 0

2 Dissociation energies of channels involving«Rand Sk (x =
3-5) are calculated from the experimental DIE ofsSF; to CR' +
Sk + e (12.9 eV), bond dissociation energietsaK of SK* from
Fisher et al adiabatic IEs for CkFand Sk of 8.84 and 9.60 eV (see
text), and a bond dissociation energy fors€F of 5.61 eV? Channels
involving CR" are calculated using an enthalpy of formation for this
ion of 922 kJ mott.4

eV). Sk™ cannot form with Cgand either Eor 2F, since these
channels lie ca. 2.1 or 3.7 eV above the experimentally
determined AE of S§. Likewise, SR+ and CRk* form very
weakly with AEs of 13.5 and 16.0 eV. Table 2 shows that'SF
can only form with Ckg, and CK™ with SFs at energies close
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8.84+ 0.20 eV, which is consistent with the recommendations
of two recent review$213 It seems unlikely that this method
will ever be able to give an accuracy in the DIE better than ca.
+ 0.1 eV, when an extrapolation of over 1 eV, as here, is
involved.

The range of values in the recent literature for the AIE of
the Sk radical is even greater, with values spanning ca-9.6
11.5 eV# The lowest value of 9.66 0.05 eV, and probably
the most reliable because it islmect measurement, comes from
a guided ion beam mass spectrometric stu@nth our new
value for the first DIE of SE, 13.6+ 0.1 eV, and that derived
for the AIE of Sk, 9.8+ 0.2 eV, are in excellent agreement
with the results of Fisher et &lThe AIE result is also in good
agreement with two independent Gaussian-2 ab initio calcula-
tions1543All three values are slightly higher that that calculated,
9.52 eV, at the CCSD(T) level of theofy.

The purpose of these GRand Sk experiments wasot to
measure new values for the ionization energies of theadi
SK; radicals but rather to validate the extrapolation method
described in section 2. The results show that this has been
achieved. Within the limitations of this method described in
section 5.1, we therefore have confidence in the KE extrapola-
tion data for SECF; (Figure 4a) and the determination of its
first DIE to CR* + SKs + e™. From this value, we have been
able to determine #0 K enthalpy of formation of SER; and
Do(SF—CFs). The strength of the SFCF; bond, 4.06+ 0.45
eV, is slightly greater than that of the SH- bond in Sk, 3.82
eV The atmospheric implication of this measurement is that
SKCEF;, like Sk and CH, is very unlikely to be broken down
by UV radiation in the stratosphere. Also like C&nd Sk,”
the reactions of O1D) and the OH radical with SEEF; are
likely to be very slow. Taken together, these data are consistent
with the observed atmospheric profile of s8f in the
stratosphere, which has been interpreted to indicate a lifetime
of the order of 1000 yearslts removal from the atmosphere is
likely to be determined by ionic processes (i.e. electron

to their respective thresholds. Thus, all these three fragmentatiorattachment and ionmolecule reactions) and possibly VUV

channels must involve a fluorine atom migration across th€ S
bond to form the requisite neutral partner.

7. Discussion

The TPEPICO data in both the scanning photon and the fixed

photodissociation with Lyman- radiation occurring in the
mesosphere. The rate constant for electron attachmentsto SF
CF; at room temperature in a Swarm apparatus has recently
been measuretl.Its value suggests a lifetime of 8z in the
atmosphere of less than 1000 years.

photon energy modes have been discussed in sections 5.4 and -qnclusions
5.5. Here, we discuss only the results to deduce the dissociative

ionization energy of CE Sk, and SECF;. The value of the
AIE of the CR; radical, and hence the DIE of GFhave been

Using tunable VUV radiation from a synchrotron source and
threshold photoiortphotoelectron coincidence spectroscopy, we

controversial for many years. As described in section 2, the have studied the fragmentation of the valence states gf SF

difficulty in measuring accurately the AIE of GBrises because
of the change in geometry between the neutral (pyrami@tg),
and ionized (planarDs,) forms of the radical, resulting in a
negligibly small Franck-Condon overlap factor at threshdftl.
The experimental data up to 1998 were revieweahd an upper
limit of 8.8 £ 0.2 eV for the AIE of Ck was recommended.
Since then, a new ab initio calculatidnand further photo-
ionization experiments on GBr — CFR" + Br + e~ 17 both
suggest that the AIE (Gfis somewhat higher, between 9.0
and 9.1 eV. In addition, Irikuf& has suggested that some of
the low values of the AIE 8.6 eV) from ion-molecule

CR* over the energy range 126 eV. Threshold electron
spectra and coincidence ion yields have been recorded with the
experiment operating in the scanning photon energy modsg. CF
is the most intense fragment ion over this range of energies,
and its ion yield follows that of the TPES of 8B from ca.
12—-20 eV. SK* is the second most intense fragment ion. Its
yield shows some evidence for state-selective fragmentation.
The ion yields of SF", SK*, and CkR* are weak. S§ turns

on at the thermochemical dissociation energy o'SF CR;

+ e". Like SR*, SK' and CR' turn on at energies which are
only compatible with the lowest-energy dissociation channel

chemical reactions may be in doubt, because entropy effectsinvolving that ion. Thus S§ can only form in conjunction with
have been ignored in determining whether such reactions mayCFs + F + €7, SK* with CF; + €7, and CR* with SKs + €.
proceed at a reasonable rate. Our result does not add significantlyn all cases, a fluorine atom must migrate across th€ $ond.

to this controversy. However, it is gratifying that the extrapola-
tion method (Figure 1a) gives a value for the DIE of,CF4.45
4+ 0.20 eV, which leads to a value for the AIE of theZ&dical,

In the fixed photon energy mode, the translational kinetic
energy released into GF + SKs has been measured at five
different excitation energies over the range-149 eV. The
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values oflKE[Jrange from 0.29 to 0.40 eV. Whereas dissocia- (2) Asher, R. L.; Ruscic, BJ. Chem. Phys1997 106, 210.
tion of the ground state of SER™ appears to follow a pure- (3) Lee, L. C.; Wang, X.; Suto, MJ. Chem. Phys1986 85, 6294.
impulsive model with a fractional release into translational (%)Sg'Shef, E. R, Kickel, B. L.; Armentrout, P. B. Chem. Phys1992

energy of 0.19, that from excited states shows a lower fractional =" (5) Blechschmidt, D.: Haensel, R.: Koch, E. E.: Nielsen, U.: Sagawa
release. This phenomenon has been observed in other molecule$ chem. phys. Let1972 14, 33. T $ o Dagan,

(e.g. CR and Sk),® where the ground state of the parent ion in (6) Kendall, P. A.; Mason, N. J. Electron Spectrosc. Relat. Phenom.
the Franck-Condon region lies above the first DIE. 2001 in press.

We have also used the scanning photon energy TPEPICO  (7) Ravishankara, A. R.; Solomon, S.; Turnipseed, A. A.; Warren, R.
experiment to deduce the first DIE of ¢fio CR* + F + &), F. Sciencel993 25, 194. s DL M- Tuck iather
SFs (to SF* + F + ), and SECFs (10 CR™ + SR + ), p \Vcotiing . Powi, Ichem. Physloea 174 4d1 "
Obtalnlng Vf”‘lues of 14.45% 9'20’ 13.6+ 0.1, and 12'&}: 0.4 (9) Smith, D. M.; Tuckett, R. P.; Yoxall, K. R.; Codling, K.; Hatherly,
eV, respectively. From the first two results, we determine values p. A.; Aarts, J. F. M.; Stankiewicz, M. Chem. Phys1994 101, 10559.
for the adiabatic |IE of the GFand Sk free radicals to be 8.84 (10) Jarvis, G. K.; Mayhew, C. A.; Chim, R. Y. L.; Kennedy, R. A;;

+ 0.20 and 9.8+ 0.2 eV, respectively. These results are in Tuckett, R. P.Chem. Phys. Let200Q 320, 104.

; i ; (11) Mallard, W. G., Linstrom, P. J., EdBIIST Chemistry Webbopk
good agreement with \.Nhat we believe to_be the. mqst reliable NIST: Gaithersburg, MD, 2000; NIST Standard Reference Database
values in the recent literature. The fractional kinetic energy Number 69 (http://webbook.nist.gov).

release from S§ — SK" + F is significantly less than that (12) Jarvis, G. K.; Tuckett, R. FChem. Phys. Letfl99§ 295, 145.
predicted by the pure-impulsive modélwhereas that from (13) Irikura, K. K. J. Am. Chem. S0d.999 121, 7689.

CF" or SKECR™ — CR™ + F or SK is in good agreement (14) Botschwina, P.; Horn, M.; Oswald, R.; Schmatz,JSElectron
with this model. This result may relate to uncertainty in the Spectrosc. Relat. Phenoi200Q 108 109.

geometry of SE*.28 From the first DIE of SECFs, we are able (15) lrikura, K. K.J. Chem. Phys1995 102, 5357.

to determine the enthalpy of formation®K of SRCFs (—1770 1gélg)7 Hatherly, P. A.; Smith, D. M.; Tuckett, R. B. Phys. Chenil99§

+ 47 kJ mof™) and the dissociation energy of the sSfEF; (17) Garcia, G. A.; Guyon, P. M.; Powis, J. Phys. Chem. A2001,
bond & 0 K (4.06 £ 0.45 eV). These errors are dominated by submitted for publication.

the uncertainty in the first DIE of SEFs. The new value for (18) Horn, M.; Oswald, M.; Oswald, R.; Botschwina. Ber. Bunsen-
the enthalpy of formation of SEFs is 70 kJ mot? lower than Ges. Phys. Cheni995 99, 323.

that given in the JANAF table¥. Its value has already been (19) Hatherly, P. A.; Stankiewicz, M.; Codling, K.; Creasey, J. C.; Jones,
used to determine possible product channels for reactions of M- Tuckett, R. PMeas. Sci. Technol.992 3, 891.

Il atmospheric cations (e.g.*NN + Oz+) with SR.CF3.42 (20) Wlley, W. C.? Maclaren, I. HRe/.. Sci. Instrum.1955 26, 1150.
sma pheric cati 2 . (21) Jarvis, G. K.; Seccombe, D. P.; Tuckett, RGhem. Phys. Lett.
This type of reaction is just one of several bimolecular processes ggq 315 287.
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