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Rate constants and ion product channels have been measured for electron attachment tactoup8énds,
SKCeHs, SKCoH3, S;F10, and SEBr, and these data are compared to earlier results fgrSECI, and Sk

CFs. The present rate constants range over a factor of 600 in magnitude. Rate constants measured in this
work at 300 K are 9.9 3.0 x 1078 (SRCgHs), 7.3+ 1.8 x 107° (SKCyH3), 6.5+ 2.5 x 10 1° (S,F0), and

3.8+ 2.0 x 1010 (SFKBr), all in cm?® s7* units. Sk~ was the sole ionic product observed for 350 K,

though in the case of.Bg it cannot be ascertained whether the minok S&nd Sk~ products observed in

the mass spectra are due to attachmentE3,®r to impurities. G3(MP2) electronic structure calculations

(G2 for SKBr) have been carried out for the neutrals and anions of these species, primarily to determine
electron affinities and the energetics of possible attachment reaction channels. Electron affinities were calculated
to be 0.88 (SECgHs), 0.70 (SEC;H3), 2.95 (SF10), and 2.73 eV (S#Br). An anticorrelation is found for the
ArrheniusA-factor with exothermicity for S§ production for the seven molecules listed above. The Arrhenius
activation energy was found to be anticorrelated with the bond strength of the parent ion.

I Introduction € + SRC,H;— SRC,H;~ AH,,,=—0.62eV (4)
We have earlier measured electron attachment rate constants —SK +CH; AH,,=-044eV (5)

and ion product branching fractions for $FSKCI, and

SKCFs.173 As is well-known, thermal electron attachment to . - _

SFK; proceeds near the collisional rate (at least, for pressures CHy +SF AHy,=+2.89eV (6)

over 10 Torr) and yields both SF and Sk~.1* Attachment

to SKCI and SECF; both yields only SE~ ion product, up to e +SF,,—~SF, AH,,,= —2.86 eV )

550 K, with rate constants that are 15% and 25% efficient at

room temperature, respectivély Electron attachment to $F — Sk, + SK AH,,= —2.07 eV (8)

Cl and SECF; has also been studied in an atmosphere of N B

and CQ and as a function of electron energy in beam-gas and — Sk +SF,  AH,,=-194eV 9)

laser photoelectron attachment experiméntsin the present _

work, we extend the measurements orgXSEompounds to —SF, +SF  AH,,=—2.46eV (10)

SKCsHs (pentafluorosulfanylbenzene), $kHs (pentafluoro-

sulfanylethylene), $1o (disulfur decafluoride), and SBr -+ SEBr— SEBr~ AH. = —276eV 11

(pentafluorosulfanylbromide). Provisional product channels for e + SRBr— SkBr o 76e (11)

these species are given below. —SK +Br AH,,=-197eV (12)

e + SKC,H;— SKRCHs AH,,=—-0.88eV (1) —Br +SK,  AH,,=-1.33eV (13)

—SK +CH; AH,,=-0.38eV
2 where the reaction enthalpieAHx at 298 K) are from G3-
(MP2) calculations (G2 for SBr) to be described in section
|V_1(%15
The SEX represents an excellent series of molecules to look
for trends in electron attachment. The properties of the
*To whom correspondence should be addressed. E-mail: mOleCUleS, such as electron afﬁnity, bond Iength of the neutral

—SR,+CHs  AH,, =+254eV .
3

thone_ls.miIIer@hanscom.af.mil. and anion, exothermicity, and bond dissociation energy, vary
Air Force Research Laboratory. widely. For most of the species, the calculated geometry of X
* Also, Institute for Scientific Research, Boston College. . . . . .
$ University of Florida. varies little between that found in §Fand X itself, with GHs
'University of Puerto Rico-Mayaguez. being an exception (section 1V). The calculated; §8ometry
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is also similar in most of the compounds. Correlations to these R
various properties will be discussed in section V.

. . 9
Il. Experimental Section 107 1 diffusion

The present measurements were made in a fIowing-afterglow(v';f>
Langmuir-probe (FALP) apparatus. The method has been g
detailed in the literatufé as has the Air Force Research
Laboratory FALP.1” The attachment reactions take place in a
fast-flowing electron-H&, Art plasma at 133 Pa of He gas.
The SECeHs, SKCoH3, S;F10, and SEBr were synthesized for
the present experiments and were used as provided, aside from
freeze-pump—thaw degassing cycles with liquid samples, as
needed. The syntheses of the various compounds have been

density (c

electron

publishedt®2! Mixtures of the reactant gases in He were 108 L attachment |
prepared at room temperature to ensure accurate measurement _and 1
of the flow rate of reactant into the FALP, with stronger mixtures diffusion

for the slowest attaching gases. Mixtures of 0.32% ofC3Hs,
0.30% of SEC,H3, 6.4% of SFi0, and 3.1% of SEBr were
used. Of these vapors, only &kHs proved to be “sticky”. 0 1 2
Stickiness manifests itself by observing a decrease in pressure t (ms)

after the vapor is first introduced into a clean, empty stainless

steel mixture vessel: the pressure in the vessel decreases #ﬁ;rsegé HFA;;Z Egiofgégfr‘;{izﬂsa\%aeﬁg?Zglé?ofﬁ';%i[ziogoﬁ'

the walls passivate. The vessel is pumped and refilled until stablecm,3’ reszpe3<:tively. The diffusion frequency. was measured in absence
at the desired pressure. Care is then taken not to use Up MOrgf reactant, at 3234. The electron attachment rate constant was

than 10% of the mixture, to avoid possibly compromising the
composition. Measurements with $£kHs required patience

measured to bk, = 7.3 x 10°° cm® s! from these data.

because of the need to passivate the mixture vessel, theSF;in the reactant samples, as thes$6mpounds we studied

flowmeter, and gas feedlines by flowing neatsS§Hs prior to

(SFsCgHs, etc.) could be expected to yield mainly SHon

each measurement. Failure to do this would lead to an apparenproduct. It is exothermic for Ar to fractionate Sfand Sk
ka that was as much as 10 times too small and which increasedinto S* + F and SE* + F, respectively. Likewise, Krcan
with each subsequent measurement. Because of the limitedfractionate SFinto SR* + F, but it is endothermic for Kr to
amount of SECgHs that was synthesized and the amount needed fractionate or ionize Si-However, SE" was the major product
for passivation, data were only obtained at four temperaturesion observed in the Kr + S;F1o mass spectra (no50" was
for this compound. A mass spectrometer at the downstream endfound), implying that all of the S& observed comes directly

of the flow tube allowed determination of ionic products of the
attachment reactions.

from SF10. Evidence will be presented in section Ill thafFgy
was decomposing at high temperatures. Because of the frac-

An example of the data obtained in the present work is shown tionations, the Ar and Kr* reactions could not prove or

in Figure 1 for SEC,Hs. The measurement of the diffusion

disprove this idea. Krreacting with SEBr at 299 K gave 75%

frequency was made in absence of reactant gas. The attachmeneFs', 18% SEBr*, and 7% SE*. The first two ionic products

rate constank, was determined from a fit to the data of the
solution to the rate equations describing ambipolar diffusion
and electron attachmeHt!” The measuredt,’s are estimated
accurate tat-25% for a case where no complications arise, as
with SKC,H3.17 In the present work, the passivation problem
with SFCgHs leads us to assign an uncertainty4e80% to the
measuredk, for this molecule. With g0, the possible presence
of Sk (and perhaps SF impurity forces us to place an
uncertainty o#-38% on the measurdd, as described in section
Ill. With SFsBr, the presence of SREmpurity is obvious, as
explained in section lll. Because $&f attaches electron
inefficiently, the magnitude of the correction is large, which
compels us to place an uncertainty-650% on the measured
ka for this molecule.

A rough analysis of the purities of the)/50 and SEBr
samples was attempted via charge transfer to amd Kr.
While not successful from the standpoint of purity analysis, the
results are worth noting. We first saw that*Areacting with
neat Sk forms mostly SE" ion product, with a small amount
of SK* (~8%). (The plasma also contains a few percent,He
which can contribute to the $Fsignal.) It is endothermic for
Kr* to produce SF from SFK (by 1.3 eV), and it is slightly
endothermic to produce $Ffrom SF; (by 0.18 eV). Thus, from
the outset, it is seen that Aand Krt are not useful for detecting

are reasonable for the §Bt target. The final one may indicate
that an impurity such as SQFs in the SEBr sample, which
might also yield the SOF observed in the electron attachment
mass spectra.

Ill. Electron Attachment Results

Electron attachment results for $kHs, SFCoH3, S;F10, and
SKBr are given in Table 1 and are plotted in Figure 2 in an
Arrhenius manner along with earlier results forsS&CI, and
SKCRs.1 8 At 300 K, ki (SRsCsHs) = 9.9+ 3.0 x 1078 cnm?®
s~1, which amounts to one attachment event for every three
collisions, on the basis of the electromolecule s-wave
collision rate expression developed by KI&tg3 The k,
increased with temperature in a way that may be described by
an activation energy of 32 meV (with 50% uncertainty because
of the passivation problem).

Measurements with SE;H3 presented no such difficulty.
The valuek, (SFCoH3) = 7.3 £ 1.8 x 107° cm® s was
determined at 300 K (implying attachment on 1 out of every
40 collisiong?23. The Arrhenius analysis (Figure 2) for &HH3
yields an activation energy of 80 me\%-15%), the largest for
any of the compounds discussed here.

SF10 and SEBr did not present any handling problems, but
the very slow attachment rates did cause difficulty in interpreting
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TABLE 1: Rate Constants for Electron Attachment (ky)
Measured in the Present Work at 133 Pa

T(K) Ka(SFCeHs)?  ka(SKECoH3)?  ka(SF10)?  ka (SFBr)?
300 9.9¢8) 7.3¢9) 6.5-10)  3.8¢10)
334 9.5¢-9)

363 6.7¢10)  3.5¢10)
370 1.4¢7) 1.3¢-8)
409 1.5¢8)
425 6.7¢10)  4.3¢10)
448 1.4€7) 2.06-8)
487 4.7¢10)
499 2.5¢8)
550 1.9¢7) 3.1¢-8) 5.4(10)

2The notation 9.9¢8) in the table means 9.9 1078 cm®s™. Each
entry is the average of-210 data. The experimental uncertainties are
+30% (SKECeHs), £25% (SEC:H3), +38% (SF10), and+50% (SEBr).
Sk~ was the ionic product of attachment, except feF.g where a
less precise result stands: sSE0.70, Sk~ <0.25, Sk~ <0.05.
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Figure 2. Electron attachment rate constants fors§Fplotted in
Arrhenius fashion. Those for $EsHs, SEECoH3, S;F10, and SEBr are
from the present work. The other data were taken from refs 3)(3F
(SKCI), and 3 (SECF).

data. The attachment mass spectra showgd, 8Rd some SF

in the SF;p case and some S@Fin the SEBr case. If because
of low-level impurities, these ion peaks would be barely
noticeable with a rapidly attaching gas. HoweveF;5and Sk-

Br attach electrons so inefficiently that thesSiEspecially stands
out clearly in the mass spectra.

Modeling of the SFjo attachment data indicates that an
impurity level of only 800 parts per million by volume of §F
or Sk in the SFip sample could explain the observedsSF
and SE~ mass peaks. (Modeling is possible becakige for
Sk and Sk are known.) Modeling showed that even this small
level of impurity causes the appardgtto be 32% greater than
the truek, for S;Fy, if there is indeed impurity present. The
main problem comes in identifying the products of attachment
to SFp. Intuition says that S§& product is expected. However,
egs 9 and 10 show that §Fand Sk~ are exothermic channels
for thermal electron attachment. We are thus left with uncer-
tainty in bothk, and the identification of the ion products of
attachment, aside from $F, it is unlikely that a sample with

Miller et al.

o

©

[}

& SF -

@ 08 F SF - 6 -

< —s

=

£

E 06¢ .

[&]

£

[

w, 04t _

w

£

g —

'tt_u 0<2' 7

=

15 SF,
0....J.,..l,.,.J.,.,l....l..,.
300 400 500 600

T(K)

Figure 3. Branching fractions of ions observed in attachment to the
SFi0 sample, implying decomposition of the gas.

the problem. The rate constants in Table 1 fgf,Sare therefore
averages of the measured (appar&pnénd thek, deduced from
modeling of the attachment mass spectra. The range between
the apparent and deducéd can be covered by adding 13
percentage points to the “normal” uncertainty of 25%. Thus, a
38% uncertainty is assigned tq for S;Fio in Table 1. The
attachment rate constant measured at 300 K is#6.3.5 x
10 cm? s71, an attachment efficiency of only 1 in every 500
collisions22.23For the reasons detailed above, we are forced to
say that the branching fractions of the ion products are
uncertain: at 300 K, that for $F is =0.70, that for SF is
=<0.25, and that for SF is <0.05.

A second problem arose with/S. The branching fractions
for Sk, Sk, and SE~ underwent a dramatic change as the
temperature was increased past 425 K, as if theSwvas
decomposing before electron attachment occurred. No other
system we know of undergoes such rapid chaigé25Figure
3 shows these branching fractions. The appakgimcreased
100-fold between 425 and 550 K, as if thg= was decompos-
ing into Sk + SFK. Because of this evidence, we are not
reportingk, beyond 425 K. We stress that such decomposition
can be homogeneous in the He buffer or can occur on the walls
of the hot glass feedline that runs half the length of the flow
tube (50 cm). Calculations described in section IV show that it
is exothermic for g to dissociate into SF+ Sk by 0.89
eV at 298 K. The same calculations show that it is endothermic
for S;F10 to separate into 2y 1.98 eV at 298 K. The fact
that SFip is stable must therefore be due to a barrier against
dissociation.

SFBr presents a similar problem related to its very small
attachment efficiency. A large S@Fpeak appears in the mass
spectrum. The SQF could either be the result of an impurity
in the SEBr sample container or be the result of a heterogeneous
reaction with water molecules on the surfaces of feedlines. In
modeling the attachment reactions, we assumed that the impurity
attached electrons rapidly. Modeling of the mass spectra implied
the impurity level to be 2.3%. The effect dq is large: the
truek, is 8 times smaller than the obsendgdat 300 K, yielding

purity greater than 99.9% can be obtained to completely solve a value of 3.8 2.0 x 10719cm?® s™1 (an attachment efficiency
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TABLE 2: Results of G3(MP2)? and G22 Calculations for Neutral and Anionic SFsX

111, No. 6, 200X027

quantity SKCeHs SFsCzHgb SFio SKBr
Neutral
point group (state) Cav (*A1) Cs(*A) Dad (*A1) Ca (*Aq)
total energy, 0 K —1127.72021 —974.32247 —1792.93163 —3468.99604
enthalpy, 298 K —1127.70931 —974.31389 —1792.92024 —3468.98852
ZPE 0.10510 0.05921 0.03675 0.01829
EA (eV) 0.88 0.70 2.95 2.73
Daos” (X—SFs) (V) 3.74 3.68 1.98 2.21
C—S (Ay 1.798 1.783
S-S (A 2.252
S—Br(A) 2.238
S—Fy (A 1.614 1.611 1.592 1.596
S—Fe (A)f 1.623 1.622 1.608 1.608
angle (ded) 92.3 122.7 45.0 90.7
Anion
point group (state) Ca (?Ay) Ci(?A) Dad (°B2) Ca (A1)
total energy, 0 K —1127.75259 —974.34830 —1793.03998 —3469.09651
enthalpy, 298 K —1127.73929 —974.33641 —1793.0255 —3469.08760
ZPE 0.09845 0.04914 0.02878 0.01469
Dags” (X—SF57) (eV)© 0.50 0.24 0.79 0.79
C—S (Ar 1.833 4.000
S-S (A 2.634
S—Br(A) 2.671
S—F, (A) 1.876 1.635 1.620 1.629
S—Fe (A)f 1.731 1.734 1.673 1.676
angle (ded) 89.3 99.6 45.0 93.6

aCompound method G3(MP2) of ref 11 used for these results, except #r,Skhere the G2 method of ref 10 was used. Total energy,
enthalpy, and zero-point energy (ZPE) are in hartrees, and EA and bond energy are ifhe¥e is a conformer of SE;Hz with SFK; bound to
the CH end of the GH3 fragment. It lies 3.19 eV above the groundsSfHs. The corresponding anion lies 18 meV above the grounsCS$H~
given in the table. Both anions are weakly bound ion-induced-dipole clugtérs: CsHs, CHs, SFs, or Br, respectively? Also, Dygs® (SFa—SF)
= —0.89 eV.¢The shortest €S bond.' F, represents the polar F atom, angrEpresents the four equatorial F atoms ins.SFC—S—F, for
SRCsHs; —S—C—C for SRC2H3; dihedral B-S—S—F. for S;Fio (see Figure 4):-Br—S—F. for SRBr. " Average of four different equatoriab-S=
bond lengths (1.715, 1.720,1.741, and 1.761 A).

of 1 in every 800 collisior®®23. Unlike the case of &1, there ﬁ» B

is no ambiguity: the SOF in the mass spectrum cannot come . ‘ JJ'J ¥ J 2
directly from attachment toz610, So the lowek, obtained from St Q. JlJ L 5 J 9

the modeling is accepted as the true one, though with large b & */‘ & ) JI I J"*J L
uncertainty #50%). A possible secondary iemolecule b & 29 " ® .

explanation for the SOF signal is ruled out by the small ¢ ‘? J JJ” ‘j‘

amount of background ions in the mass spectrum wheBISF
is absent and by the low concentration ofsBF (1.8 x 10
cm~3 at 300 K) in the flow tube.

] 9
SFsCHs S,Fig SFsC,H; SFsBr SFsCHj

Figure 4. Structures optimized at the MP2(Full)/6-31G(d) level of
theory, for which the G3(MP2) total energies are given in Table 2 (G2
for SKBr). Only the SEC;Hs™ anion is shown, because the other anions
closely resemble the respective neutrals except for th€,S-S, or
Calculations of electron affinities (EAs) and bond strengths S~Br bond lengths listed in Table 2.
for the S5 compounds and fragments were carried out using ) ) ) )
the G3(MP2) compound method, primarily to obtain electron functional B3LYP with the Gaussian basis set 6-3315(3df,-
attachment reaction enthalpis5 We used the GAUSSIAN- ~ 2P) was used), which gave EA{Rs) = 1.061 eV, in good
03W set of program® The G3(MP2) method has been shown 2adreement with the experimental value of 1.096.006 eV28
accurate on average 956 meV for ionization potentials and ~ For this reason, the G3(MP2) total energy (at 0 K) oHE
electron affinities of a test set of moleculés!® Because the  Was estimated from that for the anion, minus 1.096 eV. The
GAUSSIAN-03W program has not yet implemented the G3- 298 K enthalpy correctior) was then estimated by scaling the
(MP2) method for atoms beyond Ar, we applied the G2 method DFT value using the ratio of G3(MP2) and DFT enthalpy
to SRBr.1%-12 The G2 method is slightly less accurate than G3- corrections for the anion. Total energies at 298 K for the various
(MP2), and any nonrelativistic method applied to Br-containing fragments are listed in ref 29.
molecules will contain still greater uncertainty. Results of the  Structures for the neutral $leompounds are shown in Figure
calculations are given in Table 2 and in the reaction enthalpies 4, optimized at the MP2(Full)/6-31G(d) level of theory for which
of eqs +13. the G3(MP2) and G2 total energies are calculated. Only the
Not shown in Table 2 are the total energies calculated for SFCoHs™ anion is shown, because sEkHs™, SFio-, and
the various fragments ¢Els, etc.) needed for specifying bond  SFsBr~ structures are so similar to the neutrals, differing mainly
strengths and reaction enthalpies. Those fay, SFs, and Sk in the S-C or S-S or S-Br bond lengths, which are listed in
were published in ref 27. One fragmentkG) defied optimiza- Table 2 along with a few other structural parameters. The twisted
tion with the methods described above. The closed-shelsC structure (Figure 4), the Mulliken charges@.95 unit charge
presented no problem, however, and neither the neutral nor anioron the Sk portion of the molecule), and the weak bond strength
was a problem for density functional theory (DFT; the hybrid (0.24 eV) for SEC,H3~ imply that the anion is bound mainly

IV. Computational Method and Results
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TABLE 3: Calculated? Properties of the Molecules and Anions for SEX Relevant for Electron Attachment, Together with
Measured Rate Constants and Arrhenius Fits

D2gg’ (SF—X)  Daod (S X)  (SR—=X)" (SK X)* EA(SkX) —AH° Ka A-factor! E
X (ev) (ev) A A (ev) (ev)  (300K)(cnts (cmés™h) (meV)
CeHs 3.74 0.50 1.798 1.833 0.88 0.88 %9108 3.6x 1077 32
CoHs 3.68 0.24 1.783 4.000 0.70 0.62 *3107° 1.6x 1077 80
Sk 1.98 0.79 2.252 2.634 2.95 2.86 6¢510710 7.3x 10710 2.9
Br 2.21 0.79 2.238 2.671 2.73 2.76 3810710 7.6x 10710 20
Cl 2.70 1.03 2.059 2.589 2.47 1.46 40108 5.0x 1078 1.0
Fe 4.58 1.69 1.592 1.720 1.05 —-0.12 3.0x 1077 2.7x 107 1.1
CK; 3.12 0.26 1.915 3.695 1.24 0.95 86108 2.4x 1077 27

a Calculated using method G3(MP2) for sflsHs, SFC2Hs, and SFi0 and G2 for SEBr (present work), G3 for SEI (ref 2) and Sk (ref 27),
and G3(MP2) for SECF; (ref 3).? Bond length S For electron attachment to form $H- X. ¢ Temperature dependencelqffit to the Arrhenius
expressiom exp(—E4/KT). ¢ Sk~ is the main product ion for attachment toSFExperimental value from ref 30.

by an ion-induced-dipole electrostatic potential. It is interesting

that the carbon bond lengths in the benzene ring are hardly L e e
affected by the replacement of one H atom by 8F Sk,

shortening by only £2 mA, according to the calculations. The o J

C=C bond length in ethane is shortened by 6 mA as a result of ~ o °

replacing one H atom by SFand by 46 mA if by SE . @©  407L ]

Cartesian coordinates for the subject neutrals and anions have e
been archived with the journal as Supporting Information.
Included in the Supporting Information are higher-energy
isomers of SEC,H3 and SEC,H3~ in which the Sk portion of
the molecules is closest to the C atom whicts I2aH atoms
bound to it.

-
S
<o
T
1

V. Discussion

Arrhenius A-factor (c

-
]
©
T
L

The present data along with previously published data an SF
Cl, Sk, and SECF; represent an excellent data set in which to
look for correlations with properties of the molecules. Rate e+SFX—>SF +X
constants for these similar molecules vary over almost 3 orders ° °
of magnitude. Temperature dependences also vary, though to a 101 , , . . , ,
lesser extent. Detailed calculations of the complete potential 0 1 2 3
curves for molecules this size are quite difficult, so correlations o i ]
are made to bond energies, bond lengths, and exothermicities. exothermicity for SF_" production (eV)

Table 3 lists the dissociation energies for the neutral and parentrigyre 5. ArrheniusA-factors from fits to the electron attachment rates
ion, the bond lengths of both species, the electron affinity of for SRX vs exothermicity for SE~ production.

the parent anion, and the exothermicity to formsSFalong

with Arrhenius parameters = A exp(—E/KkT), whereE, is The Ez's for many of the SEX are quite small even if the

the activation energy] for fits to the temperature dependences.overall rate constants are small. We have found similar results
The guantities in Table 3 are calculated ones, except for EA- for species that attach to form the parent ion, in many cases,
(SFs)*° and measured values kfand Arrhenius fit parameters.  but often dissociative attachment gives larger activation energies
The ArrheniusA-factors range over a span of 500 from largest when the attachment is slow. Thg shows a gross correlation

to smallest, and th&,'s vary from near zero to 80 meV. The  with bond strength of the anion. THg decreases as the bond
largest activation energy is associated with attachment to strength increases, again opposite to the trend one might expect.
SFCaHs, a case in which there is a large geometry change of The difference between the neutral and anion bond length does
the leaving group (&Hs) after attachment. Thus, it may notbe not seem to be correlated with,

surprising that that system has the largest activation energy.

Correlations of the Arrhenius parameters and 300 K rate \; conclusions
constants versus the various molecular parameters were inves-
tigated. The 300 K rate constant is anticorrelated with the  Rate constants for electron attachment tgC3Hs, SFCoHs,
exothermicity for SE- production with the exception of X S,F10, and SEBr were measured with an FALP apparatus from
C,Hs. The deviation for SEC,H3 is probably related to the 300 to 550 K in a He buffer at a pressure of 133 Pa. The rate
geometry change mentioned in the previous paragraph. Theconstants are listed in Table 1 and are compared to our earlier
Arrhenius A-factors have a similar anticorrelation for all measurements for §FSKCI, and SECF; in Figure 2. SECgHs,
molecules, as shown in Figure 5, and bring theGH3 case SKC,Hs, and SEBr yielded only Sk~ ion product upon
into agreement with the average behavior of the trend observedattachment in the 366500 K temperature range. TheFs
for the seven SEX. It is quite interesting that the more attachment mass spectrum contains considerahle 8t S~
exothermic the reaction, the slower it becomdsfactor intensity. Because the energetics (eqs 9, 10) of the reaction
correlations with other properties of the neutral are also relatively permit these pathways in addition to thesSBne, and because
good, that is, with bond length and bond strength of thexS the attachment rate constant is so small, it cannot be ascertained
bond. Without detailed calculations of the entire surface, it is whether the S and Sk~ are due to attachment tef5 or to
hard to speculate on the cause of the correlation. impurities.
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G3(MP2) calculations (G2 in the case ofsBF) were carried

J. Phys. Chem. A, Vol. 111, No. 6, 2007029
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