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Professor Tilmann Mark has made outstanding contributions to the fields of electron attachment processes and ion-molecule reactions, arad gresgource
inspiration to all working in those scientific areas. It is therefore a great pleasure to dedicate this paper, which deals with both electron piargases
and ion-molecule reactions, to Tilmann on the occasion of his 60th birthday.

Abstract

The first investigation of non-thermal electron attachment tgCbih a swarm environment is reported here. An electron swarm mass
spectrometer, the drift tube of which operates in an atmospheric pressureicfAlN has been used to obtain the data. Experimental attachment
rate coefficientsk,, and the anion products resulting from electron attachment are repkyiscbserved to decrease as the mean electron
energy increases. The estimated thermal (300 K) electron attachment rate corgtamt(k3 + 0.4) x 10~8 cm?® s71, which is significantly
less than the expected s-wave capture rate. The mass spectra obtained show a number of anions resulting from electron attachment, namel
F,~, SK,~, Sk~ and SECI—, with Sk~ and SECI~ being the only anions observed as the mean electron energy approaches zero. Anion
reactions with SECI made it difficult to accurately assign branching ratios, and therefore only a qualitative description of the results will be
presented here. Anion reactions withsSFare of general interest and make interesting comparisons with anion reactions involyirg SF
this paper, we also present the results of a selected ion flow tube study investigating the 300 K reactig@$ witsB number of anions;
0,”,SKk~,0H,CR~, F,CI~ and SE~.
© 2004 Published by Elsevier B.V.
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1. Introduction non-thermal electron-swarm technicgjseg]. It is found that
Sk attaches electrons much more rapidly than eithergSeF
Electron attachment to $Fhas been extensively stud- or TeFs, with the attachment being dominated by the cap-
ied, mainly because of the use of Sk plasma-etching  ture of near zero-energy electrons. In each case the domi-
applications in industryf1,2] and as an insulating dielec- nant anion product is X~ (X = S, Se, Te), accompanied
tric [3,4]. Electron attachment data need to be incorporated by XFs~. SKCFRs is also found to attach electrons most
into models used to characterise gaseous discharges and irrapidly for near-zero electron energy with the estimated ther-
dustrial plasmas. Comparisons of electron attachment to re-mal electron attachment rate constant being approximately
lated molecules and derivatives of Sprovide interesting 25% of that for Sk, and producing only one observed an-
insights into the physical and chemical molecular proper- ion product, SE—, i.e., the parent anion (3EFR3™)* is not
ties of electron attachment, improve our understanding of sufficiently long-lived to be detectd@]. These results have
this fundamental process, are informative and are of generalbeen confirmed by a beam study investigating low energy
interest. Towards this goal, we have recently reported elec-electron attachment to SEFs [7]. In this paper, we present
tron attachment to a series of homologous moleculg, SF an electron attachment study to another derivative af, SF
Sek, and Tek and a derivative of S SF5CFs, using a namely SECI.
Only two previous studies have investigated the electron
attachment properties of §EI [8,9], and both of these used
* Corresponding author. low-pressure electron beam techniques. Whilst these provide
E-mail address: c.mayhew@bham.ac.uk (C.A. Mayhew). details of the product anions as a function of electron energy,
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no information is available on the electron attachment rate mass discrimination effects. Nevertheless, even when oper-
coefficients. Swarm techniques are more amenable to deterating in this mode there is still great uncertainty associated
mining absolute electron attachment rate coefficients. Fur- with the measurement of branching ratios because of the
thermore, electron swarm environments are characterisedneed to allow for secondary reactions and because &khe
by multiple collisions, which can play a stabilising role and is reduced the anion signal intensity dramatically decreases.
are more characteristic of plasmas and gas discharges.  As a result of these problems only a qualitative description
of the branching ratios will be presented here.
The sample of S§CI was commercially purchased
2. Experimental details (Apollo Scientific Limited) with a stated purity of 97%,
and was used without further purification. We were unable
The electron-swarm techniqUi£0,11] and our apparatus to obtain any information on the possible impurities within
[5,12,13]have been described in the literature. In brief, an our sample from the supplier. Stainless steel cylinders
electric potential is applied along a drift tube creating a uni- (volume~ 2 x 10°cm?®), which have been silcosteel treated
form electric field,E, drawing electrons towards a Faraday (Restek Corporation) to passivate the surfaces, were used
plate detector. An electron energy distribution is established, to store the SECI gas in concentrations of typically a few
determined by a dynamic balance between the kinetic en-hundred ppm in nitrogen or argon gas at a total pressure
ergy gained from the electric field and energy loss through of about 2 atm. Gases in the cylinders were continuously
multiple collisions with the buffer gas (either Ar oraNof mixed by a small circulation pump to ensure homogeneity.
number densityN). The shape of this energy distribution Even with the use of specially treated containers, we noted
depends orE/N, the type of buffer gas used, and the tem- that the SECI sample deteriorated with time, presumably
perature. For fixedN, higher electric field strengths lead to because of reactions of §El with the surfaces. Therefore,
higher mean electron energies. For a git#N, use of Ar as samples were prepared and used as quickly as possible.
the buffer gas results in an electron swarm with higher mean New samples were prepared on a routine basis.
electron energies than provided by.N'he studies presented
here covelE/N = 0.4 x 10718 to 15x 10718V cm? for Ny
(=0.04-04eV) and 04 x 108 t0 6x 107 8Vem2 for 3 Results and discussion
Ar (g range of 0.5-1.9eV).
Electrons can be distinguished from anions, formed by 31 Electron attachment rate constants
electron attachment, by a simple timing arrangement in
which the electrons are admitted into the drift tube as a short  The SECI electron attachment rate constants determined
(1-2ms) pulse. The large mass difference between electronsy, his study are presented Fig. 1 as a function of mean
and anions ensures that anions arrive at the end of the driftg|ectron energy and the results are summarisethbie 1
tube after the electrons and over a far broader time window. These rate constants were calculated from our measured
We can thus monitor the attenuation of electron pulses asgensity normalised electron attachment coefficients. Elec-
a function of the admitted reactant gas concentration with yron drift velocities needed for this calculation were taken

little interference from product anions. The density reduced fom tables provided by Hunter et 4L4]. As observed for
electron attachment coefficient, is determined as a func-

tion of E/N. Multiplication of & with the mean electron drift

speed gives the electron attachment rate constangs a 12x10°
function of E/N (and hence mean electron energy). f
A small orifice in the Faraday plate allows anions formed % 10x10°
within the drift tube to enter a differentially pumped region L2
leading to a quadrupole mass spectrometer. Anions formed E gx10°
from electron attachment and secondary anions, resulting 2
from subsequent anion-molecule reactions, can thus be mon- S 6x10° |
itored. In this mode of operation electrons are admitted con- =
tinuously into the drift tube, i.e., the investigation of the ~ Y
product anions takes place during a completely separate ex- g #1077
periment from the electron attachment rate measurements. =
Different E/N values are used and coarser steps in the elec- g ™0
tron mean energy are taken. Branching ratios are obtained by <
extrapolating product anion signals to zero neutral attaching 0 * ‘
gas number density. This takes into account any reactions of 0.0 0.4 0.8 1.2 L6

the product anions with the neutral attaching gas. Branching Mean Energy (/eV)

ratios were measur_ed With the detection quadru_p()le MAaSSrig. 1. Electron attachment rate constants fos@Fn a buffer gas of
spectrometer operating at its lowest resolution. This reducedN, (<0.4eV) and Ar (>0.4eV).
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Table 1

Electron attachment rate constakigE/N) for SFCI in N2 and Ar buffer gases as a function BfN and mean electron energy
SFKCI/N> SFKsCI/Ar

E/N (x10718Vcm?)  (eV) ka (x108cmis™1) E/N (x10718V cm?) £ (eV) ka (x10~8cmis1)
1.47 0.073 1.102 0.31 0.474 0.503
1.76 0.084 1.083 0.37 0.510 0.432
2.05 0.095 1.054 0.47 0.560 0.394
2.35 0.106 1.051 0.53 0.591 0.413
2.64 0.117 1.031 0.62 0.635 0.385
2.93 0.127 0.982 0.78 0.703 0.345
3.23 0.138 0.942 0.93 0.765 0.285
3.52 0.147 0.925 1.09 0.823 0.297
3.81 0.157 0.881 1.24 0.877 0.271
411 0.168 0.840 1.55 0.977 0.229
4.40 0.178 0.833 1.86 1.069 0.201
4.70 0.188 0.815 217 1.151 0.184
4.99 0.196 0.804 2.49 1.231 0.170
5.28 0.203 0.765 311 1.372 0.144
5.58 0.212 0.766 3.73 1.502 0.117
5.87 0.221 0.757 4.66 1.672 0.098
6.16 0.230 0.762

6.46 0.239 0.748

6.75 0.248 0.742

7.04 0.257 0.721

7.34 0.266 0.701

7.63 0.276 0.697

7.92 0.285 0.700

8.22 0.294 0.699

8.51 0.303 0.692

Sk, the electron attachment rate constant associated withelectron energy has to be increased in order to observe elec-
SKsCI decreases with increasing mean electron energy, buttron attachment. In the case of CgjRve were unable to

its value at low mean electron energies is significantly less detect any attachment. Thus,

than the expected s-wave capture value. Extrapolation of

the electron attachment rate constant data to a mean elec®(SFe) > «(SFsCl)

tron energy of 0.038 eV provides as an estimate of the ther-
mal (300 K) electron attachment rate constap;~ (1.3+

0.4) x 10~8cm?®s~1. By the very nature of the extrapolation, «(CHFs3) < «(CHCIF,) < a(CHCLF)

the error orky, is relatively large. We are currently modify-

ing our instrument so that thermal electron attachment rate 3.2. Products of electron attachment to SF5Cl

constants can be readily determined.

The similarity in the dependence of the rate constants asa SFsClis observed to undergo dissociative electron attach-
function of mean electron energy to that for electron attach- ment through a number of channels. In comparison, whilst
ment to Sk, means that the electron attachment cross sec-SKCR; also extensively fragments upon electron attach-
tion for SKCI peaks at~0 eV, but its value will be smaller  ment, it does so only through one channel leading to the
at 0eV than that for S& Deconvolution of our rate coef-  product anion S§~ over the range of mean electron ener-
ficient data permits an estimation of the cross section for gies we investigate{b]. Sailer et al[7] have ascribed this
electron capture at zero electron energy to be approximatelydifference to the so-called electron capagit§] of the sub-

1 x 10~15cn?, which is two orders of magnitude smaller stitute Cl as opposed to GFwhich is a measure of the local-
than that determined for $Ro(e = 0) ~ 1 x 10~ 13cnP). ization of the electron charge in the primary step of electron

It is of interest to compare the above observations with capture to the neutral molecule.
another swarm study of ours, in which we investigated elec- A typical mass spectrum of the anion products result-
tron attachment to the series of molecules CHCCHCIR,, ing from electron attachment to §El is illustrated in
and CHFR [13]. In the case of S§& we have just noted that  Fig. 2 This mass spectrum was recorded with a reactant
replacement of an F atom by Cl leads to a large decrease ingas number density of.2 x 10'moleculescm® in a
the density normalised electron attachment coefficient (andbuffer gas of N at atmospheric pressure and atEiN of
related quantities). In contrast, replacing Clby Fin CHCI  4.4x 1018V cm? (corresponding to a mean electron energy
to give CHCIR, leads to a large decreasevinand the mean  of 0.18eV). The resolution of the mass spectrometer was

but
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Fig. 2. Mass spectrum of the anion products resulting from elec-
tron attachment to Sl taken at anE/N of 4.4 x 10718vcm? (cor-
responding to a mean electron energy of 0.18eV) andsCHF=

1.2 x 10 molecules cm? in a buffer gas of M. (Note that S~ reacts
with SFCI to give Sk~, which leads to a larger SF intensity than
results from electron attachment.)
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ment process is independent of the buffer gas. Secondly,
as the mean electron energy tends to zero, the branching
ratio associated with the $F product anion extrapolates
to zero percent, in agreement with the thermodynamics
(e (0eV)+SKCl — SK~ +CIF, AH = 0.31+0.29 eV),

as too does the branching ratio associated with EThe ob-
servation of the = product anion implies that SEI must

be the neutral product and thatH(SRCl) < —7.2eV))
Thirdly, two product anions remain as the mean electron
energy tends to 0eV, namely §H~ (~10%) and Sk~
(~90%). This is in agreement with a very recent and
on-going study of ours in which the electrons in our swarm
environment are maintained at a thermal (300K) energy
distribution.

Perhaps the most controversial result we obtained in terms
of the product anions, was that for relatively minor changes
in the mean electron energy the branching ratio associated
with SF,~ anion dramatically increased, with the result that
Sk~ anion became the dominant species above about 0.2 eV
mean electron energies. We have not observed such dramatic
changes in branching ratios before, and therefore we must

set at its lowest possible value to minimise mass discrimina- be sceptical of the results, and they warrant some discussion.

tion effects. As can be seen froRig. 2, the two dominant
product anions observed areSFand Sk~. Other smaller
peaks in the mass spectrum are assigned to doe dnd
SKCI™. It is possible that a peak at/z = 81 amu results
from an ion-molecule reaction leading to §© . There are
unassigned peaks at/z ~ 60, 70, and 140 amu, but the

That Sk~ is the dominant anion at low mean electron
energies is to be expected given that(Bks) = 3.8¢eV. As
mentioned above, what is unexpected is the formation of
SF,~ at low mean electron energies given that(BRy) =
1.5eV [18]. The large differences in the electron affini-
ties of S5 and Sk would lead one to expect that once

branching ratios associated with these, like that associatedformed SECI™ should naturally fall apart into $F and
with m/z = 81, extrapolate to zero as the concentration of Cl. It is therefore appropriate at this stage to question the
the reactant molecule decreases. Therefore, these peaks agvarm results. Could the $F we observe be a result of

believed to be a result of reactions of the anion products collision-induced dissociation (CID) in the region between
with trace molecules present in our system. the drift tube and the quadrupole mass spectrometric region?

Anion-molecule reactions were also observed to occur Whilst CID can occur in our instrument, we were careful
between SF~ and SKCI leading to SE: to keep this to a minimum by maintaining the voltage on
the focussing lenses in our instrument to a minimum bal-
anced with the requirement of obtaining a useable signal.
Furthermore, in other studies we did not observe any disso-
ciation of Sk~ to SK;~ + F as a result of collisional pro-
cesseg12]. Could an impurity in our sample result in the
SK,~ anion being produced? Again this is unlikely given
the large branching ratio associated with the SEhannel
for mean energies above0.2 eV and that impurities are at

Sk~ + SKCl — Sk~ + SKRC,

AH = AtH(SFCl) + 6.33eV (1)

which indicates that; H(SF4Cl) < —6.33 eV. With the ex-
ception of At H(SFsCl) = —985 kJ mot 1, which was deter-
mined by us from a study investigating cation reactions with
SKCI [16], all other heats of formation used to determine

the enthalpy of reaction (1), and all other reactions listed in
this paper were taken from the NIST WebbdaK].

The direct effect of reaction (1) on our branching ratios
is that the SE/SF~ signal ratio will be concentration de-

less than the 3% level. Furthermore, thermal electron attach-
ment studies using a flowing-afterglow Langmuir-probe ap-
paratus by Miller et al[18] show that electron attachment
to Sk produces Sk . Thus, if S was an impurity in our

pendent. Therefore, it was essential to extrapolate productsample of SECI for example, we would expect to observe

anion intensities to zero SEI concentration in order to de-

SFK,~ to remain as a major anion below 0.2 eV, which we

termine branching ratios. In practice, this is extremely diffi- do not. Could we have incorrectly assigned the peak in our
cult, especially at lovE/N values, because the anion signals mass spectrum? We cannot identify a different anion which
dramatically decrease &N is reduced. This resulted in  would have a peak in the mass spectrum exactly 19 amu less
much uncertainty associated with the branching ratios. Nev- than that associated with the $SFproduct anion.

ertheless, we can be definite about a number of observations. With the Sk~ channel problem in mind, it is worth
Firstly that the branching ratios smoothly transfer over from mentioning that energetics alone do not determine the di-
the N\, to the Ar data, indicating that the electron attach- rection of the dissociative electron attachment pathway.
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Table 2 _ sociated with the purity of the samples used in the beam
Thermochemistry related to electron attachment tgG3F studies. This present investigation of the product anions re-
Reaction € + SFsCl — Enthalpy of reaction (eV) sulting from electron attachment to §H highlights the
SRCI- “EA(SRC)) experimental difficulties of V\_/orkmg with a molecule such
SR~ + Cl _1.75 as SECI, and the need to reinvestigate electron attachment
SR~ + CIF 0.31+ 0.29 to SKCI using electron beam techniques to help reconcile
SKR~ +F+Cl 2.02 these interesting differences.

F2~ + SRCI AH(SRCI) + 7.2eV

F2~ + Sk +Cl 3.24

F~ + SRCI AH(SKCI) + 7.6eV

Cl~ + Sk —1.55 4. Anion-SF5Cl reaction measurements

CIF~ + Sk 0.234+ 0.37

The enthalpies of the reactions have been determined for zero kinetic ~ That we did not observe Clas a product anion is surpris-
energy electrons. ing for two reasons. Firstly, dissociative electron attachment

of low energy electrons to this product is exothermic. Sec-
For example, the reaction leading to the Qiroduct anion ondly, Fenzlaff et al. observed Clas the dominant anion
is exothermic, but we did not observe this channel in our product for electron energies of about 0eV in their beam
swarm measurements. Thus, other factors than overall en-studies. To help shed some light on these differences we
ergy play a role in determining the fragmentation pathway in decided to study the reaction of an anion, which has a low
dissociative electron attachment. Our swarm measurementslectron detachment energy, with 8. We therefore in-
suggest that once the transient parent anion is producedyestigated the reaction with-O as the reactant anion.,O
it preferentially dissociates (at least for electron swarms has a low electron affinity (@40+ 0.006 eV). This makes
whose mean electron energies are below 0.2 eV) with the O, very reactive, and electron transfer should readily oc-
electron being attached to the fragment with the greatestcur from G~ to a molecule which has an electron affin-
electron affinity, in this case $Fto the exclusion of the ity greater than 0.440eV. O represents in some sense an
other fragment Cl (EA= 3.6 eV), despite the fact that dif- electron with negative energy, it is an electron donor, and
ference in the enthalpies of the two channels is only 0.2 eV, makes an interesting comparison to free electron attachment.

i.e., the difference in the electron affinities of S&nd ClI: If Cl~ is observed as a product from the reaction of O
with SF5CI, then we should expect to see Gh our swarm

e + SF5C| — (S%C'i)* — SF57 + C|, study_

AH = —1.75eV(channel observed (2) Using a selected ion flow tube (SIFT), the reaction gf O
with SK5CI was investigated. The SIFT apparatus, experi-

e + SFsCl — (SFsCI™)* — CI™ + SFs, mental technique, and analysis of data have been extensively

AH = —1.55eV(channel not observed (3) reviewed in the literaturfl9,20]and the reader is referred to

those references for more details. We found that the reaction

AH corresponds to the enthalpy of the reaction for zero ki- proceeds at a rate constant(@f3+ 0.3) x 102 cm 351,
netic energy electron3able 2summarises the thermochem-  \yhich is close to the calculated collisional value, resulting in
istry relating to the electron attachment tosSk the anion products SF (86%), SECI~ (13%) and SOF~

Electron beam studies also found that dissociative elec- (~1%). The last proposed product anion is a result of a
tron attachment to SI dominated the attachment process. chemical reaction in which bonds are broken and formed,
However, interestingly the branching ratios of product an- However, it has such a small branching ratio, that we can-
ions are different to those that we obtained. At electron not rule out that it is a result of reaction with an unknown
energies of~0eV, Fenzlaff et al[9] observed the follow-  jmpurity. Otherwise, the results are in agreement with our
ing product anions and corresponding branching ratios (in swarm measurements corresponding to mean electron en-
brackets); SECI™ (<1%), Sk~ (8%), CIF™ (15%), CI ergies at thermal energies. The observation of the first two
(46%) and F (30%). At higher electron energies the anions products, S5~ (86%) and SECI~ (13%), implies that elec-
SK™, SR™, SR, and R~ were observed, but with very  tron transfer takes place, and that the major channel is dis-
small branching ratios. None of the major anion products sociative. The Ci channel, which is highly exothermic, is
observed in the beam study, which have resonances at elecnot observed, whilst the slightly more exothermic channel
tron energies of-0eV, i.e., F, CI~ and CIF, are observed leading to SE~ is
in our swarm study. In the only other, and earlier, beam
study by Harland and Thynri], low appearance energies (o,~ 4 SFCl — (SFCI™)* — CI™ + SF + O,
for F~, CI~ and CIF fragments are not reported, and ap- 1
pearance energies of 3.2, 4.0, and 7.6 eV, respectively, arg® 1 = —107 kJ mot (4)
given. B B

A possible explanation of the discrepancy between the O2~ + SFsCl — (SFCIT)" — SF™ +Cl + O,
electron beam and our swarm measurements could be asAH = —125kJ mot? (5)
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300K reaction rate coefficients and product anion distributions for the reactionss@fil 8fth various negative ions

Reagent anion Rate coefficient 10-° cm® molecule ! s~1)

Product anion (%)

Proposed neutral products AH (kJ mol?)

o' 1.3 [1.6] Sk~ (86) Cl+ 0, —125
SRCI- (13) o EA(O2) — EA(SFsCI)
SOR™ (1)

SR~ 0.04 [0.95] SECI- (100) EA(SR) — EA(SRCI)

OH- 1.9 [2.1] SE~ (62) Cl + OH 9+ 60
SRCI- (28) OH EA(OH) — EA(SRCI)
SClo™ (4) HF + 2F, AtH(SCIO™) — 851
cl- (3) SR + OH 28+ 60
F2SH/CIFOH™ (2)
SF (1)

CRs™ 0.80 [1.1] SE~ (100) Cl+ CFs 7 £ 60

F- 1.5 [2.0] SE~ (100) CIF —91

c- 0.94 [1.5] SE~ (100) Ch -63

SRy~ 0 [0.99] n.r.

The capture rate coefficients, calculated using parametrized fits to results from trajectory calc{@ifjpase presented in square brackets under the
experimental values. The measured rate coefficients and product anion branching ratios are considered to be at20fateTtee calculation for the
collisional rate coefficients require as inputs the polarizability and dipole moment of the molecule. The polarizabiligCbth&& been estimated to

be 838 x 103°m?3 using Miller and Savchik’s empirical approach. At the

Hartree—Fock level, the dipole moment §6f B&s been calculated to be

0.93D. The enthalpy of the reaction has been determined where possible.

i.e., as the transient negative ion (8F)*, formed by elec-
tron transfer from @~ to SKCI begins to dissociate, the
electron preferentially attaches itself to thesSFagment

the reaction of which by electron transfer must be highly
exothermic.
Given that the electron affinity of $Hs greater than that

rather than the Cl fragment. These results suggest that theref F and Cl, the observation of the §Fas the only prod-
is a potential energy barrier to the reaction channel leading uct anion from reactions of Fand CI~ implies that CIF

to CI—, which must be sufficiently large to make even disso-
ciative electron attachment to low energy free electrons via
this channel impossible.

Anion reactions with S§CI are of general interest and
make interesting comparisons with anion reactions witg1 SF
Therefore, in addition to the reaction of2O, we have
also investigated the reaction of $H with a series of an-
ions; Sk—, OH™, CR~, F~, CI~ and Sk~. The results
for these, together with the O reactions are summarised
in Table 3 The reaction with S§ is of particular inter-
est, because in contrast to the Oreaction, this reaction
proceeds at well below the collisional rate, with a reac-
tion rate coefficient ok = (4.0 +0.8) x 10 11cm 3571,
producing SECI~ exclusively via non-dissociative electron
transfer:

Sk~ + SKCl — SKCI™ + Sh,

AH = EA(SFs) — EA(SKCI) (6)
The low rate coefficient measured for reaction (6) could be
taken to indicate a small thermodynamic barrier to electron
transfer, i.e., EA(SECI) is slightly less than EA(S§), so
thatk, = kc x exp(—A/kgT), wherek. is the collisional
rate constant andi = EA(SFs) — EA(SKCI), resulting

in EA(SKsCI) ~1.0 eV. However, the reaction of OHwith
SKCI rules this out, with the observation of §H~ as

a major product anion formed by non-dissociative electron
transfer, with a branching ratio of 28%. This implies that
EA(SKCI) > EA(OH) = 1.828¢V. Thus, there must be
a significant barrier to the reaction of &F with SKCI,

and Cph must be the neutrals formed during the reactions,
respectively, if the processes are to be exothermic:

F~ +SRCl — SR~ + CIF, ArHje5 = —91kJmol?
(7)

Cl™ + SFsCl — SFs™ + Clp,  ArH3qg = —63kJmol™
(8)

That F- and CI" anions react with S§€I with reasonable
efficiencies could be taken to explain why we did not ob-
serve Ct and F product anions resulting from electron
attachment, i.e., these two product anions reacted with
SKCI to form the SE~ anion within our drift tube on a
timescale shorter than their transit time taken for them to
drift down the reaction chamber and be detected. However,
as described above, care was taken to monitor product an-
ions as a function of Sf€I concentration in the drift tube

of the electron swarm mass spectrometer. Further beam
and swarm studies are therefore planned to help explain
the observation of the Cl product anion in the beam
study.

5. Conclusions

Our study of electron capture to §H shows that there
is a strong resonance to electron attachment@o eV that
leads predominantly to dissociative attachment anion prod-
ucts, S5~ and SECI~, with only a small branching ratio
being associated with the parent anionsSF (~10%).
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Although the resonance behaviour is similar to that ob-
served for SE, the ratio of dissociative/non-dissociative
products observed is distinctly different.

Neither of the two electron beam studigs9] indicates
the appearance of @F at low electron energies, a product
anion we observed in our swarm study with a large branch-

ing ratio above about 0.2 eV mean electron energy. Further-

more, for one of the beam studif®], CI~ is an observed
product anion, dominating the dissociative electron attach-
ment channels of SEI. However, in our electron swarm
study we observed no Clproduct anion at any of the mean
electron energies investigated. Whilst, collisional stabilisa-
tion in the swarm environment can account for differences
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