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Abstract

Formation of negative ions following electron impact to single gas phaBgGl, molecules and to homogeneougCl,
clusters is studied in crossed beam experiments with mass spectrometric detection of the ionic products. From single molect
a variety of fragment ions are observed arising from dissociative electron attachment (DA) via two low energy resonanc:
located near 0.3 and 2.5 eV. The most abundant productiswth an estimated DA cross-section @+ 1) x 10~1°cm?.

On a comparatively weaker scale the ions, El,~, CCIF,~, C,CIF,—, and CIF are observed, with the ion yields all
characterized by pronounced resonance profiles. A further very weak and diffuse feature associated with negative i
formation appears in the energy range 8-14eV. Electron attachment to clusters additionally generates the undissocia
complexes N~ (M = C,F4Cly) including the stabilized monomer anion, and solvated ions of the forr\MGl. The undis-
sociated complexes M are considerably more abundant than the solvated ions. This mirrors the reaction pathway on al
early time scale (femtoseconds to picoseconds) after electron localization in the target cluster indicating that stabilizatic
is preferred over dissociation. The present gas phase and cluster experiments are discussed in relation to recent exj
ments on electron stimulated desorption and synthesisofr@h condensed £-,Cl, [8]. (Int J Mass Spectrom 223-224
(2003) 193-204)
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1. Introduction electron after some time leaving the neutral molecule

in the ground state or in an excited state. It is in fact

A major process in the interaction of low energy well known that resonant inelastic electron scattering

electrons with neutral molecules (M) is formation of is the only effective way for vibrational excitation of
transient negative ions (1) by resonant electron  (non-polar) neutral molecules by low energy electron
capture[1-4]. Such transient negative ions*™ (syn- impact. In N, for example, vibrational excitation via
onymously called resonances) will reject the extra resonant scattering in the vicinity of the 2.3e\¥™N

(°ITg) resonance is by several orders of magnitude
* Corresponding author. E-mail: iin@chemie.fu-berlin.de larger than that via direct electron scatter[bg}
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In the case of halogenated molecules the situation tron attachment cross-section, dissociative electron
changes in the way that due to the high electron affin- attachment can be a very effective way to decompose
ity of the halogen atoms dissociation channels be- halogenated molecules by low energy electrons.
come accessible at low energy, i.e., in the range below In a recent publication by our laboratofg], we
3eV. In that case the unimolecular decomposition of have shown that low energy (0-15eV) electron im-
the transient negative ion (formed at low energy) into pact to condensed s£4Cl, molecules effectively
the halide ion and the corresponding radical competes generates molecular chlorine. The cross-section for
with the resonant scattering channel (autodetachment).Cl, synthesis showed a pronounced dependence from
We can hence write for the overall process the primary electron energy with a contribution at
energies below 2.5eV and a resonance-like structure

_ H—

eE@+M->M (12) in the vicinity of 8 eV.

M# & M® e (¢) (1b) In the present study, we investigate electron attach-
ment to single gas phase&;Cl, molecules in order

M#~ > R4 X~ (1c) to elucidate the intrinsic reaction channels in low

energy electron impact. In addition we investigate
how the situation changes on proceeding from single
molecules under collision-free conditions to homoge-
neous clusters of ££4Cl, generated in a supersonic
molecular beam. This in turn will help to identify the
initial step in the reaction sequence ob@rmation.

wheree assigns the energy of the initial andthat of

the scattered electron.”™ assigns the transient neg-
ative ion formed by a Franck—Condon transition from
the neutral molecule. Process (la) is characterized
by the electron attachment cross-sectiof which
exhibits an overall reciprocal dependence from the
electron energy6]. Processes (1b) and (1c) represent
the competing decay c_hanngl; of the tran§|ent anion, ,, Experimental
autodetachment and dissociation, respectively. If the
transitory negative ion is coupled to some environment
(like in a molecular cluster) stabilization according to

(1d)

The experiments are performed in two different
crossed electron beam/molecular beam arrangements.
One set-up uses an effusive molecular beam for the
study of single molecules under collision-free con-

M#~ — M~ + energy

by energy dissipation into a level below the dissoci-
ation limit may occur. In that case the undissociated
anion (or complexes of it) become observable by
mass spectrometry.

The cross-section for dissociative electron attach-
ment, opa (process (1a) followed by (1c)), can be
expressed as

)

where P assigns thesurvival probability, expressing
the probability that the extra electron will survive

opa =09 X P

ditions and the other is equipped with a supersonic
molecular beam source as described in detail earlier
[7]. Clusters are produced by adiabatic expansion of
CyF4Clo seeded in Ar through an §0m nozzle at
room temperature. In both cases the (effusive or the
supersonic) molecular beam is crossed at right angle
with an electron beam generated by a trochoidal elec-
tron monochromator (TEMJ9]. The TEM operates
with a homogeneous magnetic field which guides the
electrons along the direction of the magnetic field
thus preventing spreading of the beam at low electron

in the dissociating system with respect to autode- energies. Negative ions formed by the interaction
tachmentP is a number between 0 and 1, it usually of the electrons with single molecules or clusters
depends strongly on the electron energy and can comeare extracted from the reaction volume by a small
close to unity for DA reactions close to zero ¢¥j. electric field «1Vcm™!) analyzed by a commer-
Due to the reciprocal energy dependence of the elec-cial quadrupole mass spectrometer and detected by
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is about 0.1 eV (FWHM) at a current of 50 nA for the
effusive beam experiments and about 0.2 eV at 80 nA
in the cluster experiments. The electron energy scale
is calibrated by means of the well known “zero eV”
resonance in §H6]. In addition with reference to the
well known thermal electron attachment rate ingSF
an estimate for the DA cross-section in the present

single pulse counting. The electron energy resolution (x103) 1,2-CZF4C|2

compound can be obtained. - 0
C
@]
[&]
, _ 8 6001
3. Results and discussion s L
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3.1. Electron attachment to single molecules
200
Figs. 1 and Zoresent the ion yield curves of nega-
tive ions obtained from electron attachment to single -
C2F4Cly molecules in the energy range 0-15 eV with 250
the count rates given in absolute numbers. The exper-
iments where carried out at a pressure=df0—> mbar : _ , R
(reading at the ionization gauge) corresponding to @ 1504-- | [ -2t

pressure ofs10~2 to 10-3 mbar directly in the colli- 100{ - oot R R

sion regior[10]. Under these conditions only fragment

ions are observed with Clthe most abundant channel.
The ion yield curves indicate two low energy states 0

of the precursor ion, one visible on the Gind on the

Cly™ yield, with peaks at 0.3 and 1.1 eV, respectively.

A second state can be localized near 2.5 eV with the Fig. 1. Formation of Ct and F- and Cb~ from single GF4Cl,

DA peaks slightly dependent on the observation chan- molecules (effusive beam) at a pressure of 20~°mbar at the

nel. On a much weaker scale we also observe a broadlonlzatlon gauge. lon count rates in absolute numbers.

resonance-like structure in the range between 8 and

~14eV. On the F and Cb~ channel these structures molecules is mainly operative in the energy range of

seem to consist of two overlapping features. It is very these core excited staté®], i.e., in the range where

likely that the two low energy precursor states can be DA from gas phase molecules is only weakly oper-

assigned as one particle resonances where the extrative. Such a situation is frequently observed when

electron occupies one of the first empty MOs. While comparing gas phase DA and desorption via DA to a

the lowest MO can be assigned &5 C—Cl), the fol- molecule at the surfadd0-12]

lowing MO (in the vicinity of 2.5eV) may possess The molecule exhibits a surprisingly large number

someo *(C—F) admixture. On the other hand, the high of different fragment anions which appear from sim-

energy features are most likely due to core excited res- ple bond cleavages but also from more complicated

onances where the incoming electron concommitantly unimolecular reactions involving rearrangement in

excites an electron resulting in precursor states with the precursor anion and the cleavage and formation

two electrons in usually empty MOs. It is interest- of different bonds. In the following we shall briefly

ing to note that desorption from condensegF¢Cl, consider the different DA channels in light of the

10N coun
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Fig. 2. Formation of CClEF, C,CIF,~ and CIF from single
C2Cl4F2 molecules (effusive beam) at a pressure ef-> mbar
at the ionization gauge. lon count rates in absolute numbers.
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lower intensity from the second precursor state near
2.5eV.

The thermodynamic limit for the multiple fragmen-
tation reaction also generating Clviz.

& + CoF4Cly — CoF4 + Cl + CI™ (3b)

becomes B + 0.1eV if we assume that perfluo-
roethene (FC=CF,) if formed and use the established
enthalpies of formation for the involved compounds,
i.e., AH?%® (CoFsCly) = —937 £ 7kImol?,
AH?® (CoF4) = —659kImot! and AH?%8 (Cl) =
1213kJmol ! [13]. This in turn means that in a se-
quential process the second C-CIl bond dissociation
energyD(CI-CRCR,) is much weaker compared to
the first one (2.0eV as opposed to 3.4eV). We can
hence assume that in Clformation via the second
resonance the multiple fragmentation reaction (3b)
contributes to the observed signal.

The ion signal GCIF4~ (Fig. 2 on the other hand,
must univocally be assigned to the process

€ + CoF4Cly — CoF4ClI™ 4+ Cl (3¢)

which is the complement to (3a) with respect to the
negative charge. The energy balance of DA into two
particles can be expressed as

AP(R7) = D(R—X) —EAR) + E* (4)

where AP is an experimentally observed appearance
energy andE* is the total excess energy of the reaction.
With AP(CoF4CI7) = 0.5+ 0.1eV and the binding
energy from above we can extradiosver limit for the

associated reaction, the underlying energetics and adiabatic electron affinity of the polyatomic radical as

also the associated precursor state.

EA(CyF4Cl) > 2.9£0.2 eV. This relatively high value

The CI” ion as the most dominant product can be is not surprising since the associated aniogFCI™)

assigned to the simple bond cleavage process

€ + CoF4Cly — CoF4Cl + CI™ (3a)

is a closed shell species.
The comparatively sharp onset and narrow shape
of this ion signal indicates that it is rather given

when formed at the low energy resonance peaking by the opening of the dissociation channel than
at 0.3eV. From the well-established electron affinity the Franck—Condon factors connecting the neutral

of the Cl atom (3.61eV) and the CI-@EF,CI bond
dissociation energy (8 4+ 0.1 eV)[13] the thermody-
namic limit for reaction reaction (3a) becomes slightly
exothermic A Hp = —0.24+0.1eV. CI” is formed via
the lowest TNI (witho *(C—CI) character) but also at

ground state and the low energy precursor state.
In Fig. 3 the situation is illustrated by means of
a simple one-dimensional potential energy diagram
along the R(C-CI) axis. This simplification is jus-
tified to some degree by the*(C—Cl) character
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Fig. 3. Schematic one-dimensional potential energy curve illustrating formation of the transient negative®iofMM= C,F4Cl) at

low energy by a Franck—Condon transition and dissociation along one of the C—CI coordinates resulting in the complementary channe
Cl~ + C,F4Cl and Cl+ C,F4Cl~. The second dotted curve represents the second negative ion state associated with dissociative attachme

of the low energy precursor state. We have arbi-
trarily placed the (so far unknown) adiabatic elec-
tron affinity of GF4Clo near 1.3eV which is a
reasonable number for a small fluorochlorocom-
pound containing two Cl atoms. Although the tran-
sition probability governed by the Franck—Condon
overlap has a maximum near 1leV, the"Glignal
peaks at 0.3eV. This shift is caused by the compe-
tition of autodetachment which makes DA at low
energy more probable (survival probability shift)
[12,14,15] Accordingly, the shape of the ,€,Cl~
signal is controlled by the dissociation threshold
located within the energy range governed by the
Franck—Condon transitions. It must be noted, how-

ever, that at these low energies a semiclassical de-

scription using localized potential energy surfaces
(Born—Oppenheimer approximation) may seriously be

The yield of the Gl ~ ion exhibits two distinct peaks
at 1.1 and 2.3 eV at comparable intensities. It is hence
formed from both precursor states which we have as-
signed as one particle shape resonances. The peak at
1.1eV, however, is at appreciably higher energy than
the corresponding peak of the Cthannel (located at
0.3 eV). Formation of GI~ can be assigned to

€ + CyF4Clo — CoF4 +Clo™ (5)

with the thermodynamic limit oA Hp = 0.5+ 0.1 eV
based on EACIly) = 2.38+ 0.1eV [13] and the en-
thalpies of formation from above. A closer inspection
of the Cb~ yield indicates that the appearance energy
is close to 0eV which is considerably below the cal-
culated threshold (also in light of the limited energy
resolution). It is possible that in the very low energy
region (i.e., below the thermodynamic threshdid)

limited and non-adiabatic effects have to be considered band transitions contribute to the €t signal. Such

[16,17]

transitions can significantly modify the overall ion
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signal due to the particular situation in DA, namely Taking the average value with the appropriate un-
the reciprocal energy dependence of the attachmentcertainty @Hfzgg (CoF3Cly = —537+ 30kJ mot 1),
cross-section and also the energy dependence of theand AHfZQS (FCl) = —50.3kJmol ! [19] the reac-
survival probability[14,15,18] tion enthalpy into theneutral particles of (8) becomes

In any case, formation of gt results from the 3.6+ 0.4eV. With ARFCI7) = 1.8+ 0.1eV we can
cleavage of two C-CIl bonds at different C atoms. then derive the lower limit for the electron affinity as
If the neutral counterpart is perfluoroethene, then EA(FCI) = 1.8+0.5¢V. The values given in tHgl ST
reaction (5) also involves considerable electronic WebBook scatter between 1.5 and 3 eV. For compari-
rearrangement. Fragmentation into more than two son, the values for the homogeneous counterparts are
particles can be excluded due to the comparatively EA(Cly) = 2.38 eV and EAF,) = 3.08 eV [13].

strong C—F bond energy (see below). In summary for the experiments under single colli-
Formation of F is obviously the result of the simple  sion conditions onlydissociative electron attachment
C—F bond cleavage and into various channels is observed with Glue

to reaction (3a) by far the dominant process. Since
in each spectrum we used &fer calibration we can
obtain an estimate of the absolute cross-section for
DA into CI~ at the peak (0.3 eV) by using the recom-

€ + CoF4Cly — CoFRsClo + F~ (6)

with a thermodynamic threshold ok Hy ~ 1.6eV

based on the well-established electron affinity of the
fluorine atom (3.40 eVJ13] and taking the estimated mended value for the thermal (300 K) electron attach-

bond dissociation enerd)(F—~CFCICRCI) ~ 5.1 eV ment rate in SF(2.25x 10~7 cm®s~* [20]). This rate .
8], corresponds to an average attachment cross-section

of ~2.2 x 107 cn? in the thermal energy range.
Although our electron energy distribution is broader
than that of thermal electrons at 300KT((300K) =

e + CoF4Cl; — CRCI™ + CRCI @) 26 meV) a comparison of the pressure normalized
) ) count rates (S§ near 0eV and Cl at 0.3 eV) allows
From the available thermodynamic data\ K% an estimate for the absolute DA cross-section. This

_ 1 208
(CoF4Cly) = —937 £ 7kJmol™ and AH{™ procedure yieldsrpa(Cl7) = (24 1) x 10~ 5cn?
(CRCl) = —279+ 7kJmol! [13] we obtain i3y

the C-C bond dissociation energy a® 3 0.3eV.
With the energy balance from above&d. (4) and
AP(CRCI7) ~ 1.8eV we derive the lower limit
EA(CRCl) = 2.1eV.

The fragment CIF, finally, involves cleavage of a
C—Cl and a C-F bond, either from the same or from
different C atoms

The CRCI~ ion must arise from the symmetric C-C
bond cleavage process

3.2. Electron attachment to clusters

The cluster beam is generated by adiabatic expan-
sion of GF4Cly seeded in Ar (1:10) at stagnation
pressures up to several bars. The beam contains a
size distribution of clusters, including monomers, the
& + CoF4Cly — CoFsCl+ FCI- 8) latter also present in the scattered background gas.

The background pressure in the main chamber during
Similar to the situation for GI- formation, the neutral ~ expansion is in the 1@ mbar range. The exact size
counterpart (gF3Cl) is likely to have the ethene struc-  of the target cluster is not known since in the present
ture. The energetic situation for this reaction is not method an ionic product is detected as a result of a
well established. FoAHf298 (CoF3Cl) we find values reaction initiated by electron capture of some target
between—510 and—565kJ mot! [19] and there is cluster of unknown size.
no accurate number available for the electron affinity = Fig. 4 shows the negative ion mass spectrum
of FCI from a direct experiment like photodetachment. recorded at an electron energy of 0.3eV and a
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Fig. 4. Negative ion mass spectra obtained from an expansiompBfGl; seeded in Ar (1:20), at an electron energy of 0.3eV and a
stagnation pressure of 1bar. The mass peaks consist of a series of unresolved peaks défCtoatite®’Cl isotopes.

stagnation pressure of 1bar. In addition to the frag- attachment into Cl (reaction (3b)) which is exother-
ments obtained from isolated molecules we detect mic by —0.2eV. Under the reasonable assumption
the undissociated complexes,M (M = CyF4Cly) that only single monomer units are vaporized the
including the stabilized monomer,E,Cl,~ as well reaction enthalpy for intracluster DA (9) is modified
as solvated ions of the form MCI~. At higher elec- with respect to gas phase DA (3a) by subtracting the
tron energies the solvated ion-M  is also observed.  binding energy in the ionic complex and adding the
Undissociated complexes and solvated iong Gii™ energy to evaporate the neutrad ¢ n — 1) monomers
are observed up te = 4. As stated above the nega- M. We do not have any accurate information on the
tive ion mass spectrum is no direct mirror of the size binding energies in the ionic complex, but we can
distribution in the neutral cluster beam (apart from reasonably assume that for the ionic complex-®l,
experimental restrictions like mass-dependent trans- around the sizea = 4 the average binding energy per
mission, detection probabilities, etc. which we shall particle is roughly twice of that in the neutral cluster.
not discuss here). From energy considerations, how- Formation of an ionic complex CIM, thus gains
ever, one can estimate an upper limit for the size of the sufficient energy to evaporate2n = m —n — 1 and
target cluster, M, from which the product, CI-M,,, hencen =~ 3n+ 1 monomer units. Finally, taking into
can be generated. The reaction can be expressed as account the exothermicity of the gas phase DA reac-
tion (—0.2 eV) and considering processes recorded at
e (¢ =03eV)+M,, > M -M,,_1 the energy of the peak maximum (0.3eV), an addi-
—>ClIm-M,+R+@m—n—1M 9) tional amount of 0.5eV excess energy is supported
which can be used to evaporate neutral units. An ab-
where R= C,F4Cl assuming that electron localiza- solute value for the binding energy in neutral clusters
tion occurs on an individual molecule. In isolated can be estimated from the enthalpy of vaporization
molecules, the analogue to (9) is dissociative electron in bulk material. For the present molecule, however,
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no value is given in the standard literatiiie3,19] If characterized by a remarkably slow DA reaction: low
we take 23.8 kJ mott which is the interpolated value  energy attachment{0 eV) to single molecules gener-
for the enthalpy of vaporization between the related ates X~ and M~ competing on the mass spectromet-
compounds &Fs5Cl (19.4kJ mo’rl) and GFsCls ric time scale. The systems @Fl, CRl and GFsl
(1,1,2-trichlorotrifluoroethane, 27.0kJma) [13] (showing only a weak M signal), on the other hand,
we arrive at~240 meV binding energy per monomer are characterized by more available excess energy and
unit in the neutral gF4Cl, cluster. We then finally also a pronouncethmpulsive dissociation as obvious
arrive atm ~ 3n + 3, i.e., observation of the complex from the energy analysis of the"Xons. In the present
CI=-M,, (n = 4) yieldsm ~ 15 as an upper limit  system, clustering suppresses bond cleavage in favor
for the size of the target cluster Mrom which by of associative attachment, but by far not quantitatively.
energy reasons the ionic product can be observed. In addition, the mass spectrurkig. 4) clearly indi-

This situation does not appreciably change with the cates that the intensity ratio M/Cl~-M,, decreases
expansion conditions (gas mixture or stagnation pres- with n and levels off a = 4. This can be explained
sure): while with increasing stagnation pressure the by the available excess energy of the corresponding
relative intensity of larger ionic products increases, the reaction which is appreciably higher in forming undis-
absolute number decreases. It appears that a mixingsociated complexes (sé&g. 3): we can then assume
ratio of 10:1 and a stagnation pressure around 1barthat the average size of the target cluster resulting
produces the maximum signal of cluster ions. in M,,~ is larger than that for CI-M,,. For a neutral

It is interesting to note that under any expansion cluster distribution extending te: ~ 15 one then
conditions the intensity of the undissociated unit M expects a decrease of the ratig MCI~-M,, with n.
is by nearly one order of magnitude larger than that of  In Fig. 5, the ion yield curves of the products Cl
the solvated ion ClI-M. This is considerably different  CI~—-M and M~ from an expansion at 1 bar are shown.
to the previously studied cluster systemsH€l [21] The shape of the Clsignal is virtually identical to that
CRsCl[22], and CRl [23], where the sighal due to sol-  obtained from the effusive beam (the ™ignal in fact
vated ions was much higher than that due to the undis- also arises from monomers in the beam and scattered
sociated monomer. As pointed out previould{] the background gas) and the ion yield curve due to the
corresponding branching ratio is a mirror of the prefer- solvated ion Cf-M closely resembles that of the sin-
ential pathway in the short time domain after electron gle ion, however, with the peak shifted to 0.7 eV. The
localization and formation in the transitory ion in the relatively stronger diffuse signal in the range 8-12 eV

target cluster. In the present case the iof4Cl,"~ in on the Ct-M signal is probably the result of inelas-
the first step prefers stabilization into a state below the tic electron scattering in the target cluster involving
dissociation limit than dissociation int,E4CI+CI ™. electronically excited neutral or anion states.

This preference, however, becomes smaller with the Electron attachment to clusters can (like for single
size of the observed complexes ana at 4 both ions molecules) be pictured by means of the schematic
are at comparable leveFig. 4). The rate of stabiliza-  potential energy curve representation . 3. On

tion depends on the excess energy: in the present casgroceeding to clusters, the ionic curve is shifted to
the transitory negative ion is created not far above the lower energy by the solvation energy which also shifts
dissociation limit, but separated by an appreciable po- the initial Franck—Condon transition (the electron at-
tential energy minimum, seleig. 3. We note that an  tachment energy) to lower values since the ionic state
extreme of such a situation was recently observed in is more influenced by aggregation than the neutral

electron attachment to the benzene derivativglss& molecule (vide supra). By observing dissociation
(X = Cl, Br, 1) [7,24]. In those systems any clustering product (C or CI~-M) this shift may be counterbal-
quantitatively suppressed DA into~Xin favor of as- anced by the energy-dependent dissociation dynamics

sociative electron attachment. These compounds areof the corresponding process. This is obviously the
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Fig. 5. Yields of the product ions C| M-CI~, and M~ recorded from the beam generated by an expansion,8i@, seeded in Ar
(1:10) at a stagnation pressure of 1 bar. The resonance maximum for the solvated ion is shifted to higher energy with respect to the nal
ion CI~ (see the text). DA to monomers also contributes to the signal of the nakeib@l

case on the channel CTM. Comparing DA curves  dissipation of sufficient energy to a level below the
between single molecules and clusters hence do notdissociation asymptode CTH- CoF4Cl it is clear that
contain anydirect information on solvation shifts in  this process becomes more probable towards low
the cluster. The peak maxima of the,Mion yields energy.

are shifted to lower energy and the shape becomes Both the naked F ion recorded from the cluster
narrower with increasingn (Figs. 6 and Y. Since beam and the solvated ionm AVl closely resemble F
formation of undissociated complexes requires the formation from the isolated molecules. Only the ClI
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Fig. 6. lon yields of the undissociated complexeg ™Mn = 1-3) recorded from the supersonic beam at the conditions of the spectra in
Fig. 5

ion yield shows a significant difference compared to 3.3. Relation to electron-induced processes in

the gas phase DA analogue in that the contribution the condensed phase

at higher energy (where excited states are involved)

is relatively enhanced. In that energy range electron In a very recent publication by our laboratd8}, it
stimulated desorption from condensedFgCl, and was demonstrated that molecular chlorine is very ef-
electron-induced synthesis of dk at maximum. fectively synthesized by electron impact to condensed
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Fig. 7. lon yields of the atomic fragment Fthe solvated ion M=—. Note the relatively enhancement of the,Clsignal in the vicinity
of the core excited resonances.

C,F4Cl,. The cross-section for gproduction showed involving electronically excited states. It may also
a strong variation with the primary electron energy be initiated to some degree by electronically ex-
yielding two resonance like structures with maxima cited negative ion resonance which are weakly seen
near 1 and 10eV. Between these maxima (in the en-in the gas phase and which strongly contribute in
ergy range around 5eV) the cross-section effectively electron-induced desorption.
dropped to zero. At low energy, i.e., below the energy of electronic
Electron-induced formation of €ht higher energy ~ excitation and dissociation into neutral particles the
(around 10eV) proceeds along complex pathways only effective way to induce a chemical reaction must
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be initiated by dissociative electron attachment. As

demonstrated in this contribution, by far the most ef-
fective process is formation of Clwhich is opera-
tive betweerr0 and~4 eV. In light of this it is very
likely that electron-induced formation of £ht low

energies (below 3eV) in the condensed phase occurs

through reactive scattering of Chwith the surround-

ing C;F4Cl> molecules
ClI™ 4+ CoF4Cly — CoFR4CI™ +Clo (10)

initiated by the very effective DA process at low
energies. WithD(CI-Cl) = 2.53eV [13] and the

thermodynamic data from above, the (gas phase) re-
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