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Abstract

Attachment rate coefficientg, and product ion distributionsR, have been determined for the chlorobromomethanes
CHCI,Br, CCL,Br,, and CHCIBy using the flowing afterglow/Langmuir probe (FALP) method. Tigiand R have been
determined at two attaching gas temperatufgs,of 300 K and 540 K and at electron temperatuigs,ranging fromT, to
about 5000 K. The results show thBj rather thanT,, has the stronger influence on bgdhandR and that Br ions are the
major products of these three reactions. Bptand CI” increase markedly witfT,, but the variations o andR with T,
although not so straightforward, are nevertheless well defined. Thus, it is apparent that dissociation to reaction products of tt
nascent negative ions is efficiently promoted by preheating the attaching molecules (inclggsimgg to a lesser extent by
increasingr,, which is generally in accordance with a model we previously developed to describe other haloalkane attachmen
reactions. Electron capture by CH8F and CCLBr, vary with T, as predicted by capture rate theory, whereas autodetachment
apparently seriously decreases the effective capture rate by CH®&BrombiningB andR values for these reactions under
truly thermalised conditions, the partial rate coefficients for the &nd CI” reaction channels have been derived and from
their variation withT,, Arrhenius activation energies for Brand CI” production have been estimated. Small fractions of
dihalogen negative ions are produced in these attachment reactions with iGf8rrepresenting a significant fraction of the
product ion distribution for the CHCIBrreaction. (Int J Mass Spectrom 205 (2001) 243—-252) © 2001 Elsevier Science B.V.
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1. Introduction and molecular oxygen are well known examples of
Electron attachment can occur to any gas atom or these [1]. An electrical discharge through oxygen
molecule that has a stable negative ion state; atomic results in the formation of Oions and @ ions by the
two processes of dissociative and nondissociative
- _ electron attachment, respectively. These negative ions
* Corresponding author.
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of his 60th birthday. stratosphere and the troposphere [2]. In the dissocia-
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tive process, a short-lived parent negative ion disso-
ciates to form a fragment negative ion together with a
fragment (usually radical) neutral. In the nondissocia-
tive process (often termed direct attachment) the
excited parent negative ion lives long enough to be
stabilised either by radiation emission or in collision

with an ambient atom or molecule, thus preventing
autodetachment or dissociation [1,3]. Overviews of
research into electron attachment, including the ex-
perimental and theoretical methods used for such
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can be studied over a wider range of electron energies,
and such measurements have been carried out for a
large number of different molecules [1,3,9].

The bulk of the data obtained by FALP and other
techniques reveals some interesting general features
of electron attachment. First, all the available exper-
imental data (with the notable exception of those for
Cgo and G, [10,11]) confirm that the attachment
coefficient is always less than the s-wave electron
capture rate coefficient. This is described &)y, =

studies and discussions of the basic principles, are (m(A/2m)%v), where) is the de Broglie wavelength

given in the texts by Christophorou et al. [3], Mc-
Daniel [4], and Massey [5].

The physical conditions determining the rates of
these attachment processes, and indeed the ioni
product distributions of such reactions that are a focus

of the present article, are the attaching gas tempera-

ture, Ty, and the electron temperaturg, [or more
correctly the electron energy distribution function,
f(E)], and also the gas pressure when the direct
process occurs. Even the electron number density,
relative to the attaching gas number density, can

be an important factor [6,7]. Although the significance

Bmax= 5% 1077(300 KITyY2emis™?t

of the incoming electron andis the electron velocity
[12]. Thus B« iS predicted to vary withT, as

(1)

Wheng for a dissociative attachment reaction is close
to Bhax Under thermal conditions at a temperature of
300 K or below, the available data show that
remains close tQ3,, at elevatedT, and T, also.
Under these special circumstances there is usually no
conflict between the results obtained (and derived) for
B using different techniques (a good example is
attachment to CGI[13]). However, there are startling

of some of these parameters in determining the ratesdifferences between the results of dissociative elec-

(and ionic products) of electron attachment reactions
had been appreciated for some time, it was with the
advent and exploitation of new experimental tech-
nigues that their separate and individual contributions

tron attachment studies from the thermal and nonther-
mal experiments wherB for such reactions are
appreciably smaller thaf,,.«[13]. Then, the thermal
FALP experiments indicated thgtusually increases,

have been forcibly demonstrated. In this respect, the sometimes very rapidly, with increasin,(= T,),

flowing afterglow/Langmuir probe (FALP) technique

whereas the nonthermal experiments for the same

[8] is valuable, because using this technique electron reactions indicate that an increasifig (or E) some-

attachment coefficients3, can be determined under
truly thermalised conditions [i.eT; = T, = T, and
f(E) is Maxwellian] in helium carrier gas over a range
of temperatures and pressures, and the influendg of
on g at severalT, can be studied separately under
nonthermal conditions [i.eT, > T, but with f(E)

still being close to Maxwellian] using argon carrier
gas [8]. This compares with the other major tech-
nigues used to study attachment: the electron drift
tube [1,3] and the photonisation method [9], which are
nonthermal techniques whefkg, and T, are never
equal andf(E) is not Maxwellian. The value of the
last two techniques is that the variations with electron

energy of the cross section for attachment reactions

times results in a decreasing) [13]. Clearly, these
differences result from the (thermal) vibrational exci-
tation of the attaching molecules. From FALP data,
“activation energies,’E,, for several dissociative
attachment reactions have been obtained [8] by ap-
plying the Arrhenius formulation to the variation Bf
with temperatureT:

B =Aexp— EJKT (2)

Here,A is a preexponential factor that can sometimes
be equated t@,,,..[8,14,15]. A summary of these and
the other FALP attachment data is given in our review
article [8].

Now some interesting question arise, especially
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when attempting to analyse the kinetics of electron Here,E, is again an activation energy, but in this case
attachment reactions occurring in electric discharges it is appropriate to a varyind, (not T), k is the
whereT, and T are invariably different. Two imper Boltzmann constant, and the s-wave capture rate
tant questions are: (1) How d® for the reactions of  coefficient [given by Eq. (1)] is used as the preexpo-
specific molecules vary witff, and T4? (2) When nential factorA [as indicated in Eq. (2)]. The FALP
branching into two ionic products can occur as, for experimental data for CHgGlattachment agree well
example, in the dissociative attachment reactions of with the prediction of this model [14], thus indicating
mixed halocarbons, how do the branching ratios vary that the above assumptions made in constructing the
with T4 and T,? model are valid for this attachment reaction. The

We have investigated question (1) using the FALP procedure for calculating,, is given in the original
apparatus by studying hogvaries withT, andT, for article [14]. Thus, using Eq. (3), the variations @f
the dissociative attachment reaction of CEQGh with T, or E for different T, can be predicted as is
which only CI” is an ionic product. This reaction required in the modelling of gaseous discharges con-
proceeds via relatively inefficient dissociative attach- taining attaching molecules such as halocarbons.
ment [14] andB increases rapidly witff (= Tg). An Perhaps the most important success of the ideas
activation energyE,, of 120 meV has been derived involved in this model is the clarification of the
from these experiments [assuming Arrhenius behav- apparent discrepancies in the s36F; branching
iour according to Eq. (2)]. The increase @fwith T, ratio for the SE electron attachment reaction as
for this reaction is seen to be much slower. The determined in different experiments [3,6,16-18].
difference between th@ and T, variations occurs ~ Thus, our study showed that the lifetime against
because a§ increases the internal temperature of the Unimolecular dissociation of the nascent excited neg-
attaching molecules increases, which promotes the ative ion (Sk)* and its quenching rate in collisions
dissociation of the nascent negative ion. However, With background atoms were of first order importance
when only T, increases, the attaching molecule re in determining the SF/SF,; branching ratio in rela
mains at a fixed (low) vibrational temperature prior to tively high pressure systems like the FALP experi-
the electron molecule interaction. We have con- ment [19]. We return to the concept of dissociation
structed a model to describe this attachment reaction lifetime to assist the interpretation of the results of the
that reconciles th@, and theT data [14]. This model present experiments on the chlorobromomethanes.
is based on the following premises: (a) The initial ~ W€ have begun to consider the more complex
electron capture step proceeds with a rate coefficient dUestion (2) above by studying electron attachment to
Boax fOrming a nascent parent negative ion in a CCI;Br [20]. It is important to summarise the findings
temporarily excited state. (b) This nascent parent ion Of this study prior to presenting the results of the
lives long enough (at least several vibrational periods) Présent experiments involving some other chiorobro-
for the additional kinetic energy of the captured Momethanes. The CGBr reaction is interesting be
electron,E, (= kT, in the plasma in which electron ~ ¢@use both Cl and Br are ionic products

attachment. is oc':curr'ing) to be randomised amongst CCLBr + e—>Br~ + CCl, + 0.4 eV (4a)
the accessible vibrational energy states of the parent
ion, thus increasing the vibrational temperature of the — CI™ + CCl,Br + 0.2 eV (4b)

molecular ion,T,,. (c) The dissociation probability for
the molecular ion is promoted by this increaseTlin
Hence, in accordance with the Arrhenius lg8vfor
the reaction can be expressed as:

The overall attachment rate coefficienf, and the
branching ratios into the Cland the Br product
channels,R = CI/(CI” + Br™), have been mea
sured using our FALP apparatus as a functiofi pin
B =5x107(300 K/T)Y2%exp— E/KT, cm’®s the range 300-540 K, and &, from T, to 4000 K.
(3) These studies show that the overalincreases with
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T4 for reaction (4) and thus an activation eneggyof To compliment these data, we have carried out
55 meV for this reaction was derived using the model similar FALP studies of the dissociative attachment
described above. The simultaneous increase of thereactions of CCBr,, CHCLBr, and CHCIBy, with
overall 3 andR combine to produce a rapid increase electrons. The results of these studies are presented in
with T, of the partial rate coefficient for reaction (4b), this article after we have outlined the essential fea-
indicating that there is a barrier to Cproduction in tures of the FALP technique as used in this work.

this reaction. Similarly, the effective partial rate

coefficient for Bf production [reaction (4a)] reduces

somewhat, roughly in accordance with the s-wave 2. The FALP technique

capture rate prediction [i.e. a5 /% Eq. (1)] [20]. At

both T, values the overall3 decreases withT, The FALP technique is used to study gas phase
somewhat slower than dogs,,,, due to some vibra plasma reaction processes at and near thermal ener-
tional heating by the incoming electron [20]. gies. It has been used extensively to study electron

These studies also show thRt approaches the attachment [6,8] as well as positive ion—electron
simple statistical value of 3/4 af, = 540 K and that recombination [21] and positive ion—negative ion
both CL and CIBr molecular ions were also eb  recombination [22]. Originally developed by Smith
served at about the 2% level [20]. Clearly, at this and colleagues [23], it is now also used in several
attaching molecule temperature, the potential barrier other laboratories around the world [24,25]. In brief, a
to CI- production has been overcome. These FALP flowing afterglow plasma is created along the length
results are supported by crossed beam studies of theof a metre-long flow tube by establishing a continuous
relative attachment cross sections for the production microwave cavity discharge in the upstream region of
of CI” and Br in reaction (4) as a function of a fast flowing carrier gas at a pressure of approxi-
electron energy in the range from near zero up to mately 1 Torr. When the carrier gas is helium, the
~2 eV and at severdl, within the range 311-423 K in the afterglow quickly relaxes to the carrier gas
[20]. temperatureT, due to the very large momentum

The variation ofR with T, at the lowerT of 300 transfer cross section for electron—helium atom colli-
K shows that an increase if, changesR from the sions [26]. Under these conditions, the plasma is truly
strongly nonstatistical toward statistical, but even at thermalised andl, = Ty A cylindrical Langmuir
the highest accessible,, R is only about 2/4 instead  probe that can be located at any position along the
of the statistical value of 3/4. This again indicates that axis of the plasma is used to measure the axial
the heating of the (CGBr~)* temporary negative ion  gradients of the electron number density, andT..
by the incoming (attaching) electron is not efficient Thus, by varying the temperature of the whole flow
enough aflf, = 4000 K andT, = 300 K to effee tube/carrier gas, plasma reaction processes can be
tively overcome the barrier for Clproduction. This studied over a range of true temperattiiré= T, =
is most probably due to the short lifetime of the Tg) [8]. A downstream mass spectrometer sampling
(CClzBr)* nascent negative ion that does not allow system identifies the positive and negative ions
sufficient time for the additional (electron) energy to presentin the afterglow plasma. Thus the ion products
be dispersed around the ion before fast unimolecular of reactions can be determined if care is taken to
dissociation to Br and CC} occurs. Interestingly, the  minimise the occurrence of secondary reactions [6].
measured branching ratiB, obtained as a function of By using argon carrier gas, plasma reaction pro-
T4 could be used as an indicator of the true vibra cesses can be studied at elevated (suprathefipaly
tional temperaturel, (as governed by, andT,) for high as 5000 K [27]. This is possible because the deep
this reaction [20]. This offers a possible diagnostic Ramsauer minimum in the electron/argon atom mo-
indicator of the conditions in gaseous discharges mentum transfer cross section near an electron energy
containing this molecule. of about 0.3 eV [26] effectively limits the cooling rate
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Table 1

Attachment rate coefficients measured in truly thermalised pladipa=(T,) at two differentT,. 8 are the overall attachment rate
coefficients.g, and B¢, are the partial attachment rate coefficients for the reaction channels leading en8rCI” product ions. The

relative error of measurement is15%. Note that small fractions of dihalogen negative ions are also produced in these reactions, notably
CIBr~ in the CHCIBY, reaction at 540 KB, is 5 X 1077 cm® st at 300 K and 3.7< 1077 cm® st at 540 K [see Eq. (1) in the text]

300 K 540 K
BBr BCI B BBr BCI
Ty=Te [em®s™Y [em®s™Y [em®s™Y [ecm®s™Y [em®s™ [em® s}
CHCIL,Br 40x 1078 3.7x10°8 2.6x10°° 1.2x 1077 1.0x 107 1.8x 108
CCLBr, 9.0x10°° 8.0x10° 9.2x 10 45x 108 3.2x10°® 1.1x10°8
CHCIBr, 3.0x10°8 2.8x 1078 1.4x 10°° 49%x 108 2.8x10°® 1.3x10°8

of the electron gas in the afterglow. Howeveég,can more rapid diffusive loss of plasma along the FALP
be lowered by the addition of suitable amounts of flow tube at this higher carrier gas temperature. The
helium to the afterglow plasma [27]. Thus, electron Kkinetic data obtained under truly thermalised condi-
attachment reactions can be studied at varigyand tions (i.e.T, = T,) are presented in Table In all

at elevatedT, within the range fromT to 5000 K. three reactions, Bris the dominant product ion at alll
Addition of controlled amounts of attaching gas to the temperatures, but the fraction of Cincreases with
plasma and the measurement of the axial gradients ofincreasingT, i.e. the product ion branching ratiés

ne provides values oB. Note that the temperature of = [CI")/([CI "] + [Br~]), increase withTy. Minor

the attaching gas molecules prior to their interaction fractions of diatomic halogen negative ions are also
with electrons remains constant &t due to their observed as products. The variationdRofvith T, are
multiple collisions with the carrier gas atoms. Details more varied and we attempt to explain these varia-
of this technique, the procedures used for the deter- tions in terms of the ideas presented in Sec. 1.
mination of T, and the analysis of the raw experi  Similarly, the 8 values for all three reactions are

mental data to obtain values @fas a function ofT greater at 540 K than at 300 K, but the variationgof

(andT,) are given in our previous articles [8,27]. with T, are more varied and need to be explained. We
Then, in the afterglow must be relatively low for at-  now consider the kinetic data for each reaction sepa-

tachment studiesn§ in the range 16-1° cm 3 is re- rately before making some further general comments

quired, depending on the rate of the attachment reactionon the results of these studies.
[6]). The upper limit to the initiah, is imposed by the
fact that it must be much less than the number density of
the attaching molecules,,, to ensure that the attaching
gas is not significantly depleted by electron attachment.
Also, n, must be small enough that recombination of
electrons with positive ions does not occur [6].

3.1. CHCLBr

The measure@ values at botfT, values over the
accessible ranges @f, are shown in Fig. 1(aand the
corresponding product ion percentages are shown in
Fig. 1(b). The reaction proceeds thus:

3. Results and discussion CHCLBr + e — Br~ + CHCl, (5a)

Attachment of electrons to CHgBr, CCLBr,, and — CI™ + CHCIBr (5b)
CHCIBr, has been studied at a fixed ©f of 300 K
and increasing . up to 5000 K, and at a fixed, of
540 K and increasingd, up to 4000 K. The reduced The overallB for the reaction increases by about three
range ofT, at the higherT, is a consequence of the times asT increases from 300 K to 540 K, at which its

—Cl; + CHBr (5¢)
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Fig. 1. (a) Overall rate coefficientg, and (b) product ion distribution®, for the attachment reaction of CH@BIr as functions of the electron
temperatureT,, at the fixed attaching gas temperatures of 300 K and 540 K. Also indicated is the s-wave electron capture rate coefficient,
Bmax as a function off, [see Eq. (1) in the text]. The small fractions of diatomic product ien2%, are similar at the twa .

magnitude is approximately (B3, as can be seen in
Table 1 and Fig. 1(a). Following Eqg. (2) and construct-
ing a two-point Arrhenius plot, an activation energy

of 64 meV is indicated for the overall reaction (5) and
the pre-exponential factor Ais 4% 10 cn®s~
closely equivalent tg,,,., at 300 K. These approximate

1

,l.e.

nius equation to describe the temperature variation of
these partial rate coefficients. This procedure is often
used, but is open to question.

The B values decrease with increasiiig at both
Ty by about a factor of 2 [see Fig. 1(a)]. This
represents a slower decrease than tha of, which

results indicate that autodetachment from the nascentindicates that the decrease is not simply controlled by
negative ion is not important. The major product ion is a decreasing capture efficiency by the attaching mol-

Br~ at all temperatures, but the fraction of Clons
increases somewhat with increasifigand to a lesser
extent withT,. By combining the overals andR values

ecule as the electron energy increases [see Eq. (1)].
Rather, this indicates that the dissociation rate of the
nascent negative ion increases somewhaf a#-

at each, the partial rate coefficients for both reactions creases and this, in turn indicates that partial vibra-
(5a) and (5b) can be obtained (see Table 1), noting thattional heating of the ion by the incoming electron
(5¢) is only a very minor channel. Thus, from these occurs. This deduction is supported by the fact that

partial rate coefficients at the twiy, estimates can be
obtained for the separate, for both Br and CI’
production. The respective values &g = 58 meV,

A=3.4x 10 "cm’s *andE, = 114 meVA =

21x 107 "ecm*s?

. Clearly, theA value is accept
ably close toB,,, €specially when using the Arrhe

the branching into the ionic products [as indicated by
R in Fig. 1(b)] changes only slowly, withT in
common with the CGBr reaction discussed in Sec. 1.
This is most probably due to the short lifetime of the
(CHCIL,Br™)* nascent negative ion, which does not
allow sufficient time for the additional (electron)
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Fig. 2. (a) Overall rate coefficients, and (b) product ion distribution®, for the attachment reaction of C@8Ir, as functions of the electron
temperatureT,, at the fixed attaching gas temperatures of 300 K and 540 K. Also indicated is the s-wave electron capture rate coefficient,
Bmax @s a function off, [see Eq. (1) in the text]. There is little difference between the fractions of the molecular ions at tfig.two

energy to be dispersed around the ion before fasttions has been observed previously [28]. For example,
unimolecular dissociation occurs. Unfortunately, de- Br, ions are a 15% product of the electron attachment
tailed calculations based on our model outlined in reaction of CEBr, and Bi, ions are even produced in
Sec. 1 are not feasible without information on the some 1,2 dibromoethane attachment reactions [28].
molecular properties (bond strengths and frequencies).
A small but finite fraction of CJ ions were
produced in this reaction at tfig of 540 K (about 2%
of the total ion products), with no change in this
percentage being discernible with increasing Cu
riously, CIBr  ions are apparently not produced.
Unfortunately, the thermochemical data needed to
check the thermicities of these reactions are not
available. Thus we cannot say if CIBproduction is CCl,Br, + e—Br— + CCl,Br (6a)
endothermic in this reaction or if its absence is due to
other constraints such as steric effects. Diatomic ions,
including CIBr-, were also produced in the attach — Br, + CCl, (6¢)
ment reactions of the other two chlorobromocarbons
included in this study, these being especially obvious
in the CHCIBy, reaction discussed later. Diatomic The overallB for the reaction increases by about five
halogen ion production in halocarbon attachment reac- times asT, increases from 300 K to 540 K at which

3.2. CClBr,
The measure@ values at botT, over the ranges
of T, are shown in Fig. 2(agnd the corresponding

product ion percentages are shown in Fig. 2(b). The
reaction proceeds thus:

—CI~ + CCIBr, (6b)

— CIBr~ + CCIBr (6d)
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its magnitude is only about 03},,, as can be seenin  product ion percentages are shown in Fig. 3(b). The
Table 1 and Fig. 2(a). The activation energy and the reaction proceeds thus:
pre-exponential factor for the overall reaction (6)

derived from these two data points are 96 meV and CHCIBr2 + —Br- + CHCIBr (72)
3.7 X 10 " cm®s !, respectively. The majqr product ~CI” + CHB, (7b)
ion is Br— at all temperatures, but the fraction of Cl

ions clearly increases with increasifigand also with — CHBr~ + CHBr (7c)

T, at the lowerT, as is clear in Fig. 2(b). Again, by
combining the overalp andR values at eacfi, the
partial rate coefficients for both reactions (6a) and
(6b) can be obtained (Table 1), noting that (6¢) and
(6d) are both very minor channels. Thus, from these
partial rate coefficients at the twiq,, estimates can be
obtained foiE, for both Br and CI" production. The
estimated values ar&, = 82 meV, A= 2.0X
1077 cm® s! and E, = 148 meV, A = 2.8 X
10~ 7 cm® s 1, respectively.

The B values increase significantly with increasing
Te at both values of ;, which is obviously against the
expected trend of a reducing electron capture rate wit
T., as manifest by the reduction #f,,,, also shown e >
in Fig. 1(a). At aT, of 540 K and aT,, of 4000 K, 3 for the act|vat|on_ energies and pr.e—exponenwal
is about 0.58,., and so at these temperatures the factors for both Br and CI" production. These are
reaction is very efficient. So autodetachment from the Ea = 0-3 meV,A = 2.8 X 10" cm’s " andE, =
nascent (CGBr;)* ion cannot be very importantand 131 MeV,A = 2.2 X 107 cm® s™7, respectively.
this is supported by thé values given above. We On this evidence there is little or no barrier to the
take these observations to mean that significant heat-Production of Br ions. In contrast to the previous
ing of the nascent negative ion occurs by the incoming WO reactions, sufficient diatomic ions, CIBrare
electron, which in turn implies that the lifetime of the ~Produced [see Fig. 3(b)] to allow estimatestgfand
nascent negative ion is adequately long to allow A for reaction (7c). The values obtained dtg =
energy dispersal around the ion before dissociation 155 meV,A = 2.5 X 10~ cm® s *. Production of
occurs. This hypothesis is given further credence by this ion is unequivocally exothermic.
the fact that the production of Clions is promoted by The B values decrease quite slowly with increasing
increasingT,, as can be seen in Fig. 2(b). Te at bothT,, certainly much slower than dog, .,

Both Br, and CIBr are minority ion products inthis  [se€ Fig. 3(a)] and again we take this to mean that the
reaction aff, of 540 K, which indicates that production ~incoming electron partially heats the short-lived
of both these ions is exothermic or at least not greatly (CHCIBr;)* nascent molecular and promotes disso
endothermic in this reaction. We can say no more Ciation. The branching ratios shown in Fig. 3(b)
without the aid of appropriate thermochemical data. indicate that the loser in this process is Bgrodue

tion and the winners are Cland CIBr production.

These data also suggest that the ClBroduction is
3.3. CHCIBy, entirely at the expense of the majority Bions even

though little or no activation energy is required for

The measure@ values at botiT; over the ranges ~ Br~ production. This therefore implies that Br
of T, are shown in Fig. 3(a) and the corresponding production is as efficient as it can be. It therefore

The overallg for the reaction increases by less than a
factor of 2 asT, increases from 300 K to 540 K at
which its magnitude is approximately @], as can
be seen in Table 1 and Fig. 3(a). As before, the
derived activation energy and the pre-exponential
factor for the overall reaction (7) at&, = 29 meV,
A=9Xx 10 8 cm® s 1. Again, the major product
ion is Br~ at all temperatures, but the fraction of Cl
ions markedly increases with increasiiig and very
little with T.. By combining the overall3 and R
values at eacfiy, the partial rate coefficients for both
h reactions (7a) and (7b) can be obtained and these are
included in Table 1. Thus, estimates can be obtained
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Fig. 3. (a) Overall rate coefficientg, and (b) product ion distribution®, for the attachment reaction of CHCIBas functions of the electron
temperatureT,, at the fixed attaching gas temperatures of 300 K and 540 K. Also indicated is the s-wave electron capture rate coefficient,
Bmax @s a function ofT, [see Eqg. (1) in the text]. Note the appreciable fraction of ClBroduct ions.

seems that the loy8 (low efficiency) for this reaction =~ modeling negative ion production in “cool” plasmas
is largely due to the short lifetime against autodetach- such as the terrestrial atmosphere and some laboratory
ment of the nascent (CHCIB)* ions within the etchant plasmas. For these parallgiT, attachment
temperature range covered by the experiment. This studies, the FALP experiment is valuable, even
premise is given some credence by the anomalously though only limitedT, and T, variations are possible.
low value of A for the overall reaction of X 108 In the T, and T, ranges covered by these experi
cm® s™* which falls well belowB,., [see Fig. 3(8)l.  ments, the CHGBr and CCLBr, reactions apparently
proceed initially by efficient electron capture, the rate
of which decreases (as expected) Bsincreases.
Then follows rapid dissociation along the appropriate
It is clear from these studies and previous similar reaction coordinate, the rates of which increase as the

studies that the rate coefficients and the product ion Vibrational temperature of the nascent molecular ions
distributions for electron attachment reactions involy- increase asly and T, increase. The major product
ing most halogenated alkanes are influenced signifi- ions are Br and CI', the latter ion representing an
cantly by the attaching gas temperatufg, and the  increasing fraction of the products &g (and to a
electron temperaturd@,. Itis equally clear thaT,has ~ lesser extenT,) increases, and diatomic halogen ions
the dominant influence, at least in the thermal energy are minor products. The CHCIBreaction is rela
range and for moderate electron temperatures up totively inefficient even at aly of 540 K. This we
5000 K. Such considerations are important when attribute to the dominance of autodetachment, which

4. Summary and concluding remarks
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renders the effective electron capture process ineffi- [2] D. Smith, P. $ang, Mass Spectrom. Rev. 14 (1995) 255, and
cient. The major product is also Biin this reaction, references therein. _ o

. . [3] L.G. Christophorou, D.L. McCorkle, A.A. Christodoulides, in
but the molecular ion CIBris a 17% prOdUCt aTg = Electron—Molecule Interactions and Their Applications, Vol.
T. = 540 K. It is worthy of note that even though 1, Academic, New York, 1984, Chap. 6, p. 496.
there are clear differences in the overall rate coeffi- [4] EW. McDaniel, Collision Phenomena in lonized Gases,

. : : Wiley, New York, 1964.
ients for these three attachment reactions, the acti- ' ’ : . N
clents for thes [5] H.S.W. Massey, Negative lons, Cambridge University Press,

vation energiest,, for production of CI' ions are not Cambridge, 1976.
very different, lying within the limited range 110—150  [6] D. Smith, N.G. Adams, E. Alge, J. Phys. B 17 (1984) 461.
meV. [7]1 N.G. Adams, D. Smith, C.R. Herd, Int. J. Mass Spectrom. lon

. . . . Processes 84 (1988) 243.
An interesting point to note is that as a result of [8] D. Smith, P. $arid, Adv. At., Mol.. Opt. Phys. 32 (1994) 307.

different magnitudes of the activation energy barriers, [9] S.H. Alajajian, A. Chutjian, J. Phys. B. 20 (1987) 2117.
the branching ratios for Cland Br  production in [10] D. Smith, P. and, T.D. Mark, Chem. Phys. Lett. 213 (1993)
these dissociative attachment reactions depart from[ll] éogo 4. T.. Smith, Chem. Phys. Lett 229 (1954) 262
. . .. . . Yand, T.D. Smith, Chem. Phys. Lett. .

the respectlve_ simple s_tatlstlcal.ratlo_s. _BUt’ as more [12] J.M. Warman, M.C. Sauer Jr., Int. J. Radiat. Phys. Chem. 3
energy is provided to drive the dissociation reactions, (1971) 273.
either by the more efficient process of preheating the [13] D. Smith, C.R. Herd, N.G. Adams, Int. J. Mass Spectrom. lon
attaching molecules or by the less efficient molecular Processes 93 (1989) 15.
heating process resulting from the kinetic eneray of [14] P. $and, S. Matejdk, D. Smith, J. Phys. B. 28 (1995) 2941.

eating pre 9 . ( 9Y O 115] s. Matejék, T.D. Mark, P. Dané, D. Smith, T. Jaffke,
the incoming electron, the branching ratios tend to- E. lllenberg, J. Chem. Phys. 102 (1995) 2516.
ward the statistical ratios. [16] F.C. Fehsenfeld, J. Chem. Phys. 53 (1970) 2000.

To obtain greater insight into the nature of these [17] H. Shimamori, Y. Tatsumi, Y. Ogawa, T. Sunagawa, J. Chem.

N . o Phys. 97 (1992) 6335.
attachment reactions it would be instructive if molec- (18] E.CM. Chen, L-R. Shuie, E.D. D'sa, C.F. Batten, W.E.

ular beam studies were carried out similar to those for Wentworth, J. Chem. Phys. 88 (1988) 4711.
CCl,Br [20]. Until then, our interpretation of the [19] D. Smith, P."§ani¢, S. Matejék, A. Stamatovic, T.D. Mek,

present FALP data must be open to debate T. Jaffke, E. lllenberger, Chem. Phys. Lett. 240 (1995) 481.
' [20] P. VSpan“é, D. Smith, S. Matejik, A. Kiendler, T.D. Mak, Int.

J. Mass Spectrom. lon Processes 167/168 (1997) 1.
[21] E. Alge, N.G. Adams, D. Smith, J. Phys. B 16 (1983) 1433.
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