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The electron capture processes in the mixtures containing halocarbonsg ¢CEEIR;) and nitrogen have

been investigated. Second- and third-order kinetics were observed in both cases. The electron interaction
with van der Waals complexes CHN, and CCIRk:N, was invoked to explain this behavior and the
corresponding rate constants have been determined. The values for two-body process&6 {5 cm?
molecule! st —CHF; and 1.3x 10713 cn?® molecule® s7 —CCIR;) are fully consistent with the literature

data. The estimated rate constants for electron capture by van der Waals complexes are equall .2

and 2.4x 10" cm?® molecule! st for CHR:*N, and CCIR-N,, respectively.

Introduction by the equilibrium constant of its formation (reaction 6).
Electron attachment processes in the gas phase have been AB + M = (AB-M) (6)
studied extensively within the past three decadés hey can
be broadly divided into two groups: two-body processes e+ (AB-M) — (AB-M) * 7
occurring under single collision conditions and the multibody
pressure-dependent ones. If both of them occur with comparable (AB-M)™* —AB + M + e (8)
rates they can be observed in the high-pressure (around
atmospheric and higher) experiments, e.g., swarm or pulse (AB-M) * — products 9)
radiolysis?>
The electron collision with individual molecule (AB) leads (AB-M)* + M_— products (10)

to an excited negative ion state (reaction 1) which can either
autoionize (reaction 2) or give attachment products: parent where M denotes AB (homogeneous complex) or any other

negative ion or dissociation fragmenits. molecule (heterogeneous).
_ This type of the behavior is called van der Waals mechanism.
e+AB—AB * (1) The kinetic eq 11 shows the straightforward dependence of the
N rate of the process on the product of component concentration

AB *—AB t+e (2) if the process goes through reactions%
AB* —AB {orA+B} 3) —dle] koK JAB][M] 1)
U = =
If the lifetime of AB™* is long enough £1071 s) and the o Ke

concentration of the environmental gasg [t could be also
AB), is sufficient then the excited negative ion can be colli-
sionally stabilized (reaction 4). The entire attachment process
is then pressure dependent and kinetically is of the third drtler. —dle]  kKiKeJABIIMIM ]
V=g T (12)
AB™* + M, — products 4) t kg + kylM

If reaction 10 replaces reaction 9, then eq 12 describes the
kinetics

Such a mechanism is called collisionally stabilized attachment gnd the coliisionally stabilized process with vaW complex

or Bloch—Bradbury (BB) mechanism. In this case, the rate of instead Qf |nd|V|dL_1aI molecule takes place. .
the electron disappearance is described by eq 5 There is no straightforward way to measure the concentration

of the vdW complex but the method developed by Stogryn and

_ k.-k.[ABIM Hirschfeldet” based on using second virial coefficient is usually
= dle] =1 JAABIM (5) applied®~1518-20 The calculated equilibrium constankg, are
dt ko + KM mostly in the range of 1¢*—-10-22 cm?® molecule’®. The ratio

. of the equilibrium concentration of the vdW complex to that of
However, there are a lot of cases where the third-order gjectron acceptor is equal to

kinetics cannot be explained by the BB mechanism. The only

explanation that can be then applied is that electrons are accepted [AB-MJ/[AB] = K {M] (13)
not by individual molecules but by van der Waals (vdW)
complexes preexisting in all gaseous mixtuie¥.In this case Using calculated values dfeq, One can estimate this ratio

the mechanism of the process is exactly the same as for singlewhich for, e.g., 1 atm of M is equal to ca. 0.01. This is
molecule and the concentration of the vdW complex is defined surprisingly high concentration which is not always recognized.
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If the kinetics of the electron attachment is formally of the are produced by collimatedi-source {3%Pu isotope). The
third order, it is usually very difficult to decide which mecha- measured quantity is the electron attachment coefficient,
nism takes place unless at the high concentration of the third which is the probability of electron attachment per unit density
body, M, the point where collisional stabilization is faster than of the attaching gas (chmolecule?). To get the rate constant
autoionization KJMg > ko), is reached. Then the so-called for the attaching procesk,, the attachment coefficient has to
“saturation effect” is experimentally visible (the rate of the be multiplied by the electron swarm drift velocity. If one
process starts to be independent of]jMind one can be sure  keepsE/N low enough, the electron swarm attains thermal
that the process goes accordingly with the BB mechanism. If energy distribution and, has its classical meaning. Usually
this condition is not fulfilled then it is not possible to distinguish CO; is used as the carrier gas as it is a very good thermalizing
which mechanism really occurs from the kinetic data. If in the agent providing electrons with energy in thermal equilibrium.
whole concentration range the linear dependence of the rate ofin this work, nitrogen was used. It has a very narrow range of
the process on [ is observed then eithde > ki M or the E/N values where electrons are fully thermalized. Its concentra-
attachment involves vdW molecules (RW). The concentration  tions varied from 1x 10°to 3.3 x 10 molecules cm? (300—
of the complex increases with M. The situation is much simpler 1000 Torr) so the applied electric field where electrons reach
if one deals with formally fourth-order kinetics. Then the first thermal equilibrium could be only up to 40 &[N < 6 x 10719
step should be the electron capture by vdW molecule and theV cm? molecule’l). However, in all experiments the concentra-
second one the BB stabilization. tion of the admixture (halomethanes) was high enough to have

In our recent papers; 20 we have investigated thermal a great influence on the thermalization process. The concentra-
electron capture processes in the mixtures of some halomethanetion of both halomethanes used varied from about>0.30'8
diluted with carbon dioxide. We have found that except for the up to 2 x 10'® molecules cm® and the percentage of the

rather slow second-order reaction (single collision) admixture was in the range of-%%. So, the applied electric
field can be higher than that in pure nitrogen and electrons are
e+ RX — products (14)  stillin thermal equilibrium. We have used tE¢N values up to

3 x 10717V cm? molecule’L.

where the preferred channel is the dissociation with formation 14 grift velocity of electrons depends on the concentration

of the negative halogen ion, other processes occur which involve ¢ - 4 itives in the carrier g@41n a study of processes in which
either homo- (RX) or heterogeneous (RKO,) van der Waals  he amounts of additives should be high, as in the case of higher
complexes (multibody pressure dependent processes) and arg,an second-order kinetics, one must find a way to get the
at least a couple of times faster at atmospheric pressures  gjactron drift velocity in a particular mixture. For electrons with
thermal energy distribution it is possible if one uses, e.gs, SF
as a probé&2 This, however, may be confusing, especially in
multicomponent systems where the biggest experimental error
is made in the precise determining the concentration.

. . Taking into account that electron drift velocity for electrons
e+ (RX),{or (RX-CO)} + M, products  (16) in a thermal equilibrium with gas molecules is a linear function

of E/N 25

e+ (RX),{or (RX-CO,)} — products (15)

or

where M, = RX and CQ.

It is extremely urgent to develop methods for removing
Freons from the air. Among the various possible ways suggested
for destroying halocarbons there are several plasma methods:
by an electron beam or by using a free localized microwave Whereuy is a density normalized electron mobility expressed
discharge@22The key processes in these studies are electronin V™' cm™t s7%, one can gét
attachment reactions. For modeling the system it is necessary
to know the exact rate constants of these processes, and their Viax= f(E/N)ka,#N (18)
mechanism and products.

The purpose of this work was to reveal the mechanism and
the kinetics of the electron attachment in the mixture of some
halomethanes and nitrogen.

W= uE/N (17)

where Vinax is the amplitude of the electron pulse which is
registered in the multichannel analyzer. The value&,cénd
un can be found with a fitting procedure especially when the
experiment is performed in series with constagt i.e., at
constant molar ratio of the components gasdoes not depend
The electron swarm experiment with ionization chamber, as on the overall pressure). Such an approach allows one to
introduced by Christophorotis one of the important techniques  investigate thermal electron capture processes in different
in studying the electron attachment processes. However, for thegaseous mixtures to get the kinetics and in particular to look
investigations of the electron attachment mechanism this for the influence of the environmental gases on the attachment
technique has to be modified to allow the measurements with mechanism. This method has been fully described in our
different environmental gasé$Such modification allows the  previous papers where we have measured also the thermal
measurements only with electrons in thermal equilibrium. But electron mobilities in no electron attaching mixtures containing
if one wants to investigate the processes occurring in the lower nitrogen and some noble gaséhe results we have got are
atmosphere he deals with low energy electrons. Also, the in perfect agreement with the ones obtained using other methods.
processes involving more than one isolated molecule usually Recently, we have developed the new procetfuvehich
occur with thermal energy electrons. allows to establish independently electron mobility or electron
The modified electron swarm method used in the experiment drift velocity in any mixture and for different electron energy
has been fully described elsewh@éfeBriefly, it consists of distribution. It is based on the analysis of the time evolution of
monitoring the rate of electron disappearance from the swarmthe electric pulse registered on the oscilloscope with digital
as a function of the density reduced electric fi&@t. Electrons memory. This new method gives results fully consistent with

Experimental Section
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Figure 1. Influence of nitrogen concentration dg; obtained in the Figure 2. Influence of nitrogen concentration da obtained in the
mixture of CCIR—Na: [CCIFs)/[N;] = (O) 0.041, §) 0.030, ) 0.025. mixture of CHR—N,: [CHF3]/[N] = (O) 0.063, ) 0.044, (1) 0.040.
For the meaning of the dotted line see text. For the meaning of dotted line see text.

TABLE 1: Two-Body Thermal Electron Attachment Rate

h Iculations w I .Th racy for both meth )
the calculations we usually use. The accuracy for both met OdSConstams Kewo_bogy, In €3 moleculer® s-2)

is better than 5%. :
All the measurements were carried out at the room temper- RX  present dataprevious dat&

ature (293 K). The total rate of the process was kept at around Molecule  with N with CO, literature daté
106 s71, CHFR; 5x 1074 22x 10" 3.6x 104 4.6x 10714
<6.2x 10714

; ; CCIR 1.3x 108 10x 108 52x 1014 7x 10714
Results and Discussion 2% 105 <3.1 x 1018

Electron attachment processes by GHIRd CCIR, diluted
with nitrogen, have been investigated. The rate of electron
disappearance from the swarm has been measured. The result’ABLE 2: Thermal Electron Attachment Rate Constants by
are presented in terms ki, which is the rate constant for the vdW Complexes kvaw)

hypothetical two-body process

aReferences as in ref 3.

kexptl Keq kvdW
complex (cmfPmolecule2s™) (cm® molecule’l) (cm?® molecule! s71)

e CHFR*N 1.8x 10°% 1.45x 10722 1.2x 10710
e+ RX— prOdUCtS (19) CCIF3-N22 4.0x 1073 1.67x 10722 24x 101

otherwise, the rate of electron disappearance divided by
admixture concentration, [RX].

In Figure ke vs [N2] for CCIFs—N2 mixture is plotted. The
experiments were performed for different molar ratios of
[CCIF3)/[N ] from 0.025 to 0.041.

In Figure 2 the results for the CHFN, mixture are plotted . ) - i
in the same coordinates as above. The experiment was per- [N both the mixtures investigated in the present study we
formed for three molar ratios of [CHF[N] = 0.040, 0.044,  observe the linear dependencekgfon nitrogen concentration.
and 0.063. This shows that we deal also with summarily third-order

The nonzero intercept which is seen in both figures means Processes whose rates depend a_I:“?o on the nitrogen concentration.
that there is a reaction whose rate depends only on electron! N three-body collisionally stabilized electron attachment (the
and halomethane concentration. This is similar to the results BB mechanism) has to be excluded. As seen from both figures,

we have got in the previous studi&s® where we investigated ~ Ket depends only on nitrogen concentration. If the excited
the mechanism and the kinetics of the electron capture processe§€gative ion, RX*, was stabilized in collision, the influence

with the same halomethanes as in this work but in the presence®f [RX] on the stabilization rate had to be clearly visible due
of carbon dioxide. We have found that in all cases other {0 much higher stabilization efficiency of halocarbon than that

pressure-dependent processes of electron attachment also takf Nitrogen (about 100 time$)Halomethanes densities were
place. only 1-2 orders of magnitude lower than the ones for nitrogen.

The common feature for both systems investigated here is SO kert Should depend on [}jl + 100[RX] and this is not the
the two-body process case. Also, the comparison of the present results with the ones
obtained in the mixtures of halocarbons and carbon dioxide

These rate constants are presented in Table 1 together with
the previous values (from the experiments with L£L@nd the
literature data. As one can see, there is very good agreement
between these two experiments especially if one takes into
account that the constants are very small.

e+ RX —RX {orR+ X7} (20) allows excluding Bloch-Bradbury mechanism.
In the mixture of CCIg with CO, exactly the same
occurring with a small rate constant of #6—-10"14 cm? dependence as for the system withiéis been observed. That

molecule’® s71, is, ket depended linearly on [C{and the mechanism of the
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process involved (CCH-CO;,) complexes as we have proved
comparing the possible lifetime of the CGIE ion with
collision frequency®

The collision frequency as calculated from the Langevin
equation is equal to ca. ¥ 1071 cm?® molecule’? s72. It does
not differ much if CQ is replaced by N Also, the experimental
value obtained by Hatah®for the system @-CO; is equal to
ca. 6x 10719 s71, So the calculations seem reasonable. With
that, the rate of stabilization for both carbon dioxide and nitrogen
as the stabilizing agents for the highest used concentration
[Mglmax = 3.3 x 10'° molecules cm?® is equal to about 2.
10 s, Now, taking into account the results presented in

Figures 1 and 2, one can estimate the highest possible lifetime
of the negative ions. Even at rather weak conditions estimated

for the BB mechanism

k21 —*
e+ CCIF,— CCIF,

(21)
— k22
CCIF; * — e+ CCIR; (22)
k23
CCIF; * + N, — products (23)

ko3M]/ ko2 = >0.05 which corresponds to the autodetachment
lifetime of the excited negative ion= 1/ky = <2 x 107125

Rosa and Szamrej

It means that its lifetime is much shorter than that of the ion
produced in reaction 25 which we have estimatedt ais< 10711

S, SO it can either autoionize in reaction 29 or immediately
dissociate into the attachment products, reaction 30.

(CHF,N,) * — CHF, + N, + e (29)

(CHF;*N,) * — products (30)

SThe rate constant for this process experimentally obtained from

the slope of the line in Figure 2 is equal to 1.8710732 cmP
molecule? s1. Applying the respectiv&eq (1.45x 10722 cm?
molecule’!), we obtain electron attachment rate constant to
(CHFs*Ny) complex equal to 2.4 1071 cm?® molecule* s

We have observed the influence of the second component of
the mixture on the mechanism of the process also in the case
of CH,F>.1° While in the CHF,—CO, system the attachment
goes through (ChF,), complexes, this process is not visible in
CH,F,—N_2 where only the two-body reaction with a very small
contribution of (CHF,°N,) is observed. It seems that the
environmental gas has a strong influence both on the equilibrium
constant of the vdW complex formation as well as on the
lifetime of the complex negative ion.

The results presented in this paper fully support our latest
conclusion¥’ about the mechanism of vdW interaction on

the deviation from linearity has to be observed. The dotted lines electron capture process. In the case of halocarbons, electron
in both figures calculated using the above conditions show that capture occurs by filling the same orbital both in an isolated
this is not the case. Even at our scattering of the experimentalmolecule and in the vdW complex. The increasekjgy in

points we do not observe the deviation from the linearity
expected in BB mechanism.

comparison withkwo-nody iS caused by shifting the potential
curve of the negative ion state by intermolecular interaction in

So, we can claim that in this case electrons are accepted bythe vdW complex in such a way that it decreases the activation

the complex (CCIg-Ny). The rate constant for this process
(reaction 24) estimated from the slope of the line in Figure 1
and respectivéeq (1.67 x 1022 cm® molecule?) is equal to
2.4 x 107 cm?® molecule® s,

e+ (CCIF;°Ny) il products (24)

A more complicated situation is in the CgHN, mixture.
Previous results showed that in the GHEO, system the

energy and increases the Boltzman factor&¥, in the
Arrhenius equation for the process. If we assume that the
changes in the preexponential factor of this equation can be
neglected, then the correspondifsg, required for causing the
observed increase in the rate constant is given by

AEa =KkT In(kvdW/ktwof bod))

The value ofAE; is about 5 and &T for CCIR; and CHE,

(1)

electron attachment process was formally of the fourth order respectively. This can be compared with the energy of vdw

and the rate of electron disappearance depended ongjCHF

interaction.AE; can be even slightly lower if we also take into

[CO,], and a summary concentration of both components, so account that the preexponential factor can increase in the vdw

the kesf was a function of a product ([CHF+ [CO,])[CO].1°
This behavior could only be explained in terms of both vdW
and Bloch-Bradbury mechanisms where the attaching indi-
vidual was vdW complex (CHFCOy).

e+ (CHF;:CO,) — (CHF;:CO,) * (25)
The collisional stabilization (27) competed with the process of
autoionization of the excited negative ion (26).

(CHF,:CO,) * — CHF, + CO, + e (26)

(CHF;:CO,) * + M,— products 27)

In this work, in the mixture of CHE—N there is only straight
linear dependence ds on [Ny] in the whole region of the

complex as two molecules are available. All this leads to the
final statement that the potential curve for the complex ion is
shifted to lower energies as compared with the isolated ion and
the crossing point with neutral molecule also moves toward
lower energies. Qualitatively, it is rather obvious. But there are
also quantitative results of McFadden ef&kupporting this
statement. They calculated changes in the structure of some
halocarbons due to electron attachment and have found that the
main effect is an increase in the equilibrium length of the
carbon-halogen bond corresponding to the reaction coordinate.
They have compared the relative increase in these lengths with
the corresponding rate constants for the two-body thermal
electron attachment at the room temperature. From this com-
parison it is clearly seen that the higher the change in the bond
length the lower the rate constant and so the effect is caused by
changes in activation energy. This fully supports our conclu-

component concentrations used. So the attachment process goesons.

through (CHR-N2) complexes and the excited negative ion
formed in reaction 28 is not collisionally stabilized.

e+ (CHFyN,) — (CHFyN,) * (28)

Conclusions

We have proved that CHFand CCIR in the mixture with
nitrogen accept electrons in two ways: as individual molecules
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and van der Waals complexes. The formation of vdW bond
lowers substantially the activation energy of the process,
increasing greatly the rate constant in comparison with the
isolated molecule. The equilibrium constant and the lifetime of
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