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LOW ENERGY ELECTRON INTERACTION WITH HALOETHANES1
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The dissociative electron attachment to chloro and fluoro derivatives of ethane have been
measured using swarm technique. The rate coefficients have been estimated for first time for
many of them and the values of the rate coefficients have been correlated to the DEA energies.

PACS: 52.20.-j

1 Introduction

This paper is a continuation of our effort to measure systematically the thermal electron attach-
ment rate coefficients for halocarbons. The aim is to find out the connection between the structure
of the molecule and its ability to attach the electron.

The knowledge of the kinetic data for the low energy electron interaction with halocarbons
is very important especially for plasma processes and an environmental protection [1, 2].

Despite a large effort there is still a lack of systematic data which could serve as an experi-
mental basis for verifying theoretical considerations why electrons in thermal equilibrium with
the surrounding molecules capture electrons with different efficiencies. The systematic studies
of the large homologous group of compounds could help to find general dependencies and the
molecular parameters which control the attachment process.

Generally, there exist two approaches to systematize the available rate coefficients. One
of them [3] demonstrates that thermal rate coefficients depend on the energy of the electron-
attaching state, the other [4] that there is a dependence between rate coefficient and electronic
polarizability of the electron attaching center.

2 Experiment

In our investigations the electron swarm method with ionization chamber has been applied as
introduced by Christophorou [5]. We have made some modifications which allow to measure the
kinetics of the thermal electron attachment process. The full experimental procedures used in
these investigations have been described previously [4].
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Fig. 1. Example averaged oscilloscope signal.

In brief, the experimental set-up employed for the measurements consists of an ionization
chamber with two parallel electrodes, a preamplifier, a fast (50 ns) oscilloscope with digital
memory connected with a computer-controlled Canberra-Packard dual 0−5 kV HV power supply
model 3125.

The electron swarm is generated by the ionization of the carrier gas molecules by high-energy
α-particles in the plane parallel to the electrodes. The electrons are thermalised fast in elastic
and inelastic collisions. The CO2 was used as a carrier gas due to its very good thermalizing
characteristics. Under the influence of the uniform electric field, E, the electrons are directed to
the collecting electrode and detected by the time evolution of an electron pulse.

The changes of the electric potential on the collecting electrode are proportional to the num-
ber of electrons at a given distance. The presence of an electron acceptor decreases the electron
number density. The rate of electron disappearance from the swarm depends on the electron
attachment rate coefficient, k (cm3molec.−1s−1). This rate coefficient is equal to the electron
swarm drift velocity, W (cm s−1), multiplied by the electron attachment coefficient, α. Drift
velocity is easy to obtain from the oscilloscope pulse which is shown in Fig. 1. The drift velocity
is equal to

W =
d

t
, (1)

where d is the known distance between the α source and the collecting electrode, equal to 2 cm,
and t is the drift time. Using this drift velocity the rate coefficient for the attachment process can
be determined from the shape of the pulse.

The halogenated hydrocarbons were from: CH3CH2Cl (99, 7%) Aldrich, CH2ClCH2Cl (r.g.)
POCH, CH2ClCHCl2 (97%) Aldrich, CHCl2CHCl2 (98%) Aldrich, CH3CHF2 (> 99, 9%) Merck,
CH3CF3 (99%) ABCR, CH2FCF3 (> 99%) Aldrich.
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In our experiment we have used purified CO2. As in all previous experiments, to purify the
technical carbon dioxide we froze it with liquid nitrogen and pumped out volatile gases. To
avoid the less volatile impurities we expounded CO2 to the chamber from dry ice-methanol bath.
We have checked its purity by introducing the gas to the chamber and measuring the rate of
electron disappearance from the swarm as described above. It always corresponded to that of
non-attaching gas. The other gases were purified by vacuum freeze-pump-thaw technique.

All measurements were carried out at room temperature (293K) in series with constant
scavenger-to-carrier gas concentration.

3 Results and discussion

In this contribution we have investigated two groups of substituted haloethanes, with chlorine or
fluorine atom(s) in the molecule. The summary of the swarm data are presented in Table 1.

From the representative data in Fig. 2 for CHCl2CH2Cl-CO2 mixture it is clear that the value
of the rate of electron disappearance depends only on halocarbon concentration. It means that
only simple two-body attachment process occurs.

There are several reports on halogenated hydrocarbons regarding the kinetics of the electron
attachment process [12-17] but only a few data for chloroethanes are available. The data pre-
sented in this paper are in good agreement with the ones obtained by others. Also, which is quite
obvious, the rate coefficients increase with the number of substituted chlorine atoms.

Chloroethanes are known to undergo dissociative attachment with low energy electrons. Dis-
sociation leads to the production of a neutral fragment and Cl− ion [18]. For these substances
the dissociative electron attachment (DEA) peak energy of a Cl− formation decreases when in-
creasing the number of substituted chlorine atoms in the molecule: C2H5Cl (1.55 eV [19]),
CH2ClCH2Cl (0.37 eV [18]), CHCl2CH2Cl (0.26 eV [20]), CHCl2CHCl2 (0.15 eV [20]). At
the same time we observe increase in the thermal electron attachment rate coefficients (Table 1).
Thus, taking into account both DEA peak energy and thermal electron attachment rate coefficient
we can conclude that there is a strong correlation between these values.

To the authors’ knowledge no other electron attaching data are available for the fluoroethanes

Tab. 1. Two-body thermal electron attachment rate coefficients.

Molecule k klit.
(cm3molec.−1s−1) (cm3molec.−1s−1)

CH3CH2Cl 3.4 × 10−14 < 1.6 × 10−15 [6], ∼ 1× 10−13 [7]
CH2ClCH2Cl 2.6 × 10−11 3.2 × 10−11 [8]
CH2ClCHCl2 1.4 × 10−10 3.1 × 10−10 [9, 10], 1.8× 10−10 [11], 2.1 × 10−10 [3]
CHCl2CHCl2 3.2 × 10−8 —
CH3CHF2 7.6 × 10−13 —
CH3CF3 1.0 × 10−12 —
CH2FCF3 3.7 × 10−12 —



450 J. Kopyra et al.

Fig. 2. The rate of electron disappearance for CH2ClCHCl2 as a function of halocarbon concentration at a
few CO2 concentration [1019 molec.cm−3].

used in this study. Kinetics data for low energy electron attachment are available only for
the fluoromethanes, i.e., CH2F2, CHF3, CF4, and perfluoroethane (C2F6). However, as we
have shown earlier [21], there is a big difference between mechanism of the attachment pro-
cess in halomethanes as compared with haloethanes or halopropanes [22, 23]. For almost all of
them (except the ones with highest attachment coefficient as CCl4 or CHCl3) we have observed
higher than second order kinetics. This was true also for CH2F2 and CHF3 where we have ob-
served the electron attachment not only to single, individual molecules but also to van der Waals
dimers such as (CH2F2)2 [24] and (CHF3× CO2) [24]. Moreover, the known rate coefficients
for the two-body electron attachment to fluoromethanes are extremally small, less than 10−13

cm3molec.−1s−1 (CH2F2 - 3.5 × 10−14 [24], CHF3 - 2.2 × 10−14 [24], CF4 - < 10−16 recom-
mended in [3]). The reason for this is probably because the attachment by van der Waals dimers
(homogeneous like for CH2F2 or heterogeneous like for CHF3) is much more effective.

The rate coefficients for thermal electron attachment processes presented in this report for
fluoroethanes are two orders of magnitude higher than for fluoromethanes. Also for these com-
pounds the rate coefficient increases with the number of substituted halogen atoms: difluo-
roethane < trifluoroethane < tetrafluoroethane. The difference in the rate coefficients between
fluorine substituted methanes and ethanes shows that not only the number of fluorine atoms but
also chain length influences the ability of accepting electron. This is in opposite to our previous
finding for the case of 1-chloro- and 1-bromocompounds (from methane to propane) [22, 23]
where there was no influence of the chain on the rate coefficients. Also for multi-substituted
chloro- and bromo-derivatives the influence of the chain is much smaller (e.g. CH2Cl2 and
CH3CHCl2 - 4.7 × 10−12 [22] and 2.1× 10−11 cm3molec.−1s−1 [8], respectively).

In conclusion, we have measured the rate coefficients for seven chloro- and fluoro- substituted
ethanes. We have found that, and as expected, the rate coefficients depend on the number of
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halogen atoms and that this dependence is much stronger in the case of chlorine than fluorine
compounds.
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