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Abstract

The studies of dissociative electron attachment to CCl4, CCl2F2, CHCl3, and CHBr3 molecules have been performed in the
electron energy range from 0 to 2 eV and in the gas temperature range from 300 to 550 K using a new crossed electron-molecular
beams apparatus with a temperature regulated, effusive molecular beam source. In the case of dissociative electron attachment
channels Cl−/CHCl3 and Cl−/CCl2F2 strong enhancements of the negative ion production with the gas temperature at low
electron energies has been observed. Activation energies for dissociative electron attachment of 80± 20 meV for CHCl3 and
130± 20 meV for CF2Cl2 have been estimated. For the resonances at 0.27 eV in CHCl3 and 0.7 eV in CF2Cl2 no dependence
of the cross-sections on gas temperature have been observed. In the case of the dissociative electron attachment to Cl−/CCl4
and Br−/CHBr3 the cross-sections do not depend onT in the whole measured electron energy range from 0 to 2 eV. At
the elevated gas temperatures above 400 K, unusual temperature effects have been observed for CCl4, CHCl3 and CHBr3
molecules. These effects might be most likely attributed to the thermal decomposition of molecules on the surface of the
molecular beam source. (Int J Mass Spectrom 223–224 (2003) 9–19)
© 2002 Published by Elsevier Science B.V.
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1. Introduction

The studies of electron attachment (EA) to
molecules are of fundamental importance for un-
derstanding of electron–molecule interactions and
negative ion formation. Electron attachment reac-
tions to the molecules play important role in various
fields of chemistry, physics, and in large number of
technological applications[1]. For this reason EA
reactions have attracted scientific attention and have
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been studied in many experiments using both beam
and swarm techniques. The present paper is devoted
to the study of the gas temperature effect on the dis-
sociative electron attachment (DEA) to some electron
attaching molecules. In order to study these reactions
a new high-resolution electron-molecular crossed
beams apparatus has been constructed. In this paper,
meticulous description of this new apparatus is given
and the first EA studies are presented.

Previous beam EA studies to a large number of
molecules demonstrated that the electron attachment
reactions depend on the kinetic energy of electrons
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[1–3] and in many cases DEA to the molecules is
strongly enhanced by heating the attaching gas to
higher temperatures[4,5]. The gas temperature de-
pendencies of the dissociative electron attachment
reactions have been measured in a large number of
swarm[6–9] and beam experiments[4,5,10–12]. De-
tailed survey of the electron attachment studies to
excited molecules can be found in[13].

In the present work the gas temperature dependen-
cies of the DEA have been studied for CCl4, CF2Cl2,
CHCl3, and CHBr3 molecules (reactions (R1)–(R4)
with exothermicities derived from thermodynamical
data in[14]):

e− + CCl4 � (CCl4)
∗− → Cl− + CCl3 + 0.43 eV

(R1)
e− + CHCl3 � (CHCl3)

∗−

→ Cl− + CHCl2 + 0.16 eV (R2)

e− + CF2Cl2 � (CF2Cl2)
∗−

→ Cl−+CF2Cl + 0.4 eV (R3)

e− + CHBr3 � (CHBr3)
∗−

→ Br−+CHBr2 + 0.45 eV (R4)

The gas temperature studies of the DEA (reactions
(R1)–(R3)) in beam experiments have already been
performed[4,12,15]. The main reason for the present
studies of these reactions was to test the quality of the
new apparatus and its ability to measure gas tempera-
ture dependencies for DEA. For CHBr3 (R4) there are
at present time no beam data for DEA.

Dissociative electron attachment reaction is a
two-step process. The first step is the formation of a
temporary negative ion (TNI) and the second one is
dissociation of the TNI. DEA reactions can be either:
(i) exothermic, or (ii) endothermic. The reactions
(R1)–(R4) are exothermic, therefore we will con-
sider here only exothermic reactions. In the case of
exothermic DEA reaction an activation energy (AE)
may exist. The presence of the AE can hinder the
dissociation of the TNI and the DEA cross-section
depends strongly onT at the low electron energies
(≈0 eV). The dependence of the ion signal onT at

very low electron energies is then described by the
Arrhenius equation:

I (T ) = I0 exp

(
−EA

kT

)
(1)

whereI(T) is the ion current at very low electron ener-
gies (≈0 eV) andk is the Boltzmann constant. In case
of AE absence the cross-section for DEA reaction at
low electron energies does not depend on theT.

Dissociative electron attachment to CCl4 (R1) is
an example of an exothermic reaction without AE.
This reaction does not show any dependence onT [7].
The reactions (R2) and (R3) represent the exothermic
DEA reactions with AE. Therefore, the cross-sections
for DEA to CHCl3 and CCl2F2 molecules at low
electron energies (≈0 eV) considerably depend on the
temperatureT.

2. Experiment

The present study has been carried out using a new
high-resolution electron-molecular beam apparatus. A
schematic of the apparatus is shown in theFig. 1.
The electron beam formed by a trochoidal electron
monochromator (TEM) and accelerated to a selected

Fig. 1. Schematic view of the electron-molecular beam apparatus,
TEM: trochoidal electron monochromator, EB: electron beam, MB:
molecular beam, QMS: quadrupole mass spectrometer.
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electron energy is crossed by a molecular beam formed
by an effusive molecular beam source (EMBS). The
negative ions produced in the reaction chamber are ex-
tracted by a weak electric field (typically 2–20 V/m)
from the interaction region and focused into the en-
trance of the quadrupole mass spectrometer (QMS).
Due to the weak electric field in the reaction cham-
ber, ion kinetic energy discrimination effects can oc-
cur in ion yields. The mass selected negative ions
are detected as a function of the electron energy in
a single-ion counting mode using a secondary elec-
tron multiplier (SEM), an ion counting electronics
and a PC acquisition system. The entire system is
closed in a high vacuum chamber and pumped by
500 L s−1 turbo-molecular pump. Two halogen lamps
(2×500 W) inside the vacuum chamber are used as in-
ternal heaters in order to keep the surfaces clean (base
pressure of the apparatusP < 5×10−7 Pa). During the
measurements, when the gas flow through EMBS into
the vacuum chamber is established, the pressure in the
main vacuum chamber is usually below 8× 10−6 Pa.

The TEM (Fig. 2) invented by Stamatovic and
Schulz[16] has been used as a source of monoener-
getic electrons. The electrons are produced by ther-
mal emission from a hairpin filament directly heated
by passing current. The electron beam formed by a

Fig. 2. Schematic view of the trochoidal electron monochromator,
F: hot filament, EB: electron beam, NB: molecular beam, IB: ion
beam.

system of electrostatic lenses is directed in the
x-direction and enters dispersive element of TEM. In
the dispersive region of the monochromator, electrons
are separated according to theirx-component–velocity
due to the active role of perpendicularly crossed ho-
mogenous electric (y-direction) and magnetic fields
(x-direction). Using an aperture with a diameter of
1 mm, only electrons with a narrow energy spread pass
through it and are further accelerated or decelerated
by a system of the three electrodes. The electrons en-
ter the reaction chamber and react with the molecules
in the molecular beam. The kinetic energy of the elec-
trons is defined by the potential difference between
the filament and the reaction chamber. The homoge-
nous electric fieldE of the dispersive region is formed
by a system of two planar electrodes (typical values
of E about 1 V/cm). The homogenous magnetic field
B is produced by a pair of Helmholtz coils mounted
outside of the vacuum chamber (typical value of the
magnetic fieldB is about 0.01 T). The electron energy
distribution function in the electron beam is charac-
terised by a full-width at half-maximum (FWHM).
Adjusting separately the electric and magnetic field
of the TEM, the energy distribution function of the
electron beam at the exit of the dispersive region is
affected. In this way one can vary electron energy
distribution function from very broad (FWHM more
than 200 meV, high electron current) to very narrow
(FWHM of 20 meV low electron current).

The effusive molecular beam source (Fig. 3)
consists of a heated stainless steel gas container
(volume ≈ 10 cm3, inner surface≈ 20 cm2) with a
single 4 mm long cylindrical channel 0.5 mm diame-
ter. The pressure inside the EMBS is measured with
an absolute pressure sensor (MKS Barratron, pressure
range 0–7 Pa). A well defined molecular beam with
a narrow angular distribution function is formed by
effusion of the molecules through this channel. An
aperture with a diameter of 3 mm in a shielding is
placed between the EMBS and the reaction chamber
of the TEM in order to reduce the flow of the gas in
the reaction chamber and the TEM. The EMBS is re-
sistively heated (temperature range 300–650 K) using
six heaters made from ceramic tubes and tungsten
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Fig. 3. Schematic view of the effusive molecular beam source.

wire (diameter of 0.25 mm). The temperature of the
EMBS is measured at two various positions by a
pair of thermocouples (chromel–alumel). The gas
inlet system of EMBS is working at higher pressure
(typically 100–105 Pa) and the gas is introduced to
the EMBS through a precise diaphragm regulating
valve, reducing the gas pressure to 0.1–7 Pa. At these
pressures the mean free path of the molecules in the
EMBS is much longer than the typical dimension of
the EMBS and thus the collisions of the molecules
with the walls are dominant (≈104 collisions). We
assume that the molecules are in thermal equilibrium
with the walls of the EMBS and thus the temperature
of the molecules is equal to the temperature of the
walls measured by the thermocouples. If the gas flow
through the EMBS is constant, the density of the gas in
the molecular beamn0 varies with the temperature of
EMBS (henceT) according to following expression:

n0 ∼ T −0.5 (2)

If a cross-section for DEA does not depend onT, the
ion current will follow this dependence.

Calibration of the electron energy scale and estima-
tion of the electron energy distribution function of the
electrons have been performed using the EA reaction:

e− + SF6 � (SF6)
∗− (R5)

This molecule possesses in the threshold region
(≈0 eV) a very high attachment cross-sections. Tran-
sient negative ions (SF6)∗− can be detected in a mass

spectroscopic experiment due to its very long lifetime.
The cross-section of the reaction (R5) has been mea-
sured with sub-millivolt energy resolutions by Klar
et al. [17] using the laser photo-ionisation technique.
The threshold behaviour of the EA cross-section has
been measured and strong decrease in the cross-section
with increasing electron energy has been observed
(E−1/2 at nearly 0 electron energy). For that reason
SF6 molecule is frequently used for the calibration
of an electron energy scale as well as for the estima-
tion of the spread of the electron energy distribution
function in crossed beams experiments[12]. Fig. 4
shows a typical dependence of the SF6

− ion current
measured as a function of the electron energy. The
shape of the low electron energy peak is due to the
convolution of the attachment cross-section and the

Fig. 4. Ion yield curve for the non-dissociative electron attachment
SF6

−/SF6 at room temperature.
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electron energy distribution function. The maximum
of the peak indicates zero electron energy and the
width of the peak at the half maximum is a measure
of the electron energy distribution.

3. Results

3.1. CCl4

The dissociative electron attachment to the CCl4

molecule (R1) proceeds through two steps: (i) forma-
tion of the TNI and (ii) dissociation of the TNI. The
lifetime of TNI has been observed by Kalamandris
et al. to be short[18] (τ ≈ 30 ps) and therefore no par-
ent molecular ions can be detected in a crossed-beams
experiment at low electron energies (below 2 eV).
The only product of DEA reaction in the low electron
energy range observed in crossed beams experiments
is Cl− ion. The cross-section for DEA to CCl4 has
two well distinguished peaks, the first one at very low
energies due to DEA induced by a capture of slow
s-wave electrons to the ground ion state of2A1, and the
second one at around 0.8 eV due to the DEA process
to the excited state of the negative ion state2T2 [19].

The first gas temperature DEA study to CCl4 in
a crossed beam experiment has been performed by
Hickam and Berg[20]. They observed two peaks in
the DEA ion yield curves, at about 0 and 0.6 eV. In this
experiment a decrease of the intensity of the first peak
with the gas temperature was observed in the tempera-
ture range 353–523◦C. The second peak showed only
small changes with the gas temperature. Spence and
Schulz studied the gas temperature effects in the DEA
to CCl4 [4] (up to 1050 K) and reported temperature
effects only at the highest temperature (increase of the
second peak). At lower gas temperatures no effects
have been observed, this was probably due to usage
of an iridium oven in contrast to the present stainless
steel one. In another crossed beam experiment, no de-
pendence of the cross-section for DEA to CCl4 in T
has been observed[12]. Several gas temperature de-
pendent studies of DEA to CCl4 have been performed
in the swarm experiments. These studies demonstrated

Fig. 5. (a) Ion yield curve for DEA reaction Cl−/CCl4 as a function
of electron energy and gas temperature. (b) The intensities of the
≈0 and 0.8 eV peaks for DEA to CCl4 as a function ofT. The
T−0.5 dependence of the ion signal is indicated by the solid line.

that the DEA to CCl4 was not enhanced by increasing
the temperature and indicating that no AE for DEA to
CCl4 exists[7,21,22,23].

In the present study Cl− ion yield has been mea-
sured as a function of the electron energy for DEA
reaction to CCl4 (Fig. 5a) at an electron energy resolu-
tion 17 meV (FWHM). The shape of the ion yield as a
function of electron energy is in very good agreement
with previous beam studies[5,12,19]. The first, most
intense peak has been located at 0 electron energy and
the second, broad peak at about 0.8 eV. The gas tem-
perature dependent studies of DEA to CCl4 showed
slow decrease of the zero peak intensity withT in the
range 340–450 K (Fig. 5b). At the gas temperatures
above 470 K more pronounced decrease of the Cl−

signal withT has been observed; very similar depen-
dence of the ion intensity onT has been observed for
the 0.8 eV peak. The slow decrease of the Cl− signal
with T for both peaks is only due to the decrease in the
gas number density of the molecular beam withT and
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thus follows theT−0.5 law (2). For this reason it can
be concluded, that the cross-section for the DEA does
not depend onT in the temperature range 340–450 K.

A considerable decrease in the ion intensity at tem-
peratures above 470 K is most probably due to thermal
decomposition of CCl4 in the EMBS. Analogous ef-
fects have been observed in the DEA studies to CH3Cl,
C2H5Cl and C3H7Cl by Pearl and Burrow[24]. In that
work HCl as a product of the thermal decomposition
of these molecules on the surfaces has been clearly
identify. Thermal decomposition of CCl4 on iron has
been observed by Lara et al.[25] in the temperature
range from 500 to 700 K. As a main decomposition
product was identified iron chloride in form of sur-
face film. In the EMBS the collisions of the molecules
with the hot walls prevail. Due to the collisions of the
molecules with the walls a catalytic-enhanced ther-
mal decomposition of molecules may take place and
therefore already at a relatively low gas temperature
470 K the decrease in the number density of CCl4 in
the molecular beam is observed. The thermal decom-
position of the molecules in the gas phase requires
much higher temperature[26]. After finishing these
gas temperature studies the EMBS has been opened
and the surfaces of the EMBS have been covered with
a black film. This film contained most probably ther-
mal decomposition products as observed in[25].

3.2. CHCl3

The first measurement of the gas temperature depen-
dence of DEA to CHCl3 (R2) in a crossed-beams ex-
periments has been carried out by Spence and Schulz
[4]. The measured DEA cross-section as a function
of electron energy to CHCl3 (chloroform) exhibited
two peaks, the first one at about 0 electron energy and
the second one at about 200 meV. An increase of the
intensity of the first peak withT has been observed.
From this increase of the cross-section at electron en-
ergy ≈0 eV an activation energy for DEA to CHCl3

of about 25 meV can be derived. Chu and Burrow[19]
measured the DEA cross-section to CHCl3 at the room
temperature and found the position of the first peak at
the zero electron energy and the position of the second

peak at about 270 meV. Matejčik et al. [12] measured
DEA cross-section to CHCl3 as a function ofT in the
gas temperature range 310–436 K. The position of the
two peaks was in agreement with the foregoing experi-
ment in[19]. The intensity of the second peak was less
pronounced, probably due to discrimination effects
in the reaction chamber for high energetic ions. An
activation energy of 110 meV has been derived from
the gas temperature dependence of the zero energy
peaks. In a large number of DEA studies to CHCl3

in swarm experiments, the activation energy between
95 [7] and 120 meV[8] has been obtained. Recently,
Sunagawa and Shimamori published gas temperature
studies of DEA to CHCl3 using a pulsed-radiolysis
microwave technique[27]. Using this technique the
activation energy of 130 meV has been determined.

Present studies of DEA to CHCl3 (Fig. 6a) are in
the agreement with the previous crossed beam stud-
ies [12,19,28] concerning positions of the apparent
peaks. The ion yields for DEA to chloroform have two

Fig. 6. (a) Ion yield for DEA reaction Cl−/CHCl3 as the functions
of the electron energy and the gas temperature. (b) Cl− intensitiy
of the ≈0 and 0.27 eV peaks in CHCl3 as the functions ofT. The
T−0.5 dependence of the ion signal is indicated by a solid line.
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well-resolved peaks, the first one at about 0 electron
energy and the second one at 270 meV. Both peaks
result from the electron capture to the ground anionic
state2A1 of the chloroform[19]. At electron ener-
gies above 1 eV contribution of the2E anionic state
to the DEA has been observed[28]. The ion yields
have been measured in the gas temperature range
328–520 K and with an electron energy distribution of
about 50 meV FWHM. The variations of the intensi-
ties of the first and the second peak withT are plotted
in the Fig. 6b. The first peak increases withT in the
temperature range 328–419 K. At higher gas temper-
atures a decrease of the signal is observed. This effect
is attributed to the thermal decomposition of CHCl3 in
the molecular beam source, similarly as in the case of
CCl4 and in[24]. The intensity of the second peak de-
creases withT according toT−0.5 law (in the temper-
ature range 328–422 K). Therefore, one can surmise
that the second peak of DEA cross-section to CHCl3

does not depend onT in this temperature range. An
Arrhenius plot for the zero energy peak of the CHCl3

molecule is presented inFig. 9. From the slope of
the Arrhenius plot, an activation energy for DEA to
CHCl3 of 80±20 meV has been estimated. The value
of the activation energy is close to the value of 95 meV
measured by Wentworth et al.[29], but in most swarm
experiments the activation energies for CHCl3 close
to 130 meV has been found[27]. The lower value of
AE in the present experiment is probably due to the
thermal decomposition of CHCl3 in the molecular
beam source. Due to the thermal decomposition of the
CHCl3 in the EMBS at higher temperatures, number
density of CHCl3 in the molecular beam drastically
decreases and this decrease affects the apparent re-
duction in the intensity of the Cl− signal at electron
energy≈0 eV.

In order to obtain the absolute partial cross-section
at the gas temperatures 328 and 422 K (Fig. 7.), the
present ion yield (forT = 328 and 422 K) has been
calibrated using the cross-section estimated for DEA
to CHCl3 in [28] (9.63× 10−16 cm2 at 0.27 eV). The
second peak does not depend on the gas temperature,
therefore can be used for calibration purposes. For
comparison the cross-section from[28] is presented.

Fig. 7. Cross-section for the DEA reaction Cl−/CHCl3 as a function
of the electron energy at 328 and 419 K.

There exists very good agreement between the present
data and earlier data[28] within the electron energy
range 0.15–0.9 eV. The second peak has been located
in both experiments at 0.27 eV. The differences ob-
served at electron energies below 0.15 eV are most
likely due to rapid changes of the electron current in
this region, which is difficult to take into account and
also due to the different electron distribution func-
tions. The shoulder within the electron energy interval
of 1–2 eV, due to DEA process via2E anionic state
has been observed in present experiment with rela-
tively higher intensity than in[28]. In the present ex-
periment, the contribution of the CHCl2

− ion to this
shoulder can be excluded. The cross-section for DEA
to CHCl3 has been derived from the electron temper-
ature dependence of the DEA rate coefficient[27] by
using a deconvolution procedure. Those for the gas
temperature 300 and 450 K, respectively, are shown
in Fig. 7 together with the present cross-section data
obtained at the gas temperature of 328 and 419 K.
The cross-sections have a similar shape at electron
energies above 100 meV, however the second peak
found in [27] is slightly shifted towards the higher
electron energy (330 meV). At electron energies be-
low 0.1 eV the increase of the cross-sections with de-
creasing electron energy has been found in the present
study and also in earlier experiments[27]. The in-
crease in this part of the cross-section withT is evident
from Fig. 7.
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3.3. CF2Cl2

The molecule CF2Cl2 (Freon 12) is of great impor-
tance for the atmospheric chemistry. The role of this
molecule in destruction of the stratospheric ozone has
been recognised. For this reason the study of reactivity
of such molecule has attracted high attention over the
last three decades. In beam experiments Illenberger
et al. [30] have measured DEA to CF2Cl2 (R3) at
room temperature. At low electron energies only one
peak for production of Cl− at around 0.8 eV has been
observed. Chen and Chantry have measured DEA of
low-energy electrons to this molecule in the temper-
ature range from 300 to 1000 K, using a retarding
potential cross-beam technique[31]. The activation
energy of 130 meV has been estimated from the mea-
sured zero energy peak. Kiendler et al.[15] experi-
mentally investigated the effect of the gas temperature
on the relative cross-section for DEA to CF2Cl2. At
low electron energies (≈0 eV) a strong peak in at-
tachment cross-section has been observed followed
by a shoulder up to 0.8 eV. From the temperature
dependence of the ion signal at low electron energies
(≈0 eV) an activation energy of 120 meV has been
estimated. Recently, Aflatooni and Burrow[32] pub-
lished absolute cross-section for DEA to CF2Cl2. In
the electron energy range below 2 eV two resonances
have been observed, the first one at≈0 eV and the
second one at 0.71 eV. For the second resonance the
absolute cross-section has value of 5.44× 10−17 cm2.
A large number of swarm experiments has been per-
formed to study the process (R3). The temperature
dependence of the rate coefficient for DEA to this
molecule has been measured by Smith et al.[8] in
the temperature range 200–600 K and an activation
energy of 150 meV has been derived from these mea-
surements. Using an electron cyclotron resonance
technique Schumacher et al.[33] derived an activation
energy of 190 meV and Wentworth et al.[29] a value
of 150 meV.

In the present work ion yields for DEA to CF2Cl2
(R2) have been measured as a function ofT in the gas
temperature range 402–515 K (Fig. 8a). The electron
energy distribution of the electron beam was 56 meV

Fig. 8. (a) Ion yield curve for DEA reaction Cl−/CF2Cl2 as a
function of the gas temperature. (b) Cl−/CF2Cl2 intensity of the
≈0 and 0.7 eV peaks as a function ofT. The T−0.5 dependence
of the ion signal is indicated by a solid line.

FWHM. The ion signal, as a function of the electron
energy at the lowest gas temperatureT = 402 K,
exhibits two peaks, the first one at≈0 eV and the
second one at 0.7 eV. The positions of two peaks
agree well with those in recently published by Hah-
ndorf and Illenberger[10] and Aflatooni and Burrow
[32].

Strong temperature dependence of the zero en-
ergy peak is evident fromFig. 10b. In the previous
temperature-dependent beam experiments[10,15]
similar effects have been observed. From the slope of
the Arrhenius plot (seeFig. 9) an activation energy
of 130 meV can be estimated for. The intensity of
the second peak (0.7 eV) decreases withT as T−0.5

(Fig. 8b). It hence can be concluded that the cross-
section at electron energy of 0.7 eV is independent on
gas temperature.
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Fig. 9. Arrhenius plots for the DEA Cl−/CF2Cl2 and Cl−/CHCl3.

Fig. 10. (a) Ion yield curve for the DEA reaction Br−/CHBr3. (b)
Br−/CHBr3 intensity of the 0 eV peak as a function ofT. For a
comparison the gas temperature dependence of the first peak in
the DEA to CCl4 is presented. TheT−0.5 dependence of the ion
signal is indicated by a solid line.

3.4. CHBr3

DEA to bromoform (R4) has been measured as a
function of the electron energy and the gas temper-
ature at an FWHM of 70 meV. The Br− ion yield as
a function of electron energy (Fig. 10a) exhibits two

peaks, at≈0 and at 0.5 eV. Sunagawa and Shimamori
[34] measured the total rate coefficient for electron
attachment to CHBr3 as a function of the electron
temperature atT = 300 K using pulsed-radiolysis
microwave method. Using the rate coefficients and a
deconvolution procedure the cross-section for electron
attachment to CHBr3 has been derived and is com-
pared with the present data (Fig. 11). The relative data
was calibrated by the valueσ = 1 × 10−15 cm2 at an
electron energy of 200 meV. There are two substantial
differences between present data and data published
by Sunagawa and Shimamori[34] (i) at electron
energies below 100 meV and (ii) above 300 meV.
In the low electron energy range (below 100 meV)
the shape of present data is apparative, due to the
finite electron energy distribution function of the
electron beam (FWHM= 70 meV). At the electron
energies above 300 meV, clear broad structure ap-
pears in the present data, with the maximum at about
500 meV, which is not observed by Sunagawa and
Shimamori[34].

The gas temperature dependence of the first peak
in the temperature range 356–538 K is shown in the
Fig. 10b. In the temperature range 356–458 K the
intensity of the first peak varies with the gas temper-
ature asT−0.5. It can be surmised that in this temper-
ature range the cross-section for DEA to CHBr3 does
not depend onT. The decrease of the ion signal at gas
temperatures above 458 K is due to thermal decom-

Fig. 11. DEA cross-section Br−/CHBr3 as a function of the electron
energy at room temperature.
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position of the CHBr3 in the EMBS. A similar ef-
fect has been observed in the case of CCl4, CHCl3
in present work and in case of CH3Cl in [24]. In
Fig. 10bfor comparison, the gas temperature depen-
dence of the zero electron energy peak in DEA CCl4

is presented. The DEA studies to CHBr3 have been
performed in a mixture of CHBr3 and CCl4, hence
both signals have been measured simultaneously. The
gas temperature dependencies of the first peaks of
CHBr3 and CCl4 are identical. This fact indicates that
both the cross-section for DEA to CHBr3 and to CCl4
is not affected by gas temperatureT and that surface
assisted thermal decomposition of CHBr3 on walls
of the EMBS has similar character as the thermal
decomposition of CCl4.

4. Conclusions

In the present paper the study of dissociative elec-
tron attachment to several halocarbon molecules in
the gas phase have been carried out using a new
high-resolution electron-molecular beam apparatus.
Using a heated effusive molecular beam source the
temperature dependencies of dissociative electron
attachment to CCl4, CHCl3, CF2Cl2, and CHBr3
have been measured within the gas temperature range
300–550 K and the electron energy range 0–2 eV.
DEA to CCl4 and CHBr3 have been measured in the
gas temperature range 376–538 K. In the gas temper-
ature range 376–460 K, and the entire electron energy
range the cross-section for DEA does not vary with
T. At the gas temperatures above 460 K a strong de-
crease of the ion signal has been observed for both
molecules due to surface assisted thermal decompo-
sition of molecules in the molecular beam source.
The DEA attachment reactions to CHCl3 and CF2Cl2
showed a different behaviour with increasing tem-
peratureT. A substantial increase of the low electron
energy peaks has been observed for CHCl3 within
the temperature range 328–422 K and for CF2Cl2 in
the gas temperature range from 402 to 543 K. An
activation energy of 80± 20 meV for CHCl3 and
130 ± 20 meV for CF2Cl2 have been derived from

the corresponding Arrhenius plots. The DEA reac-
tion via the second peaks (0.27 eV for CHCl3 and
0.7 eV for CF2Cl2) are in this temperature range
independent onT. The decrease of the Cl−/CHCl3
signal at gas temperatures above 422 K is assigned
to the surface-assisted thermal decomposition. In the
case of CF2Cl2 the thermal decomposition has not
been observed over the entire measured temperature
range.
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