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Introduction

Electron attachment studies are of fundamental importance to the understanding of
electron-molecular interactions and the mechanisms of negative ion formation. In
addition these studies are of practical value for the design of industrial gas discharge
devices (such as high voltage switches, refrigerators, plastic foam and propellant gas
production) and for the elucidation of atmospheric processes. For instance the
atmosheric abundance of chlorofluorocarbon (CFC) gases has been growing rapidly in
the past decades due to human activities and it has been recognized that CFC gases are
involved on the one hand in the destruction of the ozone in the lower stratosphere and
on the other hand may be efficient green house gases. Besides this catalytic destruction
ozone is also subject to dissociation by photons and electrons. Whereas under
stratospheric conditions dissociative dissociation of ozone is initiated predominantly
by photons, in the D-region of the ionosphre (and also in gas discharges) electrons play
an important role in dissociating O3. The fragment anions O" and O2* thus produced are
either lost by associative attachment with atomic or molecular oxygen or in charge
transfer reactions with ozone. The ozone anion produced is then lost in further
reactions leading to the formation of the most important atmospheric negative ions
NO2", NO3" and CO2". The recognition of the importance of ozone in the stratosphere in
reducing biologically harmful UV radiation that would otherwise reach the earth's
surface, has attracted great scientific attention and led to many studies concerning the
physics and chemistry of these reactions. As electron attachment and the properties of
anions are involved in these processes we have recently studied the attachment cross
sections of some of the these molecules and their respective clusters, hi particular we
will summarize here results concerning oxygen, ozone, oxygen clusters, ozone
clusters, mixed oxygen/ozone clusters and some CFC gases. For more details see also
some recent and forthcoming papers from our laboratory [1-8].

Experimental

In principle free electron attachment can be investigated either by swarm techniques
yielding information on the attachment rate constant k as a function of electron and/or
gas temperature or by crossed beam experiments yielding information on the
attachment cross section a as a function of electron energy and gas tempreature.
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energies via an exothermic reaction channel to the production of Cl* as the most
abundant fragment ion observable. Apart from a strong dependence of the cross section
on the electron energy (of the form E"1) indicating s-wave capture, a strong dependence
on the gas temperature could be observed indicating the existence of an activation
barrier. In contrast the CClaBr shows a different behaviour in that the two fragment
ions Br" and Cl" formed are in competition and the branching ratio between these two
products is strongly electron energy and gas temperature dependent. At a gas
temperature of 311 K the branching ratio increases with electron energy from an initial
value of 20% to the statistical value of about 75%; similar tendencies can be observed
at higher gas temperature. This increase of the branching ratio with electron energy is
attributed to the existence of an activation barrier for the Cl* channel and the kinetic
energy of the electron serves to overcome this barrier. In a simiar fashion, the increase
of the branching ratio at low electron energies from a value of 20% for a gas
temperature of 311 K to about 80% (the statistical value) at 423 K can be interpreted
by depositing the energy necessary to overcome the barrier as vibrational energy in the
molecule via heating of the gas prior to the attachment reaction. From the temperature
dependence of the corresponding zero energy peaks an activation energy of 120, 120
and 50 meV has been deduced after plotting the data in a Arrhenius fashion for
CF2CI2, CCI3H and CClsBr, respectively. Finally, it is interesting to note that in the
case of CC^Br we have observed for both fragment ions at about 0.7 eV an additional
peak in the otherwise decreasing cross section. We postulate that this peak is due to the
onset of p-wave electron capture starting to show up at around 0.4 eV and beginning to
decline by abot O7.eV. This view is strengthened by the fact that this peak is about a
factor of 3 greater than the s-wave cross section predicted at this energy from the
present data below 0.4 eV. This factor three is tantalizing equal to the predicted ratio
of the maximum p-wave and maximum s-wave capture cross section, i.e.,
(21+1)/(21+1), where 1 is the respective angular momentum. Moreover, the rapid
decrease in the cross section at electron energies above the p-wave peak can be related
to an increased rate of autodetachment from the nascent ion. The dependence of the
autodetachment rate on the internal energy of the transient anion is predicted
theoretically to have the form of a power law E5"1 where s is the number of vibrational
degrees of freedom. This law is compatible with the presently observed decrease.

2. Electron attachment to ozone, ozone/oxygen cluster and oxygen cluster.
Ozone: Because of the lack of absolute cross section data and the lack of reliable
reaction rate constants at higher electron energies (necessary for the modeling of gas
discharges) we have studied attachment to ozone up to about 9 eV using a negative
corona discharge ozonizer for producing the necessary oxygen/ozone gas mixture.
After absolute calibration of the ozone gas density and taking into account the different
detection efficiencies absolute cross sections for both fragment anions have been
obtained, the corresponding maximum peak values are 2.8xlO*17 cm2 at 1.33 eV and
1.8x 10"17 cm2 at 1.05 eV for O" and O2" respectively.
Ozone/oxygen cluster: Electron attachment to a cluster beam formed by expansion of
a 1% ozone and 99% oxygen mixture in the energy regime up to 4 eV has revealed as
the dominant anions produced undissociated cluster ions (O^ including the monomer
O3". This behavior is due to an enrichment of ozone in the cluster production process
and the preferential formation of O3* in the mixed cluster. The structured energy
dependence of the O3* cross section is attributed to three different attachment
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Recently we have drastically improved the energy resolution (down to below 10 meV
at electron currents of nA) to be achieved in a crossed beams experiment using a
trochoidal monochromator (TEM) as the primary electron beam source [1,2,8]. The
working principle of the trochoidal monochromator is shown in Fig.l Electrons
emitted from a tungsten filament are collimated by electrodes and aligned in the x-
direction by a homogeneous magnetic field produced with a pair of Helmholt coils
situated outside of the vacuum chamber. In the dispersion region consisting of a
crossed magnetic (x-direction) and electric (y-direction) field the electrons move in
trochoidal trajectories. This leads to a dispersion of the electrons in z-direction
according to their velocities in x-direction thus allowing to select a small part of this
distribution with an exit orifice. Only mis selected part of the original (thermal)
electron distribution is then accelerated to the final collision energy and interacts with
the neutral target beam in the ion source. In combination with either a temperature
controlled effusive molecular beam source or a supersonic nozzle expansion beam
source and a quadrupole mass spectrometer for analysis of the anions produced,
electron attachment spectra can be measured as a function of electron energy and beam
properties such as gas temperature and target composition. The necessary absolute
calibration of the energy scale, the characterization of the achieved electron energy
distribution in terms of its FWHM, and the demonstartion of the correct gas density
dependence on the gas temperature in the molecular beam has been carried out using
CCLj and SF6 as test cases [1,2,8]. From the electron attachment spectra thus obtained
information on the energetics (activation barriers from Arrhenius plots, solvation
effects in clusters), on the kinetics (shape and magnitude of cross section functions)
and on the underlying capture mechanisms (e.g., s-wave scattering, p-wave scattering,
vibrational excitation) has been obtained, see below.

Fig.l Schematic view of the crossed beams apparatus. Electrons emitted from filament F are
deflected in the dispersion region (SC) consisting of a crossed Ey and B, field. In the collision
region (CS) the electrons react with the neutral target beam (NB) producing ions which are
extracted (IB) and mass analyzed in a quadrupole mass spectrometer (QM). Electrons passing
the collision region without reaction are collected with a Faraday cup (FC).

Results and Discusssion

/. Electron attachment to CFC gases and CQsBr.
The present study is devoted to two important examples of the class of CFC
compounds, i.e., CF2C12 and CC13H, and in addition to CCl3Br. As is true for all other
CFC gases electron attachment leads in the case of CF2C12 and CC13H at low electron
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mechanisms, in the very low energy regime due to s-wave capture, around 1 eV due to
Feschbach resonances and above 1.5 eV due to selfscavenging.
Oxygen clusters: Electron attachment to gas phase oxygen leads to vibrationally
excited O2(v>3) which immediately autodetaches unless it is stabilized collisionally. In
a cluster environment a similar stabilization by evaporation of a monomer unit is
possible thus leading to stable stoichiometric anions including the O{. Using here
highly monochromatized electrons it is possible for the first time to resolve vibrational
structure in the electron attachment cross section. Based on a theoretical analysis of (i)
the cross section dependence on electron energy and of (ii) the vibrational structure it
is possible to elucidate the attachment mechanism responsible for the specific energy
dependence observed, i.e., involving at very low electron energy non-adiabatic s-wave
capture of the incoming electron by the entire cluster and at energies above about 80
meV Franck-Condon governed transitions to specific vibrational levels of a single
oxygen molecule within the cluster target, in both cases followed by evaporative
cooling.
Finally, it is interesting to note that we have recently extended our studies to mixed
N2/O2 clusters, mixed N2/SF6 clusters and pure NO2 clusters and pure CO2 clusters.
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