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Megative-ion resonances in low-energy electron-molecule scattering can drive the
dissociative electron attachment processes. We discuss two approaches to the theo-
retical description of dissociative attachment: the Feshbach projection-operator
merhod and R-matrix method. Thearetical results were obtained for several dia-
tomic and polyatomic molecules in the gas phase. We extend also the semiempirical
R-matrix theory to describe dissociative attachment to clusters and 1o molecules in a
condensed phase. The results of owr calculations show good agreement with  ex-

perimental data,

Introduction

The dissociative electron attachment
{DEA) is a two-step process  in which elec-
tron attaches to a molecular target to form a
temporary negative ion that subsequently
dissociates into a neutral and a stable anionic
fragment. This process is associated with
intense energy exchange between electronic
motion and nuclear motion. The fact that this
can occur, in spite of the small value of the
ratio of the electron mass to the nuclear
mass, makes the physics of this process par-
ticular interesting. At the same time the large
rates of these processes make them important
in technology, environmental applications,
astrophysics and atmospheric physics.

In spite of importance of DEA reactions,
they are poorly studied theoretically. Theo-
retical calculations still cannot be performed
routinely like in the area of electron-atom
and electron-melecule (non-reactive) colli-
sions, and there are many examples where
we have not achieved even qualitative under-
standing of DEA processes. The situation
becomes even more complicated when the
DEA process is affected by environment,
like in the case of DEA fo clusters and ad-
sorbates, and molecules embedded in a con-
densed medium.
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The present paper discusses recent theo-
retical advances in studies of DEA reactions.
We will start with a relatively simple dia-
tomic case, and then will turn to polyatomics
and clusters. Finally, we will discuss con-
densed-matter effects in DEA,

Diatomic molecules

The nuclear motion in the resonance
state is described by the Schroedinger equa-
tion with a non-local complex potential [1]
which results from the Feshbach projection-
operator formulation of the scattering prob-
lem. This potential can be constructed by
using the amplitude for the eleciron capture
from the continuum into the discrete reso-
nance state. However, there are several prin-
cipal and computational difficulties in solv-
ing the equation with the non-local potential.
Therefore, at the early stages of theoretical
development researchers were using the local
approximation [2,3].

An accurate approach [4,5] which fully
incorporates the non-local effects, is based
on the discretization of the vibrational con-
tinnum using the Lanczos or Schwinger-
Lanczos discretization method.

An alternative approach [6] uses the
quasiclassical representation of the non-local
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complex potential. It is natural in this prob-
lem because the nuelear motion is essentially
quasiclassical, and its accuracy was shown to
be very high. The quasiclassical approach
was recently applied to ab initio caleulations
of DEA to Hy and HF molecules [7]. Both
targets attach electrons at low energies, but
with very small cross sections of the order of
10" cm®. However the cross section grows
strongly if the molecule is vibrationally
and/or rotationally excited. This effect for
the molecular hydrogen was satisfactorily
described by the local version of the reso-
nance theory {B]. More accurate results were
provided by the non-local calculations
[9,10]. A pronounced temperature effect,
confirming experiment [11], was recently
found for HF [10].

In summary, the resonance theory has
become an efficient tool for calculation of
DEA process, and we are in a position to do
ab initio calculations for several diatomic
molecules in their ground states and rota-
tionally and vibrationally excited states.

Polyatomic molecules and clusters

Ab initio methods are still quite difficult
to implement for polyatomics, therefore in
this case we use a semiempirical version of
the resonance theory based on the single-
pole approximation for the R matrix [12].
R-matrix parameters are determined from the
potential energy curves and from available
experimental data on vibrational excitation
or DEA. Like in the projection-operator ap-
proach, the nuclear dynamics can be treated
in the quasiclassical approximation [13].
This approach turned out to be quite success-
ful for description of DEA to methyl halides

e+ CH;X - CH;+ X[ (1)

where X stands for Cl, Br, or I. In addition to
approximations, listed above, we assume that
orly one vibrational mode, C-X symmetric
stretch, participates in the process. The cal-
culated cross sections for the process (1)
[14] vary in enormous range from virtually

12

unmeasurable 1072 ¢m?® for CH;Cl at room
temperature to 10" em? for CH;l.
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Fig. 1. DEA to CH;l. Mumbers near the curves
indicate the solvation energy in eV,

Another interesting feature of these cross
sections 1s a sharp peak near the vibrational
excitation threshold which was first experi-
mentally detected for CHizl [15] and inter-
preted as the vibrational Feshbach resonance
associated with the temporary capture of the
incident electron into the long-range field of
the vibrationally excited molecule. In Fig. 1
we present the DEA cross sections for
methy! iodide calculated with anion curves
shifted downwards by different amounts. We
showed recently [16] that this shifting allows
us to describe the solvation effects in DEA to
clusters. Calculations show that for higher
solvation energies vibrational Feshbach
resonance disappears. This is confirmed by
experimental observations of DEA to methyl
iodide clusters [16].

Very sharp vibrational Feshbach reso-
nances were recently found [17,18] in the
process of electron attachment to N:O and
CO; clusters. The resonances occur at ener-
gies below those of the vibrational excita-
tion energies of the neutral clusters. The red
shift rises with increasing cluster size by
about 12 meV per unit for CO,, and with
much smaller rate for N;0. These observa-
tions were explained by simple model cal-
culations for the size dependent binding en-
ergies which incorporate the strong polariza-
tion attraction between the electron and the
cluster.
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Condensed-matter
and surface effects

Polarization of the medium strongly af-
fects DEA to physisorbed molecules and
molecules embedded in medium. This effect
is similar to the solvation effect in electron
attachment to clusters discussed above. Two
series of experiments [19-21] on DA to
CH;Cl and CF5Cl molecules were recently
performed: in the first molecules were phy-
sisorbed on a film of rare-gas atoms, and in
the second a layer of molecules was sand-
wiched between two films. In the first case
the surface effect can be simply incorporated
by lowering the negative-ion curve by the
amount of polarization energy of a point
charge on the dielectric surface. The results
of this calculation for CF3Cl are presented in
Fig. 2. R-matrix parameters were taken from
the gas-phase model [22]. Good agreement
with experiment is ohserved both for the ab-
solute magnitude cross section and the shape
of the energy dependence. The case of
CH;Cl 15 more difficult because the DEA
cross section in the gas phase is very small,
and the results are very sensitive to details of
the theoretical model. Nevertheless, caleula-
tions [19,21] are able to reproduce the major
feature of DEA to CH;Cl: enormous increase
of the cross section (by almost six orders of
magnitude) due to polarization of the me-
dium.

0.5
ﬂE S . ‘ CF4Clan Kr
!u \ :._;"'F'._\_ °
c, .
e / % .
et uls_ &
i g”° N
i / AN
202 [ | A
a i N
B * / N |
0.1 ;
.. .I/-r \\\\1
o0 L &7 ——
00 02 04 08 a8 10 132 14 18

anergy (e

Fig. 2. DEA to CF1Cl condensed on & Kr surface.
Solid curve - theory;
circles — experimental data [20].
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BIJI TA30BOI ®A3H IO KOHIEHCOBAHOI ®A3H
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Peiowancd, nos'ssani 3 yTEOPCHHAM  HEeraTHEHHX [OHIBE Dpe  poscioBanni
HHIBKOSHEDICTHHHNK CJACKTPOHIE HE MOMEKYAAX, MO#YTE COPHIHHHIH NpOUSCH
JHCOLIATHEHOTD TRUIHNARHE enekTpoHis, OOTOROPICIOTRCA OBA MIAXOOH [0
TEOPETHMHOTO OTHCY AHCOLIATHBHOrD [PHAHDAHHA! METOZ ONEPATOpa npoekuil
Peidaxa § merold R-Martpiul. OTPHMARO TEOPeTHAHI PesyvAbTATH [ANA KINBKOX
ABOATOMHHY | BaraToaToOMHHXY MONSKYA ¥ rasoBift ozl Hasi Takow posmupeno
HanipeMOipHaEY Teopin R-MaTpui 3 METOH ONHCY DHCOLIATHEHOMO NpPHAHTLHKA
A0 knacTepis | Molexyn ¥ KoHAelcoBaHiN (al. PesyakTaTH HalMX poipaxyHKis
200PE YarouAyrOTCH 3 CRCIEPHMEHTANEHUMH JAHHM M,
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