INTERNATIONAL JOURNAL OF QUANTUM CHEMISTRY, VOL. XI, 971-978 (1977)

A Survey of Some
Theoretical Studies of Negative Ions

JACK SIMONS*
Department of Chemistry, The University of Utah, Salt Lake City, Utah 84112, US.A.

Abstracts

The quantum chemical methods employed by us to investigate the stabilities, charge densities, and
bonding characteristics of atomic and molecular anions are briefly reviewed. The results of our work on
chemically interesting species are surveyed, as are our initial results on the treatment of solvation
effects in anionic systems. Finally, a simple-minded approach to the problem of finding shape
resonances for electron—atom scattering processes is outlined.

Nous présentons une revue des méthodes quanto-chimiques que nous avons utilisées pour étudier
les stabilités, les densités de charge et les caractéristiques des liaisons d’anions atomiques et
moléculaires. Les résultats pour des cas d'intérét chimique et les premiers résultats sur le traitement
des effets de solvation sont donnés. Une esquisse est présentée d’un procédé pour trouver des
“résonances de forme”™ pour des processus de diffusion électron-atome.

Die von uns verwendeten quantenchemischen Methoden fur die Untersuchungen von Stabilitéiten,
Ladungsdichten und Bindungskennzeichen von atomaren und molekularen Anionen werden kurz
besprochen. Die Resultate fiir Fille von chemischem Interesse und die ersten Resultate iiber
~ Losungseffekte in Anionsystemen werden angegeben. Ein einfaches Verfahren fiir die Beschreibung
von “Formresonanzen” in Elektron-Atom-Streuungsprozessen wird skizziert.

1. Introduction

In surveying the research on negative ions carried out in our research group at
~Utah, I have decided to attempt to give an overview of several projects, rather
_than to cover one of them in great detail. In this way, I hope to give the reader a

good understanding of how thése projects fit together as a single unit whose
ultimate goal is the understanding of the physical properties and chemical
behavior of stable and metastable anions both in the gas phase and in solution. To
provide the reader with access to more detailed treatments of the topics covered, I
have given references to the recent literature.

In Section 2, I review the electron propagator theory used to compute elec-
tron affinities, which include orbital relaxation and electron correlation effects,
and I demonstrate the accuracy of our approach by comparing several of our
results to those of accurate experimental determination. Section 3 contains an
overview of both our recent work on the binding of electrons to highly polar
closed-shell molecules and our model studies of electron-molecule and anion—
solvent interactions. In Section 4 I describe an easily implemented procedure for

* Alfred P. Sloan Foundation Fellow, 1973-1977.
971
© 1977 by John Wiley & Sons, Inc.






