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ABSTRACT

In this project, electron transfer rates are predicted by numerical methods, in a collabo-
ration with Argonne National Laboratory . Emphasis is on electron transfer involving ions
known to be important in enhancing stress corrosion crackingin light water reactors and on
electron transfer at oxide surfaces. In the report period, we have produced a new theory for
description of the Jahn Teller effect in the solvation shell of the cuprous ion in aqueous so-
lution, have implemented it in a molecular dynamics simulation and compared the results
with experimental neutron scattering measurements on solutions containing the cuprous
ion. A large amount of numerical data has been collected on the transition state of the fer-
rous ferric electron transfer reaction at an electrode. Work was completed on a polarizable
and dissociable model of water for use in the electron transfer studies. New calculations
of the conductivity in models of oxides have shown the existence of impurity conduction
bands in such models for the first time. The principal investigator organized and edited the
proceedings for the first Symposium on Microscopic Models of the Electrode-Electrolyte
Interface, held at the Toronto meeting of the Electrochemistry Society in October, 1992
and including lead speaker Rudy Marcus (Nobel prize, 1992 for work in theory of electron
transfer).

The objective of this work is to calculate electron transfer rates at electrode electrolyte
interfaces with emphasis on electron transfer involving icns known to be important in
enhancing stress corrosion cracking in light water reactors. We collaborate with quantum
chemist Larry Curtiss and experimental electrochemist Zoltan Nagy of Argonne National
Laboratory in this work. The role of the Minnesota group is to provide large scale molecular
dynamics and electronic structure calculaticns and overall guidance in physical theory to
the effort. Previous to the grant period on which we report here, the results of a study of
the ferrous-ferric electron transfer reaction were completed and reported in 1. In the report
period, we continued studies on the characterization of the transition state in the ferrous-
ferric transition. The transition state studies of the ferrous-ferric problem were outlined in
the proposal for this grant. We obtained a special computation grant from Cray Research
for continuation of this work and have accumulated data on more than 200 configurations
of water molecules in the presence of a ferric ion for a detailed study of the microscopic
nature of the transition state. The study is currently continued by Dr. Barton Smith( sce
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personne] listing below.)

The experimental program at Argonne has undertaken a study of electron transfer from
the cuprous ion to an electrode. This ion is specifically implicated in the stress corrosion
cracking studies which motivate the entire program, We have made major progress on the
study of the cuprous ion, in preparation to interpret experiments on the electron transfer
reaction to a cuprous ion in solution, which are now under way at Argonne. The main
problem which differentiates the cuprous ion problem from the ferric-ferrous one is the
reported existence of a Jahn Teller effect in the solvation shell of the cuprous ion in aqueous
solution. To understand this we discovered that a rexamination of the conceptual basis for
defining a Jahn Teller effect in the solvation shell of an ion in solution was required. The
resulting picture is described in a recent publication in Physical Review Letters? where a
molecular dyanmics model and calculated results from it are also reported. .\ second paper?®
describes a comparison of calculations from the molecular dynamics model with reutron
scattering experiments. The conclusion is that, unfortunately, the experimental evidence
for observation of a Jahn Teller effect in this ion is not conclusive and we are currently
exploring other possible explanations for the observations, including the possibility of ion
pairing. Xiang Rong Wang worked on this problem while he was a post- doctoral associate
with the group from 1990-92.

Our studies of the effects of the dynamics of the solvation shell of dissolved ions on the
electron transfer process depend heavily on the reliability of our molecular dynamics model
of water. Recently we completed work on a new molecular dynamics model for water, in
which the water molecules are both polarizable and dissociable? and have begun work to
study the behavior of the solvation shell of the cuprous ion in this model. Other exciting
possibilities emerge as a result of the existence of this model, including microscopic studies
of reactions involving "protons” (hydronium) and hydroxyl groups in water.

A better understanding of the electronic structure of the disordered oxides characteristic
of electrode surfaces is required in order to characterize electron transfer at such surfaces.
Aspects of our earlier work on oxides, specifically titanium dioxide, are summarized in
a paper® in which results of our calculations are used to interpret photoelectrochemical
studies of TiO, films on titanium electrodes by workers at the Corrosion Center at the
University of Minnesota. In this work, we proposed a reinterpretation of photocurrent
measurements which had previously been interpreted to suggest that the energy gap in the
titanium dioxide had been widened by the existence of disorder in the film. Instead, the
calculations show that the gap observed is the gap of bulk titanium dioxide. We expect that
states inside the gap should be present due to donors arising from oxygen vacancies but
these are not seen in the photoconductivity measurement. We understood this by a later
calculation of the conductivity® which shows that the mobility gap which is observed in the
photoconductivity experiments is not expected to shift at the low vacancy concentrations
present, because the donor states associated with the vacancies are localized until they
begin to percolate at significantly higher concentrations. ( Earlier work on the frequency
dependence of the conductivity in disordered conductors was published in Physical Review



Letters. 7 ) Our numerical methods for these calculations are innovative, and a detailed
.degcription of our code for titanium dioxide has been accepted for publication in Computer
Physics Communications® . In related work supported by other sources, we have used also
used these equation of motion methods to study an innovative model for the origin of high
temperature superconductivity, in which oxygen vacancies in the cuprate planes play a key
role =13 . The synergy between these two programs has been very useful and significant.

During the grant period, the principal investigator co-organized and co-edited (with L.
Blum ) the proceedings for the first Symposium on Microscopic Models of the Electrode-
Electrolyte Interface, held at the Toronto meeting of the Electrochemistry Society in Oc-
tober, 1992. There have been very few meetings devoted exclusively to modeling of this
interface, and this one was very successful, lasting three full days and attracting more than
20 invited speakers including 10 from Europe on a very modest budget that did not permit
fuli travel costs to be paid. Sessions were held on electron transfer, solvent structure, ion
solvation, electronic structure of the electrode and on fractal aspects associated with rough
surfaces. The lead speaker for the symposium was Professor Rudy Marcus and during that
same session on electron transfer, Professor Marcus learned through a telephone call from
Sweden that he had won the 1992 Nobel prize for his work on electron transfer.
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