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ABSTRACT

In this project, reaction rates were predicted by numerical methods, in a collaboration
with Argonne National Laboratory . Emphasis is on electron transfer and transport in-
volving ions known to be important in enhancing stress corrosion cracking in light water
reactors and on electron transfer at oxide surfaces. In the latter part of the grant period
we placed increased emphasis on development and use of self consistent tight binding
methods for this kind of study. We showed that by careful fitting of results from first
principles plane wave calculations,we could model surfaces and interfaces oxides and
metals using these methods. We obtained results for the titanium/titanium oxide in-
terface in this way and completed a model of the ruthenium dioxide surface using our
innovative self consistent tight binding molecular dynamics methods. We completed
development of a description of liquid water within the self consistent tight binding
context and studied the rutile water 110 interface to determine if it is hydroxylated. A
self consistent tight binding study of titanium metal surfaces demonstrated the useful-
ness of this method for metals. In collaboration with the Argonne group, we extended
the tight binding calculations on rutile titania to the anatase form and made the first
calculations of the relative stability of anatase and rutile as a function of crystallite size.
We completed studies of small anatase particles in water using the method and found
significant distortions of nanoparticle crystallite shapes as a consequence of interactions
with the water.

The objective of this work was to calculate reaction rates at electrode electrolyte
interfaces with emphasis on electron transfer involving ions known to be important
in enhancing stress corrosion cracking in light water reactors. We collaborated with
quantum chemist Larry Curtiss and the experimental x ray diffraction group headed by
Hoydoo You of Argonne National Laboratory in this work. The role of the Minnesota
group is to provide large scale molecular dynamics and electronic structure calculations
and overall guidance in physical theory to the effort. We studied the ferrous-ferric
electron transfer rate 1. More recently we studied the cuprous-cupric electron transfer
reaction 2We found that the reaction was adiabatic, unlike our prediction for the ferrous-
ferric one. We also undertook a study of the capacitance of the copper water interface,
using new direct dynamics molecular dynamics methods in which the electronic structure
of the electrode is treated by first principles plane wave methods3. A major conclusion is
that the electric fields at the interface are much more strongly screened by the electrons
of the metal than was allowed in earlier theoretical models.

In the study of oxides, our newly developed self consistent tight binding methods4−5

include crystal field effects and are explicitly fit to first principles calculations of bulk
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rutile by the Chelikowsky group here at Minnesota6 . The results give excellent values
for the work functions of low index rutile surfaces and very reasonable numbers for the
surface energies and surface relaxation of low index surfaces7. The molecular dynamics
version of this code was used to study the structure of polarons in rutile as a function
of temperature for the first time 8. We demonstrated that it is also possible to make
realistic representations of the electronic and atomic structure of metallic surfaces using
these self consistent tight binding molecular dynamics methods and studied titanium
surfaces 9 and titanium-titanium dioxide interfaces 10, 11 . The method was also extended
to magnetic systems and we showed12that it could be used to predict complex magnetic
spin structures.

To study water oxide interfaces, we completed development of a self consistent tight
binding molecular dynamics code for water. We made studies of water on ruthenium
dioxide for which there are significant corrosion applications13. Results for water water
on the 110 surface of rutile titania including investigations of the dependence of wetting
on the stoichiometry of the surface are reported in references14-16.

Studies of nanoparticles of titania were carried out using SCTB methods and were
consistent with the experimentally observed anatase to rutile transition as a function of
crystallite size17. Calculations of anatase nanoparticles in water18 showed quite dramatic
effects of the water on the nanoparticle morphology.

Work in collaboration with J. Bording of Brookhaven to model cuprate high temper-
ature superconductors using SCTB methods continues.

In related work, we collaborated with workers at Pacific Northwest Laboratories on
simulations of iron-oxide water interfaces 19−20
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