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Rates of Fe2+/3+ electron transfer (ET) reactions in solution and in solid phases have an important impact in a wide range of abiotic and biotic geochemical processes.  Examples include the oxygenation of Fe(II) in seawater, the reductive dissolution of Fe(III)-oxides by organic compounds, and the respiration of dissimilatory Fe(III)-reducing bacteria.  Rates of elementary ET reactions are often difficult to access experimentally yet are critical for developing a mechanistic understanding of macroscopically observed kinetics.

For the purposes of building versatile atomistic kinetic models for Fe2+/3+ ET reactions, we have combined Marcus theory and ab initio calculations to provide an efficient means to compute ET rates in a variety of structural settings.  Marcus principles relate the activation free energy (G*) to the driving force (Gº) and the energy to reorganize bonds in the inner spheres of the reactants (is) and the surrounding dielectric media in the outer sphere of the encounter complex (os).  We utilize a molecular orbital cluster-based strategy to calculate the is explicitly at the density functional level of theory.  The cluster calculations also provide estimates of the configuration-dependent redox potentials leading to estimates of Gº.  os is calculated using Marcus continuum equations.  This approach will be illustrated for homogeneous oxygenation kinetics of Fe(II) hexaquo and hydroxo species, and for ET at (001) surfaces of hematite with implications for scanning tunneling microscopy imaging of this surface.

