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Electron transfer at mineral-water and mineral-microbe 

interfaces is a major biogeochemical process that can result in 
transformation of redox-sensitive minerals and adsorbed 
pollutant ions, capture (through adsorption and precipitation 
reactions) or release (through reductive transformation of the 
sorbent and desorption of surface complexes) of pollutant 
species, and major controls on element cycling. Over the past 
decade, a growing number of spectroscopic and imaging 
studies of the products of electron transfer reactions in model 
mineral-water systems have advanced our understanding of 
these reactions and their kinetics in the laboratory.  Here, we 
will review a number of these studies, including abiotic 
reduction of As(V), Cr(VI), and Se(VI) on metal oxide 
surfaces, photocatalyzed As(III) oxidation on kaolinite and 
anatase surfaces, the role of reactive oxygen species and Fe2+ 
on the oxidation kinetics of As(III) on iron oxides, microbially 
mediated redox reactions of arsenic at iron oxide-water 
interfaces, and the role of exopolysaccharides in the reduction 
of nanoparticulate hematite by Shewanella oneidensis MR-1, 
and microbially mediated oxidation of metal sulfides.  We will 
also present the results of several studies of complex 
environmental samples that illustrate the effects of electron 
transfer reactions in natural settings, including chromium 
reduction by magnetite, the effect of electrically insulating 
coatings on the Cr(VI) to Cr(III) reduction at the magnetite-
water interface, Cr(III) oxidation by Mn-oxides, and arsenic 
redox reactions, including As(III,V) biomineral formation in 
an acid mine drainage environment.   
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Understanding the physics of natural flow systems that 

include three immiscible fluid phases in porous media is 
important to applications such as remediation of NAPL from 
the vadose zone, oil and gas recovery, and CO2 sequestration.   

Flow and transport in such systems are strongly influenced 
by the presence of fluid-fluid interfaces.  Theoretical work 
based on conservation laws and the second law of 
thermodynamics has demonstrated the advantage of a different 
approach to modeling multiphase flow, accounting not only 
for traditional variables such as saturation and porosity, but 
that also incorporate specific interfacial areas, specific 
common curve lengths, and average curvatures, that are 
measures of the morphology and topology of the phase 
distributions.   

This research expands previous work on two-fluid-phase 
systems to three-fluid-phase systems, and the particular focus 
is the generation of a pore-scale experimental data set that 
expresses the dependency of capillary pressures in the system 
on two saturations, as well as interfacial areas per volume.   
Synchrotron-based X-ray computed microtomography (CMT) 
is used to generate high-resolution images during drainage and 
imbibition, which are analyzed to measure the saturations and 
interfacial areas, and to calculate capillary pressures via 
meniscus curvature.  


