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Natura nanoparticles and synthetically-prepared analogs are being studied to
understand their functionality in environmental processes, especially those connected
with acid mine drainage (AMD) and other inorganic toxic contaminant sources.
Additional processes involving the creation, dissolution or sequestration of
nanoparticles by natural biota feature nanoparticle-organic interactions that are poorly
understood, but of prime interest in predicting biogeochemical mechanisms and
environmental impact of biological remediation schema

Our efforts have been focused on ZnS, TiO, and Fe oxyhydroxides. ZnS nanoparticles
have high sensitivity to the type of surface ligand binding, and adopt a core-shell type
structure with varying core size and extent of shell distortion directly equitable to the
strength of ligand bonds®. Exchange of surface ligands can have dramatic effects on the
nanoparticle structures, as can aggregation and disaggregation. These changes are best
studied by a combination of MD simulation and high energy PDF analysis, with
supplemental SAXS, TEM and X-ray spectroscopic measurements.

o-FeEOOH nanoparticles undergo changes in growth mode as they progress from few to
100 nm dimensions’. At the smallest sizes there is evidence for several structural
transformations. Studies of sorption behavior indicate deviations from larger particle
behavior. Aggregation/sorption processes can encapsulate toxics making them difficult
to localize or remove by remediation efforts. Other Fe oxide nanoparticles may be
unstable as larger single crystals and adopt nanocluster structures, e.g. ferrihydrite®.
Crystal truncation rod diffraction work suggests deviations from stoichiometry at o.-
FexO3 surfaces, which could affect nanoparticle stability. Fe oxide nanoparticles
nucleated on surfaces and examined via GI SAXS show evidence for varying growth
modes depending on size and ionic strength. Such particles can effectively activate or
passivate environmental surfaces, leading to changes in reactive transport predictions.
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