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Naturally occurring metal oxide nanoparticles are
ubiquitous in the environment; with the rapidly increasing
production and use of engineered nanomaterials, the
incidental and accidental environmental release of metal
oxide nanomaterials is inevitable. Understanding the
interactions between metal oxide nanoparticles with
environmental pollutants is critical for the assessment of nano
implications. Additionally, development of nanotechnology-
based applications for contaminant removal also calls for
improved understanding of the structure-activity relationship
controlling the nanoparticles-contaminant interactions. Here,
we reveal the critical roles of crystallinity and exposed facets
of metal oxide nanoparticles in determining their catalytic
efficiencies for the hydrolysis reactions of organic
contaminants. We show that crystallinity and exposed facets
of metal oxide nanocrystals (e.g., nTiO2, nFe2Os3, and
nFeOOH) can significantly affect the efficiencies of the
nanomaterials in catalyzing environmentally relevant acid-
and base-catalyzed hydrolysis reactions, by controlling both
adsorption affinities and concentrations of surface reactive
moieties of nanocrystals. Crystalline phase and exposed
facets affect adsorption affinities of metal oxide nanocrystals
by modulating surface hydrophobicity of the nanocrystals and
controlling the abilities of metal atoms to form complexes
with contaminants. Crystalline phase and exposed facets also
determine the activity of surface catalytic sites on metal oxide
nanocrystals by dictating the concentration and strength of
surface unsaturated metal atoms, which along with the
deprotonated hydroxyl groups attached can serve as acidic or
basic sites to catalyze both acid- and base-promoted
hydrolysis.



