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Abstract

There has been a renaissance in magnetism and magnetic materials research on the
nanometer length scale, driven by discovery of new phenomena, advanced characterization
and fabrication capabilities, their demonstrated impact in information storage as well as
opportunities in spintronics, energy-conversion and biomedical technologies. Size-
dependent scaling laws, exchange, proximity and interface effects, and studies of spin
transport are increasingly of fundamental and technological interest. Over the past two
decades, my research group has pioneered work in magnetic materials, broadly, in three
areas. In biomedical nanomagnetics we have been developing multifunction platforms for
therapy, diagnostics and imaging based on functionalized, biocompatible, theranostic
magnetic nanoprobes. Central to this work are innovations in chemical synthesis of
nanoparticles, their size-dependent magnetic properties and specifically tailoring their
relaxation dynamics, both Néel and Brownian, to specific applied frequencies. We have
also extensively studied ultrathin magnetic heterostructures that show a richness in
magnetic behavior driven, in part, by exchange, interface, proximity, size and
dimensionality effects. Specifically, we work on exchange-bias and exchange-spring
behavior in epitaxial thin films and patterned elements. Finally, we have worked on
understanding the origin of ferromagnetism in doped transition-metal oxides and identified a
new class of such materials, dilute magnetic dielectrics. In light of the recent developments
at PNNL, following a summary of our work in this wide range of magnetic materials and
plans for the future, this talk will explore some of the key unresolved questions, of both
fundamental and technological interest, that may provide opportunities for future
collaborative research in chemical imaging and electron microscopy.
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