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Abstract

There has been a renaissance in magnetism and magnetic materials research on the nanometer
length scale, largely driven by size-dependent scaling laws, exchange, proximity and interface effects,
advances in chemical synthesis' and lithographic fabrication®, and their demonstrated impact in
information®* and biomedical® technologies.

I will begin this lecture with a brief discussion of criteria that define Nanoscience and
Nanotechnology and illustrate them with characteristic length scales and size effects that make magnetism
ideal, not only for fundamental investigations, but also technological and biomedical developments on
this length scale. I will then discuss bottom-up chemical synthesis of magnetic nanoparticles, followed by
their self—assemblyé, and inter-particle magnetic interactions/order’ studied by electron holography.

In the second part of this lecture, I will show that recent developments in the synthesis® and
applications’ of highly monodisperse and phase-pure magnetite nanoparticles, with negligible toxicity’
and favorable biodistribution'’, allows for reproducible control of their magnetic relaxation’, even in
“harsh” biological environments, enabling a novel, tracer-based, whole-body imaging technique with no
ionizing radiation, called Magnetic Particle Imaging (MPI) ''"'*"*_ T will discuss the unique physics of
MPI and present recent results in phantom and irn vivo imaging of animal models for cardiovascular
disease and molecular imaging of cancer.

In the final part of the talk, I will address the current status of magnetic information storage and
discuss the development of next-generation bit-patterned media®, based on large area nanoimprint
lithography, proposed to sustain the current growth rate of recording densities. If time permits, I will
conclude with a discussion of a novel concept of building Boolean logic gates', called magnetic quantum
cellulalr5 automata, based purely on dipolar coupling of e-beam lithography fabricated nanoscale magnetic
arrays .
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