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Modular assembly of multiple molecular/nanoscale particles into multifunctional structures with arbitrary sizes and
shapes has the potential to transform many fields of research, ranging from optoelectronics and nanophotonics to
molecular/nano sensing, biosecurity, and nanomedicine. Self-assembly has emerged as a powerful and practical
strategy for controlled synthesis of such multifunctional, hierarchical structures of nanoparticles (NP). Despite the
promise and recent progress in NP self-assembly, the accurate, scalable, and high-rate modular assembly of
heterogeneous nanocomponents into multifunctional nanoarchitectures with specifically designed shapes and
functions still remains a challenge. Our research group focuses on a transformative research to develop a nanobuilding block toolbox (“nanotoolbox”) that enables programming matter at a molecular scale, realizing a “nextgeneration” bio-hybrid multifunctional nano-architecture at all scales and in all three dimensions. This lecture will
discuss the progresses in and challenges to the programmable and scalable self-organization of NP nanocomposites
with specific shape and function. Also, it will discuss our strategies to realize the control and functionality necessary
to overcome the challenges, achieve its promise for “programmable and customizable” integrations of highly
functional bio-hybrid systems in desired patterns and geometries, and drive innovations in novel hybrid fused
technologies, particularly for in vivo, real-time molecular/nano imaging and sensing in medicine.
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