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Abstract: Plasmonic nanoparticles have attracted significant interest because their optical properties can
be precisely tuned by controlling their composition, size, shape, and surface chemistry. These properties
make them promising materials for applications in chemical and biological sensing, catalysis, and
photonics. This seminar will present my doctoral research on the programmable design of plasmonic
nanoparticles through two complementary strategies: autonomous machine learning-assisted synthesis
and post-synthetic modification.

A major focus of my PhD work is the development of self-driving laboratories (SDLs) for the
accelerated discovery and optimization of targeted nanomaterials. We first developed our group’s first
closed-loop oscillatory microfluidic platform, integrating real-time spectroscopic characterization with
Bayesian optimization to autonomously navigate the synthesis parameter space and optimize the green
synthesis of spherical gold nanoparticles. Building on this foundation, we developed the Autonomous
Fluidic Identification and Optimization Nanochemistry (AFION) platform to expand the versatility of
autonomous experimentation to a broader range of metal nanoparticle systems and photochemical
synthesis pathways. The platform was demonstrated for the synthesis and optimization of diverse
nanostructures, including gold nanorods, alloy nanospheres, core—shell nanospheres, and gold tetrapods,
with minimal human intervention.

Complementary to direct synthesis, we investigated post-synthetic oxidative etching as a strategy to
further tune nanoparticle morphology and optical response. Using polymer-capped penta-twinned gold
nanorods as a model system, we demonstrated how end-grafted polymer brushes act as active interfacial
regulators rather than passive barriers. The interplay between these polymer molecules, etchant
concentration, and intrinsic crystallographic defects drives defect-selective etching pathways, yielding
unique surface corrugations and precise plasmonic tuning.

Together, this research establishes an integrated framework for designing plasmonic nanoparticles,
bridging artificial intelligence-guided chemical space exploration with nanoscale interfacial control.
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