
 
 Naomi Halas 
Rice University 
Monday, October 24, 2022; 3:05 PM 
 
Naomi J. Halas is the Stanley C. Moore Professor of Electrical and 
Computer Engineering at Rice University, where she also holds 
faculty appointments in the Departments of Physics and Astronomy, 
Chemistry, Materials Science and Nanoengineering, and 
Bioengineering.  She received her B. S. Degree in Chemistry from 
La Salle University in Philadelphia and her PhD in Physics from Bryn 
Mawr College.  She was a graduate fellow at IBM Yorktown for her 
PhD research and a postdoctoral fellow at AT&T Bell Laboratories 

prior to joining Rice.  She has been a key pioneer in demonstrating 
that the geometry of metallic nanoparticles can determine their optical properties, pursuing 
fundamental studies in plasmonics and nanophotonics as well as applications of nanophotonics 
ranging from biomedicine to water treatment. She is author of more than 350 refereed 
publications with more than 100,000 citations (Google Scholar), has more than 25 issued 
patents, and has presented more than 600 invited talks. Two companies have been founded 
based on her research:  Nanospectra Biosciences (Photothermal Cancer Therapy, for prostate 
cancer) and Syzygy Plasmonics (Low-temperature Photocatalysis for sustainable fuels).  She has 
been awarded the Frank Isakson Prize and Julius Lilienfeld Prize of the American Physical Society, 
the R. W. Wood Prize of Optica, the American Chemical Society Award in Colloid Chemistry, and 
the Spiers Medal of the Royal Society of Chemistry. Halas has been elected to the National 
Academies of Sciences and Engineering, the Royal Society of Chemistry, and the American 
Academy of Arts and Sciences.  

Abstract:  Frontiers in Nanophotonics: Enabling Technology for Next-Generation 
Optical Biosensors and Bioimaging Plasmonic Photocatalysis with Antenna-Reactor 
Nanoparticle Complexes 

Traditionally, most chemical reactions have been driven by heat. But a chemical reaction on a 
plasmonic nanoparticle can be driven by multiple mechanisms that also include nonthermal 
effects, which may even dominate. In particular, energetically hot carriers that are generated 
when plasmons decay can substantially reduce reaction barriers, change reaction pathways, and 
greatly alter reaction specificity. The energy of the generated carriers is controlled by the 
plasmon resonance energy of the nanoparticle, a property that can be geometrically tuned for 
specific chemical reactions. By introducing specific binding sites of catalytic metals onto 
plasmonic nanoparticles, one adds “reactors” to the “antenna”, which can greatly increase 
reaction rates and efficiencies in comparison to the analogous thermally-driven chemical 
reaction. In my talk, we will examine several examples of how light-driven plasmonic 
photocatalysis controls reactions in a fundamentally different manner than thermally excited 
processes.  This includes reaction temperatures hundreds of degrees below the same reaction 
driven thermally. We will also show how plasmon-induced desorption, a mechanism unique to 
plasmonic photocatalysis, can make active sites on the photocatalyst surface more readily 
available for reactant binding than in thermal processes. Because of this additional desorption 
mechanism, reactors in plasmonic photocatalytic complexes are not limited to metals in the 
platinum group, but more earth-abundant elements can now be used as reactor candidates with 
similar reactivities. Finally, we will examine how the technological breakthrough of solid-state 
lighting in the form of light-emitting diodes can provide remarkably inexpensive light sources for 
practical applications of light-driven reactions capable of being transferred into industrial 
contexts. 
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