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Scientific Thrust Area 
  Experimental nanophotonics.  
 
Research Achievement 
  This  work  focuses  on  creating  novel  electronic  and  optical  states  in  hybrid 
nanomaterials in order to provide new routes for the imaging and manipulation of optical 
energy at the nanoscale. The motivation for this work is that basic studies in nanophotonics 
can reveal optical phenomena that are useful for a range of critical technologies including 
energy collection and conversion, next generation optics, and ultrasensitive spectroscopies.  

Plasmonic  metal  nanostructures  are  excellent  systems  in  which  to  study 
nanophotonics  processes,  because  they  support  evanescent  optical  fields  with  spatial 
features  well  below  the  diffraction  limit  of  dielectric  materials.  The  strong  field 
confinement and field enhancement at the metal‐dielectric interface, combined with strong 
tunability  of  the  plasmonic  properties  with  shape,  size,  composition,  and  environment, 
have produced a wealth of advances, particularly in enhanced spectroscopies (e.g. surface 
enhanced Raman  scattering  and  fluorescence)  and nanoscale  optical  circuitry.  Plasmonic 
materials therefore serve as the “core” of our hybrid nanostructures.  

The strongly localized fields that serve as the foundation of plasmonics research can 
be used to couple to, and modify, plasmonic, excitonic, and molecular excitations in hybrid 
materials.  Due  to  the  short‐range  nature  of  evanescent  interactions  in  nanostructures, 
these  coupling  interactions  can  be  strong  and  do  not  necessarily  have  analogs  in  bulk 
materials.  In  the  research  described  here,  we  have  utilized  plasmonic  coupling  to  both 
isolated molecular excitations and excitonic organic structures to realize (a) new routes to 
sub‐wavelength  imaging  and  (b)  altered  energy  flow  in nanostructures. One  example  for 
each is given here.  

For  the  imaging  example,  plasmonic  nanoparticles  are  covered  with  an  azo‐dye 
polymer  film.  The  azo‐dye  is  chosen  to  undergo  a  light‐induced  cis‐trans  isomerization 
when  excited  at  the  plasmon  resonance  energy.  Repetitive  isomerizations  produce mass 
transport of the polymer out of the evanescent near‐field zone, thereby producing holes in 
the  polymer  film  that  reflect  the  spatial  features  of  the  evanescent  field.  These  can  be 



detected through atomic  force microscopy with a resolution of approximately 20 nm. We 
have  used  this  mass  transport  phenomenon  to  image  optical  near‐fields  of  plasmonic 
bowtie antennae and nanorods. Theoretical work clarifies  the  light‐molecule  interactions 
that produce this effect.  

For  the  second  example,  ultrafast  relaxational  processes  in  assemblies  of  strongly 
interacting  nanorods  are  studied  (Figure  1).  Here,  we  characterize  the  modification  of 
plasmon‐mode relaxation processes when coupled to molecular excitonic materials placed 
within the interstices of the rods. We find that a mixed plasmon‐exciton state is produced, 
and  that  variability  in  the  plasmon‐exciton  coupling  produces  strong  changes  in  the 
relaxation dynamics.  

 
 
Future Work 
 Future work will be to realize new hybrid materials and nanostructures with novel optical 
properties and altered energy flow phenomena, which also enable external control over that 
energy flow. Specific targets at this time are electronically responsive metal nanoparticle/liquid 
crystalline materials. Future work will be performed in continued collaboration with the theory 
and modeling group and will also use the advanced lithography capabilities at the CNM.  
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Figure 1. The plasmonic Au 
nanorod array and ultrafast 
transient absorption spectra are 
shown. Hybridizing with 
molecular excitonic materials 
strongly modifies the plasmonic 
modes. 


