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 The confinement and enhancement of electromagnetic fields near the surface of plasmonic metal 
nanostructures when illuminated presents opportunities for enhancing photoinduced processes that are 
relevant to solar light harvesting and energy conversion. Goals include enhanced absorption or increased 
quantum yields of charge separation when molecules or quantum dots are placed within the optical near-
field of the metallic structures. The challenge, however, is to overcome the well-known losses of metals 
and associated quenching processes of photoexcited molecules or quantum dots placed within the optical 
near-field, so that the metals provide a net advantage for improving light harvesting and charge 
separation. This requires careful choices of materials, as well as engineering of the nanostructures and the 
spacing between the active charge separation material and the metal.  
 In this talk, I describe two recent approaches for enhancing photoprocesses of semiconductor 
nanomaterials near metal nanostructures. The first involves the creation of distance-engineered, plasmon-
enhanced photon absorption by CdSe quantum dots near silver nanoparticles (Figure 1).[1] Importantly, 
this is achieved without altering the exciton lifetime of the quantum dots, meaning that quenching effects 
are largely avoided. The approach involves characterizing emission enhancement and lifetimes as a 

function of QD-metal spacing using using atomic layer deposition 
of an inert spacer material (Al2O3) with sub-nm thickness control. 
In the second approach, a new form of planarized dye-sensitized 
solar cell (DSSC) that utilizes cavity-mode enhancement to 
produce record photovoltage and high internal photon to current 
efficiency (IPCE) is described.[2] In this work, a planarized cavity-
mode scheme is used to demonstrate thin-film DSSCs with an 
incident photon to current efficiency of 17% from a single 
monolayer of a conventional Ruthenium-based dye.  Over a narrow 
illumination angle range, open-circuit voltages that reach 1 V are 
reached, and thereby approach the theoretical limit for open-circuit 
voltage set by the dye and redox shuttle energy levels.  This work 
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Figure 1. Schematic of distance-
dependent plasmon-enhanced 
fluorescence from quantum dots. 
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