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A basic physical limitation of all molecular photovoltaics is the difference between optical length scales (ca. 1 micron) and electron scattering lengths (ca. 1nm).  The optical cross section of most dye molecules is so small that many thousands of them are needed along a line of sight to absorb most of the incident optical radiation.  Thus, to be efficient, molecular solar cells need to be quite thick, microns, at present.  This makes it very difficult to extract charge from them efficiently.  One way around this is to increase the electric field intensity owing to the incident sunlight.  As the intensity increases, so does the rate of absorption, so a thousand fold increase in incident filed would create a “black monolayer” in the sense that over some band of wavelengths, almost all of the incident light would be absorbed by just a monolayer of  molecules.  This would allow for efficient electrical connections to the molecules to transport the charge away rapidly (as would be required if the charge is not to recombine anyway).

This project is aimed at building photonic “antennas’ using silver nanoparticles self assembled at the nanoscale using DNA-nanotechnology to build a functionalized scaffold for nanoparticles.  The figure shows (top) the design of  a DNA helix-bundle functionalized to tether metal nanoparticles in regular linear array.  SEM images of the actual arrays are shown below.
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Design of a DNA scaffolded linear array of metal nanoparticles  made to serve as a photonic antenns to concentrate light (above).  SEM images of self-assembled images are shown below.











