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Modern computational methods have become reliable and accurate predictors of molecular properties and, as
such, powerful design tools in the hands of organic chemists. We are particularly interested in the design of
materials with unusual electronic properties. However, the behavior of these materials in electronic devices
depends not only on the individual properties of molecules, but also on “harder to predict” supramolecular
interactions as well as interactions with the “outside” world, eg. metal contacts. Thus, empirical search is still a
necessary element of discovery.
In this lecture, I will show the use and limitations of density-functional theory (DFT) calculations in the design
of new organic electronic materials, including Aviram-Ratner unimolecular diodes, molecular semiconductors [1],
low band-gap polymers [2], and surface-confined organic nanostructures [3,4]. I will specifically highlight how
calculations can help rationalize the “unusual behavior” observed in the studied materials.
In the last part of the lecture, I will briefly describe our work on solution processable up-converting inorganic
materials. Building upon the pioneering work by Capobianco et al., we have recently demonstrated the synthesis
of hybrid nanostructures, containing up-converting lanthanide nanocrystals (doped NaYF4) decorated with
semiconducting quantum dot satellites (CdSe) [5]. Solution-casted films of this material reveal remarkable
photoconductivity in the near-infrared region, i.e. at sub-band-gap wavelength. These results establish the first
application of up-converting nanoparticles in electronic devices.
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