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Abstract

In the search for new and cleaner energy sources, a central role is played by molecule-surface
interactions. Examples range from catalyzed production of He for fuel cell applications to the conversion
of solar into electrical energy. The speaker will first discuss tools they have developed to: (i) predict
the dynamics of molecule-surface reactions using continuous potential energy surfaces (PES); and {ii)
compute anharmonic vibrational spectra of molecules on surfaces. PESs for polyatomic molecules on
surfaces are unavailable today, which forces researchers to compute only static potential diagrams or
to use expensive direct ab initio dynamics to predict reaction outcomes. A general method to build
such PESs based on neural networks and dimensionality reduction! and a recent application to M20 on
Cu, will be presented. ability to compute IR spectra is essential for species identification. &4 method to
compute anharmonic spectra directly from ab initio dataZ, has been developed. Application to HzD on Pt
will be shown. The speaker will then focus on dye-sensitized solar cells (DSSC). DSSCs have the
potential to become an economical solar energy conwersion technology., They are obtained by
sensitizing a semiconductor with a dye molecule that absorbs visible light and injects electrons from its
excited state into the conduction band of the semiconductor. The dye is then regenerated by an
electrolyte. DSSCs have reached an efficiency of over 11%. Further efficiency gains require a deeper
understanding of the relation between molecular and molecule-sem iconductor-electrolyte structure and
the conwversion efficiency. Computational models that relate dye structure to  injection and
recombination wia non-adiabatic coupling constants®, will be presented. applications to solar cells
operating by interfacial charge transfer bands using catechol-thiophenes and TCHME, TCHQ, TCHAD will
be shown. The speaker will also present their recent and ongoing studies of the effect of nuclear
motion on injection in DSSCs and of the behavior of computational errors in the calculations of
absorption spectra of organic dyes differing by conjugation sequence,
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