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M

any fundamental chemical and physical processes occur very rapidly, over femtoseconds (10-15 s) to nanoseconds
(10-9 s). The ‘choices’ molecules make as they undergo these fast processes have significant consequences on macroscopic
timescales, from milliseconds to hundreds of years. We explore these fast processes and longer-term consequences to better
understand and predict the photolability of art pigments, the efficiency of self-assembled solar energy harvesting complexes,
and to analyze the photoproducts of both. Ultrafast pump-probe laser spectroscopic methods probe these dynamics directly
in photoexcited molecules, and provide evidence for the electronic and nuclear evolution of the system as it ‘chooses’ whether
to undergo electron or proton transfer, photoisomerisation, bond-breaking or forming, or simply return unchanged to the
ground state. Anthroquinone-based dyes and pigments have been used for ~4000 years, and are well known for their photofugitive qualities. Recently, we began explorations of the ultrafast transient UV/Vis absorption spectra of two related red lake
chromophores, purpurin and alizarin, with 9, 10-anthroquinoid core structures that differ by a single hydroxyl group. The results
are consistent with the hypothesis that more rapid photodynamics leads to greater overall photostablity in these systems. We have
also applied ultrafast transient UV/Vis and NIR spectroscopy to a new class of self-assembled porphyrin-fullerene complexes,
in order to explore structural correlations with the lifetime of the charge-separated state and better inform synthetic chemistry
approaches to maximizing this important parameter. These studies, in their early stage, indicate the potential of these systems for
solar energy harvesting applications.
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