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“U-Turn Electron Transfers in Chemistry and Biology”

Bio: Michael J. Therien is the William R. Kenan, Jr. Professor at Duke University. His laboratory designs,
characterizes, mechanistically interrogates supermolecular structures, bioinspired assemblies, de novo
proteins, and nanoscale materials that possess exceptional optical, electronic, and excited-state dynamical
properties. His laboratory pioneered new approaches to engineer electro-optic function important for light
harvesting, charge migration, long-wavelength emission, imaging, frequency doubling, and photon
upconversion. Other accomplishments include: defining molecular wires that enable expansive charge
delocalization; developing carbon nanotube superstructures that facilitate energy conversion; and illuminating
biologically important mechanistic insights critical for generating high-energy photoproducts.

Abstract: Efficient photosynthetic energy conversion requires quantitative, light-driven formation of high-
energy, charge-separated states. However, energies of high-lying excited states are rarely extracted, in part
because the congested density of states in the excited-state manifold leads to rapid deactivation.
Conventional photosystem designs promote electron transfer (ET) by polarizing excited donor electron
density toward the acceptor (“one-way” ET), a form of positive design. Curiously, negative design strategies
that explicitly avoid unwanted side reactions have been under-explored. This talk describes how the
electronic polarization of a highly conjugated molecular chromophore — a supermolecule — can be used as
both a positive and negative design element in a light-driven reaction. Intriguingly, appropriate engineering
of polarized excited states can steer a “U-turn” electron transfer—where the excited electron density of the
donor is initially pushed away from the acceptor—to outcompete a conventional one-way ET scheme. Direct
comparison of one-way vs. U-turn ET strategies is achieved in a linked donor-acceptor (DA) assembly in
which selective optical excitation produces donor excited states polarized either toward or away from the
acceptor. Ultrafast spectroscopy of DA pinpoints the importance of realizing donor singlet and triplet excited
states that have opposite electronic polarizations to shut down intersystem crossing. These results
demonstrate that oppositely polarized electronically excited states can be employed to steer photo-excited
states toward useful, high-energy products by routing these excited states away from states that are
photosynthetic dead-ends.
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