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Abstract: Control of excited state dynamics at the nanometer to micron scale remains a grand
challenge for solar fuels catalysis, energy science, optical communications, and artificial
photosynthesis. Interestingly, it hasn’t been a grand challenge for biology for over 2 billion years:
nature has already done it. My research group seeks to dissect microscopic mechanisms and
quantum dynamics of photosynthetic light harvesting and export these ideas to chemical and
material systems. We want to know how photosynthetic antenna complexes collect light and funnel
it to the reaction center with near perfect quantum efficiency and exquisite precision. We create new
instruments to probe these femtosecond dynamics, and we can use these signals to intuit excitonic
transport from the spectral signals. Recently, we acquired data showing a complex interplay
between the chlorophyll molecules and their environment within the protein. The resonance
between delocalized excited states and vibrations on individual chromophores is used to steer
excitonic energy toward the reaction center. This approach represents an entirely different approach
to dictating energy transfer from what we can create in a beaker. This data has forced us to
reconsider the role of a structured environment in energy transfer and continues to fuel the debate
on coherent mechanisms of energy transfer in photosynthesis. Moving beyond traditional
spectroscopy to gain more direct spatial information, we implemented chiral nonlinear spectroscopy
to track wavefunction collapse after excitation to reveal how biology exploits dephasing to
efficiently absorb light while systematically frustrating re-emission.
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