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Ultrafast single-molecule detection: from small molecules to
photosynthetic antenna complexes

Ultrafast energy transfer processes play a key role in the initial steps of photosynthesis as well as in
photovoltaic applications of synthetic functional materials. However, the typically large heterogeneity
and disordered environments of both natural and artificial macromolecules hamper a detailed nano-
scale understanding of the energy transport dynamics, because conventional ultrafast techniques in-
trinsically average over large ensembles.

Here, we present our recent advances in combining femtosecond pulse-shaping methods with single-
molecule detection schemes at room temperature. Employing this novel techniqgue we have prepared,
controlled, and read-out electronic coherences and their femtosecond decay in a model system, indi-
vidual terrylene molecules embedded in a polymer matrix [1,2]. Additionally, vibrational wave-packets
in single chromophores have been observed and manipulated by adapting the time and phase distri-
bution of the laser field to the ultrafast molecular dynamics [3]. Finally, we have extended these tech-
nigues to study femtosecond coherent transport within single photosynthetic light-harvesting com-
plexes from purple bacteria. We have identified qguantum coherences between electronically coupled
energy eigenstates that persist at least 400 fs at room temperature. Moreover, each individual com-
plex features a distinct energy transfer pathway, which yields unprecedented new insights into the ini-
tial light-driven processes of photosynthesis
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