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Basics of Photosynthetic 

Light Harvesting

Energy migration: From Sunlight to antennas to reaction centers...
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Why use the biliproteins?



An odd photosynthetic apparatus

Very high light-to-charge conversion (>95%)!



Molecules can capture 

energy from light

UV-Visible absorption spectra inform on electronic resonances of molecules

http://en.wikipedia.org/wiki/File:Chlorophyll_a.svg


Energy transfer: from 

light to molecule

“light” “electrons in 

a molecule”

Concept of resonance:

Spectrum of N2



Energy transfer: from 

molecule to molecule

Theodor Förster

“donor” “acceptor”

Factors important for efficient energy transfer:

- Donor-acceptor spectral overlap

- Donor-acceptor separation and relative orientation



Movie...



Quantum mechanics makes 

molecules share excitation

Spectrum of DN-2 is explained by the quantum-mechanical superposition principle



Measuring ultrafast energy transfer



“Imaging” of quantum-coherent 

energy sharing

With two-dimensional photon echo spectroscopy, one can 

detect energy transfer pathways



Probing relaxation mechanisms 

with nonlinear spectroscopies
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Two-dimensional photon-echo 

spectroscopy (2DPE)
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2DPE – Optical Analog of 2D NMR







First 2DPE study of a 

photosynthetic system

Brixner et al., Nature, 2005



Evidence for wave-like energy 

transfer in photosynthesis

Engel et al., Nature, 2007







Collini et al., Nature, 2010



Collini et al., Nature, 2010






