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The observation of wavelike energy transport in photosynthesis has triggered a debate about 
the extent to which quantum mechanics is necessary to understand biological processes  The 
relevance of quantum effects has been considered in the context of both photosynthesis and 
photoisomerization  Intimately related to the question of quantum coherence in biological pro-
cesses is the time-scale of such reactions  The weak effect of environment-induced decoherence 
on photoisomerization, for example, has been justified by the supposed ultra-fast time-scale 
of the reaction  However, conclusions regarding reaction rates and coherent effects in such 
processes have been drawn on the basis of experiments using pulsed laser excitation  As is well 
known, the dynamics induced by incoherent, continuous wave natural sunlight differ substan-
tially from the dynamics induced by ultra-fast excitation  In this work we present three results 
related to photoisomerization  First, we show that under natural incoherent excitation, the rate 
of product formation bears no connection to the rates observed under pulsed laser excitation  
Second, oscillatory coherences, if generated, decay on time-scales that are small compared to 
the overall reaction time-scale  Third, stationary coherences, which arise in the presence of 
an environment, can have a small effect on the rate of reaction by enhancing or diminishing 
the probability of energy transfer through certain pathways  Similar results are presented for 
photosynthetic energy transfer, and implications for FRET are discussed  

Potential energy surfaces associated with the retinal chromophore, where x represents the mo-
lecular stretching coordinate and φ the molecular rotation coordinate. The natural light-induced 
cis-trans isomerization of retinal (φ = 0 → φ = π) is the primary event in vision, and is used as 
an example throughout  
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