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The interaction of molecular systems and materials with light induces ultrafast dynamical
processes which are fundamental for the whole photophysics and photochemistry. Their
theoretical understanding is mandatory also for a number of applications such as the de-
velopment of new light harvesting or optical sensing materials. We will present the mixed
quantum-classical field-induced surface hopping (FISH) method which we have devel-
oped and applied to the simulation and coherent control of light induced nonadiabatic dy-
namics in complex systems. Our theoretical methods, combined with experimental time-
resolved spectroscopy, have allowed us to determine mechanisms and time scales of
photochemical processes in a number of organic and biomolecules (free and solvated),
nanoclusters as well as in some novel classes of light harvesting materials and pho-
toswitches. Furthermore, we will demonstrate how the excited state dynamics and the
functionality of materials can be optimally controlled using shaped laser fields, opening
the perspectives for the application of coherent control in the fields of plasmonics and bi-
osensing.
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