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One of the main goals of our research is the description of 
quantum mechanical phenomena in extended, heterogeneous 
systems, in particular biological systems. To this end, we have 
developed a combination of density functional based Car-Parrinello 
simulations and classical molecular dynamics simulations based on 
empirical force fields [1]. With such mixed quantum mechanical/ 
molecular mechanical (QM/MM) simulations complex systems can 
be described in an hierarchical approach, in which part of the 
system (the electronically active component) is described at the 
level of a first-principles electronic structure method whereas the 
effects of the environment are taken into account within the 
framework of a classical force field. In this way the mechanism of 
chemical reactions that occur in extended systems can be studied 
in situ [2].  
We have also extended this type of QM/MM ground state 
simulations to adiabatic and nonadiabatic dynamics [3] in 
electronically excited states. This extension enables the study of 
optical and photochemical properties of complex systems, such as 
e.g. the characterization of photoactive proteins [4]. 
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