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The common denominator of this presentation is a general overview is the development, 
implementation and application of the most advanced computational tools in the field of first 
principles and hybrid QM/MM (quantum mechanics / molecular mechanics) dynamical 
simulations techniques. These represent nowadays a general tool to perform accurate virtual 
experiments able to complement and to extend the insight provided by actual experiments. 
Free energy sampling techniques can be efficiently coupled to these methods to simulate 
activated processes and to workout reaction pathways. The range of applications where 
these methodologies are exploited extends from solid state physics to surface chemistry and 
to biochemical reactions. We shall focus on selected examples, corresponding to projects 
done in collaboration with major Japanese universities and laboratories. More specifically, 
patterning of graphene-based materials [1] and enzymatic reactions for green chemistry [2,3] 
will be presented as representative examples of atomic-scale driven processes having a 
macroscopic impact in nanotechnology and life science.  
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