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The use of the computer to simulate light induced events in photoactive molecular materials
has given access to a detailed description of the molecular motions and mechanisms
underlying the reactivity of organic and bio-organic chromophores. Thus, different
computational strategies and tools can now be operated like a “virtual spectrometer” to
characterize and understand the photoinduced molecular deformation and reactivity of a given
dye, allowing for an accurate description of photochemical/photobiological processes and a
rational of the corresponding photophysical properties including time-resolved spectroscopy.
This contribution reviews recent advances in this field, by presenting methodological
developments and applications in modeling the photophysical/photochemical properties of
organic chromophores and complex photoactive molecular architectures. Retinal systems and
visual proteins will be presented as a paradigmatic case [1-2]. Hybrid QM/MM calculations
will be shown to be an elective tool for modeling photoinduced events and dynamics,
including tuning/controlling effects of the environment. For this purpose, our new
implementation of a general hybrid QM/MM approach, that is able to integrate some
specialized softwares and acts as a flexible computational environment, eventually allowing
for so far inaccessible calculations (e.g., non-adiabatic molecular dynamics of unprecedented
accuracy on large molecular materials) will be illustrated. The information collected by these
studies can be exploited for the design of novel photoactive molecular and soft materials,
including a novel paradigm of electrochromism for applications in a new generation of color
tunable displays and e-ink devices. Finally, our latest achievements in developing (and
modeling) non-linear bi-dimensional electronic spectroscopy as a novel diagnostic tools for
tracking structural/dynamical problems in complex environments (e.g., biologically relevant
systems such as proteins and DNA) will be presented [3-4].
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