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In the last twenty years, ultrafast spectroscopy has dramatically changed our
way to investigate matter [1]. Now we can indeed follow in real time all the
photo-inducible transformations occurring out of equilibrium states with
femtosecond resolution, and our comprehension of excited state physics and
chemistry has undergone a breathless leap. We can directly access times
where thermal and solvent fluctuations occur and track down collective
motions and long-range interactions within a molecule. In this talk I will
illustrate the capabilities of femtosecond spectroscopies to investigate
electronic and vibrational dynamics in proteins and molecular devices with few
representative examples from my research activity and literature. I will in
particular discuss energy redistribution and electron transfers in hem-proteins
[2-3] and azurins [4], and long-range energy transfers in DNA-hosted
multichromophoric light harvesters [5].
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To study electronic phenomena in macromolecular systems, chemists use the
so-called hybrid QM/MM methods, allying Quantum Mechanics and Molecular
Mechanics. Most of time hybrid QM/MM calculations are carried out with the help of
non-polarizable force field. This is generally a well-accepted approximation if one
recalls that force field point charges are often defined to reproduce condensed phase
properties. Thus, one can say that the MM point charges are already polarized in
average. This is true and accurate only if the quantum part does not vary too much
during the studied chemical process.
Electronic excited states can have very different nature than the electronic
ground state. One can think for example of excited states with a marked charge
transfer character. Hence, to correctly treat excited states with any QM/MM method,
the previous approximation is no longer valid and the polarization of the surrounding
is mandatory.
In this lecture I will present a recent development that can be considered as an
“universal” force field and I will show some applications dealing with the
photosensitization mechanism of DNA.

