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Interpretation of structural properties and dynamic behavior of molecules in solution is of fundamental importance to understand their stability, chemical reactivity and catalytic action. While information can be gained, in principle, by a variety of spectroscopic techniques, the interpretation of the rich indirect information that can be inferred from the analysis of  experimental spectra is seldom straightforward because of the subtle interplay of several different effects, whose specific role is not easy to separate and evaluate. In such a complex scenario, theoretical studies can be very helpful, at two different levels: (i) supporting and complementing experimental results to determine the structure of the target molecule starting from its spectral properties; (ii) dissecting and evaluating the role of different effects in determining the observed spectroscopic properties. This is the reason why computational spectroscopy is rapidly evolving from a highly specialized research field into a versatile  and widespread tool for the assignment of  experimental spectra and their interpretation in terms of chemical physical effects. 

This lecture will review the most significant methodological contributions from our research group in this field, and, by exploiting  some recent results of their application to the computation of IR, UV-VIS, NMR and EPR spectral parameters, discuss the microscopic mechanisms underlying solvent and vibrational effects on the spectral parameters.  

After reporting some recent achievements for the study of excited states by first principle quantum mechanical approaches,  the focus will be on the treatment of environmental effects by means of mixed discrete-continuum solvent models and on effective methods for computing vibronic contributions to the spectra. Then the role of time-dependent approaches is discussed, which allow to go beyond the determination of spectroscopic parameters towards the simulation of line widths and shapes.

