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ABSTRACT

Spectroscopies, such as Infrared and Raman, are very powerful tools for the investigation
of physical-chemical properties of molecular systems, providing detailed information related
to the structure and dynamics. However, experimental spectra are tuned by several
intertwined effects which can make the interpretation of experimental data very challenging
without the support of reliable in silico simulations.

The main of this presentation is to provide an overview of theoretical models and
computational strategies for the simulation of vibrational spectra. The first part will focus on
the simulation at the harmonic level, highlighting its main limitations. Then, a general
overview of the approaches for the inclusion of anharmonic effects will be presented In
particular, the vibrational second-order perturbation theory (VPT2) has shown to offer a very
effective balance between accuracy and computational cost, allowing the treatment of
medium-to-large size molecular systems. In this context, the problem of degenerate
vibrations, characterizing high-symmetry systems, will be addressed as well.

The second part of the presentation will focus on the treatment of molecules presenting
highly-anharmonic, floppy large amplitude motions (LAMs), which are unsatisfactorily
described at the purely VPT2 level. In this case, one of the most promising strategies is
based on an interplay between different approaches aimed at treating each vibration through
the most appropriate method.

In order to prove the reliability of all the models, several applications to the simulation of
Infrared and Raman spectra will be presented, taking molecular systems of biological and
astrochemical interest as test-cases.
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