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Interactions between molecules or/and ions modify potential energy surfaces affecting vibrational frequencies. Infrared (IR) or Raman spectroscopies are therefore used to detect interactions based on the analysis of spectral shifts of selected modes. In physical chemistry spectroscopic studies of such a type are often used to investigate ion-solvent or ion-ion interactions in electrolytes (e.g. [1]).
Quantum-chemical calculations of harmonic frequencies and IR intensities or Raman activities for molecules in gas phase are routine tasks of computational chemistry. Calculations of spectra in condensed phase, e.g. vibrational spectra of bulk liquids or solutions are a more challenging task. Several factors make the modeling more complicated: solvent effect (which may be to some extent treated via one of implicit solvent approaches), the need to account for a population of different conformations and the possibility of dynamic changes in solvation shells.
Molecular dynamics methods are invaluable tools in modeling of condensed phases. Owing to growing computational power available, ab initio molecular dynamics (AIMD) simulations become increasingly popular. Based on AIMD trajectory, IR spectrum may be calculated as the Fourier transform (FT) of the dipole moment autocorrelation function. Although computationally expensive, this approach has the advantage of taking into account in principle all the factors discussed above. Recently, we used AIMD to obtain a good reproduction of bulk infrared spectrum of a typical ionic liquid, EMIM-TFSI [2]. In this work we performed AIMD simulations followed by FT analysis to model the vibrational spectra measured in [1] for electrolytes based on NaFSI salt in EMIM-FSI ionic liquid.  
AIMD-based vibrational spectra reproduced correctly the experimentally observed shift of selected vibrational mode of the FSI anion in electrolytes with increasing salt content. The effect is attributed to the complexation of the anion to the Na+ cation [2]. We will show that an analysis based on Fourier transform of selected geometrical parameters of anions helps to relate the spectral shifts to the local environments of the ions, yielding additional information about ion-ion interactions and their relation to the observed spectrum of bulk electrolyte. 
At the end of the presentation we will discuss some preliminary results of simulations for clusters of molecules, aiming at the study on how fast the solvent-induced shifts of IR frequencies develop from an isolated molecule toward the value corresponding to bulk solvent.        
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