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INTRODUCTION

QM/MM calculations have been carried out in order to study the theoretical
structures of L-tyrosine as well in gas phase as in aqueous solution. The molecule was
characterized by infrared and Raman spectroscopies in solid phase and aqueous

solution (Figure 1).

Optimized geometries for different specie derived from L-tyrosine have been
calculated taking into account the solvent effects by using the SCRF theory with the
GAUSSIAN program.’ The theoretical structures in gas phase were simulated by
using AMBER? force field while in aqueous solution were performed with the PCM
model® and then, the results were analyzed and compared.
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FIGURE 1. Experimental spectra of the L-tyrosine compound: a) Infrared spectrum in solid phase, b)
Infrared spectrum in aqueous solution and, ¢) Raman spectrum in solid phase.

Results and Conclusions

Three different stable conformations with geometry C; were obtained according to
the position of the H,N-C-COOH or "H3N-C-COO™ moieties with respect to the
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benzyl ring, named C,;, C;, and Cy;; conformers. Calculations by using both basis sets
predict for the C, conformer a lower energy value and, for this, is the most stable
conformer. The higher dipole moments values are obtained for all zwitterions, as is
expected because are specie highly hydrated in aqueous solution. The calculated
solvation energies by means of the PCM model for the zwitterions specie with the two
basis sets shows a significant decreasing from C,; to C,. The smaller solvation
energies values are obtained for the C, specie whiles the higher values for the Cy,
specie because are zwitterions charged with a higher dipole moments. The molecular
volume for all species by using both QM/MM methods shows that the zwitterions are
hydrated in aqueous solution because the volumes notably increase, in relation to the
values in gas phase. Significant effects on the geometrical and vibrational frequencies
are found for those studied L-tyrosine specie.

Afterwards, a complete assignment of all observed bands in the IR and Raman
spectra in solid state and in aqueous solution for neutral and zwitterions species were
performed by using DFT/B3LYP calculations combined with Pulay’s SQMFF
methodology.* Moreover, DFT, Natural Bond Orbital (NBO)®> and topological
properties, by means of atoms and molecules theory AIM® calculations were obtained
to analyze the energies and geometrical parameters of its three conformers in gas
phase as well as the magnitude of the intramolecular interactions.

Good agreement between theoretical and available experimental results of dipole
moment values in agueous solution’ and harmonic vibration frequencies were found.
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