Semiclassical Dynamics: A Viable Route to Molecular Spectroscopy
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Reliable molecular spectroscopy simulations require an accurate quantum description of nuclear motion. Since purely quantum mechanical
approaches are not affordable when dealing with high dimensional systems, an alternative path must be followed. Semiclassical methods have
been demonstrated to provide a viable route to obtain quantum features starting from classical trajectories. Based on the time-averaged version
of Miller’'s semiclassical initial value representation, we have developed new semiclassical techniques able to yield accurate vibrational spectra
upon classical evolution of just a handful of trajectories. Our techniques can be interfaced to ab initio on-the-fly dynamics and can tackle
problems involving hundreds of degrees of freedom by means of a divide-and-conquer strategy. We present some relevant applications that
cover a large dimensionality range, going from ammonia (with tunneling splitting detection), to glycine (with a potential energy surface
characterized by multiple shallow wells) and C_ fullerene (a system made of 174 degrees of freedom).
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Time-Averaged Semiclassical Initial Value Representation (TA-SCIVR)
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Pictures of Newton and Schroedinger’s cat from The Nobel Prize in Chemistry 2013 — The Royal Swedish Academy of Sciences.
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semiclassical results.

M-dimensional subspace

The system has 174 vibrational degrees of freedom. We employed a force field that takes
into account stretching, bending and torsional contributions, but neglects bond coupling
terms and van der Waals interactions. D. Holec et al. Phys. Rev. B 81, 235403 (2010).
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DC-SCIVR (white) and classical (orange) DC-SCIVR spectra of Fullerenes with different
spectra for a 3-dimensional subspace. symmetries: modified model with 3 heavier nuclei

Harmonic frequencies are in dashed blue lines. (orange) and standard model (white). The vertical
dashed lines indicate the harmonic frequencies.
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Semiclassical Rotational Spectra
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Semiclassical investigation of the effect of Inter-molecular Effect of local molecular-hydrogen tagging on high Rotational spectra of H.* and CH_".
hydrogen bonding on vibrational frequencies. Comparison frequency O-H and N-H stretches. o : -
to Bowman's MULTIMODE results. Comparison to experimental results by Thomas Rizzo. AENEREE @ nSlEre [IEnSDilg tEn e el Eies
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