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Evaluation of the applicability of multicomponent quantum mechanics to
the calculation of infrared spectra of H/D isotope compounds
(Hiroshima Univ.? Kazuki Kataoka?, Yusuke Kanematsu® Takayoshi Ishimoto?

Quantum mechanics (QM) calculations commonly used in infrared spectroscopy
calculations are based on the Born-Oppenheimer approximation and the harmonic
vibration approximation, and thus the calculated values contain errors stemming from
these approximations. Such errors are particularly strong for vibrations involving
hydrogen nuclei with large quantum fluctuations and often hinder attribution. A
possible solution of this issue is the multicomponent quantum mechanics (MC_QM),
which extends QM to quantum multicomponent system. MC_QM is expected to provide
higher accuracy and enable the analysis of H/D isotope effects by treating nuclei
quantum mechanically, like electrons. However, the improvement in accuracy through
the application of MC_QM to infrared spectroscopy has not been confirmed. To
investigate the suitability of MC_QM for infrared spectroscopy, we performed
calculations of vibration frequencies for several H/D substituents using MC_QM and
compared them with conventional QM calculations and experimental data. The results
demonstrated that MC_QM values exhibit improved reproducibility to experimental
values by incorporating nuclear quantum effects
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Fig.1 (a) Plot of calculated DFT values against experimental values for the same vibration mode. (b) Plot of

calculated MC_DFT values against experimental values for the same vibration mode.
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