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Penning ionization electron spectroscopy and spherical hypersphere search
study on conformational stability of alanine, serine, and cysteine
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[Abstract] The electronic and conformational structures of L-alanine (R=CHs), L-serine
(R=0OH), and L-cysteine (R=SH) were studied by Penning ionization electron spectroscopy
(PIES) experiments and automated quantum chemical calculations. We demonstrate the
collisional ionization experiments on biomolecules with metastable excited He*(23S, 19.82
eV) atoms using a high-sensitivity Penning ionization electron spectrometer of the magnetic
bottle type. Since PIES is sensitive to exterior electron distribution outside the molecular
surface, observed spectra were analyzed by an exterior electron density model at the
HF/6-311++G(d,p) level and outer and valence green function (OVGF) calculations using
6-311++G(d,p). The conformational stability is discussed comparing the experimental spectra
with calculated spectra, which were synthesized assuming the Bolzmann distribution over
calculated internal energies or free energies. According to natural bond orbital (NBO)
analyses, free energy change upon 0 K — 400 K displays exactly opposite tendencies against
NBO stabilization energy by hydrogen bonding. The fact indicates that the more hydrogen
bonding stabilizes, the less stable at high temperature.
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