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Cold Chemistry of Molecular Ions
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Protonation is one of the most important processes in ion chemistry. Spectroscopic study of a protonated ion yields
the detailed understanding of proton attachment to a molecule in a quantum mechanical level. The first spectroscopic
identification of the protonate oxygen, O-H", is presented in this report. A unique experimental technique based on the
22-pole ion-trap with a 4 K cold head was used for laser-induced inhibition of complex growth (LIICG) and infrared
photodissociation (IRPD) spectroscopy, both of which are applicable only under ultracold condition. The high-resolution
infrared spectrum of O,H* was measured for the vi (OH stretching) band, and was analyzed with employment of the
effective Hamiltonian method for an asymmetric top molecule in a triplet electronic state. The electronic structure and
the molecular structure are discussed based on the determined molecular constants, elucidating protonation mechanism
to the O, molecule. The infrared spectra associated with the v, (O-O stretching) and vs (O-O-H' bending) modes were
also obtained with the infrared free-electron laser facility. The O,H* ion potentially has a great significance in

interstellar chemistry. The pure rotational spectroscopy in the microwave region, whose resonance frequencies were

predicted by the infrared results, was attempted for proposing the measurement by a radio telescope in space.
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