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Elucidation of the unified mechanism of molecular nuclear-spin-conversion with
use of rotationally resolved spectroscopy
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Molecules including the hydrogen nuclei in the rotationally symmetric
positions are classified into nuclear spin isomers, according to the quantum number of their
resultant spin. In the present work, we targeted at the fundamental molecules of hydrogen, water,
ammonia, and methane, and observed the interconversion between the nuclear spin isomers by using
rotationally resolved spectroscopy. We isolated hydrogen in condensed layers of carbon dioxide, and
detected weak infrared absorption by polarized hydrogen. The conversion rate was determined from its

time development. In addition, we investigated the oxygen-isotope effect on the conversion rate of
water molecules, and found the abnormal temperature dependence of the conversion rate of ammonia.
Furthermore, we analyzed the time evolution of the infrared spectrum of crystalline methane on the
basis of the nuclear spin conversion, and determined the assignments of absorption signals in a
combination-tone region.
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