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Molecules at very cold temperatures are expected to behave quite differently from those at high
temperatures. For example, a significant enhancement of reaction cross section is expected for
some systems below 10 K because of the tunneling process, resonance effect and its large thermal
de Broglie length. However, little is known about the intrinsic properties of cold molecules
because of the difficulty in making free cold molecules. We have investigated physical and
chemical properties of molecules below 4 K using molecules embedded in quantum condensed
phases, and obtained the following new results: (1) Experimental proof of nuclear spin
conservation in bimolecular chemical reactions. (2) Investigation of fluxionality of large
hydrogen clusters at 0.4 K towards the observation of superfluidity of hydrogen molecules. In
addition, we have develop new techniques of making free cold molecules in the gas phase by
combining techniques of Buffer gas cooling, Stark filtering, and infrared cavity decelerator.
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