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Dynamics and Thermodynamics of Loosely Bound Molecules in Condensed Phases
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Dynamics and thermodynamics of a Li+ ion and a H20 molecule encapsulated in

a C60 cage were investigated by terahertz spectroscopy and calorimetry. In [Li+@C60](PF6-) crystal,
Li+ ion was found to rotate in the C60 cage at room temperature. It was also revealed that the Li+
ion stops rotating below 100 K due to the localization in the cage, and is antiferroelectrically
ordered below 24 K. In H20@C60 crystal, H20 molecule was found to rotate even below 10 K. The
rotational states are coupled with nuclear spin states, and the conversion from the triplet (ortho)
state to the singlet (para) state was observed.

It is concluded that the loosely bound ions or molecules in spatially homogeneous spaces exhibit *
free” rotation at high temperature even in the crystalline states. At low temperature, on the other
hand, ions are likely to stop rotating but vibrate due to the localization, while molecules are
likely to rotate even at very low temperature.
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