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According to the third law of thermodynamics, the entropy of crystals tends to zero as 7 — 0. In many molecular crystals, the
configurational entropy Sc is zero and the remaining vibrational entropy Sv decreases with decreasing temperature, which vanishes as
T — 0. However, in some crystals, molecules can move around even in the crystalline states, where Sc remains non-zero. In this study,
we focused on two types of such compounds, one with partially deuterated methyl groups and endohedral fullerenes, and have
investigated how the S¢ in those crystals approach to zero as 7'— 0. In the first system, the locations of H and D atoms in a partially
deuterated methyl group are exchangeable even in the crystalline phase, which remains Sc = RIn3. The S. is released at around 10 K
where Schottky type anomalies are observed in heat capacity. This is caused by the splitting of the triply degenerated ground states due
to the symmetry breaking by the partial deuteration. In the second system, a Li" ion circulates quantum mechanically in a Ceo fullerene
at 300 K, which localizes into two pockets below 100 K, and into one pocket below 24 K due to the Coulombic interactions with the
neighboring ions. A H20 encapsulated in a Ceo, on the other hand, rotates quantum mechanically even at 1 K.
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Fig.1 Molar heat capacities of 4-methylpyridine and its methyl
deuterated derivatives.
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Fig.2 (a) Molar heat capacities of 2,6-dichlorotoluene and its
methyl deuterated derivatives. (b) The excess heat capacities of —
CH:D and —CHD:> compounds. The curves are Schottky-type heat
capacities calculated using the energy schemes given in the figure.
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Fig.3 (a) Temperature dependence of infrared absorption
spectrum of CsH3Clo-CH2D. The peaks are assigned to the C-D
stretching modes. (b) Temperature dependences of the absorption
intensities at 2140, 2190, 2208 and 2212 cm™". The curves are the
occupancies of the three energy levels obtained from the heat
capacity analysis.
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Table 1 Differences in zero-point energies among three isotopic
conformations at two orientations of methyl groups for partially
methyl deuterated 2,6-dichlorotoluenes obtained by quantum
mechanical computations.
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Fig.4 Excess heat capacities of methyl partially deuterated
compounds of (a) 2,6-dibromotoluene, (b) toluene, (c) methanol,
and (d) methyl iodide. The open symbols of CHD2OH in (c) are
the data obtained by relaxation calorimetry and those of filled
symbols are by adiabatic calorimetry. The curves in (c) and (d)
are the Schottky-type heat capacities calculated using the energy
schemes given in the figures.
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Fig.5 THs spectrum of [Li*@Ceo](PFs") at room temperature.
The inset shows the rotational spectrum calculated by assuming
the Li* ion circulate freely in the Ceo cage.
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Fig.7 Molar heat capacity of [Li*@Cs0](PFs"). The inset show
the heat capacity at 7 < 50 K, where a small transition peak is
observed. The dotted curves are the normal heat capacities at
phase transitions.
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Fig.8 (a) Molar heat capacity of H2O@Cgeo. The dashed curve is
the heat capacity of empty Ceo. The inset is a double-logarithmic
plot of C, below 40 K. (b) Excess heat capacity of HxO@Cseo
obtained by subtracting the C, of empty Ceo. The dotted blue
curve is the translational heat capacity of H2O calculated using
the Einstein model (@s = 124 K). The solid green curve is the
Cirans + Crot sum calculated assuming that the ortho-to-para
conversion is slow.
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Fig.9 (a) Time dependence variation in heat capacity of
H20@Ceo at 1.85 K. The red curve is the result of fitting using
double exponential model. (b) Temperature dependence of the
time constant of nuclear spin conversion from ortho- to para-H20.
The data above 13 K are fitted to an Arrhenius equation (solid
line). The data below 13 K are temperature-independent.
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