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Abstract — We study the relationship of entropy with the properties of molecules and also with the macroscopic
specifications of the system, i.e., component and phase. Understanding different viewpoints of classical mechanics and
quantum mechanics for the indistinguishability of molecules belonging to the same component, we discuss a few
thermodynamic systems in which the properties of molecules are to be consistent with the component as a macroscopic
term of classifying the molecules. With a clear definition of thermodynamic microstate, the drawback of the Boltzmann
statistics caused by the distinguishability of molecules is avoided, and the Gibbs paradox of entropy consequently
disappears. Corresponding to the characteristics of fluid and solid phases, we investigated the effects of the indistinguishability
and the symmetry number of molecules and the number of microstates realized in time on the partition function and the
entropy. In particular, we show that crystalline solid can be regarded as a system which does not satisfy the ergodic
hypothesis.
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Fig. 1. The arrangements for crystalline solid consisting of monatomic
molecules. Each arrangement corresponds to an actual crystal
observed in time, and exchanges between the different arrange-
ments do not occur physically.
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Fig. 2. Solid structures of molecular crystal: (a) orientationally ordered

crystal at low temperature and (b) orientationally disordered
crystal at high temperature.
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Table 1. The change of entropy for orientational order-disorder transitions of fullerene crystals [12,13]
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