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First Principles Calculations of Vibrational Free Energy Estimated
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The quasi-harmonic approximation is a powerful tool for predicting the vibrational free energy using the first principles cal-
culations. This method with the phonon density of states shows reliable estimation of the thermal expansion and the relative
stabilities of SiC polytypes. For the binary systems, we derived a cancelling condition of the vibrational free energy change due to
the phase separations within the first order approximation in terms of the nearest bond pair interaction.
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Fig. 1 Schematic illustrations of spring model and Einstein
model for crytal lattices.
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Fig. 2 Schematic illustrations of phonon-DOS. The black
curve is the calculated phonon density of states for aluminum,
and the gray line, the dotted curve and the broken curve are ob-
tained by Einstein model, Debye model, and the second mo-
ment model of a recursion method, respectively.
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Fig. 3 Phonon dispersion curves of SiC polytypes of 3C, 2H, 4H and 6H.
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Fig. 4 Phonon density of states of SiC polytypes of 3C, 2H,
4H and 6H.
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4H SiC as a standard.
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Fig. 6
free energy of 4H SiC at 1000 K.
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Fig. 7 Comparisons between experimental and calculated thermal expansion coefficients for 3C and 4H SiC.
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Fig. 8 Frequency dependency of the first derivatives of the
vibrational free energy of Einstein lattice.
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