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Investigation of phonon transport in alloyed crystals by perturbation approach
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While nanostrucuring has been shown to be a promising approach to effectively reduce lattice
thermal conductivity and enhance thermoelectric efficiency, alloying still remains to be a key process that
determines the base material performance. Therefore, understanding lattice thermal conductivity of
alloyed crystals, particularly from the point of view of mode-dependent phonon transport, holds
importance. In this work, we have investigated phonon scattering rates in alloy crystals by focusing on the
mass-difference scattering rates were obtained through spectral analysis of phase-space trajectories
computed by molecular-dynamics simulation. Obtained results for simple Lennard-Jones crystals show
that the mass-difference scattering rates of long-wavelength phonons follow the frequency dependence of
Rayleigh scattering regardless of isotope mass and concentration. Meanwhile we obtained the large
deviation from scattering models based on mass perturbation theory. We will report and discuss details of
frequency dependence of mass-difference scattering rates to clarify validity and limit of the models.
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Fig. 1 Phonon scattering rates of pure Lennard-Jones crystal at 20
K. Marks (H, @) are from Ref. (4). The dashed line indicates
that frequency dependence of Klemens model®.
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Fig. 2 Phonon scattering rates of alloyed crystals with different
isotope masses at 2 % isotope concentration at 20 K.
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Fig. 3 Phonon scattering rates due to mass-difference scattering at
2 % isotope concentration and 20 K.
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Fig. 4 Mass ratio dependence of g,. Dashed lines are calculated by
Eq. (5)
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