A Europium-151 Nuclear Resonance and Neutron Scattering Study

of Localized Vibrational Modes in Thermoelectric Materials
R. P. Hermann,' F. Grandjean,! W. Schweika,” Gary J. Long,’ O. Leupold,* and R. Riiffer*

'Université de Liege, “‘Forschungszentrum Jiilich, *University of Missouri-Rolla, “*E.S.R.F.

Bu Fe Sb

. o Efficient thermoelectric materials must behave as a

“phonon-glass™ and an “electron-crystal”.

» The insertion of loosely bound guests into cagey
structures, such a skutterudites or clathrates, yields a
reduction of the lattice thermal conductivity without

reduction of the electric conductivity.

* What are the characteristics of the vibrational

Ba, Sr, or

modes of these loosely bound guests? .
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Experimental Techniques

, The 1nelastically scattered neutrons that
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Discussion
* The observed energies of the localized vibrational modes are 1n good agreement with previous EXAFS, Raman, and — _
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* In all studied materials, the localized vibrational modes are broader than the instrumental resolution. The

average time between collisions with the acoustic phonons can be obtained from the intrinsic broadening.

Inverse Intrinsic Broadening, meV’

* Because the lattice thermal conductivity, K, 1s proportional to the average time between phonon collisions, K is

inversely proportional to the intrinsic broadening. The anharmonic interactions that lead to the broadening ofthe ~ *"0 5 10 15 2

K, MW K 'em™ at 300 K
localized vibrational modes are the likely cause of the reduction in thermal conductivity.
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