Reducing lattice thermal conductivity by valence fluctuations: an experimental study on Ce(Pd1-xRhx)3.
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Intermediate valent CePd3 exhibits one of the highest Seebeck coefficients (about 100 to 120 µV/K at a broad maximum around 150 K) within Ce based intermetallics. Such strongly enhanced S(T) values are referred to an intense Kondo interaction responsible for a characteristic temperature TK of about 220 K. Enhanced values of TK are a fingerprint of a strong 4f-s,p,d hybridisation which in turn promotes an intermediate electronic configuration of the Ce ion. Simultaneously, a high electron density of states at the Fermi level, associated with the Abrikosov Suhl resonance, provides the base requisite for an extraordinarily large Seebeck effect. Theoretically, this relationship follows within the scope of the single impurity Anderson model as Sd = 2 (/(|e|N)( cot(((0)), where ( is the Sommerfeld value, N is the degeneracy of the 4f state and ( is the phase shift. This equation shows that the density of states at the Fermi energy, expressed by the Sommerfeld value, is the relevant parameter driving the Seebeck effect in Kondo type materials. Substitutions of Pd in CePd3 by platinum metal elements such as Rh and Ru enlarge the Kondo temperature TK via enhanced hybridisation and thus will trigger significant valence fluctuations. Since the maximum contribution in S(T) occurs at a temperature roughly proportional to TK the Pd/Rh substitution is expected to tune Smax(T) in a continuous manner over a broad range of temperatures. Besides, phonons are strongly scattered on such valence fluctuations, giving rise to a decrease of the lattice part of the thermal conductivity. Theoretically, this follows from the relaxation rate 1/(e = E.(, where E is some material dependent constant and ( is the phonon frequency. This type of scattering dominates at low temperatures and produces a T2 behaviour of (ph. Increasing the strength of this interaction results in a suppression of the thermal conductivity maximum and eventually reveals a powerful decrease of (ph at high temperatures. 

The aim of the present work is to verify in some detail the scenario outlined above by investigating the temperature dependence of the electrical resistivity, thermal conductivity and thermopower in a temperature range from 4.2 to about 1000 K on various concentrations of the solid solution Ce(Pd1-xRhx)3. 
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