Magnetic and phonon excitation spectra – the background for understanding of anomalous physical properties of correlated metals and semiconductors
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The intermediate valence compounds on a base of the rare earth elements possess by a number of unusual and potentially important physical properties, which could be used in practical applications. In particular, these compounds are considered as perspective thermoelectric systems or an overall zero thermal expansion materials. These compounds demonstrate enhancement of thermoelectric power, large extra (or anomalous) contribution to the temperature dependence of thermodynamic properties with respect to the isostructural reference material with the empty f-shell, etc. To optimize practical important properties it is necessary to understand its microscopic origin.

In this work the microscopic origin of anomalous thermodynamic properties of Sm and Ce-based compounds is discussed. The extra thermodynamic features are considered as a result of the superposition of contributions connected with specific lattice vibration and electron excitation spectra.

It has been found that the specific heat and thermal expansion anomalies of Sm(La)B​6 at low temperature result from features of unusual f-electron excitation spectra as well as conduction electron gap in the density of electron states. At T > 80 K for SmB​6 a significant negative thermal expansion anomaly arises due to renormalization of a phonon frequency in an intermediate valence state. The strong anomaly of a thermal expansion temperature dependence of (Ce(La)Ni) is mainly determined by a temperature evolution of the f-electron excitation spectrum in the temperature range T = 20 – 300 K. But at low temperature (T < 25 K) the peculiarities of lattice excitation spectrum due to an intermediate valence state play an important role.

In summary, the rearrangement of the f-electron spectrum upon variation of the valence can be considered as the key factor for understanding the transformations of thermodynamic properties for intermediate valence systems.
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