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Functional magnetocaloric materials on atomic length
scales: element specific insight

To achieve a fundamental understanding of the hysteresis of new magnetocaloric systems on
atomic length scales, | will present element specific studies of these functional materials. The
techniques utilized are X-ray absorption spectroscopy (XAS) and nuclear resonant inelastic X-
ray scattering (NRIXS) at synchrotron radiation facilities as well as laboratory-based Mdssbauer
spectroscopy studies. In contrast to permanent magnets with a maximized magnetic
hysteresis, magnetocaloric systems shall present a minimized (thermal) hysteresis [1,2]. The
tailoring of hysteresis is a crucial task which is tackled by modifying structural phase transitions
in these materials. To understand the interplay of local atomic magnetic properties with the
lattice dynamics, the study of element specific thermodynamics is essential for the analysis of
the coupling of lattice and magnetic degrees of freedom. This is achieved by NRIXS
measurements, revealing the modification of the vibrational density of states versus
temperature along the first or second order phase transition [3,4]. The experimentally
determined local magnetic properties can be ideally compared to results by density functional
theory. Thereby the cross-coupling between magnetic, electronic and vibrational degrees of
freedom (spin-phonon coupling) is analyzed. Based on the thorough understanding of
microscopic mechanisms governing the shape of the free energy surface, we aim to identify
relevant strategies to tailor the interactions. Examples will be presented for the magnetocaloric
materials LaFe13-xSix [3-6] and FeRh [7,8].
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