ON THE magnetocaloric effect in d-metal pnictides
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The transition metal pnictides of formula MM’X (X = P, As, Sb…) and isotype compounds (with Ge, Sb) exhibit very interesting fundamental properties directly resulting of the straight relationships existing between their structural peculiarities and the main magnetic characteristics. The metal ordering was found markedly dependant of the relative size and difference in electronegativity of the transition elements. Consequently, the selective occupation of the two different sites (tetrahedron T and square-based pyramid P) formed by the X lattice makes importance on the magnetic local polarisation if any and the strength of correlation at short to long distances. As a matter of fact, the shortest metal to metal distances are found only a few nanometers larger than what it exists in the corresponding alloys. For years, we have more extensively analysed both the crystal structures (three main polytype structures) and the magnetic properties of most of the ternary phosphides and arsenides. The polytype structures (tetragonal, hexagonal and orthorhombic symmetry) and higher order polytypes are built from the combination  Singularly, for this series of compounds exhibiting well established metal characteristics, the onset of  magnetism and the magnetic correlations are found markedly exhaled in ternary compounds and solid solutions where the main valence electron number stays close to that of iron. Furthermore, magnetic instabilities take place for small changes in the nature the transition metals. These critical behaviours reveals strongly antagonist exchange couplings and leads almost systematically to the occurrence of meta-magnetic-like transitions that can be found from the lowest to above room temperature. They are very often accompanied with magneto-elastic phenomena, which can be of a marked amplitude. Many of the corresponding systems have been characterised by high field magnetisation measurements as well as by application of external pressures. A noticeable number of electronic structure calculation were made thus confirming the very sensitive and unstable magnetic polarisation. Recently, the potentialities to develop large magneto-caloric contribution close to room temperature was pointed out in MnFe(As,P) and some related compounds belonging to the MM’X series. We report here a wide analysis of both the crystal structure peculiarities and the different aspect of the magnetic properties, leading to better understand the many magnetoelastic effects exhibited by the MM’X series. Moreover, we have performed systematic neutron diffraction experiments thus allowing to anticipate on the different contributions to entropy. Besides high magnetic field measurement namely under pressure were performed to quantify the most pertinent (T, P, H) phase diagrams . Finally, complete insights of the electronic polarisation instabilities were deduced from KKR-CPA band structure calculations. All the previous fundamental analyses lead to comfort the very interesting magneto-caloric contributions exhibited by the MM’X series. So, we have currently measured in parallel the change of entropy at the transition to deduce the magneto-caloric contribution. Comparison are made with other high performance systems.

