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Electron density redistribution in magnetocaloric (Fe,Mn).(Si,P,B)
measured by powder diffraction

The giant magnetocaloric effect (GMCE), associated with a first-order magnetic
transition (FOMT), makes near room-temperature magnetic refrigeration attractive
as a highly efficient and environmentally-benign technology [1,2]. We discovered the
GMCE in the (Mn,Fe),(P,Si) compounds. In this system the magnetic transition
temperature can be tuned over a wide range of temperatures by varying the Mn/Fe
and P/Si ratios [3]. Recent first-principle electronic-structure calculations on
MnFeP, sSips [3] indicate that at the first-order ferromagnetic phase transition a
strong electronic reconstruction takes place (see Fig. 1).

Fig. 1: Difference between the electron densities calculated for situations above and
below the Curie temperature in the iron-silicon/phosphorous plane [3].

We have performed X-ray powder diffraction measurements at beamline BMO1A as
function of temperature (from 100 to 400 K) and applied magnetic field (up to 2 T).
The preliminary results show (1) a large discontinuous change in lattice parameters
for the sample with a strongly first-order transition, (2) a moderate change in the
sample with a weakly first-order transition and (3) a small continuous change in the
sample with a second-order transition. The data will be used to perform a Fourier
synthesis to generate electron density plots similar to Fig. 1.
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Fig. 2: Temperature evolution of the scattered intensity as a function of the
diffraction angle (20=20°) for the three different systems.
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