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Spin-density studies of the multiferroic
metal–organic compound

[NH2(CH3)2][FeIIIFeII(HCOO)6]

Metal–organic frameworks combining two or more properties have been the focus of interest of several
research groups in the last few decades. A good approach to achieve this combination has been the de-
sign of perovskite-like metal–organic frameworks where a three-dimensional network made of metallic cen-
tres linked through organic ligands, which presents magnetic order, also accommodates counterions respon-
sible for electric order. One of these examples is the mixed-valence iron(II)–iron(III) formate compound
[NH2(CH3)2][FeIIIFeII(HCOO)6].
Previous results revealed that upon cooling, the magnetic moments of the Fe(II) and Fe(III) sublattices do
not order simultaneously: the magnetization of the Fe(II) sublattice increases faster than that of the Fe(III)
sublattice because of the larger value of the saturation magnetization of the latter.[1] Unpolarized neutron
diffraction measurements at 2 K with no external field revealed some discrepancies in the saturation value
of the magnetic signal on the Fe(III) sites and in the ferromagnetic moment along the c axis. These discrep-
ancies could be related to the actual distribution of magnetic moment, since unpolarized neutron diffraction
gives information on the magnetic moment localized only on the magnetic ions. Polarized neutron diffraction
allows an analysis of the magnitude of the spin density over magnetic and nonmagnetic ions (the organic
ligand and the counterion), which can give a clue to explain the low saturation on the Fe(III) sublattice and
the correlation with the physical measurements.
The present study also contributes to the understanding of the magneto-electric behaviour of this compound,
giving insight into the role of metal disorder in the origin of the structural phase transition, which is responsi-
ble for its antiferrolelectric order, and into the influence of spin-density delocalization on its magneto-electric
properties, allowing a discussion of the alternative explanations given so far for its electric properties at low
temperature. [2]
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