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Magnetoelectric Coupling through the Spin-Flop Transition in Ni3TeO6
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Introduction  

Spin and polarization flop transitions are fascinating, especially when controlled by external stimuli like magnetic and electric fields and accompanied by large material responses involving multiple degrees of freedom. Multiferroics like MnWO4 and TbMnO3 are flagship examples and owe their remarkable properties, including field control of polarization and polarization reversal accompanied by spin-helix reorientation, to the heavy ions that bring strong spin-orbit coupling and magnetic anisotropy. Ni3TeO6 drew our attention due to the presence of both 3d and 5p cations and an unusual spin-flop transition.1,2 This system displays a complex magnetic phase diagram (Fig. 1(a)).1,5 A magnetically-induced electric polarization (P = 3,280 μC/m2) arises in the antiferromagnetic I (AFM I) phase below TN = 53 K due to Heisenberg exchange striction in the polar structure, and a continuous spin-flop transition occurs at 9 T into the AFM II phase, altering the polarization (∆P = 290 μC/m2 at 2 K).1 Moreover, Ni3TeO6 sports the largest linear magnetoelectric coupling constant in a single phase material known to date (α = 1,300 ps/m).1 Metamagnetic transitions accompanied by extraordinarily large polarization changes have been discovered at 52 and 70 T, and the indications of a yet unknown magnetic transition between 30 and 35 T were observed.4,5 The colossal polarization rich magnetic phase diagram and large spin-orbit coupling due to incorporation of the heavy Te centers raise the possibility of large dynamic magnetoelectric coupling in this system.
Results and Discussion


In this work, we bring together optical spectroscopy, a symmetry analysis, and first principles calculations to reveal how and why the electronic properties of Ni3TeO6 can be controlled by magnetic field, and we trace the color property tunability (Fig. 1(b)) to magnetic field-induced changes in specific crystal field environments and the associated Ni d-to-d excitations.3 Excitations on the Ni1 and Ni2 centers are most effected. In addition to providing a superb platform for the exploration of coupled charge and spin degrees of freedom, these findings reveal that the remarkable polarization properties and magnetoelectric coupling in Ni3TeO6 extend to much higher energies than previously supposed.3 This is interesting and important because similar energy transfer processes may exist in other systems - particularly those in which transition-metal and heavy-chalcogenide cations coexist.

	Fig. 1: (a) T – H phase diagram of Ni3TeO6 along with schematic views of the crystal and spin structure in the AFM I and AFM II phases. (b) Optical absorption, calculated d-to-d excitation energies for the three different Ni centers, and absorption difference spectra (∆α = α(35 T) – α(0 T)).3
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