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Electric and Magnetic Phase Diagram of Triangular Lattice Antiferromagnet Ba3NiTa2O9
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Introduction

The triangular lattice antiferromagnets (TLAFs) with formula of A3MNb2O9 (A= Ca, Sr, Ba, M=Co, Ni, Mn) have provided us a useful playground in studying the effects of fluctuation (different magnetic ions M) and distortion (different A-site atoms) on their electric and magnetic phase diagrams [1]. By replacing the Nb with Ta, another varying parameter, a different degree of super-exchange interaction strength, can be introduced. Here, we report a magnetic and electric phase diagram of Ba3NiTa2O9 and compare the results with that of its sister compound Ba3NiNb2O9.
Experimental


Polycrystalline Ba3NiTa2O9 samples were used to measure ac susceptibility, dielectric constant and electric polarization at SCM2 and dc magnetization at Cell 8. 
Results and Discussion


Fig. 1 shows the dc magnetization and its derivative (dM/dH) at different temperatures. The ac susceptibility c'(H) also shows very similar behavior with dM/dH. The feature expected for the magnetization plateau from the up-up-down spin structure (peak-broad valley-peak shape in dM/dH and c'(H) starting at 1/3 of saturated magnetization) was not observed. Instead, there is a single peak around 4T, whose position slight shifts to lower fields with temperature. In Fig. 2, the dielectric constant shows very weak anomalies at temperatures where the magnetic phase transitions occur. The anomaly is more likely from the second order magnetoelectric effect as it is distinctly different from what we observed from the para-ferroelectric transition in the multiferroic TLAF's. The resulting phase diagram is much simpler than that of Ba3NiNb2O9 which showed multiferroicity in all magnetically ordered state and the successive magnetic phase transitions and the magnetization plateau [2]. 
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Conclusions

Since the structure between Ba3NiTa2O9 and Ba3NiNb2O9 is very similar each other including the lattice constant, the difference in the magnetic/electric phase is likely from the difference of higher order (Ni-O-Ta(Nb)-O-Ni) super-exchange interaction between them. It is possible that the Ta f-orbitals have less overlap with O-2p orbitals than Nb p-orbitals, resulting in a weaker super-exchange interaction. If this is the case, it is somewhat surprising to see such small perturbation can cause the dramatic changes in the phase diagram.
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Fig.2 The temperature dependence of dielectric constant at different fields. Inset: the derivatives of the dielectric constant.





Fig.1 The field dependence of magnetization and its derivatives. 





Fig.3 The HT-phase diagram and the spin structures at each phase. The 120-deg phase was confirmed from a neutron power diffraction experiment. 
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