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Introduction  
     Easy axis antiferromagnets usually exhibit a first-order spin-flop transition when the magnetic field is applied along the easy axis. Recently a colossal magnetoelectric effect was discovered in Ni3TeO6, suggesting a continuous spin-flop transition across a narrow phase in this material.1 Additional evidence is, however, desirable to verify this mechanism. Here we measure the infrared vibrational properties of Ni3TeO6 in high magnetic fields and demonstrate that the phonon anomalies are consistent with a second-order mechanism.2 More broadly, this system provides a superb platform for the investigation of energy transfer processes in oxides with coexisting transition-metal and heavy-chalcogenide cations.3
Results and Discussion

     In this work, we bring together infrared vibrational spectroscopy, complementary lattice dynamics calculations, and a mean field analysis to reveal the lattice dynamics of Ni3TeO6 over a broad range of temperature and magnetic field.2 We uncover frequency shifts in the phonons across TN and through the 9 T field-driven spin-flop transition, demonstrating that the lattice is sensitive to changes in the microscopic spin arrangement. Corroborating the measurements with ab initio calculations, we assign infrared absorption peaks, identify phonons that have the largest spin-phonon coupling, and trace the microscopic origin of this coupling. Unexpectedly, spin-lattice coupling in Ni3TeO6 involves modes in the ab plane in addition to those along the c axis.2 Both act to modify superexchange. Trends in these features are consistent with the peculiar second-order character of the spin-flop transition. Our measurements also reveal signatures of a previously unknown transition between 30 and 35 T that merits additional investigation.2 
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Fig. 1: (a) Polarized infrared absorption spectrum, the polycrystal response, and the absorption difference spectrum at 20 T. The latter highlights the changes in the elastic properties between the AFM-I and AFM-II phases and is defined as_α = α(ω,H) − α(ω,H = 0). (b, c) Close-up view of the field-induced absorption difference spectrum in the vicinity of the 310 cm−1 bending mode through the 9 T spin-flop transition along with the field-induced frequency shift and mean field model fits for the 310, 597, and 666 cm-1 modes. The curves in (b) are offset for clarity, and the dotted arrow is a 20 cm−1 scale bar. The vertical line in (c) indicates the 9 T critical field. [image: image2.emf]
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