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Electrically Polarized NMR and Nematic Phase of Quasi-2D Antiferromagnet CuCrO2
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Introduction


CuCrO2 is an example of quasi-two-dimensional (quasi-2D) (S = 3/2) antiferromagnet (Tc ~ 24 K) with triangular lattice structure. In this system exotic types of magnetic orderings are expected due to geometrical frustrations of in-plane and inter-planar exchange interactions. Electric polarization studies of CuCrO2 in pulsed magnetic fields up to 92 T [1,2] revealed a number of phase transitions, the nature of which was uncertain. We carried out Cu NMR investigations in magnetic field up to 45 T [3,4]. According to our data the magnetic field destroys inter-plane order and the system goes from three-dimensional (3D) to 2D state. We suppose that this 2D phase is, in fact, a 3D-polar phase with tensor order parameter and can be classified as a p-type nematic phase. To verify this, we carry out a control experiment in which Cu NMR spectra are measured after cooling in electric field.

Experimental


63,65Cu NMR experiments were carried out using a home-built pulsed NMR spectrometer in the temperature range 4.2 ≤ T ≤ 40 K. Measurements were taken on a superconducting Cryomagnetics 17.5 T magnet and 30 T resistive magnet (DC Field Facility, Cell 2) at NHMFL. The construction of NMR probe allows measuring NMR in the presence of static electric field.
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Results and Discussion


Fig.1a shows an example of Cu NMR spectra measured at the temperature 15 K after cooling from 30 K in different conditions corresponding to the presence/absence of magnetic/electric field during the cooling. We found that the electric field does not change much the shape of the spectra. The spectra remain helmet-shaped which indicates the absence of conventional long-range order [3,4]. In order to control electric polarization, we also measured pyroelectric current at the same conditions. Fig.1b shows the temperature dependence of the polarization. We found that helmet-shaped phase [3,4] indeed possesses polarization. Fig.1c shows the phase diagram of CuCrO2 according to NMR. The 3D-ordered planar spiral phase is characterized by double-horn shaped spectra. The polar-nematic phase is characterized by helmet-shaped spectra. The transition between these two phases is highly hysteretic. The corresponding hysteretic area is shaded. Magnetic phase marked by C demonstrates single line and can be attributed to a collinear up-up-down (UUD) structure.
Conclusions

The magnetic phase diagram of CuCrO2 was studied with Cu NMR and electric polarization. It was proven that the ‘disordered’ helmet-shaped phase possesses electric polarization which allows classifying it as a p-type nematic phase.
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