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Introduction

CuCrO2 is an example of quasi-2D (S = 3/2) antiferromagnet with triangular lattice structure. In this system exotic types of magnetic orderings are expected due to geometrical frustrations of in-plane and inter plane exchange interactions. CuCrO2 magnetically orders (TN ~ 25 K) to planar spiral structure with spin plane orientation defined by “easy” axis anisotropy directed perpendicular to triangular planes (c-axis). Magnetic phase diagram of CuCrO2  at high fields was studied in [1] by electric polarization measurements in pulse magnetic fields. In this study a number of phase transitions for H || c were observed, the nature of which was uncertain. In the framework of the present project the NMR on nonmagnetic nuclei 63,65Cu was studied for H || c; µ0H < 45 T and 5 < T < 40 K.
Experimental


CuCrO2 single crystal sample was grown at NHMFL. 63,65Cu nuclei were probed using pulsed NMR technique. NMR experiments were carried out using a home-built NMR spectrometer. Measurements were taken on a superconducting Cryomagnetics 17.5 T magnet; 30 T resistive magnet (DC Field Facility, Cell 2) and 45 T hybrid magnet (DC Field Facility, Cell 15) at NHMFL.
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Results and Discussion
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Left and right panels of Fig.1 show field evolution of the spectra measured at T = 20 K and 5 K, respectively. The spectra are shifted by the values (0H inscribed at the lines. The spectra are given with different colors: single line spectra are given with red, the two-horn and distorted two-horn spectra are given with green, helm like spectra are given with blue. Computer simulations of the spectra have shown that two-horn and helm like shapes are specific for incommensurate spiral magnetic structures within triangular planes with order (3D-phase) and disorder (2D-phase) between neighboring triangular planes, respectively. Points in Fig.2 demonstrate the phase transitions observed by NMR experiments. The phase boundaries observed in polarization experiments [1] are shown with dashed lines. NMR spectra shapes observed in different areas by cooling from paramagnetic phase at different fields are also shown. The study of the evolution of NMR spectra at different cooling procedures show, that phase diagram probed by NMR indicates two magnetic phases marked on the phase diagram as phases I and III. Phase I is 3D-ordered planar spiral phase and Phase III is 2D ordered planar spiral phase. The hysteresis area on the phase diagram is designated as II. In this region, the 2D or 3D ordering character depends on cooling history. Magnetic phase within the region marked on the phase diagram by C demonstrates single line and can be attributed to a collinear up-up-down (UUD) structure.
Conclusions

The magnetic phase diagram of CuCrO2 is studied with Cu NMR at H || c. NMR experiments revealed the H-T areas where 2D,3D-planar spiral, UUD and paramagnetic phases are realized. Note finally, that the phase realized in region III is very unusual. From one side according to NMR the usual 3D order is disturbed, but at the same time it possesses electric polarization [1]. This phase can be classified as a polar nematic phase.
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