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Complex oxides SrR2O4 (where R is Y or a rare-earth metal) possess a specific quasi-one-dimensional structure of orthorhombic symmetry with the space group Pnam. The unit cell contains 4 formula units, the lattice constant c = 0.341 nm is about three times less than the lattice constants a =1.007 nm and b =1.191 nm, and each of 28 sublattices is formed by ionic chains running along the c-axis. The impurity Dy3+ ions substitute for Y3+ ions at two nonequivalent crystallographic sites Y1 and Y2 with the point symmetry group Cs. Magnetically concentrated crystals SrDy2O4 manifest a classic spin-liquid behavior that is undoubtedly related to the specific single-ion spectral and kinetic properties of the dysprosium subsystem.
The reported study includes the synthesis of single-crystal samples of SrY2O4 compound doped with 0.01 at.% and 0.5 at.% of the Dy3+ ions. Investigations of the oriented samples with EPR spectroscopy provided an information on the g-factor principal values and principal directions with respect to crystallographic axes and thus on the ground Kramers doublet wavefunctions. Hyperfine coupling constants for odd 161Dy and 163Dy isotopes were also determined.
Thorough measurements of the optical luminescence and excitation spectra with site-selective laser spectroscopy allowed to determine energy level structures of the ground 4F9/2 as well as excited 6HJ (J = 5/2, 7/2, 9/2, 11/2, 13/2, 15/2) and 6FJ (J = 11/2, 9/2) multiplets of the two nonequivalent Dy3+ centers in the SrY2O4:Dy (0.5 at.%) single crystal.
Bestfit of energy level pattern within the exchange charge model have given the sets of fifteen crystal field parameters for each of the of the Dy1 and Dy2 centers.
Probably, the brightest result of our study was obtained with the quasi-static vibrating-sample magnetometry: if the magnetic field was applied along the crystallographic b-axis and the sample temperature was below 10 K, a peculiar double-loop hysteresis was observed. The shape of the hysteresis curve depended on temperature, field sweep rate and concentration of the Dy3+ impurity in the sample. We show that the observed hysteresis originates from very slow magnetic relaxation of the Dy2 centers: the measured with magnetometer lifetime achieved 1444 seconds at T = 2 K and B = 0.07 T.
Hysteresis curves were successfully reproduced within a model based on the numerical solution of generalized master equations with time-dependent transition probabilities induced by the electron-phonon interaction, quantum tunneling, and cross relaxation [4].
1. Malkin B.Z.: Crystal field and Electron–Phonon Interaction in Rare-Earth Ionic Paramagnets, in: Spectroscopy of solids containing rare-earth ions, ed. by A. A. Kaplyanskii and R. M. Macfarlane, Elsevier Science Publishers, Amsterdam (1987), ch. 2, p. 13-49.
2. Malkin B.Z. et al: Phys. Rev. B 109, 054434 (2024)
