Pis’ma v ZhETF, vol. 119, iss. 7, pp. 516 – 517 © 2024 April 10

Raman spectroscopy of Na_3Co_2SbO_6

Yu. S. Ponosov^a, E. V. Komleva^{a,b}, E. A. Pankrushina^{c,b}, D. Mikhailova^d, S. V. Streltsov^{a,b1)}

aInstitute of Metal Physics, 620108 Ekaterinburg, Russia

bUral Federal University, 620002 Ekaterinburg, Russia

cA. N. Zavaritsky Institute of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences, 620016 Ekaterinburg, Russia

dInstitute for Complex Materials, Leibniz Institute for Solid State and Materials Research (IFW) Dresden, 01069 Dresden, Germany

Submitted 16 January 2024 Resubmitted 19 February 2024 Accepted 2 March 2024

DOI: 10.31857/S1234567824070073, EDN: QCHZOW

Materials, in which competition of a bonddirectional exchange interaction leading to a strong frustration presented, can be a physical realization of the Kitaev model described by the Hamiltonian H = ∑ ⟨ij⟩_γ

K^γŜ^γ_i Ŝ^γ_j , (1)

where different spin components γ = {x, y, z} for three symmetry inequivalent nearest neighbours (numerated by site indexes i and j) on the honeycomb lattice turn out to be coupled by the exchange constants K^γ [1]. Such materials are under active investigation nowadays [2–4]. An efficient method of studying such Kitaev materials is the Raman spectroscopy.

In the paper we for the first time present the results of Raman measurements in a wide frequency range for one of the honeycomb cobaltites Na_3Co_2SbO_6 considered as possible candidates for Kitaev physics as well as the density functional theory (DFT) lattice dynamics simulations for the compound.

Co, forming here a layered honeycomb structure, is 2+ with electronic configuration 3d^7 and spin S = 3/2. The magnetic ground state corresponds to a so-called antiferromagnetic (AFM) zigzag structure, when ferromagnetic (FM) spins are ordered in zigzag fashion [5]. Effective magnetic moment is 5.2−5.5μ_B [5–7], suggesting substantial contribution of the orbital moment.

Although Na_3Co_2SbO_6 orders magnetically it was recently shown that a moderate magnetic field of 1–2 T suppresses the long-range magnetic order and leads to a field-induced state, which can retain some features of Kitaev physics [8].

Polarized Raman measurements in the temperature range of 80 to 300 K were performed in backscattering

1)e-mail: streltsov@imp.uran.ru

geometry from the polycrystalline sample [8] using an RM1000 Renishaw microspectrometer.

DFT + U calculations ([9], U = 7 eV, J_H = 1 eV, [10, 11]) have been performed using VASP [12] within generalized gradient approximation (GGA) [13]. Phonon frequencies at Γ-point were computed using the density functional perturbation theory (DFPT) [14, 15].

Na_3Co_2SbO_6 crystallizes in a monoclinic structure (space group C2/m) [5], which implies 7A_g and 8B_g phonons, that theoretically can be observed with Raman spectroscopy. The measured room temperature spectra show 11 lines at frequencies 121, 159, 207, 292, 371, 444, 495, 528, 543, 618, and 636 cm^{−1} (see Fig. 1). The exact shape of phonon lines is difficult to determine due to their large width and the overlap of some lines with others for the power sample.

As the temperature decreases, most of the lines narrow only slightly; the accompanying hardening suggests the influence of anharmonic contributions. The new narrow peak appears below 200 K at 525 cm^{−1} (see the insert in Fig. 1a). As there is no information about structural transitions at this temperature in Na_3Co_2SbO_6, it can be a sign of either two-magnon scattering or a gradual development of the short-range correlations with decreasing temperature.

In the high-frequency region, the spectra show broad bands at 1060, 1570 and possibly 2080 cm^{−1} given in the insert in Fig. 1b. Such extra peaks are typical for some other honeycomb lattice layered compounds and associated with high-order phonon scattering.

It turned out that taking into account spin degrees of freedom in DFT + U calculations strongly affects the resulting phonons frequencies and hence, their agreement with the experimental ones. It can be regarded as a proof of the sensitivity of the phonons to magnetic

516 Письма в ЖЭТФ том 119 вып. 7 – 8 2024

Raman spectroscopy of Na_3Co_2SbO_6 517

Fig. 1. (Color online) (а) – Raman spectra of Na3Co2 SbO6 measured at 83 and 295 K. Insert shows temperature evolution of the spectral range where line near 525 cm^{−1} appears. (b) – Raman spectra of Na3Co2SbO6 measured in XX and XY scattering geometries at 300 K. Highfrequency spectral range containing two-phonon excitation is shown in insert

order in the compound and highlights the importance of the spin-lattice coupling in Na_3Co_2SbO_6.

Considering of the spin-orbit coupling (SOC) also slightly modifies the calculated phonon spectrum and further improves agreement with the experiment, especially for the highest-frequency modes.

The effect of both magnetism and SOC is mostly observed for the highest phonon modes. According to the results of our calculations the two highest modes correspond to stretching distortions of SbO_6 octahedra, which are in the centers of Co hexagons. In case of AFM zigzag order magnetostriction leads to decrease of Sb-Co distances. This explains frequency growth and, hence, hardening of the stretching mode.

Finally, the Raman spectra do not reveal formation of high-energy continuum observed in some Kitaev materials [16, 17].

We are extremely grateful to T. Vasilchikova for help with samples and to P. Maksimov, and E. Vavilova for various stimulating discussions on Na_3Co_2SbO_6.

Funding. This work was supported by the Russian Science Foundation via project RSF 23-12-00159.

Conflict of interest. The authors have no conflicts of interest to declare.

This is an excerpt of the article “Raman spectroscopy of Na_3Co_2SbO_6”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364024600125

1. A. Kitaev, Ann. Phys. (Amsterdam, Neth.) 321, 2 (2006).

2. H. Takagi, T. Takayama, G. Jackeli, G. Khaliullin and S. E. Nagler, Nat. Rev. Phys 1(4), 264 (2019).

3. D. I. Khomskii and S. V. Streltsov, Chem. Rev. 121(5), 2992 (2021).

4. S. Trebst and C. Hickey, Phys. Rep. 950, 1 (2022). 5. J. Q. Yan, S. Okamoto, Y. Wu, Q. Zheng, H. D. Zhou, H. B. Cao, and M. A. McGuire, Phys. Rev. Materials 3, 074405 (2019).

6. L. Viciu, Q. Huang, E. Morosan, H. W. Zandbergen, N. I. Greenbaum, T. M. Mcqueen, and R. Cava, J. Solid State Chem. 180, 1060 (2007).

7. C. Wong, M. Avdeev, and C. D. Ling, J. Solid State Chem. 243, 18 (2016).

8. E. Vavilova, T. Vasilchikova, A. Vasiliev, D. Mikhailova, V. Nalbandyan, E. Zvereva, and S. V. Streltsov, Phys. Rev. B 107, 054411 (2023).

9. A. I. Liechtenstein, V. I. Anisimov, and J. Zaanen, Phys.

Rev. B 52, R5467 (1995).

10. E. A. Zvereva, M. I. Stratan, A. V. Ushakov, V. B. Nalbandyan, I. L. Shukaev, A. V. Silhanek, M. Abdel- Hafiez, S. V. Streltsov, and A. N. Vasiliev, Dalton Trans. 45, 7373 (2016).

11. P. A. Maksimov, A. V. Ushakov, Z. V. Pchelkina, Y. Li, S. M. Winter, and S. V. Streltsov, Phys. Rev. B 106, 165131 (2022).

12. G. Kresse and D. Joubert, Phys. Rev. B 59, 1758 (1999). 13. J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev.

Lett. 78, 1396 (1997).

14. M. Gajdos, K. Hummer, G. Kresse, J. Furthmüller, and F. Bechstedt, Phys. Rev. B 73, 045112 (2006).

15. S. Baroni, S. de Grioncoli, A. Dal Corso, and P. Giannozzi, Rev. Mod. Phys. 73, 515 (2001).

16. J. Knolle, G. W. Chern, D. L. Kovrizhin, R. Moessner, and N. B. Perkins, Phys. Rev. Lett. 113, 187201 (2014).

17. J. Nasu, J. Knolle, D. L. Kovrizhin, Y. Motome, and R. Moessner, Nat. Phys. 12, 912 (2016).

Письма в ЖЭТФ том 119 вып. 7 – 8 2024