Pis’ma v ZhETF, vol. 105, iss. 1, pp. 28 – 29 © 2017 January 10

Magnetic phase separation and strong enhancement of the Neel temperature at high pressures in a new multiferroic Ba_3TaFe_3Si_2O_{14}

I. S. Lyubutin^{a1)}, S. S. Starchikov^{a,b}, A. G. Gavriliuk^{a,b,c}, I. A. Troyan^{a,b,c}, Yu. A. Nikiforova^{a,b}, A. G. Ivanova^{a,b}, A. I. Chumakov^{d,e}, R. Rüffer^d

aFSRC “Crystallography and Photonics” of Russian Academy of Sciences, 119333 Moscow, Russia

bInstitute for Nuclear Research, Russian Academy of Sciences, 142190 Moscow, Troitsk, Russia

cREC “Functional Nanomaterials”, Immanuel Kant Baltic Federal University, 236041 Kaliningrad, Russia

dEuropean Synchrotron Radiation Facility, CS40220, F-38043, Grenoble, France

eNational Research Center “Kurchatov Institute”, 123182 Moscow, Russia

Submitted 18 November 2016

DOI: 10.7868/S0370274X17010064

Langasites (La_3Ga_5SiO_{14}) crystals are famous due to their unique piezoelectric, laser and nonlinear optical properties [1, 2]. Iron-containing langasites, such as Ba_3TaFe_3Si_2O_{14}, Ba_3NbFe_3Si_2O_{14} are now of great interest as a new type of multiferroics [3–10].

Ba_3TaFe_3Si_2O_{14} has non-centrosymmetric trigonal structure of the Ca_3Ga_2Ge_4O_{14} type with space group P 321 and Z = 1. It has a layered structure where iron Fe^{3+} and silicon Si^{4+} ions occupy the 3f and 2d tetrahedral sites in the ab plane, respectively. The Fe^{3+} ions form a net of triangle clusters on a hexagonal lattice in the ab planes creating the triangle magnetic structure with frustrated interactions [3, 6] The neutron diffraction studies of the similar crystal Ba_3NbFe_3Si_2O_{14} [3, 5] revealed the 120^∘ – ordering of Fe magnetic moments in the ab plane at low temperatures. In addition, the magnetic vector rotates from layer to layer (in the ab plains), when alternating along the c axis, thus forming a helical magnetic structure [3].

Transmission Mossbauer spectroscopy revealed splitting of crystallographic iron sites into two sublattices at ambient pressures [4, 6] which was associated with the structural phase transition induced by the magnetic ordering below Neel temperature T_N = 27.2 K. At high pressures P > 20 GPa the giant increasing of the Neel temperature up to 120 K was found by Nuclear Forward Scattering (NFS) [11, 12]. However the information about non-equivalent iron sites and magnetic structure at high pressures is not obtained from NFS spectra.

In the present paper, the polycrystalline samples of langasite Ba_3TaFe_3Si_2O_{14} were studied under high pressures in a diamond-anvil cell (DAC) [13] by a new

1)e-mail: lyubutinig@mail.ru

method of synchrotron Mossbauer spectroscopy (SMS) [14–16] in the temperature range of 4.2–295 K and at pressures from ambient to 30 GPa. At pressure above the structural transition (P > 20 GPa), the separation of the sample into two magnetic phases with different T_N values of about 50 and 130 K was revealed (Fig. 1). This effect can be explained by redistribution of Fe ions over 3f and 2d tetrahedral sites of the langasite structure. In this case, the short Fe–O distances and favorable Fe– O–Fe bond angles create conditions for strong superexchange interactions between iron ions in the (ab) plane providing effective two-dimensional (2D) magnetic ordering. In addition, the significant reduction of the c parameter should lead to a substantial increase in the Fe–O–O–Fe exchange interaction between adjacent ab planes, which further leads to an increase in the Neel point.

This work was performed under support of RSF # 16-12-10464 grant program. Supports by RFBR # 14-02-00483 and # 17-02-00766 grants and Russian Ministry of Science and Education contract # 14.616.21.0068 are acknowledged.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364017010027

1. B. V. Mill‘, E. L. Belokoneva, and T. Fukuda, Russ. J.

Inorg. Chem. 43, 1168 (1998).

2. B. V. Mill’ and Y. V. Pisarevsky, in 2000 IEEE/EIA Int.

Freq. Control Symp. Exhib. (2000), Kansas City, Missouri, United States, p. 133.

3. K. Marty, V. Simonet, P. Bordet, R. Ballou, P. Lejay, O. Isnard, E. Ressouche, F. Bourdarot, and P. Bonville, J. Magn. Magn. Mater. 321, 1778 (2009).

28 Письма в ЖЭТФ том 105 вып. 1 – 2 2017

Magnetic phase separation and strong enhancement of the Neel temperature. . . 29

Fig. 1. (Color online) (a) – Temperature dependences of areas of magnetic (blue points) components in the Mössbauer spectra of Ba3TaFe3Si2O14 at different pressures below and above the structural transition at P = 20 GPa. (b) – Magnetic (P −T ) phase diagram of Ba3 TaFe3Si2O14

4. I. S. Lyubutin, P. G. Naumov, and B. V. Mill’, EPL 90, 67005 (2010).

5. K. Marty, P. Bordet, V. Simonet, M. Loire, R. Ballou, C. Darie, J. Kljun, P. Bonville, O. Isnard, P. Lejay, B. Zawilski, and C. Simon, Phys. Rev. B 81, 54416 (2010).

6. I. S. Lyubutin, P. G. Naumov, B. V. Mill’, K. V. Frolov, and E. I. Demikhov, Phys. Rev. B 84, 214425 (2011).

7. S. A. Pikin and I. S. Lyubutin, Phys. Rev. B 86, 64414 (2012).

8. H. D. Zhou, L. L. Lumata, P. L. Kuhns, A. P. Reyes, E. S. Choi, N. S. Dalal, J. Lu, Y. J. Jo, L. Balicas, J. S. Brooks, and C. R. Wiebe, Chem. Mater. 21, 156 (2009).

9. H. D. Zhou, C. R. Wiebe, Y.-J. Jo, L. Balicas, R. R. Urbano, L. L. Lumata, J. S. Brooks, P. L. Kuhns, A. P. Reyes, Y. Qiu, J. R. D. Copley, and J. S. Gardner, Phys. Rev. Lett. 102, 67203 (2009).

10. C. Stock, L. C. Chapon, A. Schneidewind, Y. Su,

P. G. Radaelli, D. F. McMorrow, A. Bombardi, N. Lee, and S.-W. Cheong, Phys. Rev. B 83, 104426 (2011).

11. I. S. Lyubutin, A. G. Gavrilyuk, Y. A. Davydova, A. G. Ivanova, I. A. Troyan, S. N. Sul’yanov, S. S. Starchikov, S. N. Aksenov, and K. V. Glazyrin, JETP Lett. 100, 798 (2015).

12. A. G. Gavriliuk, I. S. Lyubutin, S. S. Starchikov, A. A. Mironovich, S. G. Ovchinnikov, I. A. Trojan, Y. Xiao, P. Chow, S. V. Sinogeikin, and V. V. Struzhkin, Appl. Phys. Lett. 103, 162402 (2013).

13. A. G. Gavriliuk, A. A. Mironovich, and V. V. Struzhkin, Rev. Sci. Instrum. 80, 43906 (2009).

14. V. Potapkin, A. I. Chumakov, G. V. Smirnov, R. Rüffer, C. McCammon, and L. Dubrovinsky, Phys. Rev. A 86, 53808 (2012).

15. R. Rüffer and A. I. Chumakov, Hyperfine Interact. 97– 98, 589 (1996).

16. V. Potapkin, A. I. Chumakov, G. V. Smirnov, J.- P. Celse, R. Rüffer, C. McCammon, and L. Dubrovinsky, J. Synchrotron Radiat. 19, 559 (2012).

Письма в ЖЭТФ том 105 вып. 1 – 2 2017