Pis’ma v ZhETF, vol. 111, iss. 4, pp. 228 – 229 © 2020 February 25

Electronic structure of transition-metal pnictides oxides La_3T_4As_4O_2 phase (T = Ni, Cu) from ab-initio calculations

Z. Bendeddouche^+, A. Zaoui^{+1)}, S. Kacimi^+, S. Abbaoui^+, A. Kadiri^+, A. Boukortt^∗

+Laboratoire de Physique Computationnelle des Matériaux, Université Djillali Liabès de Sidi Bel-Abbès, Sidi Bel-Abbès 22000, Algérie

∗Laboratoire d’Elaboration et Caractérisation Physico Mécanique et Métallurgique des Matériaux (ECP3M). Département de Génie Electrique, Faculté des Sciences et de la Technologie, Université Abdel Hamid Ibn Badis de Mostaganem, 27000, Algérie

Submitted 2 November 2019 Resubmitted 2 November 2019 Accepted 9 January 2020

DOI: 10.31857/S0370274X20040049

Oxypnictide systems based on transition metals and rare earths offer a promising platform to understand the physical properties of the new superconducting pnictide compounds [1, 2]. The family 3442-type Ln_3T_4Pn_4O_2 is one of the oxypnictide phases that interest us particularly. A number of experimental research studies have been published for this type of compounds [3–9] but just a few theoretical studies ab-initio have been reported [3, 10]. Their crystalline structure represents a convolution of the structure of the families 122 [11, 12] and 1111 [13] of pnictides. The lanthanum compounds reported in [9] in the two T = Cu, Ni series show a Pauli paramagnetic behavior and a T_C = 1.7 K superconductivity was reported only in the La_3Ni_4As_4O_{2−δ} compound. None of the others compounds synthesized in [9] is superconducting, however, a complex magnetic behavior is observed. Ce_3Cu_4As_4O_{2−δ} is the only nonmetal among all the compounds presented. Note that the superconductivity was also observed at low critical temperature T_C = 2.2 K previously in the analogous compound La_3Ni_4P_4O_2 [3]. Very few ab-initio calculations on this series of 3442-compounds have been reported so far to our knowledge [3, 10].

In this work, we have chosen to determine the structural and electronic properties of the new La_3T_4As_4O_2 compounds with a lamellar structure, based on lanthanum and arsenic for T = Ni, Cu, in order to contribute to a better exploration and knowledge of these compounds. Property calculations were also made for the quaternary and ternary compounds LaTAsO and LaT_2As_2 (T = Ni, Cu). Finding points in common between the three families makes it possible to identify certain criteria that might favor superconductivity at higher temperatures in these compounds.

1)e-mail: ali_zaoui@yahoo.fr

We employ the hybrid full-potential augmented plane wave plus local orbital method within the density functional theory as implemented in WIEN2k code [14]. We perform calculation of electronic structure of La_3T_4As_4O_2 (T = Ni, Cu) compounds using the local density approximation LDA [15], the generalized gradient approximation GGA [16] together with their onsite Coulomb interaction added versions, LDA + U and GGA + U [17].

First, we investigated the electronic structure of La_3T_4As_4O_2 (T = Ni, Cu) by the first principle calculations. We also studied the electronic structure of the 1111 and 122 systems because they would be of great help for better understanding the physical properties of the 3442 materials. The absence in literature of any information about the ab-initio electronic structure of the 3442-compounds leads us to study these new materials, which offer a new voice towards the superconductivity. For this, we have used four different approaches in order to give a better description of the electronic structure of the studied systems. Effectively, the GGA calculations give correct ground state properties comparing favorably with their similar P-3442 compound [3] and the synthesized 3442 systems with vacancies [9]. All structural parameters such as lattice constants, internal parameters, interatomic distances and angles are comparable to experimental [11] (3442 structures with vacancies) and theoretical [3] (P-3442) data. We note that the lattice constants (a_0 and c_0) satisfy the inter-growth conditions of the “3442” structure. The band structure and the density of states of La_3Ni_4As_4O_2 compound are found very comparable with the results of I. R. Shein and A. L. Ivanovskii [3] for La_3Ni_4P_4O_2 compound. We found a topological similarity between the Fermi surfaces of Ni-3442 and Ni-1111 systems, which respect the five band model. We strongly believe that this range of materials can be a promising platform for new su-

228 Письма в ЖЭТФ том 111 вып. 3 – 4 2020

Electronic structure of transition-metal pnictides oxides. . . 229

perconducting properties and oxygen vacancies in 3442- structures will be our perspective for future ab-initio predictions of new superconductors.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364020040013

1. Y. Kamihara, T. Watanabe, M. Hirano, and H. Hosono, J. Am. Chem. Soc. 130, 3296 (2008).

2. C. Wang, L. Li, S. Chi, Z. Zhu, Z. Ren, Y. Li, Y. Wang, X. Lin, Y. Luo, and S. Jiang, Europhys. Lett. 83, 67006 (2008).

3. I. R. Shein and A. L. Ivanovskii, JETP Lett. 89, 285 (2009).

4. R. J. Cava, H. W. Zandbergen, J. J. Krajewski, T. Siegrist, H. Y. Hwang, A. P. Ramirez, and B. Batlogg, J. Solid State Chem. 129, 250 (1997).

5. T. Bartsch, Ch. Benndorf, H. Eckert, M. Eul, and R. Pottgen, Z. Naturforsch. 71, 149 (2016).

6. M. Eul, D. Johrendt, and R. Pottgen, Z. Naturforsch.

64b, 1353 (2009).

7. T. Klimczuk, T. M. McQueen, A. J. Williams, Q. Huang, F. Ronning, E. D. Bauer, J. D. Thompson, M. A. Green, and R. J. Cava, Phys. Rev. B 79, 012505 (2009).

8. J. W. Kaiser and W. Jeitschko, Z. Naturforsch 57b, 165 (2002).

9. J. K. Wang, A. Marcinkova, C.-W. Chen, H. He, M. Aronson, and E. Morosan, Phys. Rev. B 89, 094405 (2014).

10. J. K. Wang, Sh. Wu, Y. Qiu, J. A. Rodriguez-Rivera, Q. Huang, C. Broholm, and E. Morosan, Phys. Rev. B 94, 064430 (2016).

11. R. Hoffmann and C. Zheng, J. Phys. Chem. 89, 4175 (1985).

12. G. Just and P. Paufler, J. Alloys Compd. 232, 1 (1996). 13. T. C. Ozawa and S. M. Kauzlarich, Sci. Technol. Adv.

Mater. 9, 033003 (2008).

14. P. Blaha, K. Schwarz, G. K. H. Madsen, D. Kvasnicka, and J. Luitz, WIEN2K, An Augmented Plane Wave Plus Local Orbitals Program for Calculating Crystal Properties, Vienna University of Technology, Vienna (2001).

15. J. P. Perdew and Y. Wang, Phys. Rev. B 45, 13244 (1992).

16. J. P. Perdew, S. Burke, and M. Ernzerhof, Phys. Rev.

Lett. 77, 3865 (1996).

17. V. I. Anisimov, J. Zaanen, and O. K. Andersen, Phys.

Rev. B 44, 943 (1991).

Письма в ЖЭТФ том 111 вып. 3 – 4 2020