Pis’ma v ZhETF, vol. 115, iss. 9, pp. 593 – 594 © 2022 May 10

The lithium doping effect for enhancing thermoelectric and optoelectronic performance of Co_2NbAl

D. Bensaid^{+1)}, B. Doumi^{∗×}, S. Ahmad^∘

+Faculty of Science and Technology, University Belhadj Bouchaib, BP 284, 46000 Ain-Temouchent, Algeria

∗Faculty of Sciences, Department of Physics, Dr. Tahar Moulay University of Saida, 20000 Saida, Algeria

×Instrumentation and Advanced Materials Laboratory, University Center of Nour Bachir El-Bayadh, 32000 El-Bayadh, Algeria

∘Department of Physics, College of Science, P.O. Box 9004 King Khalid University Abha, Saudi Arabia

Submitted 14 February 2022 Resubmitted 3 April 2022

Accepted 4 April 2022

DOI: 10.31857/S1234567822090075

Cobalt-rich Heusler compounds represent a very interesting family of Heusler alloys owing to their performance in spintronics and magnetic devices [1–4]. The quaternary Heusler, created by swapping of an antiatom site with an alkali element, improves the performance of physical properties for applications [5]. In this study, the electronic structures and magnetic properties before and after substitution of Co by Li in the Co_2NbAl compound were investigated using first-principles computational calculations. At the energy plane level, the quaternary LiNbAlCo is stable and favors the cubic structure with space group of F¯43m [6]. The lattice constant is in good agreement with the subsequent work [7]. Our findings revealed that substitution of Co antisites by Li destroys the half-metallic character of Co_2NbAl. Analysis of the band structures shows that the parent ternary Heusler compound is ferromagnetic halfmetallic with a half-metallic ferromagnetic band gap E_{HMF} (band gap in the minority channel) and halfmetallic gap G_{HM} (HM) equal to 0.22 and 0.497 eV, respectively. Our gap values are comparable to the values found by Shakeel Ahmad Sof and Dinesh C. Gupta [6]. Using the HSE06 approach substituting of Co by Li leads the material to change its behavior and becomes a semiconductor with a gap equal to 1.043 eV, this value is close to that cited in [7]. The ferromagnetic half-metallic behavior due to the d−d exchange interaction caused by the hybridization between 3d-Co and 4d-Nb states (see the Fig. 1), where we can clearly see the contribution of the d-states of the transition elements Nb and Co around the fermi level. The results of optical properties such as absorption coefficient confirms that the

1)e-mail: djillali.bensaid@univ-temouchent.edu.dz; djizer@yahoo.fr

LiNbAlCo compound has and the maximum absorption located in the middle ultraviolet (MUV 4.13–6.20 eV) region and vacuum ultraviolet (VUV 12.4–6.53 eV) region. Energy lost by an electron as it passes through the materials is given by the energy loss function L(ω) means. The largest value of L(ω) is 0.421, it is important to mention that the sharpest peaks are induced by plasmonic excitation, and the energies are considered as plasmonic energies with a value of 13.15 eV. Thermoelectric properties such as the ZT figure of merit are highly required to know the efficiency of materials that can be used in different thermal applications. The ZT for the quaternary LiNbAlCo reached 1.05 at room temperature, this value of figure of merit is very promising for the optoelectronics and encourage researchers to realize photovoltaic cells and thermoelectric generators with higher efficiency. These interesting features suggest that Co_2NbAl and LiNbAlCo Heusler compounds are good candidates for applications in spintronics and optoelectronics for commercial semiconductor industry.

This is an excerpt of the article “The lithium doping effect for enhancing thermoelectric and optoelectronic performance of Co_2NbAl”. Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S002136402210054X

1. Ikhtiar, S. Kasai, A. Itoh, Y. K. Takahashi, T. Ohkubo, S. Mitani, and K. Hono, J. Appl. Phys. 115, 173912 (2014).

2. T. Kubota, S. Tsunegi, M. Oogane, Sh. Mizukami, T. Miyazaki, H. Naganuma, and Y. Ando, Appl. Phys. Lett. 94, 122504 (2009).

3. T. Saito, N. Tezuka, M. Matsuura, and S. Sugimoto, Appl. Phys. Exp. 6, 103006 (2013).

4. J. Winterlik, S. Chadov, A. Gupta et al. (Collaboration), Adv. Mater. 24, 6283 (2012).

4 Письма в ЖЭТФ том 115 вып. 9 – 10 2022 593

594 D. Bensaid, B. Doumi, S. Ahmad

Fig. 1. (Color online) The total DOS of LiNbAlCo and the projected DOS on the states associated to Li, Nb, Al and Co

5. T. Jungwirth, V. Novák, X. Marti, M. Cukr, F. Máca,

A. B. Shick, J. Mašek, P. Horodyská, P. Nemec, V. Holŷ, J. Zemaek, P. Kužel, I. Nĕmec, B. L. Gallagher, R. P. Campion, C. T. Foxon, and J. Wunderlich, Phys. Rev. B 83, 035321 (2011).

6. Sh. A. Sof and D. C. Gupta, AIP Advances 10, 105330 (2020).

7. J. He, S. Sh. Naghavi, V. I. Hegde, M. Amsler, and Ch. Wolverton, Chem. Mater. 30(15), 4978 (2018).

Письма в ЖЭТФ том 115 вып. 9 – 10 2022