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Exploitable magnetic anisotropy of magnetic CrBrs monolayer
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Magnetic anisotropy energy (MAE) plays a key role
in two dimensional (2D) magnetic materials, and it
could overcome the thermal fluctuations and stabilizes
the magnetic order at the finite temperature which has
been verified by the Mermin—Wagner theorem. More-
over, ferromagnetic 2D materials with large anisotropy
comes attract growing attention for their potential ap-
plications in spintronic devices. It is considerably attrac-
tive to explore whether intrinsic ferromagnetism and the
magnetic anisotropy of 2D monolayer can be modulated.
Previous works indicated that surface adsorption is an
attractive approach to control electronic structure and
magnetism in 2D materials. As we known, CrBrs and
Crls are intrinsic magnetic materials. Many works have
been carried out to investigate the MAE in these ma-
terials. However, the study of how to control MAE of
CrBrj is still lack. In this work, the impact of Li and F
adsorptions on the electronic and magnetic properties of
monolayer CrBrj are investigated by first-principles cal-
culations, as shown in Fig. la. It is observed that Li ad-
sorption can dramatically enhance its ferromagnetism,
but the ferromagnetism is reduced by the F adsorption,
as shown in Fig. 1b. Interestingly, the easy magnetiza-
tion axis switches from original out-of-plane to in-plane
direction. As shown in Fig. 1c, we find that the easy axis
of monolayer CrBr3 can be tuned from the out-of-plane
to in-plane after Li adsorption. By contrast, as shown
in Fig.1d, while the monolayer CrBr3 is adsorbed by
F, the easy axis maintains out-of-plane. Our study il-
lustrates the promising potential of electrostatic doping
induced by charge transfer in tuning the magnetization
orientation and enhancing ferromagnetism in monolayer
CrBrs.

Full text of the paper is published in JETP Letters
journal. DOI: 10.1134/S0021364020130019

1. X.L. Liu and M. C. Hersam, Nat. Rev. Mater. 4, 669
(2019).

De-mail: mluo@gench.edu.cn

68

10.

11.

12.

13.

14.

15.

16.

17.

. N.M. Freitag, T. Reisch, L. A. Chizhova, P. Nemes-
Incze, C. Holl, C.R. Woods, R.V. Gorbachev, Y. Cao,
A.K. Geim, K.S. Novoselov, J. Burgdorfer, F. Libisch,
and M. Morgenstern, Nat. Nanotechnol. 13, 392 (2018).
A. Ambrosetti, N. Ferri, R.A. DiStasio Jr.,
A. Tkatchenko, Science 351, 1171 (2016).

J.B. Yu and C.X. Liu, Nat. Commun. 11, 2290 (2020).
S. Chen and G. Shi, Adv. Mater. 29, 1605448 (2017).
X. Zhou, J. Zhou, Y. Yu, J. Ma, X. Sun, and L. Hu,
NANO 12, 1750121 (2017).

M. Osada, S. Yoguchi, M. Itose, B.-W. Li, Y. Ebina,
K. Fukuda, Y. Kotani, K. Ono, S. Ueda, and T. Sasaki,
Nanoscale 6, 14227 (2014).

S. Dutta, A. K. Manna, and S. K. Pati, Phys. Rev. Lett.
102, 096601 (2009).

0O.V. Yazyev and L. Helm, Phys. Rev. B 75, 125408
(2007).

P.A. Khomyakov, G. Giovannetti, P.C. Rusu,
G. Brocks, J. van den Brink, and P. J. Kelly, Phys. Rev.
B 79, 195425 (2009).

M. A. McGuire, H. Dixit, V. R. Cooper, and B. C. Sales,
Chem. Mater. 27, 612 (2015).

B. Huang, G. Clark, E. Navarro-Moratalla, D. R. Klein,
R. Cheng, K.L. Seyler, D. Zhong, E. Schmidgall,
M. A. McGuire, D.H. Cobden, W. Yao, D. Xiao,
P. Jarillo-Herrero, and X. Xu, Nature 546, 270 (2017).
C. Gong, L. Li, Z. Li, H. Ji, A. Stern, Y. Xia, T. Cao,
W. Bao, C. Wang, Y. Wang, Z.Q. Qiu, R.J. Cava,
S.G. Louie, J. Xia, and X. Zhang, Nature 546, 265
(2017).

M. Bonilla, S. Kolekar, Y. Ma, H. C. Diaz, V. Kalappat-
til, R. Das, T. Eggers, H. R. Gutierrez, M. H. Phan, and
M. Batzill, Nat. Nanotechnol. 13, 289 (2018).

D.J. O’Hara, T. Zhu, A.H. Trout, A.S. Ahmed,
Y.K. Luo, C.H. Lee, M.R. Brenner, S. Rajan,
J.A. Gupta, D.W. McComb, and R.K. Kawakami,
Nano Lett. 18, 3125 (2018).

Y. Deng, Y. Yu, Y. Song, J. Zhang, N.Z. Wang, Z. Sun,
Y. Yi, Y.Z. Wu, S. Wu, J. Zhu, J. Wang, X. H. Chen,
and Y. Zhang, Nature 563, 94 (2018).

A.F. May, D. Ovchinnikov, Q. Zheng, R. Hermann,
S. Calder, B. Huang, Z. Fei, Y. Liu, X. Xu, and
M. A. McGuire, ACS Nano 13, 4436 (2019).

and

IIucema B 2KOT®  Tom 112 2020

BbII. 1 —2



Exploitable magnetic anisotropy of magnetic CrBrs monolayer

69

2F
. (©)

Out-of-plane

/

In-plane

|
—_
T

MAE (meV/Cr)
.

—3r | Out-of-plane

» '_ In-plane

-5 -— i : : : : a—l—b
E 1 | 1 | 1 | 1 | 1 | 1 |
0 2.08 4.17 625 833 1042 125

Li coverage (%)

»
(@)}
T

(b)

—»—Li

N W W
o O N s

Magnetic moments (,/Cr)

g
o

0 2.08 417 625 833 1042
Adsorption coverage (%)

I
12.5

(d)

Out-of-plane

3
=
@]
= 2
[}
g
Qo1
<
2 -
0 77777777777777777777777777
L In-plane
_1_ 1 | 1 | 1 | 1 | 1 | 1 |
0 2.08 4.17 6.25 833 1042 125

F coverage (%)

Fig.1. (Color online) (a) — Top view of pristine CrBrs monolayer and three possible adsorption sties of Li (F) are marked.
sl — Hollow, s2 — Cr-top, s3 — Br-top. (b) — The local magnetic moment of Cr in the Li- and F-adsorbed 3 x 2 x 1 CrBrs
monolayer; Magnetic anisotropy energy (MAE) of the CrBrs monolayer with different Li (¢) and F (d) adsorption coverage
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