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Fig. 1. Atomic structure of CrO, monolayer: (a) Top view; (b) side view; (c) oblique view, the unit cell is marked by the black

dashed line square; (d) phonon spectra of CrO, monolayer; (e) total energy evolution with time at 1000 K. The illustration shows a

top and side view of the final configuration of CrO, after 5 ps molecular dynamics simulation.
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Fig. 2. (a) Convex hull of formation energy of the Cr-O systems, the star is the CrO, monolayer in this work; (b) the response of d

electron number to the small U perturbation, red and blue symbols correspond to the results from the self-consistent and non-self-

consistent calculations.
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Fig. 3. Projected density of states on the Cr 3d and O 2p
suborbitals, the Fermi energy represented by vertical
dashed lines, the Fermi energy is set to zero.
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Fig. 4. Band structure of CrO, monolayer by different

calculations, and Fermi energy is zero: (a) GGA + Uj
(b) SCAN.
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Fig. 5. (a) Nearest and next-nearest neighbor exchange
couplings, J; and J,, represented by the double arrows; (b)
ferromagnetic order; (c) antiferromagnetic order I (AFM-I);
(d) antiferromagnetic order II (AFM-II), the magnetic unit
cells are marked with the dashed line, red and blue arrows

indicate the opposite directions of Cr magnetic moments.

1E CrO, H, AHAE Cr J5 18] B BRBEAE FH ML,
fFE B E R Y EE. 5 Mn—O0—Mn 1Y
SRR A PR RS, 78 Cr—O—Cr %1, X
— NP TPR R, A2 Cr AT, O BB p
B A M B, /00 Cr FdHF. pHET AR

# 1  CrO, 7F FM, AFM- [ fl AFM- T #)7 B RE &, B4 Or JRF IRk, sl & 240 7, J 0y, BB FRESS 17 57
PERE A PR BRE To. PM AERGZ B %
Table 1.  Energies in the FM, AFM-I, and AFM-II orders, the nearest and next-nearest neighbor exchange couplings J; and
Jy, the anisotropic energy, the Curie temperature. The FM energy is set to zero.
Method Epy/meV  Eypyp/meV Egpyg/meV  Moment/up  Ji/(meV-S?)  Jy/(meV-S?)  A/(meV-S2) T¢/K
GGA+ U 0 120.23 167.96 2.4 41.99 9.06 0.195 461
SCAN 0 109.71 191.43 2.2 —47.86 -3.50 -0.103 422
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Fig. 6. Variation of average moment and susceptibility with
temperature, the exchange couplings and anisotropic en-

ergy are derived from different calculations: (a) GGA+ U,
(b) SCAN.
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Cr0O, monolayer: a two-dimensional ferromagnet with high
Curie temperature and half-metallicity”
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(School of Physics and Electronics, Shandong Normal University, Jinan 250358, China)
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Abstract

Owing to the complete spin-polarization of electronic states near Fermi energy, half-metallic ferromagnets,
especially two-dimensional half-metallic ferromagnets, have garnered significant attention in the field of
spintronics. However, the practical applications of these materials are greatly hindered by their low Curie
temperatures. Therefore, the exploration of high Curie temperature half-metallic ferromagnets poses a necessary
and challenging task. In this study, we predict a two-dimensional transition metal oxide, CrO, monolayer, and
employ first-principles calculations to investigate the crystal structure, electronic properties, magnetic ground
state, and ferromagnetic phase transition. The calculations of phonon spectrum, elastic constant, and molecular
dynamics simulations indicate that CrO, monolayer is dynamically, mechanically, and thermally stable. The
convex hull diagram of Cr-O systems shows that the hull energy of the predicted CrO, layer is only 0.18 eV,
further confirming the structural stability and large possibility for experimental fabrication. More importantly,
the electronic and magnetic properties of CrO, monolayer demonstrate that it is a two-dimensional
ferromagnetic half-metal with wide band gap. Five d suborbitals are divided into E, and T, orbitals because of
the crystal field of Cr atom in the center of O tetrahedron, and the spin-polarizations of E, orbitals make a
major contribution to the moment around Cr atom. The ferromagnetic coupling along Cr-O-Cr chain is
dominated by the superexchange interaction bridged by O 2p orbitals, similar to the typical Mn-O-Mn
superexchange model. The magnetic behavior of the Cr spin lattice in a CrO, monolayer is described by a two-
dimensional Heisenberg model, in which the exchange coupling anisotropy is ignored and the single ion
anisotropy is the main consideration. By solving the Heisenberg model through using the Monte Carlo
simulation method, the Curie temperature is determined to be over 400 K. The high Curie temperature
ferromagnetism is rare in two-dimensional ferromagnetic materials and even rarer in semi-metallic materials,

which makes it an ideal material for fabricating spintronic devices and studying spin quantum effects.

Keywords: transition metal oxide, two-dimensional ferromagnetic half-metal, Curie temperature, first-

principles theory

PACS: 61.46.—w, 75.70.Ak, 71.15.Mb, 77.80.B— DOI: 10.7498/aps.73.20240246

* Project supported by the National Natural Science Foundation of China (Grant No. 11974217).

1 Corresponding author. E-mail: lizongliang@sdnu.edu.cn

106102-9


http://doi.org/10.7498/aps.73.20240246
mailto:lizongliang@sdnu.edu.cn
mailto:lizongliang@sdnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

CrO B2 : —FhieR R /E RE RN &R R — gtk

ks FER

CrO, monolayer: a two—dimensional ferromagnet with high Curie temperature and half-metallicity
Liu Bing-Xin  Li Zong-Liang

2| FI{% B Citation: Acta Physica Sinica, 73, 106102 (2024)  DOI: 10.7498/aps.73.20240246

TEZL I View online: https:/doi.org/10.7498/aps.73.20240246
I 2R View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in

Bi4e s AR - 453 i 4B A —HE GaNBRL L R A0 55— SR B 3
First—principles study of magnetic properties of alkali metals and alkaline earth metals doped two—dimensional GaN materials

YIFI44. 2019, 68(23): 237303 https://doi.org/10.7498/aps.68.20191246

A A S R B AR E VA T R — R BRI

Stability and electronic structure of hydrogenated two—dimensional transition metal dichalcogenides: First—principles study

YIBR2EA. 2019, 68(3): 037102 hitps://doi.org/10.7498/aps.68.20181597

PSR T X (X = Mn, Te, Re) 828 " 4EWS 3 — VR FERBF 5T
First—principles study of transition metal atoms X (X = Mn, Tc, Re) doped two—dimensional WS, materials

YIBR2F4. 2022, 71(12): 127301 hitps://doi.org/10.7498/aps.71.20212439

JEF IR B PR — 2 Crl R~ T AR L S R = P 5 4 25— P B BT 5
First principles study of electrical and magnetic properties of two—dimensional ferromagnetic semiconductors Crl; adsorbed by atoms

YIBR2FA. 2021, 70(11): 117101 htips:/doi.org/10.7498/aps.70.20210090

RN AEREAEAARE A o 2 S HL R B 4

Research progress of preparation of large—scale two—dimensional magnetic materials and manipulation of Curie temperature

PFEEEAR. 2021, 70(12): 127301 https:/doi.org/10.7498/aps.70.20210223

TR R AR CrMo L L T AR SRR E T

Electronic structure and stability of two—dimensional bimetallic ferromagnetic semiconductor CrMol

PFEEEAR. 2021, 70(20): 207301 https:/doi.ore/10.7498/aps.70.20210949


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240246
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20191246
https://doi.org/10.7498/aps.68.20181597
https://doi.org/10.7498/aps.71.20212439
https://doi.org/10.7498/aps.70.20210090
https://doi.org/10.7498/aps.70.20210223
https://doi.org/10.7498/aps.70.20210949

	1 引　言
	2 计算方法
	3 结果与讨论
	3.1 原子结构
	3.2 结构稳定性
	3.2.1 声子谱和分子动力学模拟
	3.2.2 弹性常数和凸包图

	3.3 GGA+U方法中的U值
	3.4 电子结构
	3.5 铁磁基态
	3.6 居里温度

	4 总　结
	参考文献

