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Fig. 1. (a) Base vector diagram of 17-Col,, where a; and a, are the base vectors, b; and b, are the reciprocal lattice vectors, G, M
and H are highly symmetric k-points of the first Brillouin zone; (b) a side view of the atomic structure of 17-Col, with a vacuum
layer. The blue and purple balls represent Co and I atoms, respectively; (c) the top view of the expanded 5 X 5 supercell, which is
used to describe the HBI and Kitaev interactions between Co atoms, centered on the Co atom in the middle, and the red numbers
indicate the neighboring positions of the Co atoms. Two coordinate systems are set: [XYZ] represents the Co—Co bond, the first,
second and third neighbor Co—Co bond on the triangular lattice are marked in the figure. Green, blue and yellow bonds indicate
the X, Y and Z bond, respectively. [zyz] represents three Co—I bond coordinate systems perpendicular to each other, where the

Co—I bonds represented by z, y and z are perpendicular to the plane where the Co—Co bonds of X, Y and Z are located, respect-

ively.
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Fig. 2. (a), (b) Band structure of the monolayer 17-Col,. The red and black lines in panel (a) indicate the spin-up and spin-down
bands, respectively. (c), (d) Density of states (DOS) maps of monolayer 17-Col,, where the red and black curves show the DOS of

Co and I atoms, respectively. In panel (c¢), positive and negative values indicate the DOS of the up and down spin, respectively; the

blue dashed line at energy 0 is the Fermi level; panel (d) is the DOS of Co and I calculated with SOC.
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Fig. 3. (a) Dispersion relation corresponding to Ep,(q) when only Iy = 1is considered; (b), (c¢) the corresponding Er,(q),

Er,(q) dispersion relations when only I = 1 and I3 = 1 are considered, respectively; (d)—(f) plots of Eg,(q), Ek,(q),

Ek,(q) dispersion relations corresponding to Kj, K5, and K3 taken as 1, respectively.
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Fig. 4. (a) Discrete points represent the calculated dispersion relation E (g) between the spin spiral energy of the 17-Col, system
and the wave vector ¢. Among them, N means that SOC is not considered, and S means only SOC; the black box Enys and the
red circle EN are calculated values, and the blue triangle Es is the difference between the two. The black, red and blue curves are
the corresponding fitting ones; H, G, M are special k points in the first Brillouin zone in Fig. 1(a). (b) The J value of the first to
eighth neighbors of the HBI in 17-Col,. (c¢) J, K, I" parameter points from the first neighbor to the third neighbor with SOC.
(d)-(g) Magnetic moment distribution diagrams of points H, G, M in the first Brillouin zone and the lowest point L in E (q) .
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Abstract

Kitaev interactions, which are bond-related anisotropic interactions induced by spin-orbit coupling (SOC),
may produce quantum spin liquid states in two-dimensional (2D) magnetic hexagonal lattices such as RuCls.
Generally, the strong SOCs in these materials come from heavy metal elements such as Ru in RuCls. In recent
years, some related studies have shown the presence of Kitaev effects in some 2D monolayers of ortho-
octahedral structures containing heavy ligand elements, such as CrGeTe; and CrSiTe;. However, there are
relatively few reports on the Kitaev interactions in 2D monolayer 17T structures. In this paper, we calculate and
analyse the atomic and electronic structures of 17-Col, and the Kitaev interactions contained therein by the
first-principles calculation program VASP. The structure of 17-Col, is a triangular lattice with an emphasis on
the coordinating element I. The energy dispersion relation FEs(q) = Ents(q) — En(q) for the contained Kitaev
action is isolated by calculating the energy dispersion relation Ex(q) for the spin-spiral of monolayer Col,
without SOC and the energy dispersion relation FEnys(q) considering SOC by using the generalized Bloch
condition combined with the spin-spiral method. The parameters of the Heisenberg exchange interaction
induced by the SOC are obtained by fitting the dispersion law of the Es(g) to the Kitaev exchange interaction
with the parameters of the Kitaev exchange interaction. The fitted curves obtained with the fitted parameters
are in good agreement with the calculated values, indicating the accuracy of our calculations. Calculated fits
show that the monolayer Col, is dominated by Heisenberg action, with the third nearest neighbour having the
largest absolute value of J at —1.81 meV. In addition to this, there are strong Kitaev interactions in the
monolayer Col,, where I} reaches 1.09 meV. We predict that the Kitaev interactions are universally applicable
to transition metal triangular lattices with 17 structure. It is shown that the Col, can be used as an alternative
material for Kitaev and lays a theoretical foundation for exploring Kitaev interactions in other 2D magnetic

materials.

Keywords: monolayer 17-Col,, first principle, two-dimensional magnetic materials, Kitaev interaction

PACS: 71.15.Nc, 73.20.At, 73.61.Ey DOI: 10.7498 /aps.72.20230909

1 Corresponding author. E-mail: wlxmcl@usts.edu.cn

1 Corresponding author. E-mail: yzhu@nuaa.edu.cn

247101-9


https://doi.org/10.1038/s41598-018-30063-y
https://doi.org/10.1038/s41598-018-30063-y
https://doi.org/10.1038/s41598-018-30063-y
https://doi.org/10.1038/s41598-018-30063-y
https://doi.org/10.1038/s41598-018-30063-y
https://doi.org/10.1016/j.physleta.2014.05.006
https://doi.org/10.1016/j.physleta.2014.05.006
https://doi.org/10.1016/j.physleta.2014.05.006
https://doi.org/10.1016/j.physleta.2014.05.006
https://doi.org/10.1016/j.physleta.2014.05.006
https://doi.org/10.1016/j.physleta.2014.05.006
https://doi.org/10.1103/PhysRevLett.115.267210
https://doi.org/10.1103/PhysRevLett.115.267210
https://doi.org/10.1103/PhysRevLett.115.267210
https://doi.org/10.1103/PhysRevLett.115.267210
https://doi.org/10.1103/PhysRevLett.115.267210
https://doi.org/10.1103/PhysRevLett.115.267210
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1016/j.jallcom.2015.04.160
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1039/C7TC02664A
https://doi.org/10.1103/PhysRevB.91.241110
https://doi.org/10.1103/PhysRevB.91.241110
https://doi.org/10.1103/PhysRevB.91.241110
https://doi.org/10.1103/PhysRevB.91.241110
https://doi.org/10.1103/PhysRevB.91.241110
https://doi.org/10.1103/PhysRevB.91.241110
http://doi.org/10.7498/aps.72.20230909
mailto:wlxmcl@usts.edu.cn
mailto:wlxmcl@usts.edu.cn
mailto:yzhu@nuaa.edu.cn
mailto:yzhu@nuaa.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

BR1T-Col, HKitaeviE FI KI5 — R R BB I

AP FEM FARA FRT BFTFT BAZ 4F

First—principles study of role of Kitaev interaction in monolayer 17T-Col,

ZhuKai Huang Can CaoBang-Jie PanYan-Fei FandJi-Yu MaChun-Lan Zhu Yan

5| {5 B, Citation: Acta Physica Sinica, 72, 247101 (2023) DOI: 10.7498/aps.72.20230909
TEZL I View online: https:/doi.org/10.7498/aps.72.20230909
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

R BRI A

Articles you may be interested in

BT VR A AR R B AL R A LB ST
First principle study on gas sensor mechanism of black—AsP monolayer

YIFRE4. 2021, 70(15): 157101 https://doi.org/10.7498/aps.70.20201952

RS S HUZNDSEN B RRS 25 00 55— P TS
First principles study of magnetic transition of strain induced monolayer NbSi,N,

WIFIE4. 2022, 71(20): 206303 https://doi.org/10.7498/aps.71.20220939

Sh,SIAB AL SnO2HLF 451 9 — P I A
First principle study of electronic structure of Sh, S Co—doped Sn02

YIBR2F4. 2018, 67(21): 213102 https://doi.org/10.7498/aps.67.20181228

L AN TP R R et VAR B e DY U e KB L

First—principles study of electronic structure and optical properties of monolayer defective tellurene

PIFEEEAR. 2021, 70(16): 166301 https:/doi.org/10.7498/aps.70.2021027 1

i J A 5 JR AR A — A GaNATAR} AL AP 1 57— M PR 58

First—principles study of magnetic properties of alkali metals and alkaline earth metals doped two—dimensional GaN materials

YIBR2A4R. 2019, 68(23): 237303 hitps:/doi.org/10.7498/aps.68.20191246

—HeNb,SiTe JEALAHIRAGERE | HUFLE MO HE TR A5 — PSR

First—principles study of stability, electronic and optical properties of two—dimensional Nb,SiTe,~based materials

YIBR2A4R. 2020, 69(19): 197102  hitps://doi.org/10.7498/aps.69.20200848


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230909
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201952
https://doi.org/10.7498/aps.71.20220939
https://doi.org/10.7498/aps.67.20181228
https://doi.org/10.7498/aps.70.20210271
https://doi.org/10.7498/aps.68.20191246
https://doi.org/10.7498/aps.69.20200848

	1 引　言
	2 计算方法与理论模型
	3 结果与讨论
	3.1 原子结构与电子结构性质
	3.2 自旋螺旋$ E\left(\bm{q}\right) $与Kitaev的计算

	4 结　论
	参考文献

