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Fig. 1. Schematic diagram of growth setup: (a) Schematic
diagram of chemical vapour deposition growth setup; (b) tem-

perature setting curve of growth process.
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Fig. 2. Optical morphology of nanosheets grown under different vanadium source temperature and mass conditions: Optical image

of nanosheets grown under the vanadium source temperature conditions of (a) 735, (b) 750, and (c) 765 °C; optical image of

nanosheets grown under the vanadium source mass conditions of (d) 0.005, (e) 0.010, and (f) 0.015 g.
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Fig. 3. AFM characterization of nanosheets: (a) AFM char-
acterisation of thin nanosheet; (b) AFM characterization of
thick nanosheet.
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Fig. 4. Raman characterization of nanosheets.
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Fig. 5. SEM, EDS and XPS characterisation of nanosheets: (a) SEM image; (b) EDS characterisation, inset shows elemental per-

centages; (c)—(e) XPS spectrum of nanosheets.
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Fig. 6. Magnetic measurements of nanosheets: (a)—(c) M-T and M-H curves in the direction of the in-plane magnetic field of

nanosheets; (d)—(f) M-T and M-H curves in the direction of the out-of-plane magnetic field of nanosheets.
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SPECIAL TOPIC—Two-dimensional magnetism and topological spin physics

Growth and magnetic properties of two-dimensional
vanadium-doped Cr,S; nanosheets”
Yang Rui-Long! Zhang Yu-Ying Yang Ke Jiang Qi-Tao
Yang Xiao-Ting  Guo Jin-Zhong  Xu Xiao-Hong!
(Key Laboratory of Magnetic Molecules and Magnetic Information Materials of Ministry of Education, School of Chemistry and

Materials Science, Shanzi Normal University, Taiyuan 030031, China)

( Received 28 July 2023; revised manuscript received 12 September 2023 )

Abstract

Two-dimensional magnetic materials are emerging materials developed in recent years and have attracted
much attention for their unique magnetic properties and structural features in single-layer or few layers of
atomic thickness. Among them, ferromagnetic materials have a wide range of applications such as in
information memory and processing. Therefore the current research mainly focuses on enriching the two-
dimensional ferromagnetic database and developing modification strategies for magnetic modulation. In this
work, two-dimensional vanadium-doped Cr,S; nanosheets successfully grow on mica substrates by atmospheric
pressure chemical vapour deposition. The thickness and size of the nanosheet can be effectively regulated by
changing the temperature and mass of vanadium source VCl; powder, with the temperature of 765 °C and the
mass of 0.010 g as the most appropriate conditions for the growth of nanosheets. The nanosheets are also
characterised by optical microscopy, atomic force microscopy, Raman spectroscopy, scanning electron
microscopy, X-ray energy spectroscopy, and X-ray photoelectron spectroscopy, and the nanosheet is regular in
shape, with flat surface and controllable thickness, and the high-quality vanadium-doped CryS; nanosheet is
prepared. Meanwhile, the magnetic characterisations of the doped samples show that the Curie transition
temperatures of the vanadium doped samples change to 105 K, and the maximum magnetic moment point of
75 K in the M-T curve disappears after V doping, and from subferromagnetic material to ferromagnetic
material, and the coercivity in the M-H curve also increases significantly, which proves that the vanadium
doping can effectively regulate the magnetic properties of CryS; nanosheets. These results are expected to
advance the vanadium-doped CryS; materials toward practical applications and become one of the ideal
candidate materials for the next-generation spintronic applications.

Keywords: two-dimensional magnetic materials, chemical vapour deposition, vanadium-doped CrySs,

ferromagnetism
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* Project supported by the National Natural Science Foundation of China (Grant Nos. 52002232, 12174237), the National Key
Research and Development Program of China (Grant No. 2022YFB3505301), the Scientific and Technologial Innovation
Programs of Higher Education Institutions of Shanxi Province, China (Grant No. 2021L267), the Graduate Education
Innovation Project of Shanxi Province, China (Grant No. 2021Y484), and the Graduate Students of Science and Technology
Innovation Project of Shanxi Normal University, China (Grant No. 2022XSY019).

1 Corresponding author. E-mail: yangruilong@sxnu.edu.cn

1 Corresponding author. E-mail: xuxh@sxnu.edu.cn

247501-7


http://doi.org/10.7498/aps.72.20231229
mailto:yangruilong@sxnu.edu.cn
mailto:yangruilong@sxnu.edu.cn
mailto:xuxh@sxnu.edu.cn
mailto:xuxh@sxnu.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

BB ICr, S SR A K ST AL
Wih ko RER AT XIE WREE Hed R4
Growth and magnetic properties of two—dimensional vanadium—doped Cr,S; nanosheets

Yang Rui-Long  Zhang Yu-Ying YangKe Jiang Qi-Tao  Yang Xiao-Ting  Guo Jin-Zhong
Hong

5] Fi{5 B Citation: Acta Physica Sinica, 72, 247501 (2023) DOI: 10.7498/aps.72.20231229

TELR T2 View online: htips://doi.org/10.7498/aps.72.20231229

IS View table of contents: http://wulixb.iphy.ac.cn

LT BRI HAN SCEE

Articles you may be interested in

T HEREPERT R B TERIT T S R RE R4

Study on physical properties and magnetism controlling of two—dimensional magnetic materials

YrE2E 4. 2021, 70(12): 127801  https://doi.org/10.7498/aps.70.20202146

THEREVERS R L 2 IR R S

Recent development in two—dimensional magnetic materials and multi—field control of magnetism

YrE2E 4. 2021, 70(12): 127503 https://doi.org/10.7498/aps.70.20202204

W — AR R AT IS T i
Recent research advances in two—dimensional magnetic materials

YyP2EdR. 2022, 71(12): 127504  https:/doi.org/10.7498/aps.71.20220301

ORI RGN R ) 2 b S FRLJRLRE 4

Xu Xiao-

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

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

RN s A% B AR B E B AL AR S5 A4 AR fiE

Preparation and magnetic properties of chromium doped zine sulfide and cadmium sulfide nanostructures by solvothermal method

WIBEAEA. 2021, 70(13): 137103 https://doi.org/10.7498/aps.70.20201963

TR CrL b AR R R A R
Probe and manipulation of magnetism of two—dimensional Crl; crystal

WIFEAEA. 2021, 70(12): 127504 https://doi.org/10.7498/aps.70.20202197


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20231229
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20202146
https://doi.org/10.7498/aps.70.20202204
https://doi.org/10.7498/aps.71.20220301
https://doi.org/10.7498/aps.70.20210223
https://doi.org/10.7498/aps.70.20201963
https://doi.org/10.7498/aps.70.20202197

	1 引　言
	2 实　验
	2.1 化学气相沉积法合成
	2.2 材料表征与磁性测量

	3 结果及讨论
	4 结　论
	参考文献

