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Abstract

The transition metal phosphorus trisulfides FePSe; was successfully grown by chemical vapor
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transport (CVT) method. The chemical composition, crystal structure, electrical transport proper-
ties, and magnetic anisotropy have been studied by scanning electron microscope-energy disper-
sion spectrum (SEM-EDX), X-ray diffractometer (XRD), physical property measurement system
(PPMS), and magnetic property measurement system (MPMS). Single crystal and powder X-ray
diffraction pattern confirms that FePSe3; belongs to the trigonal crystal structure, and has the fea-
tures of van der Waals layer structure. The in-plane resistivity increases with decreasing temper-
ature and exhibits semiconductor behavior with an activation energy of 268 meV. In high temper-
ature, the in-plane and out-of-plane magnetic susceptibility increase with decreasing temperature
and exhibit Curie-Weiss paramagnetic behavior, but the Weiss temperatures of both directions
have a different sign which indicates that the magnetic properties of FePSe; are anisotropic. With
decreasing temperature, the magnetic susceptibility of both directions shows a sharp decrease at
the temperature of 109 K and then almost keeps a constant, which is a typical antiferromagnetic
transition, but further analysis suggests that the antiferromagnetic transition is a first-order phase
transition.
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nm) X SFEATEMCIRERR R, Hrb A B Sy 40 kV. N 40 mA. R KON 0.02°, HER T
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Figure 1. () The schematic diagram of FePSe; crystal structure. (b) The picture of single crystal FePSe; under a light microscope.
(c) The energy spectrum analysis of single crystal FePSe;. (d) X-ray diffraction pattern of the surface of single crystal
FePSes. (e) X-ray diffraction pattern of FePSe; powder and the refinement result of crystal structure
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Figure 2. Temperature dependence of in-plane electrical resistivity p, for FePSe; single crystal samples and the fitted curves
for Arrhenius formula
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Figure 3. (a) (b) Temperature dependence of magnetic susceptibility for the FePSe; single crystal with magnetic field H=1 T in
zero-field-cooled (ZFC) and field-cooled (FC) mode for (a) H // ab and (b) H L ab; (c) (d) Temperature dependence of the deriva-
tive of the product of the magnetic susceptibility and the temperature with respect to temperature d(7)/dT for (c) H // ab and (d) H
1 ab; the insets of (c) and (d) are the isothermal magnetization curve of the FePSe3 single crystal with both directions of H // ab
andH L ab

[E 3. (a) (b) ZH#g3AH =1 THY, FePSe; B RIETINS(ZFC)FIAL(FOIRR TR EMEREMNT K, H (@) H/ ab,
(b)H Lab; (c) (d) HtESRERIAITRENSH d(7)/dT BEREMNZH, HA(c)H//ab, (d)H Lab; (c)F(d)RIMTE
BRI A%EA H I ab F1 H L ab B, FePSe; B @i mAISERAILIIZE
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AR 3 e B AR — B0 iR IR S WA 3 1 S O RE G IR B 1 B AT 12 T 38 K s HEAETRE Tonax = 124
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BREGARIOREAC R, T NIRE[16]. FTLh, AT LUEIE d(7)/dT AL BE NSRS B 1 SOk BEAR IO A AR IR, 1 HL
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YER 5 2 F[17]. 7E FePS; H B UL %2 3 73X Pl Py AVHI (IR AS ¥ R AU R I R, 1X 5 4R A4
AR P ARTE I B ORHE S 0 R 55 [14] [15]. AR, AIE] 3(a) Rl 3(b)nT LAF H H // ab A1 H L ab 77 ]
I REA R/ IN A B 5 22 S, U0 B T VR T MR X 35 2 7 S 4 il [X 35, FePSes #l0 LA B S5 (0T 4% 1) S
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FAAL S S HIE 0 4 T S 428 - T - ALY FePSes KR ~T 15 5t B 2L B & . FePSes HLAT
SR 1 = A0 R AR G R, R LA B S A . e B SR R AL 2RO 40 HT 7 ] FePSe, /& — AN
TR AT SR RS, FLR AT AR I P 1 4% 1 S R — S A P A
H&e&mE

TG HARRIERE S (W H 5. 182300410274), FEFAIMTES B HED H (5 H S : 2022QN023).

Sk
[1] Park, J.G. (2016) Opportunities and Challenges of 2D Magnetic van der Waals Materials: Magnetic Grapheme? Jour-
nal of Physics: Condensed Matter, 28, Article ID: 301001. https://doi.org/10.1088/0953-8984/28/30/301001

[2] Gu, B. (2019) High Temperature Magnetic Semiconductors: Narrow Band Gaps and Two-Dimensional Systems.
Journal of Semiconductors, 40, Article ID: 081504. https://doi.org/10.1088/1674-4926/40/8/081504

[3] Kang, S., Kim, K., Kim, B.H., et al. (2020) Coherent Many-Body Exciton in van der Waals Antiferromagnet NiPSs.

DOI: 10.12677/cmp.2022.112003 26 EEREYH R


https://doi.org/10.12677/cmp.2022.112003
https://doi.org/10.1088/0953-8984/28/30/301001
https://doi.org/10.1088/1674-4926/40/8/081504

PUI A

(4]

(5]

(6]
(7]
(8]
(9]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

Nature, 583, 785-789. https://doi.org/10.1038/s41586-020-2520-5

Mukherjee, D., Austeria, P.M. and Sampath, S. (2018) Few-Layer Iron Selenophosphate, FePSes: Efficient Electroca-
talyst toward Water Splitting and Oxygen Reduction Reactions. ACS Applied Energy Materials, 1, 220-231.
https://doi.org/10.1021/acsaem.7b00101

Hao, Y., Huang, A., Han, S., et al. (2020) Plasma-Treated Ultrathin Ternary FePSe; Nanosheets as a Bifunctional
Electrocatalyst for Efficient Zinc-Air Batteries. ACS Applied Materials & Interfaces, 12, 29393-29403.
https://doi.org/10.1021/acsami.0c08133

Taylor, B., Steger, J., Wold, A., et al. (1974) Preparation and Properties of Iron Phosphorus Triselenide, FePSes. Inor-
ganic Chemistry, 13, 2719-2721. https://doi.org/10.1021/ic50141a034

Wiedenmann, A., Rossat-Mignod, J., Louisy, A., et al. (1981) Neutron Diffraction Study of the Layered Compounds
MnPSe; and FePSe;. Solid State Communications, 40, 1067-1072. https://doi.org/10.1016/0038-1098(81)90253-2

Flem, G.L., Brec, R., Ouvard, G., et al. (1982) Magnetic Interactions in the Layer Compounds MPX3 (M=Mn, Fe, Ni;
X=S§, Se). Journal of Physics and Chemistry of Solids, 43, 455-461. https://doi.org/10.1016/0022-3697(82)90156-1

Scagliotti, M., Jouanne, M., Balkanski, M., et al. (1987) Raman Scattering in Antiferromagnetic FePS; and FePSe;
Crystals. Physical Review B, 35, 7097-7104. https://doi.org/10.1103/PhysRevB.35.7097

Wang, Y., Ying, J., Zhou, Z., et al. (2018) Emergent Superconductivity in an Iron-Based Honeycomb Lattice Initiated
by Pressure-Driven Spin-Crossover. Nature Communications, 9, Article No. 1914,
https://doi.org/10.1038/s41467-018-04326-1

Zheng, Y., Jiang, X., Xue, X., et al. (2019) Ab Initio Study of Pressure-Driven Phase Transition in FePS; and FePSes.
Physical Review B, 100, Article 1D: 174102. https://doi.org/10.1103/PhysRevB.100.174102

Bhutani, A., Zuo, J.L., McAuliffe, R.D., et al. (2020) Strong Anisotropy in the Mixed Antiferromagnetic System
Mn,Fe,PSes. Physical Review Materials, 4, Article ID: 034411. https://doi.org/10.1103/PhysRevMaterials.4.034411

Toby, B.H. and Von Dreele, R.B. (2013) GSAS-1I: The Genesis of a Modern Open-Source All Purpose Crystallogra-
phy Software Package. Journal of Applied Crystallography, 46, 544-549. https://doi.org/10.1107/S0021889813003531

Haines, C.R.S., Coak, M.J., Wildes, A.R., et al. (2018) Pressure-Induced Electronic and Structural Phase Evolution in
the van der Waals Compound FePS,. Physical Review Letters, 121, Article ID: 266801.
https://doi.org/10.1103/PhysRevLett.121.266801

AR, (i, TRE. TEEIREEE SRR FePS; UMM AT FE[J]. W RHITE 2 i 4Rk, 2021, 20(1):
15-20.

Fisher, M.E. (1962) Relation between the Specific Heat and Susceptibility of an Antiferromagnet. The Philosophical
Magazine: A Journal of Theoretical Experimental and Applied Physics, 7, 1731-1743.
https://doi.org/10.1080/14786436208213705

Weiss, P. (1907) L’Hypothése du champ moléculaire et la propriété ferromagnétique. Journal of Physics: Theories and
Applications, 6, 661-690. https://doi.org/10.1051/jphystap:019070060066100

DOI: 10.12677/cmp.2022.112003 27 U A B 2t


https://doi.org/10.12677/cmp.2022.112003
https://doi.org/10.1038/s41586-020-2520-5
https://doi.org/10.1021/acsaem.7b00101
https://doi.org/10.1021/acsami.0c08133
https://doi.org/10.1021/ic50141a034
https://doi.org/10.1016/0038-1098(81)90253-2
https://doi.org/10.1016/0022-3697(82)90156-1
https://doi.org/10.1103/PhysRevB.35.7097
https://doi.org/10.1038/s41467-018-04326-1
https://doi.org/10.1103/PhysRevB.100.174102
https://doi.org/10.1103/PhysRevMaterials.4.034411
https://doi.org/10.1107/S0021889813003531
https://doi.org/10.1103/PhysRevLett.121.266801
https://doi.org/10.1080/14786436208213705
https://doi.org/10.1051/jphystap:019070060066100

	二维层状磁性半导体材料FePSe3的物理性质研究
	摘  要
	关键词
	Study on Physical Properties of Two-Dimensional Layered Magnetic Semiconductor Material FePSe3
	Abstract
	Keywords
	1. 引言
	2. 实验
	2.1. 晶体生长
	2.2. 化学成分、晶体结构和物理性质表征

	3. 结果与讨论
	3.1. 化学成分分析和晶体结构表征
	3.2. 电输运性质
	3.3. 磁学性质

	4 结  论
	基金项目
	参考文献

