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Table 1.  Oxidation state, co-ordination number (CN)

and corresponding ionic radius (7).

Element Oxidation CN r/A
La 3* XII 1.36
Nd 3t XII 1.27
Sm 3* XII 1.24
Eu 3* XII 1.22
Dy 3* XII 1.19
Ho 3t XII 1.18
Er 3* XII 1.11
Mn 3t VI 0.64
(6] 2 VI 1.40
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Fig. 1. Characteristics of Ln-LNSEMO ceramics sintered at 1250 “C: (a) Average ionic radius of A-site; (b) theoretical calculation

values of tolerance factor ¢, configuration entropy S.,ns, and mismatch degree o2 (c) X-ray diffraction patterns; (d)—(f) rietveld

refinement.
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Fig. 2. Lattice parameters (a), cell volume (b) of Ln-LNSEMO ceramics after Rietveld refinement and crystal structure of samples (c).
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Bond length d and bond angle 6 of three groups
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R T WS i OO FA IR B0 o5 T
Wbk, @i SEM Al EDS %} Ln-LNSEMO HEPCs

HIZE TS KL 34 . EDS JC & F Ak o ik
PP AT, W 3 s, FERELs I R ad f v,
B A% A KT T A SRR, 28
XS B R TC T B, S EGTRRTE AR AR
AL S A R Z R, R, BT AR
i ) SEM B s H G i3 1 | 8 B 9 i
FUARFLI A Z 0B TR, A 3(a)—(c) Fis. 7E
Ln-LNSEMO HEPCs #1, RS} 7E 400—500 nm i
FEl A ) AR v T A RO ], X SRR IO
SEHE P ARIE SR A K A E T R A 3(a)—
(c) W3 I Bf 7k, Dy-LNSEMO, Ho-LNSEMO Fl
Er-LNSEMO ¥ ki RS (average grain size,
AGS) 43 % 4 (499.98 + 24.99) nm, (474.83 +
23.74) nm Al (440.49 + 22.02) nm. HILA[#, AGS
LS. EDS JTTR M ERR, TA GRS
5], TATACE AT G, E—AE R o0
£ F Ln-LNSEMO HEPCs 9 A fii. & 3(al)—(c1)
WS R T R B STTve X e 235 M) e s o A 2
i, Fi +JC% La, Nd, Sm, Eu, Dy, Ho F1 Er i &
FEH A AR, W, O Al Mn fJEFH 7 LAY L
HZ0 3:1, $#30 TR fb2A it b, XUESE T
BBV HER 1.

Wit XPS 40 #r 7 Ln-LNSEMO HEPCs Mn
O N B SARACEAG B, E 4 PR, BT
S B Y DR UL, O DR OGS ) HER R s
AT S EE 5L, T %0 O R A0 s B i 48
256254 Shirley 15 5t 7814 P Ln-LNSEMO
HEPCs 1 O 1s Y gk b B R [RIEAE, 43-50%)
BT ARAR AR (Or) FBRFAS (Oy) B NI &S
4% Dy-LNSEMO, Ho-LNSEMO #1 Er-LNSEMO
HEPCs 1 Oy (Oy) & & A 43 4l h 57% +

138101-5


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

O Mn La Nd Sm Eu Dy

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 138101
70

60 [61.72% [ ] Dy-LNSEMO (al)

e 50 |

S0t

Mn La g 30 L

T i b 20| 20.16%
; / : 10 - 3.05% 3.56% 3.86% 3.44% 4.21%
0 [ T T I e O
U Dy

500 nm

500 nm 3 ‘( ;

Elements
70
60 = [ Ho-LNSEMO (b1)
5 50 F
g 40f
Nd g 30 L
3
< 20 F 18.15%
10} 3.53% 2.84% 3.13% 3.94% 4.06%
) ) ) ] )

O Mn La Nd Sm Eu Ho

=

Elements

70 63.03%

60 | [] Er-LNSEMO (cl)
5 50 ¢
g 40f
g 30
2
< ool 18.81%

101 3.37% 3.66% 3.79% 3.89% 3.45%

0 ) ) ) ) )

O Mn La Nd Sm Eu Er

Elements

&l 3 1250 °C T 4e4509 Ln-LNSEMO HEPCs 19 SEM [l RiEE 534 . EDS Bl FIb 2213 (%) (a), (al) Dy-LNSEMO; (b), (b1) Ho-

LNSEMO; (c), (c1) Er-LNSEMO
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Fig. 4. High-resolution XPS spectra of Ln-LNSEMO HEPCs: (a) O 1s; (b) Mn 2p; (c) Dy 3d; (d) Ho 4d; (e) Er 4d.
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Abstract

Equimolar ratio high-entropy perovskite ceramics (HEPCs) have attracted much attention due to their
excellent magnetization intensity. To further enhance their magnetization intensities, (Lng,LagoNdjoSmy,
Euj)MnO; (Ln = Dy, Ho and Er, labeled as Ln-LNSEMO) HEPCs are designed based on the configuration
entropy S.onfig, tolerance factor ¢, and mismatch degree o®. Single-phase HEPCs are synthesized by the solid-
phase method in this work, in which the effects of the heavy rare-earth elements Dy, Ho and Er on the
structure and magnetic properties of Ln-LNSEMO are systematically studied. The results show that all Ln-
LNSEMO HEPCs exhibit high crystallinity and maintain excellent structural stability after sintering at 1250 °C
for 16 h. Ln-LNSEMO HEPCs exhibit significant lattice distortion effects, with smooth surface morphology,
clearly distinguishable grain boundaries, and irregular polygonal shapes. In the present work, the influences of
A-site average ion radius, grain size and lattice distortion on the magnetic interactions of Ln-LNSEMO HEPCs
are investigated. The three high-entropy ceramic samples exhibit hysteresis behavior at T'= 5 K, with the Curie
temperature 7T decreasing as the radius of the introduced rare-earth ions decreases, while the saturation
magnetization and coercivity increase accordingly. When the average ionic radius of A-site decreases, the
interaction between their valence electrons and local electrons in the crystal increases, thereby enhancing the
conversion of electrons to oriented magnetic moments under an external magnetic field. Thus, Er-LNSEMO

HEPC shows a higher saturation magnetization strength (42.8 emu/g) and coercivity (2.09 kOe) than the other

* Project supported by the Natural Science Foundation of Guangxi Province, China (Grant No. 2024GXNSFAA010415) and
the Science and Technology Plan Project of Guangxi Province, China (Grant No. GuikeAD25069100).

1 Corresponding author. E-mail: wenzhiqin@glut.edu.cn

138101-10


https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.10.042
https://doi.org/10.1016/j.ceramint.2024.01.287
https://doi.org/10.1016/j.ceramint.2024.01.287
https://doi.org/10.1016/j.ceramint.2024.01.287
https://doi.org/10.1016/j.ceramint.2024.01.287
https://doi.org/10.1016/j.ceramint.2024.01.287
https://doi.org/10.1016/j.ceramint.2024.01.287
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1063/1.4894317
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRevB.71.014433
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1103/PhysRev.82.403
https://doi.org/10.1021/cr010303r
https://doi.org/10.1021/cr010303r
https://doi.org/10.1021/cr010303r
https://doi.org/10.1021/cr010303r
https://doi.org/10.1021/cr010303r
https://doi.org/10.1021/cr010303r
https://doi.org/10.1021/cr010303r
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/S0965-9773(97)90069-6
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.mattod.2024.06.005
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.physb.2022.414213
https://doi.org/10.1016/j.jmmm.2022.169473
https://doi.org/10.1016/j.jmmm.2022.169473
https://doi.org/10.1016/j.jmmm.2022.169473
https://doi.org/10.1016/j.jmmm.2022.169473
https://doi.org/10.1016/j.jmmm.2022.169473
https://doi.org/10.1016/j.jmmm.2022.169473
mailto:wenzhiqin@glut.edu.cn
mailto:wenzhiqin@glut.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

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 138101

samples, which is attributed to the strong magnetic crystal anisotropy, larger lattice distortion o2 (6.52x1073),
smaller average grain size (440.49 4+ 22.02 nm), unit cell volume (229.432 A3) and A-site average ion radius

(1.24 A) of its magnet. The Er-LNSEMO HEPC has potential applications in magnetic recording materials.

High-entropy perovskite structures
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