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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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2.85% (43% + 2.15%), 66% + 3.3% (34% + 1.7%)
1 53% + 2.65% (47% =+ 2.35%). AW, Ho-LNSEMO
) Oy SitiZ. 7ok, ITAFMERR TN O 1s
HUIEN XPS KA & 4(a) B, WEHATLL
Filt, Dy-LNSEMO, Ho-LNSEMO 1 Er-LNSEMO
HEPCs R Oy B E 7 3R F 530.36 eV,
529.71 eV Hl 530.07 eV 45 & BE o & (W W& E . 1M
528.76 €V, 528.29 eV Hl 528.51 eV I {H X )i T
Ln-LNSEMO HEPCs 9 Op. Itoh, MIE 4(b) AT LA
F i, FTARERY Mn 2p W95 PN X 3R, 4351
X Mn 2p; 5 Fl Mn 2pg o XEDERE. 652.75 eV,
640.57 eV; 652.37 eV, 640.49 eV; 652.55 eV,
640.67 eV HYUE(E 737X T Ln-LNSEMO A Mn
2py o Fl Mn 2py o BLIE 1 Mn®*. 641.9 eV ALY
W fE %} BT Dy-LNSEMO HEPCs ) Mn 2p; ), )
T Y Mnt*, T 642.56 eV (656.04 V) Ab fY I

{EIXI T Er-LNSEMO HEPCs [#) Mn 2p; 5 (Mn
2py o) JGIE Y Mn'*. #R7fi, £ Ho-LNSEMO Ff
i A R IR M AETE . 32 PR i ke i e

WS, S B Mo #R9EAETN Mn+,
SEEEEZHEE R 54N, Dy-LNSEMO F
Er-LNSEMO # & i g 7 2 IR G M, Hitks
FEAE Mot -0>-Mn** X A2 e 4E H . Dy-LNSEMO
Fl Er-LNSEMO H M+ (Mn3*) FF (5 Ho 461 53 51 4
28% 4+ 1.4% (72% + 3.6%) F126% + 1.3% (74% +
3.7%), Hoh Z 055 1K 44% + 2.2% Fl 48% +
2.4%. Mn*+Fl Mn®* 2 [8] 22 {58 K, B GE {2 oF A~
AN A0 U8 4 )8 2 A A s FHE RS ptn] UL, Er-
LNSEMO 7E It A # i v (8 BUSE e 4 FH B ik . f
Bl 4(c), (d) A%, BTG Bk EAt i s £ o0& Dy,
Ho Ml Er W& @ AN =3 02331 5Erei s +
TLERMAE—EL

3.2 WhlERE

T 3Pl Ln-LNSEMO HEPCs # J& B )&
1E 0.1 kOe RE37 N 30—80 K Ff) I JE 7 Bl i3, 1
A RE S RGBSR R OC R R (M-T), 1N
K 5(a) Frzs. BEE IR E BT, Ln-LNSEMO

138101-6


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 13 (2025)

138101

(@) 0 1s

528.76 eV

530.36 eV
t Dy-LNSEMO

—o— Raw data
—— Envelope

[JOv
oL 528.29 eV
—— Backgnd.

529.71 eV 7

Ho-LNSEMO

Intensity/arb. units

528.51 eV

A Er-LNSEMO

538 536 534 532 530 528 526 524 522
Binding energy/eV

641.9 eV

640.49 eV
652.37 eV_ %

#o% Ho-LNSEMO] %

—o— Raw data
—— Envelope
] Mn3+
:l Mné+
—— Backgnd.

Intensity /arb. units

640.67 eV

656.04 eV g45 56 eV

660 655 650 645 640 635
Binding energy/eV

Binding energy/eV

Kl 4 Ln-LNSEMO HEPCs 5 4 #E % XPS Jtilk

(c) —— Raw data (d) (e) Er 4d
@ . — Dy 3d @ 34 ) —— Backgnd.
= 3ds/> Dy3+ — Dy 3d = 4d5/2 Ho = 4ds2 Er® ___ Envelope
:j Dy 3d : 5 —— Raw data
< —— Backgnd. < <
g —— Envelope g g
Rt 3d5/2 Dy‘“’ k=1 b=t
w n w
=] =] =]
5} I3} 5}
+~ +~ +~
= = =

—— Envelope [ | Ho 4d
1 1 1 1 1 1 1 - Rawldata IHO 4d 1 1 1 1 1
1340 1330 1320 1310 1300 1290 164 162 160 158 172 170 168 166 164

Binding energy/eV

Binding energy/eV

(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
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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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