#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 18 (2025) 187501

*&'E@W COzMO?,Og g%%'l‘i*ﬂﬁﬁé %%%’é’&‘)’l@ﬁ‘]
T HAE USRS

JE 7k FR D1

T EH?

AU FELE

1) (FASEHRHL RSB BE, B At 210023)
2) (MR 5 TRERERE, #at 211100)
3) (WHEIRRER AR R 2 5 TR, WAL b S P B R SE e S, B0 435002)

(2025 4F 4 19 HE; 2025 4E 7 A 20 HIEMEEH)

UTARR, M PEREIA MyMogOg (M: 3d i3 P4 ) DR R A i MR 2854 | 22 032 52 F) i VLR 5 A5 e /A S W e
JO7 AR, 10 B 5 25 0 BRI R 27 SR A BIF 7 B4 e 30l J2: CopMog O JEZS T JRE L 35 A — B AR ek
il PR 5O, T ) PR S OO AL o 0 S B B AR (L. AR SO T T I ME GBS, #3E T Co,Moy0g
TR R BB A A 0 RO TA% 7, 45 IR AR A R BEAE . A TG S iR itk . — B R P e A & R B K
T AR LR R RS R BE TR R A AL G R R IR CooMosOg 19 B B LRSS AR BRI LE R A R
Fe,MozOg LA K MnyMozOg K, 33 2 #EJ2&: A 2k CoaMogOg 1Y P AN A [ 5 4% 1 1] Fr) S Bk 1 5 A T A BEAIR, A4
R PTAL PR NARE . X R, Co,MogOg PR R A T ANARSE B A T30 PE, 8L T AR 4 W) 2 O R P — A0
RUE, S T PR A 10 A R AR 1 1 S ) B R S G

REEIR: WNERLER, BERAR A RO, 73T, S e L]

PACS: 75.85.4+t, 77.84.—s, 75.50.Ee
CSTR: 32037.14.aps.74.20250506

1 5 =

ZMEM BRI E D M R, | BRBESE AR S L |
“ER I TR D RE AT RE, PR R ) 1 A
G, FEIRTIFEAAE . A e 2 S TF B4R
PR B W R Ak, HAE ik
NS | e A RN SR 7 1] A RIF Y 28
W, it —H R T ZIReE AT & AR T,

VE R 28 32 08 B 1 2R AR, R tERG R
DT AR ARAR AU — K28} (40 BiFeOs)
AT ISR 2288 (40 ThMnO3)B 10,

* R A IRBRESA (S 12304124) WEBhRGIYEL
t BIEVEE. E-mail: tangys@njupt.edu.cn
© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20250506

PR AT DA A AR D012 5t AR A4
TR DX ORI R 2 TR X PR, e B A FIEA
PEGEH, KF HAR e PR 5 s s 07, (H A =
HL AT IR AR RE T, AR s TR AT A
SRR LA 131 R, VR R S A R, R
PEREVRAE A Jiéi7s T oAb 5 22 0 vh i 1375 T Je 3R
R SRR 15161, JH: - db ks SCTRAIL 135 A AR
fiF B AR A 5 B AT 3k pC/em? 2% (U Fe,MoyOg 5
Co,Mo30g 433118 # 0.36 wC/cm? 1 0.12 pC/cm?
1 B KAL), ZEBEA R BAE SE 25 2 2 8h
B = AR, BRI Ak R
AR AR BE A 180T i, Bk R 2 B0 i ek

http://wulixb.iphy.ac.cn

187501-1


http://doi.org/10.7498/aps.74.20250506
https://cstr.cn/32037.14.aps.74.20250506
mailto:tangys@njupt.edu.cn
mailto:tangys@njupt.edu.cn
http://wulixb.iphy.ac.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

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 18 (2025)

187501

ARG G P L —— R T,
A5 5 B2 B2 [ B 5 SUBRIT (40 NigTeOg 1
Fe,MogOg 1Y HY /e 5 T AL £k, [a) ik e il b 4
Azl AR X R RG-S 0 R T U R A R s
T AZHARGRDIL 55 e EE A TR S D018, i
HOL, BB AR AL T LRy 1)

1
P = Pc+ Ps+ o5 Hj + 552'ijij, (1)

Hr Po 3R &5 8 ml AL, Py oK B IER
F A WAL, HZIMNNRESAREE, o F B 5 hil3k
N AR RN A RO S A, B RA
BE TR F-HER T HRE (1 FeoMogOg 1T
TG B — k) SR A8, 7Rk 2 R Ak
5 AR IR T 2 12124,

CosMosOg 1EN MyMosOg (M = 3d i34 )8)
FIERARR M MR, Jre B R i) 1 7 2 4k
P, HEEAS R RRFRIERBUA S T 80Kk A ik
1 2 1 A 2 i F R S 500 1L SIS Y A
IR, GARHESRREY (H > 27 T) F &K%
SLARERE AR, W S A TEE e S 20 h
R AR AR 5 AR ALY [F] 20 B, XER AR Rt By
L AR TE A T PR = RS, X
A Lot i o7 A5 g A AR AL P R T LA T 8%
Bz 1) FEARTT HER Poyme MFRHEQR T, Co? i £
HUBERIFHER S MoOg WA IR RIVE, TR T
MRR Z B ACRE . TEREAVE T 2338 i g H
AAHLH S A BE- BB R G AR R OCHR, 5 B F A
A B TR ITHAE 261, 2) B4 RE R A A AR SR e A
PEAAR I po FESES IR IL LR HESY, HAH BLAE A
A Al RIA N Eve = A1 (e - pm) + A2(He - pm)?>. 4
SMINREZ WG FUE H > 27 T B, A, W3 S99k

(b)

a 9= b

LRMETTIR B, A, LetEC R P, X5 KM
25T I 2] 1) = B 2 Rl FRURIUN, e B W) 261,

A ST T RIS RS R o A 17,
KR 2 M T30 S BIIE, #97E CoMosOg BT
6 SRR R, 3 5 A 22 SR TAS O T IR &
FECN N, BT H ORI AR B R B
RIRBAY, I T th g ke | LU DL Je B R AL A%
IS H SRR RO R 45 B R S RGN
BT, IRAHER R — B R G AR S R o BN
TR ARG AR A R B, 45 BIR CoyMosOy
H IR R4 FeyMogOg Fil MnyMogOg $ A 5 il Bt
1) B o FEL R A RO, R B R ) S R A B AR
FH. T LI EERER Co,Moy0g 1R Z H H e S
F14) A% R AR Ab T i Rl Fl 15 R R VT PSS ]
Co* & -1 FARREAS IS AR B, 177 WA REAS -1
BEFEAXIFR A, T A E Co* 4% 11 p-d
TR TR Sk — B R R A R0, 57
KRGS MinyMosOg JHA5 55858 1 — B e M i el
FRARON PO S AR5 ST ARG HL R 5 ME R A
R VRAL T PR R A AR AIE SCIC AL A BRAE, M
R R D REAT AL A BEPE R TR AL BRI FE R

2 FEpAEA

BT AR R AR 5 A TEHEF RRIE DL fb 3R
ik, ARG F CogMoyOg FLA HLEFS FA S ks 45
¥y (22 [ HE P6gme), Q1K 1(a) Fros. @it 17
SRP A3 AR S, HE M T A A PR 2 Al B TG AL 3
B 5 E /RO Co2t (REFE 3.35 up) 54
DU TG AT ) ot (REFE 3.44 pp), Horp 8BS T IR A
JNHHAR =R AL T80 A0 TR AL 2 BRI R 1 272,

(e)

K1 Vesta BB Co,MoyOg 1Y (a) firk& 2544 &L | (b) T 4N Y G 45 F4 LR (c) T A B R 235 4

Fig. 1. (a) Crystal structure, (b) the out-of-plane and (c) in-plane magnetic structure of Co,Mo30s.
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Fig. 2. (a), (b) Temperature-dependent variations of the Co?* spin magnetic moment and total magnetic moment in two distinct co-

ordination environments (Co; and Co,); (c), (d) temperature-dependent magnetic susceptibility and the total magnetic susceptibil-

ity; (e), (f) temperature derivative of the magnetic moment and temperature-dependent magnetic specific heat based on the molecu-

lar field approximation.
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Fig. 4. Numerical calculations on the magnetoelectric coupling effects in the ground state for (a)-(c) MnyMosOg and (d)-

(f) FeyMo30yg system based on the molecular field approximation.
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Fig. 5. Magnetic structures of (a) CoyMo30g, (b) FesMosOg, and (¢) FeyMogOg.
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Abstract

In recent years, polar magnets M;Mo30g (M: 3d transition metal) have emerged as a research focus in
condensed matter physics and materials science due to their unique crystal structures, multiple continuous
magnetoelectric-coupled state transitions, and potential applications. Notably, Co,Mo3;05 exhibits a significant
second-order nonlinear magnetoelectric coupling effect in its ground state, corresponding to a unique
microscopic magnetoelectric coupling mechanism and practical value. In this work, based on a molecular field
phenomenological model, two distinct antiferromagnetic sublattices for the Co,Mo30g system constructed and
the temperature-dependent variations of its spontaneous magnetic moment, spin-induced ferroelectric
polarization, first-order linear magnetoelectric coupling coefficient, and second-order nonlinear magnetoelectric
coupling coefficient are presented. Particularly, the parameters ¢ = —1 and o = —0.96 indicate distinct exchange
energies between the magnetic sublattices associated with tetrahedron (Co;) and octahedron (Co,). The Co**
ions in these two sublattices, which are characterized by different molecular field coefficients, synergistically

2 through the exchange striction

mediate a spin-induced spontaneous polarization of Py ~ 0.12 pC/cm
mechanism and p-d hybridization mechanism in Co,Mo30gz. In addition, the significant second-order
magnetoelectric coupling effect with a coefficient peaking at 7 x 1018 s/A near the Ty in CoyMo30g, with this

coefficient being significantly larger than those of isostructural Fe,MosOg (1.81 x 102 s/A) and Mn,MosOyg,
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implies that this enhancement primarily arises from the weaker inter-sublattice antiferromagnetic exchange
between its two sublattices, leading to a stabilizes metastable spin configuration. This also indicates that the
CoyMo304 system possesses stronger irreversibility stability and exhibits a pronounced magnetoelectric diode

effect, providing a solid theoretical and computational foundation for developing magnetoelectric diodes.
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