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£ ABO3 855k (B 1 (a)), AALAEAE BBt
<0 B B T R, TR AO B2 T
P, T B S A E R, T B A i i
% J& (transition metal, TM) & ¥ (£145 3d, 4d, 5d
55) 5, TE R BOg FL AL B\ TR, 1R RFRFE bk
E T MBI, BT A, BE - E AR A

) I R AT 2L AS (L 46 AYT BT, A2 B+ A3t B3t
A B2 AR, A5ERT AMUBA RiE 2 AL 1)
an AR, RN BER 7R E 2RI EER S
hee ik, Eanls . Pl w3 BB AR,
LIS D10 FERER A ELR SR AL J L4,
BEERTT % 9 R K L TR R AU R, A
Z W AUH B BB T AT AE I RAE AR T AT R
il [20—25]

Bl AFEZEEVESSRE iR SR Z I (a) B ABOs £55k0 S 45H; (b) B AL 7 RS A2 BB Og ihvif
L54; (c) A BB FFESEKT” AA, BaOra SKLERS; (d) A, B BRI DU G54 AAL By B)O 1o Sk

Fig. 1. Schematic view of different types of perovskites. The crystal structures of (a) simple ABOs3 perovskite,
(b) B-site ordered double perovskite Ao BB'Og, (c) A-site ordered perovskite AA5B4O12, and (d) both A-

and B-site ordered quadruple perovskite AA% B3 B)O12.

AR A R G 2 A8 W S A 25 4, T8
A E R TT R B, AT RLE A R 28 B (WA P 25
¥, L An7Efai B ABOs £54K8 H, F 53 #h—Fh TM
BYBER W BALE T, WAL
N Ay BB'Og 1) B LA P XS ERT (B 1 (b)). %
T 52 50 VE I R iR 2k W (ferromagnetic, FM) 24
J& SroFeMoOg LA J¢ BLAF B & Ja LR FE (4725 K)
1] SroCrOsOg 34 52 B AL A J5 XUAS B 1™ 1) $ B AR
F RO TM B FRR T RS B A4, BB
TR R A BT VE R G NE] AT WE ? B LR,
N FA Y 5y 2 = 1) AL B AR TM 3 A/
B, TR AALBLOo 1 AR H 45
B (B 1 (c)). 2R, T A" A2 TM &7 1A R

KR TG AN E T 212, N T EFRE Bk 454,
BOg \ R 2 8] 43 Rk A = B A}, LB B—O0—B
HEMAAEAE 140° 22 4. BAR N BOg J\ AT
RE A2 NI P, (X Fof % S AR 003 5 R o
BIEREEREZ A RS K. 55—, BRIX
FlEE IR A SR 10 ABLA R TE I AO+ o BiR iz, {H
AL RCPAT YA FEFRAL ) A’ Oy H0T, B E B
A 58 Jahn-Teller W& 42 (1) 5 - 41 Cu?t, Mn3T 455
HRT H4E A AL BN ARH RSN A AL S
BArFEIN 2599 TM, BFR 78 WL B-B tHHAEH
Ah, WAFTERT AL AT- A7 FHEAEF LK A'-B A71E )
AR, X EeAH EAE R L, A0 5 808 3
PP A HEE. Eetn, 7E B AZAERE ) CaCusGeyOqg
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5 CaCu3SngOqo H, A SrfigE Cu?t & -FHIAH BAE
M %S KEFMAFE 29, CaCusTiyO1o 7E 5
X P REOR TR s I B L 1E s A s B 0L 7
RCusFe 015 (R = La—Gd, Bi) % AN A 745 %k
WA R I T Cu-Fe 4x @ 8] B3 faf 7% % 5 67 B ik &5
ThBEE R Bo—34],

B0, B AR TSR AALB,Oga,
gk B2 AT A B AL 2 B AR, A AT DU B
A, BALIFIBS A 7858 g5 1, HibsXk
AALByBYO1y (B 1(d)). AL AN EL B AL A
FFHIESERT, A, B AR A P B85 R A T b
HEFE IR A ESE 2 WA AR, 25
TERHTBME R R AT L KR, F BRI F 5 ABO;
FSERH 1 Ao BB'Og B BALA P45k A ik
W VEAH HO AT 7T S 08, A S G R R AT AR,
FEANHIRAE AN FE5ER U S A, B L[]S
P ESER R BT IR S .

2 ABLH PR B ST
%‘I’ LaMngCr4012

Wl 2 SRR fR A A KA T 5
HR AL A e, £8 21X W FE 7 AH TR G 1A A
F.OPERY R 2 R IEAT I I L A RMA R,
0 2 B 7E T 244K BiFeOs A1 TbMnO3 {5
A EHERE 2 o361 BT RN, ST R AR A L
A SRR A, R FR M E AN SRRk L 1
B AR, WA 2 AR R AL I P2 A R T e A
IR F A, AT LUK FHRER ¥ B e i PT—100,
JEU) L, n SRSE T AR P B 5 A T 8 % R B
PR, 84 [ERE BT DAP=2E s k. SR, X FiL
FELME A B T7 8BS 8k TP oR & ORI, 1E ANLA 7
FEERT AALB,O1o 1, TM B -7 AR 55 A’ 7 A1 B
fir, WA 5N 2 EREHAR AR . (R, Jdid ik
WATEM A, BALREYES -, — J5 T T 4ERE 2 7 45
KW S A S5, 53— 7 T R RE T URE IR 1) B e
FP SR HT B 23 ) B s Bk, AT 5 S G R o %
BRI, SEge R, FRALE &k IR A 1 T AR
LaMn3Cr 012 (LMCO) 72 8 — /M R I B A 7
7R G R (R P 2 R AR ),

) e i v R S 56 2% A (8 GPa, 1400 K), 3%

T35 7T "B ELMCO £ & At 2 E24
T ZACE WAEAS R FE R B8 R XS & A7 4 (X-
ray diffraction, XRD) i, 458K ML 293—23 K
6L FE Y6 9 LMCO 1R 2 - 1§ A G0 A7 J7 45 5k 0™ &5
¥, B ST Im-3 25 1A BE, fb AR 45 0o &
W (c). B Rk R A 5 AT EE R,
FAT K I LMCO 17 1£ 1§ 4> ) 2k Hh (antiferromag-
netic, AFM) A28, HAHAR TG 73 0N T ~ 50 K
A Tor ~ 150 K(F 3).

N T HRFTLMCO i AFM AHAZ IR, BA1x 1%
RARBAT T R RKATS (neutron powder diffrac-
tion, NPD) 5256 (K 4). S51KIE XRD 25 8 —5, ik
i NPD B, BIASIE FE FRK % 2 K, LMCO {548 f&
FF 2[RV BE N Im-3 (9 AL S0 77 85 5K A & A 45
). [, HEHEAT S0 (111) AT (100) Fifi 6 FE 138 1k
0L (B5), JATAT AR50 Ty ~ 150 K ) AFMAH
K B BALCr3t Wi & g I B R T, T
Tain ~ 50 K B AFM AHAZ R T A A7 M3+ #g P
BT E A . SR, A2
B AL Crdt F M 3B A A2 M3t 7 k%, #5545 H %
B G B AFM 2584, Wl B v] Be 3 [111] 7 M)~PAT
HeF (B 6). B8, XFhILLEIE R AFM A7 5 5L
5 A5 B AR AAT A — 308 (B3 (b)).

LMCO HJ A H5 $ e 5 3 B 10K 86 ¢ &
B 77N, fE50 K AL H o B R I B 35 1 =
W (E 7 (a)), X—IEE 5 LMCO i) AFM #48iE J&
Tan ~ 50 K—2(. AW, ZA A B8 B0 2 A
MK AT 2R 1) 52w, Pl A AR AE i A A AH AR 1)
KA. T BRI 50 KR AT RS REA 5
S E A AR, BATTX HARE H LA I AN AR AL B
fEP#EAT TR (B 7 (b) M 7 (c). &R, Ip Al
PA{E Ty, LR 30] LA AR AL a3 BB, 3 — 30
WESCRE ARG B IR, S5 H S H e i 2 SR —
F(E7(a). KR, 7 Ty A AR 2R 1 A (fer-
roelectric 1 phase, FE1) 5M B HEA P AL E 'R
BHIREL. AAh, fEmR X, MR T AR AL 58
[ P 180 K B IFAR I, FHAE 125 K BT p
— A RIE (7 (b)), BT XA AR TS
AFM FHAS IR FE Te, ~ 150 K AN, Ft, miigk
2 #H (ferroelectric 2 phase, FE2) AN— @& XRA BT
AAEFFE, ASCRARIFVEA TR,
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Fig. 2. (a) Temperature dependent XRD of LMCO. The diffraction peaks are indexed based on the space
group of I'm-3. The stars show the diffraction peaks originating from a small amount of CraO3 impurity.
(b)—(e) The enlarged views for several representative diffractions peaks. No structural phase transition
occurs as temperature decreases from 293 to 23 K.
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Fig. 3. (a) Temperature dependence of magnetic susceptibility and specific heat of LMCO; (b) magnetization
measured at various temperatures, the linear magnetization behaviors are consistent with the collinear G-

type AFM structure as revealed by neutron powder diffraction.
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4 ARNREE T RER LMCO ¥ NPD $di i HAS B4 R, IWE R/ & Cro03 1 MnCroO4 2405 (< 5 wt%)
Fig. 4. The NPD data as well as the Rietveld refinements for LMCO collected at different temperatures. A

small amount of Cro03 and MnCrO4 impurity phases (< 5 wt%) is observed.
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Fig. 5.

Temperature dependence of the integrated

NPD intensities of (111) and (100) peaks of LMCO.

FATIE B2, 1 T 40 0B AL B3 Ip IF A
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(7 (b)); WIS, 7F Tao PG, BB R T BE, B
AL P(T) Sefifamoh, SRJE8Em (E7(c)). X—
1T R W AR AE ARG PR A ) PR AR AR, O T
1180 K

WX — L, JAMEAL 37 B 3 A 225

A Ty AEPIAS ERRAL Y Horp 2 —, 153 7 B A
PgsF. w8 (a) KIS (b) s, Uit E
W 55 200—75 KB, B4t i Ip R R B & 1)
E R7E# 7530 K, HftH
U Ip HOR L Ve FIRRIE. MM, Uik E
R 180 K i, Mn HIEA 7 5 8 AL Z (8
(50 K)) Rt it iig B
Sl T, I, AP AIE (B8 (c)). Ip (200—75 K)
TE T eI R, R FE2 B T R IX, =
24 Mn M1 Cr 7 T, ~ 50 K X528 3 e Fe i 59k
R AR AL PR AE RIS, A2, Ip
(75—30 K) HIIEE ], Ty, A0TE B KIR FE1 AH 2k
ST FE2 A1 T FELMS AFM A 5 % P 5%,
BALEE LMCO 22— B e i 5 12k F AR

Frfk; ke sy

(AP = P(T) - P

030201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

4 3 2 )}  Acta Phys. Sin. Vol. 66, No. 3 (2017) 030201

El6 (a), (b) 4%t T B AL Cr Fimt& Al A £ Mn F A& [111] 7R G B AFM 45#4; (c) Cr, Mn F @& 1E Tvn
VLRI R MRS R, R T 528 L, BRI 257 La Ml O JRLF, Mo, B E@ERIUE Cr R, 4 @ERILE Mn R T

Fig. 6. (a), (b) G-type AFM structure of the B-site Cr-sublattice and the A’-site Mn-sublattice with spin orientation
along [111] direction, respectively; (c) a complete set of spin alignment composed of Cr and Mn spins below Tyy,.

For clarity, La and O atoms are omitted in the structures. Blue ball, Cr atom; red ball, Mn atom.
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Fig. 7. Temperature dependence of (a) dielectric con-
stant € and magnetic susceptibility x, (b) pyroelectric
current Ip and (c) ferroelectric polarization P in both
+poled and —poled conditions. € and Ip are measured
without magnetic field. The insets of (b) and (c) show
the enlarged views near 50 K.
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Fig. 8. Poling procedure dependence of electric behav-
iors below Typ,. (a) Temperature dependence of pyro-
electric current Ip by +poled and —poled under 200—
75 K and 75-30 K poling conditions. Temperature de-
pendence of (b) Ip and (c) the difference of polarization
AP(= P(T) — P (50 K)) after being +poled from 200 K

down to the selected temperatures.
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Fig. 9. (a) Temperature dependence of Ip and (b)

the difference of polarization AP at different poling

conditions and different magnetic fields below 50 K.
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HEmAa ), 22T AR XA BT
LMCO H e R 5 LR HED R — A5 2 ey
R BELMCO [ 2 8. 55— P ERAR RL h 22 # il
apLEE, HEEMRACRIE T — X B iEm) s IFR
U IX R UG 44 B AT SR SFATHES, AR AL
W5 BB, Mt LMCO, MR¥EHE SR
ST AELR TR, FEL AL 77 M2 b 3 e 77
) 503 RT b A8 8l UAT 447 55 Y T V2 iR B LMLCO
M2 BRPE M RRRL. BEAb, 25 = Fh s — E e HLEE (1
U d-p A A AR AY), B T V25 AR B 57 5 £5 4K LMCO
H e 2 28947 M.

M EIRNPD &5 R 5L Y Ty < T < Ter
i, Cr 7 fb b S [111] 5 7 i G B AFM A 7
(K6 (a)), AR, LMCO B4 Im-3 2 1a R, K,

H//E (a)
4.55

4.50

4.45

4.40

HL.E (b) -

4.45 ©

4.40

4.35

0 50 100 150 200
T/K

50 100 150 200
T/K

10 (a), (b) #MEH//EMHLE BET, 1 MHz SRR F#IS TN BE e iR ER

etk Ch 1SRRI, X EE AT 11 R)

Fig. 10. (a), (b) Temperature dependence of ¢ measured at 1 MHz and different magnetic
fields with H//E and H 1 E configurations, respectively. The data are shifted for clarity.
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2 DX Bk B O B AT SR R 0 B AR AR AL
=3 it AT < Tvw I, Mn 7 @& 02 80T
[111] J7 ) G B AFM A 7, Horg sy B
FE X FR O AR A —3 SUEE (16 (b)), BRI,
P S Cr, Mn g%, B SRV A2 gk Ak,
SR, 4RI 25 58 Cr, Mn 1~ g I s R, A
I RGN ALI 3 BUBE (BT 6 (c)), AT R VRl &
H e 7 7] H A ) = 2. TRt FEL ABFR 8k
WA H Cr, Mn H iR 3L [F/EH, LMCO BN
— AR B LT R S AR A 2
BRATEL

I % i R EEL R (density functional theory,
DFET) (5, FATAT LLX FELAH + B e 5 1
BHMAEE DN T T EAINESE L
(density of states, DOS) @l &l 11 frzx. 7] LLE H,
LMCO B4 1.75 eV U RER, A GAK. 115145 2
I Mn3+ (3.907 ug) A Cr3+ (2.799 ug) K H e
it 5 NPD HpRSME4E R—3 (% 1). fH Berry #H
79 0 ] P S0 A9 3 (¥ ik 45 4 R T 7 s,
THEABNEE R 1) UAE BN 1 A e
HIE RS A (spin-orbital coupling, SOC) B, 1+573
B FEL A 2 ARAAE N 0; 2) Xt BT A 3 g7
7] 5 [111] J7 ) ~FAT BSCPAT M R 125 1 SOC

I, 0T Gt v X ARV R 2 A, AT RE T [111] 75 TRl 2
=AML, R/ 3.4 C/m2. X —45
RAEHE A I TR, TR AU s
] WAL S B0, 3) 2k — 2 [A] i 25 58 o - it 74 R
SOC i, tHEAAEIW [111] J7 M &k 7.5 C/m? fIH
WAGE. X — i HE RS S0 ME (B8 (o) EEYH
B3, (RIS SR ) A AT AT B AR A 5

1
|
i
I
—— Mn ]
I
]
I

-6 —I-'l -2 (I] 2
Energy/eV
11 A%JE SOC KM G-H! AFM 45141 DFT i 545
R, B TR E T RS
Fig. 11. DFT results with the dual G-type antiferro-
magnetism (without SOC). Projected density of state

(PDOS) for each atom species is shown.

#1 LMCO AFEE T NPD #1245 Mg S 4 (BB, Im-3 (No. 204); [T/ # La
2a (0,0,0), Mn 6b (0,0.5,0.5), Cr 8 (0.25,0.25,0.25), O 24¢ (0,y, 2))

Table 1. Refined structural parameters for the NPD data of LMCO at different temperatures.
Space group, Im-3 (No. 204); atomic positions, La 2a (0,0,0), Mn 6b (0,0.5,0.5), Cr 8¢

(0.25,0.25,0.25), O 24g (0,y, 2).

HE /K
LaMn3CrsO12
2 35 80 170
a/A 7.39805(9) 7.3988(1) 7.3996 (1) 7.4028(1)
Oy 0.3104(4) 0.3096(4) 0.3099(4) 0.3102(3)
o 0.1771(4) 0.1765(5) 0.1767 (4) 0.1757(4)
Uiso(0) /A2 0.004(2) 0.004(2) 0.004(2) 0.004(2)
Uiso(La) /A2 0.009(3) 0.005(3) 0.008(3) 0.009(3)
Uiso(Mn) /A2 0.040(3) 0.036(3) 0.037(3) 0.032(3)
Uiso(Cr) /A2 0.054(3) 0.055(3) 0.048(3) 0.048(3)
Mn—O/A( x 6) 1.919(3) 1.921(3) 1.921(3) 1.915(2)
Cr—O/A( x 6) 1.978(3) 1.978(4) 1.978(3) 1.981(5)
La—O/A( x 4) 2.644(3) 2.637(3) 2.639(3) 2.639(1)
Cr—O0—Cr/(°) 138.52(4) 138.54(5) 138.55(4) 138.14(4)
M (Mn) 3.40(8) uB 2.66(9) up
M (Cr) 2.89(6) up 2.81(6) up 2.50(3) uB
RpBragg/% 1.60 3.70 2.79 2.88
x> 1.81 1.77 1.73 1.68
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LR LR, XTI FEAMUAESL T dink 22 B A A1
BT AT T R, mH BT A 2 k)
BN, DET i SR WIRAE B 119 SOC R4 H
WACR B 2] 7 B R EENIEM, HE, WA
JUMREA Fr 7 A2 22 BR % 0 BEAR AT R AN S DAAR %
TXRERR IR 2 BRAE I ROUES IR, 75 2R e A K 2 Bk
PEHEISRIARL. AL, TR BT AL DR, 1%
P2 1 F AR AL AT e 58 2 | LT s IR AS T A,
BELMCO th B 7855 7 HL 7 R 2k F A ) gt 7R o
Z. RSLTT SR T 2 Ak R PR AN F R S LA
B BIRANIRE, RS Z OB RR R 5
HIBIF T AL TR

3 B im Ik EL T 4R CaCusFey-
082012

BRBEAR S 2 G R PR R L T RE A R
W&, MR T AL Z RN, R
PR R I RE S P AR R A — B A A R R, A 2
Thie B e BT 8 0F 00 R R IR AL 3L, 5 i T8k
WEAR AP SARLE AR LS 1 A 5 A T 25 0 55
FHHEA AT ZER, RAER D] T =i (room tem-
perature, RT) I 5L AHEk ML T2k (ferrimagnetic,
FIM) 2 SR B4R 10991 B AR 22 4 SR M 0 N G 5
Fre e SRR L T B RS ), (BB TR
ARAEB R FE I BR ), Mk LAFR B 5 BLIR B i T RT
1 FM B FIM =S44SR, I8 3% o fAe 25 44 Al H
FEEMM N, BA AR IR B FM B FIM
2 FARTE A, BALFRI A 7 00 SR 1k R
AALByBYO1o (K1 (d)) F A TRESEBLN. 7EiX
FiAERREE M b, ZREVEE T (A, B, B) Z A&
I EAER, S80T VL2 HEr i E v i 052,
DALtk 36 g 3ok BN () f i B8 2R A, — D T RO
AR ARV, 5y — 5 T AT RS LA EAE A
T AT REAF 2 RT LA HAH FM B FIM 2 S 44,

PATE I R R T BA T — PR 5
KELH TR R, Bl A, BALRIB A 510U S5 4L R
ZEFIRBE CaCusFey 08,015 (CCFOO) P31 %Ak}
BA @& T RT MG AR R (29580 K), H HAE
IR T AR SRE L) 5 up/fu., FURE Cut
(1) Fe?* (1) Os>* () FIFIM H ez 77 30, 6 i
M5 DFT 5 P R iZA RIAEZ 1.0 eV,
TS HA L SR, B, CCFOOE N — b

A R FIM 2 SRARL, 7ER R 2 Dfe B JiE i
TFHBETT R F AR TEN .

K12 & RT F CCFOO J XRD [ 3%, & 77
FEW ) b+ k+1 = AP R RFAE AT 5606 (194 (111),
(311) %), £ W] B Fe Ml Os (14 H KM 14 17
HEF) B9, 3T Rietveld LI HIRE 18R W, CC-
FOO J& T A, B[R A ¥ 1) AAS BoB5O1o 84U
RN M, AR Pe-3 (BI1(d)). 1E
XANGERI R, AR CaFl AP AL 1) Cu 43 5 o 45 [
SE 2a (0.25,0.25,0.25) 16d(0.25,0.75,0.75) 1 &,
I B 57 1 Fe Al B’ A7) Os A 7 #2414 (0,0,0)
Mlde (0.5,0.5,0.5) 67 & F.  3F— 5 1 o & W,
ABLI) Ca il A A7) Cu JU-F- AR L ¢ 315
fii; B/B' S Fe flOs R : 154 20 104G 7 HEF,
B2 Fe-Os Z [MAFAEL 11% W& difin. R 251H T

CCFOO

[ | | PO 0 e b b e e b e e

Intensity/arb. units

T

20 40 60 80 100
260/(°)
12 RT F CCFOO ) XRD Bl Mg bk & 45 5

Fig. 12. XRD pattern and structure refinement results
obtained at RT of CCFOO.

#2 RT F CCFOO MZHZHEBLER
Table 2. Refined structure parameters of CCFOO at RT.

24 CCFOO
a/A 7.42695(6)
Oe 0.257(3)
Oy 0.435(2)
0. 0.564(4)
Cu—O/A (x 4) 1.949(6)
Fe—O/A ( x 6) 2.025(2)
0s—O/A ( x 6) 1.928(2)
Fe—0—0s/(°) 139.9(3)
Cu—O0—Fe/(°) 108.0(2)
Cu—0—O0s/(°) 112.1(2)
Ruwp/%) 5.13
Rp /% 2.95
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CCFOO M45itakEe24. My AH R sk, FH B
it (bond valence sum, BVS) 957 A/ #5351 Cu,
Fe, Os MMM 24058 +2.11, +2.87, +5.23, 4t
T CaCultFesTOs5 O M & 40 4. % BVS &5
R5 5 H 1 X 32 UG (X-ray absorption spec-
troscopy, XAS) 55645 R —3K.

(a) Cu-Lg

CuytO
" _k
h=]
g
=
3
~
>
s
z
g Cu?+tO
R

CCFOO
1 1
928 932 936 940
(b) Fe-L;
2 24
‘g Feo.04Mgo.060
=
e
-
3
~
>
&
k7
[=1
8
=
1 1 1 1 1
708 714 720 726 732
(c) Os-Lj

" LasMgOs*tOq
3
g
s
"% SroFeOs®+Og
~
N
i
‘B
]
g
=

1 1 1
10860 10880 10900
Photon energy/eV

13 (a) Cu-La3, (b) Fe-La g LAJZ (c) Os-Ls i XAS,
SR BTN PSR g d L (EARtTA

Fig. 13. XAS of (a) Cu-La 3 edges, (b) Fe-La 3 edges,
and (c) Os-L3 edges. The XAS of related references

are also shown for comparison.

TM & T BA W ERE NS, NERANE
R HL A A F G, R PE. XASX 3d TM B 71
W& o BURk, BRI 2 R 58 TM M 25 1A 30F B
N T #E— 5 E CCFOO Mtk & &, BATX %
PREFEAT T XAS k. B 13 (a) 4 H T CCFOO

1) Cu-Lo 3 WS, FHH CupO, CuO Fl NaCuOs 1E
NEEH Cult, Cu?t, Cudt Sy 559 1R &
NaCuO, U A7 bk CuO & 7 £91.8 V. & [
FE R ATAE CCFOO ) Cu-Lo s W Wi i e & 2 Bt B
AL T Cu?TO ) Cu-Lo 5 2 B 1 1 %5 B g, 17 W
FAF 5 Cult A Cudt 56 1 B FR4E, Ak
A B 5 CCFOO H Cu iy +2 fir. 13 (b) %4

T Fe-Lo s W W1, 3 H H Feg.0aMgo.060 Al Fea O
15 9 18 B e 7S BE AT () Fe2t Al Fedt (1) 2 18 47 160,
i LA H, CCFOO E A5 1 Feit 05 2 L 1 o 1
TE R A0 HE [F] e 5 1 0 A7, {H 2 B Felt, Mg 06O
fiK1.9 eV, 4 1 T CCFOO [ A it Fe3 T 1L &
fr. B13 (c) 52 Os-Loz Witil, HrhZ Y8 +5
H 1#1 SroFeOsOg 61 F1 +4 # ) LaaMgOsOg, 7 5
F i CCFOO 1 Os- L3 Wi B LagMgOs*t Og 1
1.2 eV, 5 SroFeMo® Og ¥4 {5 AH [F I RE B AL E, iIF
Bl 7 CCFOO H OsoT A . BRUth, XASTH 2
R T A, BALFRBHFEELT CCFOO H Cu?t,
Fe?t, O M AL E.

K] 14 5 CCFOO [P 1E 1 &2 25 . Kl 14 (a)
AR ENR FE R (2, 200, 400 K) 1) 45 i 04 4k il 28,
AT LA AE A I 5 AR A B S 1 R [ 2,
FHA R A FM B FIM M. 2 K 1 f1 45 29
5 up. HAERMZ, BIE R &L 400 K&
A2 up KIWARLEE, £ YA R A7 72 528 1 FM
B FIM W4 AH BAE . REAL 20 X 3R B, Bl 5 iR
JE B 22 29580 K, CCFOO 1) F 4k 2 82 3 8,
F W (paramagnetic, PM) [A] FM 8¢ FIM AH 4%
(K14 (b)). F i, CCFOO A T RT (& H
B (Te ~ 580 K).

EXAE AW A, BALFREA P8 EY CC-
FOOH, Fi i I TM & F Cu?t (S = 1/2), Fe3+
(S =5/2), 0 (S = 3/2) VAl &5 [ liess #fH B
YEF. fERZE Os® [ SOCTE ML T, M4 /i
TR FM L HEAI Cu?t (1) Fet (1) Os° (1)
FFIM SR 28531 1) Cu?t (1) Fedt(]) 0s5+(]) 45 i
FORERE 23 500 19 up/fu. RT3 g /fau, 3 KT 525
MELFI) 5 up/fu. T Cut () Fe3t (1) 0s°F(1)
1) FIM $E 26 #5145 2 W2 (1 pp /) X /.
Rk, JA Cu?t (1) Fet (1) Os°t(]) A FIM JL2k
HeF 75 (7 e /fous) BRI GG 5 52 56 0052 21 1)
¥ e A FE. T ARSI, B/ B’ A7 Fe/Os B =
ALHEF LA J Os-5d AT O-2p FLIE ¥ 58 51 444 /2 F n]
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e 5 B SL IR M ARG /N T ERAEE B B AL A,
CCFOO /1 Cu?t (1) Fe?t(1) Os>*(|) i FIM HE 51
77 A X S R W 5 — 1 (X-ray magnetic circu-
lar dichroism, XMCD) Y& #EFTUESE. 41l 14 (c)

6

(a)

M/up-fou.—1t

x/emu-mol~1.0e~!

T/K

¥l 14 (d) i, Fe # Cu-Lo 5 WG AR H] i XMCD
Je i T R T AL Cut B AL Fedt 2 [A] (1)
FM #E51], 1IX 5HEMF) Cu?t (1) Fe?t (1) 0s>+(]) )
FIM H hefEsIAH—2k.

() CCFOO
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Photon energy/eV
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14 (a) AR FHEEEERIAIAEALE; (b) 0.1 T FEHIA (zero-field cooling, ZFC) A4 (field cooling,
FC) #5230 T e A 26 Bl IR B AR 4K (c), (d) Fe-Lo,z fl Cu-Lao 3 1 XMCD. X H 1 wdR 77 1 53 3 FAT (s BLk)

AT (p— LLER) THNMBEIS T 1A, e 22 A Hh 2%

Fig. 14. (a) Field dependent magnetization measured at different temperatures; (b) temperature dependent
magnetic susceptibility measured at 0.1 T with ZFC and FC modes; (c), (d) XMCD for Fe- and Cu-La 3
edges. The photon spin is aligned parallel (u+ black line) and antiparallel (u— red line) to the applied

magnetic field, respectively. The difference spectra are shown in blue.

Energy/eV
3 2 1

30+
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E 20+
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g
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<
.
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T/K
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15 RT FARWAK K GHE R CCFOO #luk
HILE S, dEEg T T R R R AR

Fig. 15. Photocurrent signals excited by light radia-
tion with different wavelengths in CCFOO at RT. The

inset shows the temperature dependence of resistivity.

FATH 2 &1 CCFOO Ff S 24T 1 iz I
BN TN BN, RATIE 2 PR AE & R
T (416 GPa) #HATALEE. G 15 o poR, B
T B2 O FEAIC, R it L BELIZ M 3G X, ZEAIGIR a3 T
10* Q-cm &K, KIIZM R EA 4K /4546 1
iR N T AER U E AR RERR, FRATTBE— 2D AE
RT i 1 O6r R I (K 15). B8 6K 1k
/N, FEZ) 1350 nm I, S LG 5 RARIE TN, BEHIAE
RT -, CCFOO Z @M BHIREM L9 0.92 eV.

Ntk — 0 H AR CCFOO W HL 7 g5 4, FR-AT3E
17 7RI DFT w58, JF H A SCBBFE I B (gen-
eral gradient approximation, GGA) 1 GGA+U (U
TN T RIKBE; Fe, Uggr = 5 eV; Cu, Uggp = 4 V)
) B e M Ak T3 325 R T e AN 7] ) 1 R S T R
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AR e GGAIE & GGA+U M5k, B B2
WSk N Cu?t (1) Fedt (1) Os°H()) I FIM A 7,
S g A — B DFT 504 0 S HEAE N
7.01 ug/fau., H Cu, Fe, Os MIfiH 5514 0.627,
4.043 1 —1.421 pp. % SOC ZML Wi,
THE SRR A MM, Cu, Fe, Os KT 7
A5 A 0.603, 4.013 F1 —1.315 up, M EIREAEE N
7.19 up/fou.. K162 5B B 7R S A
JRIER I DOS. i HE 7R T CCFOO i 3 44 &
BN, Bem BB A £ 1.8 eV IIRER, T H
JiEm R IIRE T IREBR LI 1.0 V. IFH 4R 506
TN B S5 IR — B R T AR S A B AR
F b, TR IIE BALA P ERET CagFeOsOg 5
A, B fL R FHH CaCuszFea0s2012 T, Fe-
Os (8] (A A2 A0 HLAE F 5 B2 AR WAL, R AS
REAE N CCFOO BAT & i E IR L 1 £ SR 3. AR
M, A"z Cu?™ B 7 B 51 N A7 A B ) Cu-Fe LA
N Cu-Os A HAE A, KM # 15 CaCusFey 052019
[ FIM J& BLIRJE (T ~ 580 K) i T CagFeOsOg

() FIM J& BLIRE (Te ~ 320 K) P31, fukar i, 76 A
AL NEAM T 25 AT 386 44 e T A T
VEFREE, R PEm A P Ak A AR IR B 10 R4
1. ZJTE A RS E R DL G 2 ThRE A R

g Bk, FAVES &R SRA TR, 'k
H14% T I A, B AR A R DY S A5 5K CC-
FOO. ditks B Rz EMEA LT MR, 230
BN Pn-3, XASH#iE T Cu?t/Fet /Os®™ i) Hi faf
PZ; WIALRNE R CCFOO B A ik 580 K
J& B, AR T BA 5 up/fu AR, DFT
TH SR XMCD 8256 25 RAESE T Cu®t (1) Fe3t(1)
Os™*(}) I FIM #4577 X; i Pl & % Wi 4 &
HA R BT 8, G5 DFT iH 5
RS BEBRZI N 1 eV I SRR, R, CC-
FOO# 4t T — AN B B A i & F RT 1 FIM
JEBLUR RS, AABORRERR I A SRR R,
URE 1 i FIM - SR M 57 AR SR S ik | i i 7
SRR,

Energy/eV

4

I —20 —10

0 10 20 R r X M r

DOS/states-eV—1.fu.~1

16 CCFOO M55 —1Hh B RIS H IR e 45 1 AR BB IK DOS 4521

Fig. 16. First-principles numerical results for the band structures and partial DOS of CCFOO.

4 LaMngNiQMngolg EF }% A’ﬁl @\z ’r_&L ]_%—
FIRE W BALIE R B IR 7 %A

A B B, fE A, B RN RS AL
AALB, B3O, 1 (1 1(d)), T A By B A1 B

B = AR B A LRI A TM B 1, B
bk T f-1EA-A', B/B'-B/B' Wiz H:AE H4b, &
A BE A7 AE A’-B/B' L 8] 1) 1 A2 e AE HL, AT Ap
RETE B R MWL Fe. RAEAEA Ly Cut Y
ACu3BO12 #55KH™  Cu-B [8) 1F 41 47 7£ 52 [ FM
BAFM 2 e fE P10, HORTE K 2 B A L A
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Mn3+ ] AMng B4O1 858K H, Mn-B 0] [ i 22
e AR AR 0] LS, DLELT B S T 5 A
A7 M+ 8 1 0] LSOO i e A e AR AR 11269,
SR, BRI, 78 A, BRI G 455k H
LaMn3NisMnyO15(LMNMO) #1, T A’ fif Mn3+
B B/ B L Ni?t /Mot 5 717 16 BRI REAS
BofEH, TS A’ A7 Mo+ B 1 7] LLI % B/ B’
AL N2t /Mn*t B 7 RS, XS —IRAE A AL
(5 B L) 45 7 5k 45 4 Fp R I AEAS AT 041,

LMNMO #] LL7E 8 GPa, 1400 K & JE &1 i
KT AR B174H T LMNMO 7E RT (18
R XRD. &40 #Hdk X H T 75 (selected area elec-
tron diffraction, SAED) Pl & 300 K NPD. M
17 (a) SAED P £ w0 B B/ (111) 8 &5 #9 fi7 5
BE 5 DL B 17 (b) NPD R 5R F (111) 48 25 #4 A7 5t
U AT DL E LMNMO H B A7 Ni fl B 57 Mn P £
A R R HEA . XRD FINPD [ 47 5t 45 5 af
DR 47 b FH 4% 18] B N Pn-3 () A, B A [ A 57
i B5 5K AAL BoBLO 1o 25 1 SR K &, o AfL
i) La F1 A’ A7 1) Mn 73 7 o5 48 2a (0.25,0.25,0.25)
M6d (0.25,0.75,0.75) L B I L1 « 3Ff¥; B
A7 [ NiF1 B/ A7 1 M 43 51 o5 4 46 (0,0,0) Fl4c
(0.5,0.5,0.5) ML E IR 1 : 1VEETHF; ORF
G4 240 (z,y,2) WALE (K1(d)). R3IMEAL
HTAEBEE R, £ 3% 20 7 La, 6d 47 Mn F14cfr
Mn A K 24h A2 O 1 R 5 4 #2323 100%, X 4b
AL 1 F N K 20 10% i Mn BT BUAR. R TfT, LM-
NMO Ff it i /2 AR LF A i = b

N T HE— 25 0 2 LMNMO R I 5 A 45 1,
53 BIAE 200, 40 f13 KiEAT 772 NPD. NPD %
& 45 B R, LMNMO 7F i & B 23 KR
SRARFE Pn-3 723 (M) BF, MRS R K AEZML (I
#3). RAL BT H A0, B/B 08 KA
Mg R H B/B A Ni—O—Mn
B 29 138.5°, & B LMNMO 1 NiOg A1 MnOg
J\TH A A7 E 7 B AL BVSDPOYT gy T
LaMn3 " Ni3"Mny T O MM A4 4. WBVSIHHE
g5 AT DU H, LMNMO ) A’ £57 %% Jahn-Teller 25
T Mot (t3ed) ¥, BALAT B AL AR Jahn-
Teller B Ni** (t5,e2) A Mn®™ (t3,e2) 4.

HAAEE N, HMA, BALFE A 454k
W 25 ¥ AAL B B, Oqo 75 2003 4F 58 — IRk i 38 DA

Sk P91 R Fe 4 LT A iR P AR AV A Cut 1
ACu3zByB401s (B = Ga’t, Fe?t, Cr3t; B’ =
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Fig. 17. Rietveld refinements for (a) XRD pattern col-
lected at RT and (b) NPD pattern at 300 K for LMNMO.
The observed (red circles), calculated (black line), and
difference (blue line) are shown. Allowed Bragg reflec-
tions are indicated by ticks (top). The lower ticks shown
in panel (b) present the small amount of impurity phase
NiO (< 1.2 wt%). The inset in panel (a) shows an SAED
pattern along [110] zone axis taken at RT.
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*3

i NPD (3, 40, 200, 300 K) #1 XRD(RT) il Rietveld /7 iEFE &35 1) LMNMO (K145 8 24 2

Table 3. Structural parameters obtained from the Rietveld refinements of NPD (3, 40, 200, 300 K) and XRD

(RT) data for LMNMO?.

WE T/K

3 40 200 300 RT

Space group Pn-3 Pn-3 Pn-3 Pn-3 Pn-3
a/A 7.35692(20)  7.35860(9)  7.36198(12)  7.36863(8) 7.37478(3)
Oy 0.2590(3) 0.2583(2) 0.2583(2) 0.2592(2) 0.254(10)
Oy 0.4288(4) 0.4271(3) 0.4269(2) 0.4275(3) 0.4340(5)
0. 0.5596(4) 0.5607(2) 0.5608(2) 0.5608(2) 0.5673(5)
G (Nig) 0.890 0.890 0.890(4) 0.912(6) 0.96(13)
G(Mnyy) 0.110 0.110 0.110(4) 0.088(6) 0.08(11)
G(Nige) 0.014 0.014 0.014(4) 0.001(1) 0.03(11)
G(Mny.) 0.986 0.986 0.986(4) 0.999(1) 0.91(13)
G(0) 1.0 1.0 1.0 1.04(2) 1.043(10)

M(Mngg) 2.94(5) ug  1.60(4) up — — —

M (Nigp) 0.65(3) ug — — — —
M(Mny,) 0.44(3) up — — — —
Uiso (La) /A2 0.200 0.12(12) 0.30(11) 1.00(15) 0.014(6)
Usso(Mngg) /A2 0.200 1.5(1) 1.58(12) 1.80(17) 0.016(3)
Usso(Nigp) /A2 0.400 0.42(6) 0.38(7) 0.62(13) 0.017(7)
Usso(Mny.) /A2 0.200 0.2 0.2 0.2 0.009(3)
Uiso(0)/A2 0.250 0.37(8) 0.43(10) 0.46(17) 0.014(5)
X2 6.26 2.39 1.64 4.51 3.49
Ruwp/% 7.98 6.13 5.03 6.88 12.49
Rp/% 6.35 4.83 3.84 5.44 10.24

aPn-3 (No. 201) #Fla#E, A RHTR 2, HFZEFAEWT: La 2a (0.25, 0.25, 0.25), Mn 6d (0.25, 0.75,
0.75), Ni 4b (0, 0, 0), Mn 4c¢ (0.5, 0.5, 0.5) 1 O 24h (x,y,2). EH, G EZRGETMEMN HIEE, M ERET
I E BEREH. O JR 1Y) 5 4% Z BT 300 K 1) NPD AT5HiEE R 2. &5 RRALE 2 BhrdE 2 M, O J5 7 b2

THEE. T SEARHREE, O JR 71 4 2 [ e g 1.

aSpace group Pn-3 (No. 201), origin choice 2, where the atomic positions are La 2a (0.25, 0.25, 0.25), Mn 6d
(0.25, 0.75, 0.75), Ni 4b (0, 0, 0), Mn 4c (0.5, 0.5, 0.5), and O 24h (z,y, z). G represents the site occupation
factor; M represents the ionic spin moment. The site occupancy for O is refined for the 300 K NPD pattern,

resulting in stoichiometric within two times the standard deviation. For the lower temperatures it is fixed

to unity.

N TR AR BVS i H 44 H i LMNMO
M AHAE, £RT T #1477 XASHW BT 7T, W
K18 (a) At 2, LMNMO [ Ni-Lo 5 W Y12 1) RE &
5 PbNi2t O3 ) i Z 4 Ni2+-Lo s RER E A, HZ
EE NdaLig sNiZtO, 70721 1 i) = 4 Ni3+-Lo 5 (I BE
w1 eV, FIHLMNMO H Ni L +2 07 7E. FEH,

LMNMO H1 PbNiOs H Ni (] £ 8 2 6 i 45 #) -+ 4
FHACL, 2R BH 3K P AN 46 A W0 A7 7E A TR 1) NiOg J\ THI
LA, B 18 (b) 45 H T LMNMO A Mn-Lo 3 WK
0, RIS H T & Mot 04 F 1 Y324 7 Bie £
AR AR YMns T AL, Oo (YMA) I I8
Mn*+Og J\ T4 L A7 1) ] 5245 8K SrMn®+ O [
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H@Mn—Lz,g H&L{&ﬂlﬁzﬁxﬂ‘ tt. éﬁ%% EU%, Mn-
Lo 3 BV A7 3228 [ & BE 77 1) B YMA #% 5) 3 LM-
NMO, #1 #] SrMnO3. K H X =AML &9+
Mo M &SEE LI & B8 (b)F &L T
YMA Al SrtMnOj ) Mn-Lo 3 W WA LL3 21

LC ol fai BB . W BLE H, 245 R Mn-Log
W i 3 A LMNMO ) Mn-Lo 3 W W32 fg 9% 1R 47
My A, 3] LMNMO 1 Mn (#)-F 240 3 4 +-3.4.
M, LMNMO ff XASE 52 T BVS i1 5 45 H 1)
LaMn3 Niz™Mny T O 414

%4 M LMNMO K NPD K] Rietveld H 245 5 i 2 BB B FA LUK BVS THTEE R »
Table 4. Selected bond lengths and angles and the BVS calculations for LMNMO obtained from the Rietveld

refinements of NPD data®.

T/K
3 200 300
Mngg—O/A (1 x 4) 1.909(1) 1.908(5) 1.908(4) 1.912(9)
(x4) 2.751(4) 2.755(1) 2.756(5) 2.756(1)
(x4) 3.296(3) 3.304(9) 3.306(2) 3.303(6)
Nigpy—O/A ( x 6) 2.028(3) 2.025(2) 2.026(7) 2.033(9)
Mng.—O/A ( x 6) 1.905(5) 1.910(3) 1.911(4) 1.905(7)
Mngg—O—Mngg/(°) 102.7(4) 102.6(7) 102.6(8) 102.7(1)
Mngg—O—Nig/(°) 107.9(7) 108.1(6) 108.1(8) 107.8(5)
Mngg—O—Mnyc/(°) 113.2(6) 113.1(1) 113.1(5) 113.3(5)
Nigp—O—Mng./(°) 138.4(6) 138.4(1) 138.3(6) 138.4(9)
BVS (Mngq) +3.009(3) +3.010(9) +3.010(3) +2.978(7)
BVS (Nigp) +2.181(8) +2.200(1) +2.191(2) +2.149(1)
BVS (Mny4c) +3.974(4) +3.922(1) +3.910(5) +3.971(2)

ABVSTE (Vi) ZFHARXY; = 35, Sij, M Sij = exp[(r — 735)/0.37] IHHAF]. £ LMNMO H, X F Mngg,
Mnge Ml Nigy, r RIEUE 2514 1.760, 1.753 F11.654 A. 3T Mngg, HHEHE T 1286 AR T. X T Nigp

Mnuyc, %88 T 7N BECh F R T

2The BVS values (V;) are calculated using the formula V; = 37, S;;, and S;; = exp[(r — r3;)/0.37]. In
LMNMO, r = 1.760 A for Mngg, 1.753 A for Mny. and 1.654 A for Nig, For the Mngg, 12-coordinated

oxygen atoms are used. For the Niy, and Mny., 6-coordinated oxygen atoms are used.

T
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18 (a) LMNMO(ZLt4) LUK S %KL PbNi2t O3 (B f5), NdaLio sNidt0y (W) B Ni- Lo, 3 WG #9311 XAS;
(b) LMNMO (£18) LA B #E 5 YMn3 T AL O 12 (1 (5), StMn?+Og () #) Mn-Lo 3 WUGH AT — 16 XAS, o, &
L4517 YMn3AlsOq2 A1 SrMnOg fy Mn-La 3 ARSI LA 3 2 2 e EL 3 17 BB T

Fig. 18.

Normalized XAS of (a) Ni-La s edges of LMNMO (red) and the reference PbNi?tQsz (black),

NdQLi0,5NiSEO4 (blue) and (b) Mn-Lo 3 edges of LMNMO (red), and the references YMn§+A14012 (orange) and
SrMn#* O3 (blue). The dotted line shows a simple superposition of YMn3Al4O12 and SrMnO3 with a 3 : 2 ratio.
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4, RUEXFM KT R, 2 K i 278
157 T Wl SRR A, 38 LMNMO )%
SENAZEFMAAFM WML ER. EAER
PR, ML EHIFR 2 K N4 AFM
DT, 193] 7 miA216.6 up/fu. BRI LA
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Fig. 19. (a) Temperature dependence of magnetic sus-
ceptibility measured at 0.01 and 1 T, the insert shows
the second derivative of the inverse susceptibility at
0.01 T; (b) temperature dependence of specific heat
measured at zero field and 1 T; (¢) magnetization mea-

sured at various temperatures.

N T #E7~ LMNMO R & 2 G, 3AT
X AR NPD HEAT T VF 4 R R 25 ) 3 3848 11 43 A
AUkEE (B20). 7EE20(a) #, 200 K [ NPD I
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40 K TS BT 40 (100) &R IE T WA 7
(AT U6 (18120 (b)). BRI, 40 K ¥ NPD 455k
9T T BN T Z [RIIREEE #. R, IR R
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Bragg 74§ LI NiO ZAHIE (< 1.2 wt%)

Fig. 20. Rietveld refinements for the NPD patterns
of LMNMO collected at (a) 200, (b) 40, and (c) 3 K.
The observed (red circles), calculated (black line), and
difference (blue line) are shown. The black, red and
blue ticks correspond to the allowed nuclear Bragg
peaks, magnetic Bragg reflections and the impurity
phase NiO (< 1.2 wt%), respectively.
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W, B/B' A Ni2t /Mn*t 1E 58 45 46 16 B8 1 R
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0 Hh 3 BAFAE AN S5 G S5 R A 2.

T T T T T T T
(111)
. T T
2 gt mmmmm s |
i
g (100) * 7. !
S =g 5 !
S = B |
E lfl:& |
A
)
E | %
| s |
| 8 le
| ﬂ‘ﬁ
L Il L Il L Il o Il i Il L
0 10 20 30 40 50 60
T/K

21 VA—4k (100) A1 (111) NPD U fI55 5 Bt I8 % 1
A, BIIIRTE T B2 1Tt JF BAE To A F4%
R

Fig. 21. Normalized neutron diffraction intensity as
a function of temperature for (100) and (111) peaks.
These two curves sharply increase at Ty and then tend

to separate for each other below T¢.
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£ 7 AoNiMnOg (A = Sc, In, Y, Bi 80 #+ 0
) (10,7889 5g v ARM S 97 (148 £ (X 1], 3X A4S
S B LMNMO H A’ 7 Mn®* 7 G2 7£ B/ B’ fir
NiZ /Mn*t IEATHE S5 ¥ BTV B ke 4 B /R H.

() ] €

(b)

22 (a) A’ fr Mn3+ (K 0) 1 G-B AFM 45#); (b) th B
L Ni2t (4 ) f1 B! o Mn*t (5 60) MR IER B e h 5
gi; (c) AL, B AR B! AL GRS 114 B B e i
AEEL N TIEREL, ST HET O La J T

Fig. 22. Schematic view of (a) the G-type AFM struc-
ture of the A’-site Mn3T (gray), (b) the orthogonally or-
dered spin structure composed of the B-site Ni2T (red)
and the B’-site Mn?* (blue), (c) the total spin structure
composed of the A’-, B- and B’-site magnetic ions. For

clarity, O and La are omitted in the structures.
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Fig. 23. Magnetic ordering temperature as a function
of the average Ni—O—Mn bond angle in A2NiMnOg
family and LMNMO. T, the AFM Néel temperature
(red diamonds); T, the FM Curie temperature (black

circles). The blue line is a guide for the eyes.
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Fig. 24. (a) Schematic view of the magnetic exchange pathways and magnetic frustration model among the
A’-site Mn3T (gray), B-site Ni2t (red) and B’-site Mn** (blue) ions with the exchange constants determined

from the theoretical calculations; (b) total and atom-resolved DOS from calculations.
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Abstract

Strongly correlated electronic systems with ABOs perovskite and/or perovskite-like structures have received much
attention. High pressure is an effective method to prepare perovskites, in particular A-site and/or B-site ordered per-
ovskites. In these ordered perovskites, both A and B sites can accommodate transition-metal ions, giving rising to
multiple magnetic and electrical interactions between A-A, B-B, and A-B sites. The presence of these new interac-
tions can induce a wide variety of interesting physical properties. In this review paper, we will introduce an A-site
ordered perovskite with chemical formula AA%B4O12 and two A- and B-site ordered perovskites with chemical formula
AA5ByB5012. All of these compounds can be synthesized only under high pressure. In the A-site ordered LaMn3CrsO12
with cubic perovskite structure, magnetoelectric multiferroicity with new multiferroic mechanism is found to occur. This
is the first observation of multiferroicity appearing in cubic perovskite, thereby opening the way to exploring new multi-
ferroic materials and mechanisms. In the A- and B-site ordered perovskite CaCuzFe20s2012, a high ferrimagnetic Curie
temperature is observed to be around 580 K. Moreover, this compound exhibits semiconducting conductivity with an
energy band gap of about 1 eV. The CaCuszFez0s2012 thus provides a rare single-phase ferrimagnetic semiconductor
with high spin ordering temperature well above room temperature as well as considerable energy band gap. Moreover,
theoretical calculations point out that the introducing of A’-site Cu®>* magnetic ions can generate strong Cu-Fe and
Cu-Os spin interactions. As a result, this A- and B-site ordered perovskite has a much higher Curie temperature than
that of the B-site only ordered perovskite CasFeOsOg (~320 K). In addition, we also for the first time prepare another
A- and B-site ordered perovskite LaMn3sNiaMn2Oj2. In the reported ordered perovskites with Mn3t at the A’ site, the
A’-B intersite spin interaction is usually negligible. In our LaMn3NiaMn2O;i2, however, there exists the considerable
A’-B interaction, which is responsible for the rare formation of B-site orthogonal spin structure with net ferromagnetic

moment.

Keywords: high-pressure synthesis, ordered perovskite, multiferroicity, spin ordering
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