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Study on magnetoelectric materials and phenomena
— Magnetoelectric coupling in a triangular lattice antiferromagnet CuCrO,—
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CuCrO: with the delafossite structure is a typical triangular lattice antiferromagnet (TLA). In
CuCrOsz, magnetic properties are dominated by Cr3* ions (3&®, S = 3/2) forming triangular
lattice planes, and are well represented by a S= 3/2 Heisenberg TLA. An early neutron powder
diffraction study has indicated that CuCrO:z undergoes magnetic ordering into the out-of-plane
120° structure characterized by the commensurate propagation vector (1/3,1/3,0) below 7k=~24K.
Recently, magnetically-induced ferroelectricity has been reported for a polycrystalline sample
below 7k. More lately, we have successfully grown single crystals of CuCrOz. We investigated
magnetic, magnetostrictive, and magnetoelectric properties of the single crystal samples, and
observed a spin flop transition, a magnetoelectric effects, electric control of spin chirality, and

lattice distortion coupled with the magnetic ordering.

Mt - BB
WA, etk BN A B LI-WE L [~ F 7 = a4 7 ZA(multiferroics)] & ¥R S
. FOH9E éi:l S HEDOMIZEMRNERZ T WD, RWEREZME) & 2504 —X—1F

A=K (Wb L BRI ZFIH L2 2B AT VMBI R E~DIEHANEZ bR LT, T
e ot‘éfﬁkf\ﬁ@ﬁ%lhﬁm X BT L 2WALOHIE ] & o 72 B 2 5B RSO TRGS B IR CIIIfE
TEXRVYEBIRNARE L 720 | B I WSHOMENDIEEZED TWVD, S HIC D<K,
WK 77 AL —a raNATAHRIZBWC, ARSI L STELEZ DA T Y T 4 (kE
PE) OHBUTER LT, UIE UITHNE & REFEMEICRVEES (BRESRES) BB Z LG
MERY N OMERIIHTZ~AT Tz 7 AOFNWE L2 VGD L ORI S vk
HTNWD, Jral) =7 REKEEZR~T 77 A N — MEERIZBWTIZ, A O 7T
ANRDHLFED /) v a ) =T FEBICEE & H 2 Ko 2 E AR TR I TSI, L
L. AT VT AIFEEEOA AN Lo TERINDOIZ AL ETH L, Ml - XA S
TR, AT VT 4 T 5807 Fik e LR EIIHENR ST b 53, R
O | ORI S L DO 7 ERE A2 OMBERZ X TV D, L7eh - T, kY @ IR D
A7 VT A EFEOHINES EEND,

AFZEIZTHER LD, 77 A2 hb— MEgEMERIZBIT 2FERME Thb, TF, /=2
=T IRIBHEA UG AR TR TS DT T A b L— MR W T, BEERT & B RAED TR



MazfoZ A shiz2l, 2hETIT, Fig 1ITRT X974 7 oA REWE (H58A) #
SAEEICRB W T, MABFFICER L7 EE S HBL T 2 Z E BN > TV D, £i2., (Wil
PR BT IC K 2 EBREE RS, 2N OMFERTIIIA T VT 4 DFENERIIIMOLFE 2R
ELTNDZ ERHERINTWDIBl, T4, MEFEEREAFIHT 22 TUAZ VT ¢ O -
HIENFRECHAH Z EHENT D, LR -T, 77 A b b— MEMIROBRFHEDMIEIIZ I\ T
X, SRFBEREOFI DR R TIEL 70D Z LRI TX 5,

IR ORFFETEE AL T D 72012, BERERE & B BEAEOMBE OMAN KA TH D, AT
FOOBWEMER DS R T 120° A B UM X, e bR 7 7 2 L — MgGEED 1 > Th D, 120°
AU, B TR D OFEIC XY, Fig. 2 1R T X DR AL, TV Z Ak 1
AT N 1200 A B HEE (D>0) &, AR i EE 2 mHE 120° A B (D<0)
O 2 FEMNMFET D1, W bEEAEE S A (<7 MVRREZ(bE3, #5 %
TIZXILTHES) THH I &b, 120°A B U HEEIXERMAHEBE LT 5 ETHRIFOXISTH
Do I DHITHGE, HN 120°A & UAEE 2 R T A1 SRR RbFe(MoO4)s 12350 CTREKURT
R L2 RF NS SN TH Y (4], 12002 B o 274 =Mk RRBERIZ BV Tk
FHEFEERHA LA TV T o - HIEDBFRECH D Z ENR R I ND, & 2 TAMET
. R RR AT EER N D HE 120°A B UG 2 Rk ERESNTE V5], £72 2 <K,
Z A EHZ B CTRESURR P A I O 85 BB E B S 7= [6] = Ak 1Sk ME(A CuCrO: (Fig.
STRAKNICHEMEIE 2 RT) 2R E L, ZOEXHSKMHEEICET 2 MAEE5 720, HikmE R
B RO - LB - MRIE 21T - 72,

‘E Right-handed

In-plane type

ﬂ Left-handed
o < W

Out-of-plane type

Magnetic ion spin Electric polariztion
Fig. 1 Relationship between spin-chirality and electric Fig. 2 120° spin structures on triangular
polarization in cycloidal spin structures. lattice

i st

1 BERH) - EXAIEE

Bi20s 277 v 7 AL 57T v 7 AR L 5 T~3X3X0.5mm? FLEED K E &0 CuCrOs Hiif
Az AR S 2 LITHRII LT, Fig. 313, AR L HfESalE oMb, B, SOMEE 7 v 7



FANTHD, c i, ab NG OEILE y
L Xab IXFNFI The =~ 24.2K, Th1=23.6K C
WERT, The, T lZxIhT 52508 —
BB RGNS Z &b | WAL DR E X
2 B ORIEE 2R LT D, R 1
ProfERBlE D < 0 O = Ak KmprEARIC
BT DWKEERE O — KRS B [7], T< Ta
IZEBWTIHIE 120° A B U ENEHR L TV D
ETYHRTED, £, T< TlZBWTHNG
0] D 3 F( Pap) D F DB U L 43875 1) A3 B 4512
Ko TREET 2 Z L 2BIEE LT, DL EDORERN

5. CuCrOz IZB W THIE 120°A B° o #HiGE~D
FRERRE I A L C i PN 7 NS R B 1 23 FE B

TAHZEDNHLNE ST, £o, ZOMFEE
Mix, EHICX DA TV T 4 Kiso A e %
SR L TS, I HIZ, ZHE TRMEPT
HoT-HIE 120°A B UAEED A /31 F )LiH D
[ EIZDOWTHEE L, ab HWNF AN/ H
B9 % &0 5 FEBREE SR & BRI O AR 2
5. AN FIVIETNER GBI I TEE Th 5
ZENRABIMNERRS T, T2, AL TIVHEIL
(110)E AT TH D ATREEN EV, 2D X9
2, A ERET H I & TAY UAFEICD
WCORMRZSGD Z ENAREL 725,

2. EXHERENR

BT, TRAA BRI K B R R A R
7=, Fig. 413, abmiN M OYs (Ha< 8T)
ZEHUNLTEGED P DIRE T 7 7 A L Th
%o Hapll Par(@) D55 Tl Papl 3K L 1
Hap L Pai(o) DS TlE PaplIE45, Lo L,
c BT NS 2 FUIN L7235 A0 Pap \ICBARI
Ronn, £, EOFMICHSEZHML T
b P82\, ZOREREZHAT 57201
AT AL T VIH ORBEGISEICEER Lz, F+
GV ENGA . B 120° A B RS, =
FEO 6 [EFRIEICER L CTANA T ViR
DAE PHNT 120°% K7 3 O KA A
FET 23T TH L, BLEDT —Z B &
ORI D = Ak 1 SORBEMER & O ki) 5 (8],

C (J/mol K) ;{(10’3emu/mol)

(&)
=
~
O

—

Q.

o
~

o
w

-
N

co

30
20
10

0
20

Fig. 3 Temperature profiles of (a) magnetic
susceptibility, (b) specific heat, and (c) electric
polarization in CuCrOz. The inset shows a
schematic crystal structure of CuCrOsz.
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Fig. 4 Temperature profiles of electric
polarization in various magnetic fields for a
CuCrOg single crystal.
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