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Spin-Driven Multiferroics
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Spin-Driven Multiferroics

As spiral magnetic

orders

arise from

spin frustration

Table 2. A list of multiferroics with spiral spin-order-induced ferroelectricity.

handed

left-

(b)

Magnetic Spiral spin Ferroclectric Spontancons
Compound Crystal structure ions wave vector g temperature {K) polarization (pC m~2)
LiCu,0, Orthorhombic { Prma) Cust (0.5, 0.174, O) <23 P.=4
LiCuVO, Orthorhombic { Prma) Cuo" {0, .53, ) <3 E,=20
NizV,Og Orthorhombic (nmymm) Ni2+ (0.28, 0, ) 39-63 FP,=100
RbFe(Mo0y), Triangular (P3m]l) Fe' {1/3, 1/3, 0.458) <3.8 B, =55
CnCrO,, AgCrO, Delafossite (R3m) Cr (1/3, 1/3, ) <24 30°
NaCr0,, LiCr0O, Ordered sock salt (R3m) Cr'* {1/3, 1/3, 0) and <60 Antiferroelectricity
- (—2/3,1/3,1/2)
CuFeQ, Delafossite {(R3m) Fe't (6,5, ) b=0.2-025 <11 P=300(_Lc) (H=6-13T)*
Cu(Fe,Al/Ga)O, Delafossite (R3m) Fe’™ ? <7 Ppii = 50
Al/Ga=0.02
RMnO; (R=Tb,Dy) Orthorhombic {Pbnm) Mn®* (0,k, 1) £E=02-039 <28 P, =500
CoCr,0y4 Cubic spinel (m3m) O (b, b,0) B=0563 <26 P.=2
AMSBI04 (A=Na,li; Monoclinic {(C2/c) Fe'™ ? <6 =14
M=Fe,Cr) ot
MnWQO, Monaoclinic (Pe/2) Mn?" (—0.21, 0.5, 0.46) 7-12.5 Pp=55
CnO Monoclinic {(C2/¢) i {0.506, 0, —0.843) 213-230 £
(Ba,S51r),Zn,Fe12095 Rhomboheral Y-type Fe’t 0,0,3d)0<d=<1/2 <325 150 (H=1T)*
hexaferrite
Ba,Mg,Fe ;045 Rhomboheral Y-type Fe’t H1001] <195 Pog=80 (H=0.06-4T)"
hexaferrite
ZnCraSey Cubic spinel e (6,0, <20 =
Cr,BeOy, Orthorhombic ol (0,0, 5 <28 2l

“An external magnetic field is needed to induce the spiral spin order and then the ferroelectricity.
Ppolyerystalline samples.



monoclinic C2/c (2/m)

® Cu?t
0 O

The structure can be considered as

being composed of Cu-O chains running
along [101] and [101] directions.

CuO

Mizuno, Tohyama, Maekawa et al. PRB 57, 5326 (1998);

Shimizu et al. JPSJ 72, 2165 (2003),
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Magnetic and Electric Properties
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Sound Velocity Measurements
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Sound Velocity Measurements
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Magnetic Phase Diagram of CuO
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Landau Model CuO

Landau Free Energy: F, =F, + F,o+ F, + F,

Second Order Isotropic Contribution:

1 e e N ~
Fy = | didi A 7,)s(7) 5 (7,)

Second Order Single-ion Anisotropic Contribution:

1 . Ny g N N g N N g
Fyy = [dFD, ()5, (7)s, (7) + D.(7)5.(7)s. () + D, (s, (7)s. ()}
Fourth Order Isotropic Contribution:
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Spin Density

Local Spin Density:  5(7) :%Zﬁ(?) 5 —R)
R

Q
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Wave Vector Q

Second Order Isotropic Contribution:

1 e e N ~
Fy =5 | didi A, 7,)s(7) 5 (7,)
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Wave Vector Q
Antiferromagnetic States

(J,=1)
‘ =[0.506 0 — 0.483
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Magnetic Phase Diaqram of CuO
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Spin Configurations
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Conclusions

*new collinear phase (AF3) detected between the PM and the spiral phase
(AF2).

- for B // b, we also observe a spin-flop phase (HF1) at low temperatures.

« Complementary dielectric measurements confirm that magnetoelectric
effects exist only in the spiral phase (AF2).

» the existence of the intermediate phase AF3 is supported by our Landau
model .

*The model predicts additional phase transitions possibly at higher fields.

*Finally, the proposed model is potentially useful for the description of other
monoclinic multiferroic systems, such as MnWO, and AMSI,O¢
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