


BiCrO3 : type I Multiferroic ?
Bi3+ Lone pair  ion off-centering

Cr3+, 3d3 Magnetism
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4Bi1-xYxCrO3:   Crystal structure

C2/c , x<1% Pnma , x>5%

C2/c  300K

Pnma 430K
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=2.52Å
D1B, ILL
(x=0.01; 0.05; 1)

=2.43Å
G4.1, LLB
(x=0.5; 0.8; 1)

k=(0,0,0)

Neutron powder diffraction
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G-type AFM

k=(0,0,0)
1 Cr3+ site

Pnma samples (x>0.05): Magnetic structure

2K, Bi0.5Y0.5CrO3Γ5 IR
Pn’ma’

Γ7 IR
Pn’m’a

2K, Bi0.8Y0.2CrO3

M(Cr3+)=2.50(5)µB



8

Symmetry adapted mode analysis

Pnma samples (x>0.05)

A distorted structure can be described as the parent crystalline structure plus a 
static symmetry-breaking structural distortion.

Modes are collective correlated atomic displacements fulfilling specific symmetry 
properties. Structural distortions in distorted structures can be decomposed into 
contributions from different modes with symmetries given by irreducible 
representations of the parent space group.

In general, the use of symmetry-adapted modes in the description of distorted 
structures introduces a natural physical hierarchy among the structural 
parameters.
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Symmetry adapted mode analysis

Pnma samples (x>0.05)

Group-Subgroup relationship:

Ideal cubic perovskite

Distorted orthorombic perovskite

M2
+ M3

+

X5
+ R4

+
,R5

+

5 distortion modes
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2 Cr3+ sites

Γ3 IR
C2’/c’

G-type AFM

Bi0.99Y0.01CrO3, 2K

M(Cr3+)=2.50(5)µB

Spin reorientation 
within the (a,c) plane

Angle respect to 
the a axis 

C2/c samples (x<0.01): Magnetic structure 



C2/c
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C2/c samples (x<0.01)

Symmetry adapted mode analysis

Pm-3m

No group-subgroup 
relationship between 
Pnma and C2/c !

1st order transition

360 380 400 420 440 460
57.5

58.0

58.5

Pnma

C2/c

BiCrO
3

D20, ILL
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• Large phase coexistence
• Negative thermal expansion
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LD3 mode: Antiferroelectric

C2/c samples (x<0.01)
Symmetry adapted mode analysis

Arrows: local 
electric dipoles
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Thank you for your attention !
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 Bi-based perovskite: multiferroics type I

Ferroelectricity from the “stereochemically active lone pair” on Bi3+

+

Magnetism from a 3d transition metal (Fe3+,Mn3+,Cr3+)
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1100 K
•BiFeO3   : the room 
temperature multiferroic      

R 3c , AF (weak ferro)

•BiCrO3  : 
       

•BiMnO3 : 

643K

AFM

AFM

FM

FE

?

?

430K114K

760K105K

PE & PM

PE & PM
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