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BiFeO3

Perhaps the most studied multiferroic?*

Ferroelectric TC ~ 820 °C, magnetic TN ~ 360 °C

Three suggested (structural) phase transitions above RT:

1. At TC: α (ferroelectric) to β (paraelectric)
2. Region 925 – 933 °C: β (insulator) to γ (metallic?)
3. Near 185 °C: ‘Polomska’ transition

*Catalan and Scott, Adv. Mater. In press.
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Structural nature of these transitions??

Challenges:

1. BiFeO3 is metastable above 700 °C
2. X-rays can barely ‘see’ O atoms in 

the presence of Bi
3. Several previous studies have 

therefore ‘failed’

Solution:

Powder neutron diffraction (HRPD-ISIS) Palai et al., PRB, 2008, 77,014110
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BiFeO3 ferroelectric phase transition
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The α − β and β − γ transitions

Recent studies (2007 – 08):

1. PND: RT – 700 °C – retains RT structure (R3c – paraelectric). 
Sample degrades at high T

2. PXRD: RT - 900 °C – suggests R3c – R-3c transition at TC
3. Theoretical: suggests R3c – I4/mcm- Pm-3m

(PXRD suggests C2/m not I4/mcm!)
4. PXRD – P21/m or C2/m above TC
5. Raman, XRD, conductivity etc: R3c – orth(?) – cubic

(M-I transition γ − β)
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The α − β and β − γ transitions

Temperature (oC)
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Our PND experiments (HRPD at ISIS):

(Sample preparation): elimination of Bi2Fe4O9

1. Sept 08 – to study the α − β transition (what happens at TC?)

V can / Sealed quartz tube RT – 900 °C; 20 min – 1hr runs

2. March 09 – to revisit the β − γ and ‘Polomska’ transitions

Open vessel – flowing N2; 900 – 960 °C; 5 min runs
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BiFeO3 α − phase

Phys. Rev. Lett., 2009, 102, 027602
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BiFeO3 evolution of the α phase

Phys. Rev. Lett., 2009, 102, 027602
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BiFeO3 ferroelectric phase transition (α − β)

Phys. Rev. Lett., 2009, 102, 027602
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BiFeO3 ferroelectric phase transition (α − β)
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BiFeO3 ferroelectric phase transition (α − β)

Phys. Rev. Lett., 2009, 102, 027602
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BiFeO3 β − γ phase transition

Our sample decomposes ‘quickly’ to Bi2Fe4O9 under conditions used in Experiment 1
(7% at 835 C, 64% at 870 C)

∴ A ‘quicker’ experiment was carried out to isolate the γ phase (metallic, cubic?)

Palai et al. suggest cubic γ-phase:

Appears ‘cubic’ from PXRD

‘Cubic’

Orth

R3c
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BiFeO3 β − γ phase transition

Unit cell volume suggests abrupt transition, 
BUT Rietveld still suggests orthorhombic symmetry
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‘Polomska’ transition @ 185 °C

No obvious anomalies, 

BUT….
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Summary

1. α − β phase transition : R3c – Pbnm

2. β − γ phase transition: probably Pbnm – Pbnm (Imma?)

3. Cubic phase? might depend on kinetics, or is actually orthorhombic

4. Polomska transition – no observable (?) structural transition
(may be magnetic ??) 

5. Further phase transitions below RT...

6. WISH diffractometer may clarify (4 and 5).

Thank you for listening!


