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No. 1A-18  BiFeO3, Bismuth ferrite
                   (M = 312.83)

 1a On the basis of X-ray studies of PbTiO3−BiFeO3 solid solutions, it was pointed out that
BiFeO3 could have a ferroelectric Curie point at higher temperature a). The Curie point
was estimated to be about 850 °C from studies of the same solid solution b).

a)60Fed
b)61Fed,
   62Fed

   b phase III II I

state (F), Amagn (F), Pmagn P, Pmagn 62Smo,

crystal system rhombohedral rhombohedral (cubic)
63Rog,
65Ism,

space group R3c−C 3 v
6 71Miy

Θ  [°C]                                  370                               850

Tmelt = 930 °C.
A structural phase transition occurs close to 1110 K and at 1195 K c).

65Spe
c)93Kub

Further references are available about choice of unit cell: 64Tom,
60Ven,
60Fil,
60Zas

 2a Crystal growth: flux method (B2O3).
Phase diagram of Bi2O3−Fe2O3: see

70Tea
64Koi,
65Spe

 3a Determination of the atomic structure was done on the single crystal and powder sample
by X-ray and neutron diffraction studies. BiFeO3 is rhombohedral with hexagonal lattice.

The space group is R3c−C 3 v
6  with two formula units in the unit cell.

69Mic,
71Miy,
72Buc

Unit cell parameters: rhombohedral, a = 5.616(6) Å, α = 59.35(5)° at RT a);
hexagonal setting, ahex = 5.5779(3) Å, chex = 13.8670(5) Å at 25.13 °C b).

a)75Jac
b)72Buc,
   71Miy,
   72Buc

   b Ion shifts: Fig. 1A-18-001.
Oxygen shifts in the (111) plane: Fig. 1A-18-002.
Structural parameters: Table 1A-18-001, Table 1A-18-002.
Structural parameters of phase III: Table 1A-18-003, Table 1A-18-004.
X-ray diffraction data and crystal structure at 294 K is reported. See 90Kub,

63Kis,
92Sos

The magnetic structure of BiFeO3 was proved to be G-type by the neutron diffraction
experiments: Figs. 1A-18-003, 1A-18-004, 1A-18-005.

 4 Unit cell parameters: Figs. 1A-18-006...1A-18-008. See also 66Rog,
64Tom

 5a Dielectric constant: Figs. 1A-18-009...1A-18-011.
No reliable data on the dielectric constant in the high temperature region near 850 °C
are available.
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   c Dielectric hysteresis loops were observed on single crystals grown from a Bi2O3 flux. The
measured spontaneous polarization was 3.5·10−2 Cm−2 along the [100] direction, which
represents 6.1·10−2 Cm−2 in the [111] direction. This is considerably lower than expected
for a compound with such a high Curie temperature and distortion. The hysteresis loops
represent only a partial reversal of the polarization. However, these data serve to confirm

the evidence for ferroelectricity in BiFeO3 as required by the space group R3c−C 3 v
6 ,

found in the atomic structure study.

70Ito,
69Mic,
71Miy

 9a Birefringence: Fig. 1A-18-012.
Optical absorption: Fig. 1A-18-013.

12 Magnetic susceptibility: Fig. 1A-18-014.
At RT, no spontaneous magnetic moment was observed in the fields up to 22 kOe.
Sublattice magnetization: Fig. 1A-18-015.
Magnetoelectric effect: Fig. 1A-18-016, Fig. 1A-18-017; see also

66Yud

85Tab,
93Pop,
85Ish,
75Ism

13c Mössbauer effect: Figs. 1A-18-018...1A-18-020, Table 1A-18-005. See also
The spectrum consists of two superimposed six-line spectra;
Hint = 39.6, 39.8·106 Am−1 (498, 561 kOe).
See also

76DeS

76DeS
65Mit,
71Bir

15 Domain structure: see 93Kub,
95Kub
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T a bTable 1A-18-001.  BiFeO3. Fractional atomic coordinates, temperature parameters and lattice param-
eters obtained by neutron powder profile analysis [75Jac]. R: discrepancy factors, B: temperature pa-
rameters defined by Eq. (e) in Introduction.

(a) 4.2 K

Atom Position x y z B [Å2]

Fe 2(a) 0.0 0.0 0.0 0.10(8)
Bi 2(a) 0.2802(3) 0.2802(3) 0.2802(3) 0.13(8)
O 6(b) −0.3248(7) 0.8044(7) 0.2130(9) 0.33(6)

a = 5.617(3) Å α = 59.40(5)° gS = 4.09(3)
R(profile) = 7.0 % R(expected) = 3.1 %
R(intensities)nuclear = 2.6 % R(intensities)magn = 8.1 %

(b) Room temperature

Atom Position x y z

Fe 2(a) 0.0 0.0 0.0
Bi 2(a) 0.2797(4) 0.2797(4) 0.2797(4)
O 6(b) −0.3243(15) 0.8026(16) 0.2146(16)

a = 5.616(6) Å α = 59.35(5)° gS = 3.86(4)
R(profile) = 8.0 % R(expected) = 4.4 %
R(intensities)nuclear = 3.1 % R(intensities)magn = 5.8%
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Table 1A-18-002.  BiFeO3. Interatomic distances and angles [75Jac].

(a) 4.2 K (b) Room temperature

Distance [Å] Distance [Å] Distance [Å] Distance [Å]

Fe−O 1.945(3) O−O 2.997(4) Fe−O 1.95(1) O−O 3.00(1)
2.109(4) 2.854(6) 2.12(1) 2.73(1)

2.816(6) 2.86(1)
Bi−O 3.450(6) 2.706(4) Bi−O 3.45(1) 2.83(1)

3.217(3) 3.22(1)
2.519(3) Bi−Fe 3.872(3) 2.53(1) Bi−Fe 3.88(1)
2.252(6) 3.038(3) 2.27(1) 3.06(1)

Angle [°] Angle [°]
O−Fe−O 100.8(2) O−Fe−O 100.7(4)

  89.4(2)   89.3(4)
  87.9(2)   88.0(4)
  79.8(2)   80.1(4)
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Table 1A-18-003.  BiFeO3. Symbols to describe atomic coordinates in the hexagonal cell (R3c) to be
used in Table 1A-18-004 [75Meg].

Atom x y z

A 0 0 zA = 1/4 + s
B 0 0 zB = t
O 1

6 2 2− −e d
xO

1 24 34
1
3

4− d
yO

123 1/12
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Table 1A-18-004.  BiFeO3. Structural parameters refined by profile analysis of neutron diffraction

[80Fis]. See Table 1A-18-003. ω : tilt angle related to e by tan ω = 4 3 e, ξ : octahedron strain, com-
pression or elongation along the triad axis. µ: magnetic moment.

T [K] 4.2 77 293 513

ahex  [Å] 5.577(7) 5.578(7) 5.585(7) 5.593(7)
chex  [Å] 13.850(18) 13.855(18) 13.884(18) 13.917(18)
zBi 0.2989(5) 0.2993(6) 0.2987(5) 0.2972(5)
zFe 0.0198(6) 0.0203(6) 0.0196(5) 0.0186(5)
xO 0.2398(8) 0.2398(8) 0.2379(8) 0.2370(6)
yO 0.3518(13) 0.3514(13) 0.3506(12) 0.3502(11)
s 0.0489(5) 0.0493(6) 0.0487(5) 0.0472(5)
t 0.0198(6) 0.0203(6) 0.0196(5) 0.0186(5)
d −0.0046(3) −0.0045(3) −0.0043(3) −0.0042(3)
e −0.0319(5) −0.0316(5) −0.0313(5) −0.0310(4)
|ω| [°] 12.5(2) 12.3(2) 12.2(2) 12.1(2)
ζ −0.0102(8) −0.0095(8) −0.0082(7) −0.0068(6)
B [Å2] 0.07(9) 0.27(9) 0.56(9) 0.82(8)
µ = gS [µB] 4.33(4) 4.35(5) 4.00(4) 2.53(4)
Rprof 8.4 8.8 8.4 7.7
Rnucl 1.7 2.0 1.7 1.9
Rmagn 6.4 7.0 7.8 9.2

T [K] 604 683 878

ahex [Å] 5.598(7) 5.582(7) 5.621(7)
chex [Å] 13.937(18) 13.900(18) 13.980(18)
zBi 0.2972(5) 0.2974(5) 0.2950(6)
zFe 0.0188(5) 0.0193(6) 0.0178(7)
xO 0.2360(7) 0.2353(12) 0.2338(8)
yO 0.3503(11) 0.3534(9) 0.3513(12)
s 0.0472(5) 0.0474(5) 0.0450(6)
t 0.0188(5) 0.0193(6) 0.0178(6)
d −0.0042(3) −0.0050(2) −0.0045(3)
e −0.0304(4) −0.0293(5) −0.0291(5)
|ω| [°] 11.9(2) 11.5(2) 11.4(2)
ζ −0.0039(6) −0.0081(6) −0.0036(7)
B [Å2] 0.78(8) 1.09(7) 1.8(1)
µ = gS [µB] − − −
Rprof 7.7 10.0 8.8
Rnucl 2.5 5.0 3.0
Rmagn − − −
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Table 1A-18-005.  BiFeO3. D and β in the relation Hint(T)/Hint(0) = D(1−T /θ N)β [75Jac].

Temperature region D β

0.01 < 1−T/ΘN  < 0.1 1.24(5) 0.37(2)
0.1   < 1−T/ΘN  < 0.5 1.12(3) 0.33(2)
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Fig. 1A-18-001.  BiFeO3. Ion shifts [69Mic]. The frame-
work shown here does not correspond to the rhombohedral
cell containing two formula units of BiFeO3, but to one
half of it. Magnitude of ion shifts: Bi: 0.62 Å along [111],
Fe: 0.23 Å along [111], O: 0.30 Å rotating about [111].
Errors in all values: ± 0.03 Å.
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Fig. 1A-18-002.  BiFeO3. Oxygen shifts from ideal
perovskite positions in the (111) plane [69Mic]. Bi is
shifted normal to the plane. BiFeO3 may also be
represented by a hexagonal unit cell whose base is heavily
drawn, and which contains six formula units of BiFeO3.
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Fig. 1A-18-003.  BiFeO3. Neutron diffraction patterns
[63Kis]. (a) 20 °C, (b) 520 °C. I: intensity; M: magnetic
scattering maximum.
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Fig. 1A-18-004.  BiFeO3. I vs. T [63Kis]. I: intensity of the
(111) magnetic maximum. See Fig. 1A-18-003.
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Fig. 1A-18-005.  BiFeO3. Time-of-flight neutron
diffraction pattern [92Sos].
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Fig. 1A-18-006.  BiFeO3. a, α vs. T [61Fed].
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Fig. 1A-18-007.  BiFeO3. arh, αrh, V vs. T [65Ism].
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Fig. 1A-18-008.  BiFeO3. ahex, chex vs. T [72Buc].



No. 1A-18  BiFeO3, Bismuth ferrite

Landol t -Börnste in
New Series III/36A1

16

Fig. 1A-18-009.  BiFeO3. κ, tanδ  vs. T [66Rog].
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Fig. 1A-18-010.  BiFeO3. κ vs. T [64Tom].
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Fig. 1A-18-011.  BiFeO3. κ, tanδ  vs. f [66Rog].
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Fig. 1A-18-012.  BiFeO3. ∆n vs. T [84Tab]. Curve 1:
nγ− nα, λ = 644 nm; 2: nγ − ′nα  (birefringence measured on
(110) plate. Optical axis inclined at 54.74'' to the surface of
the (110) plate), λ = 546 nm.
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Fig. 1A-18-013.  BiFeO3. Optical absorption I0 / I vs. λ
[84Tab]. Parameter: T. Thickness: 8 µm.
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Fig. 1A-18-014.  BiFeO3. χmagn vs. T [66Yud].
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Fig. 1A-18-015.  BiFeO3. M/M0 vs. T/TN [80Fis]. M/M0:
reduced sublattice magnetization, TN = 595(15) K. Full
circles: neutron diffraction [80Fis], open circles:
Mössbauer effect [73Bla]. The curve shows Brillouin
function for S = 5/2.
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Fig. 1A-18-016.  BiFeO3. PL vs. H [93Pop]. PL:
longitudinal polarization.
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Fig. 1A-18-017.  BiFeO3. Pc vs. H [93Pop]. Pc: c-axis
polarization. Curve 1: H || a, 2: H || b, 3: H || c.
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Fig. 1A-18-018.  BiFeO3. (57Co) Mössbauer resonance
absorption spectra at different temperatures [65Mit].
N/N0 : counting ratio, Y: velocity of absorber.
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Fig. 1A-18-019.  BiFeO3. δ vs. T [71Bir]. δ: isomer shift.
The values are relative to nitro-prusside standard.
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Fig. 1A-18-020.  BiFeO3. ∆Equad vs. T [71Bir]. ∆Equad:
quadrupole splitting.
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