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Fig. 1. TG/DTA curves of BiysLa,;FeO; gel powder.
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Fig. 2. X-ray diffraction patterns of Biys;La;sFeO; at room tem-
perature.
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Fig. 3. SEM micrographs of BiysLa,sFeO; annealed at 600 °C.
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Fig. 4. Mdssbauer spectra of Biy;La, 5FeQ; at various temperature.
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Table I. Méossbauer parameters for Biysla,sFeOs;. Magnetic
hyperfine field H,; quadrupole shift AE,, and isomer shift & at
various temperature T for BiysLa;sFeO;.  is relative to the iron

metal.
T (K) Hyy (kOe) AEy (mm/s) d (mm/s)
13 550 —0.06 0.38
77 548 —0.06 0.38
180 535 —-0.06 0.34
295 505 -0.06 0.27
500 391 0.03 0.12
+1 +0.01 +0.01
0.5
0.4f
— L
£
0.3r
£
N’
Q
0.2
I
0.1 — ——

0 100 200 300
T(K)

Fig. 5. Temperature dependence of the isomer shift for BiysLay3FeOs.
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Fig. 6. Reduced magnetic hyperfine field Hy{7)/H,(0) against
reduced temperature 7/7y for BiysLa;sFeO;. Points marked are the
experimental values. The full curve is the Brillouin curve for S=5/2.
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Fig. 7. Fractional change of the average magnetic hyperfine field,
Hhf, as a function of (777)*? for BiysLa,;FeOs.
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Fig. 8. Natural logarithm of the absorption area, F, vs T* for the
spectra of BiysLa;;FeO;.
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Mossbauer Studied of Multiferroic Bi,s;La;;FeO; Nanoparticles

Seung Wha Lee*
Department of Electronic Engineering Chungju National University, Chungju 380-702, Korea

(Received 19 January 2006, in final form 28 January 2006)

La substituted perovskite BiFeO; have been prepared by a sol-gel method. Magnetic and structural properties of the powders were
characterized with Mossbauer spectroscopy, XRD, SEM, and TG-DTA. The crystal structure is found to be a rhombohedrally distorted
perovskite structure with the lattice constant 2=3.985 A and a=89.5" . BiysLa,sFeOs powders that were annealed at and above 600 °C
have a single-phase perovskite structure. However, powders annealed at 900 °C have a typical perovskite structure with small amount
of Bi,O; phase. The Néel temperature of BiysLa;;3FeOs is found to be 680+3 K. The isomer shift value at room temperature is found
to be 0.27 mm/s relative to the Fe metal, which is consistent with high-spin Fe** charge states. Debye temperature for BirsLa;;FeOs is
found to be 3055 K. The average hyperfine field H,(T) of the BiysLa;sFeO; shows a temperature dependence of [H,{(T)-H,(0))/
HA0)y=—0.42(T/Ty)**~0.13(T/Ty)** for T/Ty<0.7, indicative of spin-wave excitation.

Key words : Mossbauer spectroscopy, sol-gel method, BiysLa,»FeQOs, debye temperature



