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Abstract : BiFeO3 (BFO) is a unique room temperature multiferroic material with high 
ferroelectric Curie temperature (TC) and N´eel temperature (TN). BFO is gaining much 
attention due to its technological and fundamental importance for the future electronic 
devices. Single-phase BFO nanoparticles of size about 25 – 70 nm were synthesized using 
acetic acid as chelating agent through wet chemical sol-gel process with ethylene glycol. The 
synthesized nanoparticles were subjected to FTIR, XRD, HRTEM and VSM analyses. The 
observed powder X-ray diffraction patterns confirm the single-phase ofBFO nanomaterials. 
The size of the polycrystalline particles, found from TEM, is comparable with the spin-
periodicity of BFOand the key for unlocking the latent ferromagnetism in BFO. The 
correlation between the size and magnetic property of the samples is well established by 
studying the room temperature M-H loops. 

 

Introduction 

In recent years, magnetoelectric multiferroics have attracted considerable attention due to 
theirintriguing properties and potential applications. The coupling between the magnetic and electronic 
structures in multiferroics, namely, magnetoelectric effect, could provide an additional degree of freedom in 
device design, which is more attracting than the ferroelectricity or magnetism itself. Of all 
multiferroic materials studied recently, BFO is considered as a representative multiferroic material with 
TCaround 830 °C and TN around 370 °C1. It has a rhombohedrally distorted perovskite structure with the space 
group R3c2. Its G-type antiferromagnetism  due to the local spin ordering of Fe3+ forms a cycloidal spiral spin 
structure with a spin-periodicity of 62 nm3,4. This helimagnetic structure results in almost zero macroscopic 
magnetization and thus studying the properties of BFO particles of size less than 62 nm is important for 
enhanced ferromagnetism and potentially enhanced magnetoelectric coupling which are promising for 
multifunctional smart materials5. 

Experimental 

Material synthesis 

BFO powders were prepared through modified Pechini type sol-gel method. UltrapureBi(NO3)3.5H2O 
and Fe(NO3)3.9H2O in stoichiometric proportions (1:1 molar ratio) were dissolved in 2-methoxyethanol to 
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prepare a precursor solution. Acetic acid and ethylene glycol (EG)(1:1 molar ratio to the metal 
cations)wereadded as a chelating agent and polymerizing agent respectively in the precursor solution.The 
solution wascontinuously stirred on a hot plate at 90°C to obtain a gel.  The gel was dried and ground into fine 
powders. These “as-synthesized powders”were calcined at various temperatures and time such as 500°C for 1 h, 
2 h, 3h, 4 h and 550 °C for 1 h, 2h, 3h, 4h and named as S1, S2, S3,S4,S5, S6, S7 and S8 respectively. 

Characterizations  

The phases and structures of the calcined specimens (S1-S8) were examined by X-ray diffraction 
(XRD) using a RigakuMiniflexdiffractometer with Cu Kα radiation (λ = 1.5406 Å). The samples were made 
into pellets with KBr for FTIR studies and the spectra were recorded in therange 450 – 4000 cm−1 using Perkin 
Elmer spectrometer. Micro structural properties of the samples were examined by TECHNAI G2HR 
Transmission Electron Microscope. Room temperature magnetic properties of the samples in maximum applied 
fields of 16 kOe were measured using a Lakeshore 7407 vibrating sample magnetometer (VSM). 

Results and discussion 

FTIR analysis 

 

Fig.1. FTIR absorption spectra of (a) as-synthesized sample of BFO, (b) S1 

The figure1 (a) shows the FTIR spectra of as-synthesized BFO powders. The wide peaks located 
around 3407 cm−1 in the patterns (a) is assigned to the stretching vibrations of hydroxyl (OH) group6, while a 
band at 1574 cm-1 corresponds to the bending vibrations of H-O-H7. The peak at 2942 cm−1 is assigned to C-H 
symmetric stretching8. The peaks observed at 1628, 1069 and 737 cm-1 are attributed to the stretching vibrations 
of C=O, C–O and C–C in acetic acid respectively9. The bands at 882, and 1383 cm-1 are ascribed to the traces of 
trapped NO3

- ions in the samples8. On the other hand, nitrile formation is observed at 2354 cm-1. Fig. 1 (b) 
illustrates the spectrum of S1 in which the absorption band at 555 cm-1 is the characteristic for the Fe-O 
stretching vibrations of octahedral FeO6 group in the perovskite compounds10.  Evidently, the disappearance of 
all the organic peaks in the spectrum reveals that a well-crystalline BFO phase is formed in the sample S1. 

Structural Analysis 

 

Fig.2. Powder XRD patterns of the samples S1 and S5 
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The figure 2 represents the powder XRD patterns of the samples S1and S5. The diffraction peaks 
emerged in both the patterns are strong and sharp, indicating well crystallization of BFO starting from the 
temperature 500 °C. The patterns exhibit a distorted perovskite structure that belongs to the R3cspace group 
with lattice parameters of a = b = 5.5876 Å c= 13.8670 Å. These results are in a good agreement with the ICDD 
data #96-100-109111. Secondary phases were not detected in both the XRD patterns, which indicate that the 
discussed properties are solely exhibited by the single-phaseBFO nanoparticles. From the XRD patterns, the 
average crystallite sizes of the BFO were calculated using the Scherrer equation. The estimated grain sizes were 
32, and 40 nm for the samples S1 andS5 respectively. 

HRTEM Analysis 

 

Fig.3. HR TEM images of the sample S1 (a) macroscopic view (b) SAED Pattern 

The figure 3 (a) and (b) display the HRTEM images. From the image (a), it is seen that the particles are 
oblate spheroidal and agglomerated. Polycrystalline nature of the sample is confirmed from the selected area 
electron diffraction (SAED) pattern shown in the image (b).The particle size distribution was calculated for the 
images taken and fitted using Gaussian function, whichreveals that the average diameter of the nanoparticles is 
65.2 ±11 nm. It is in reasonable agreement with the crystallite size estimated from Fig. 2.  

Magnetic Analysis 

 

Fig.4. Magnetic hysteresis loop obtained for various calcined samples of BFO at RT. 

Table1.Magnetic data from the Hysteresis loops of various BFO samples taken at room temperature 

(RT). 

Sample Code Hci(Oe) Ms (emu/g) Retentivity (emu/g) 

S1 1039.59 0.13 0.011 
S2 947.16 0.13 0.011 
S3 979.59 0.11 0.009 
S4 889.92 0.06 0.005 
S5 747.65 0.09 0.004 
S6 749.20 0.11 0.006 
S7 760.04 0.08 0.005 
S8 597.78 0.12 0.007 
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 The figure 4 shows the M-H loops recorded at room temperature for the samples S1-S8. The table 1 
lists the magnetic properties of the corresponding samples. In general, M vs H relationship of BFO is linear. 
However, all the samples (S1-S8) exhibit the distinct nonlinear M-H loops with obvious coercivities, 
whichdemonstrate a weak ferromagnetic order of the samples. In general, the secondary phases such as Fe3O4, 

and Bi2Fe4O9 could be responsible for this kind of weak ferromagnetism12, but it has been very well established 
from our XRD studies (Fig.2 (a) & (b)) that the samples have single-phase BFO and hence the presence of 
secondary phases are ruled out. Moreover, the presence of secondary phases saturate M-H loop at lower field, 
but the M-H loops recorded up to 16 kOe are not saturated for all the samples, thereby again discounting the 
secondary phases as being responsible for the observed weak ferromagnetism in the samples12. Thus the 
observed ferromagnetic property is firstly, due to non-exact compensation of two magnetic sublattices and 
secondly, considering the particle size, due to the suppression of cycloidal spin structure of phase pure BFO 
nanoparticles13,14. The inset of Fig.4 shows the coercivities of the samples. With the trend observed from the 
hysteresis loops and the corresponding obtained data given in the table 1, it is clear that the size plays a key role 
in the magnetic properties of BFO nanoparticles.  

Conclusions 

Nearly spherical and  phase pure BFO nanoparticles, having an average size of 65 nm, were 
successfully synthesized using acetic acid as chelating agent through modified Pechini sol-gel process. The 
single-phase from XRD results accompanied with FTIR and the comparable particle size to cycloidal spin 
periodicity of 62nm from TEM micrograph confirmed that the uncompensated spin moments on the surface and 
the breaking of the spin cycloid are the reasons for the observed weak ferromagnetism at room temperature in 
the calcined BFO samples. The estimated crystallite sizes from the Scherrer equation demonstrate that the 
particle size increases as the temperature or duration of calcination increases. The observed M-H loops for 
various calcined samples demonstrate that the Msdecreases with the increase in particle size. Eventually, 
increase in calcination time or temperature, increases the size of particles, which in turn decreases the magnetic 
properties such as Ms, Hci and Mr. Of all the samples, S1 can be used for applications as it exhibits the best 
magnetic properties. Thus BFO of size less than 60 nm will be useful for the application of room temperature 
nano multifunctional energy devices. 
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