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ABSTRACT 
 
BiFeO3 is a unique amongst various magneto-electric multi-ferroics and has 

a ferroelectric – paraelectric phase transition (FE-PE) at Curie temperature of 1123 
K and antiferromagnetic – paramagnetic phase transition (AF-PE) at Neel 
temperature of 643 K. In multiferroic BiFeO3 system, because of the volatility of the 
bismuth oxide at elevated temperature and meta-stable nature of the BiFeO3, it is 
difficult to observe ferroelectric loop due to low resistivity of the material resulting 
in large leakage current. The low resistivity and a large leakage current is caused by 
defects and non-stoichiometry of the bulk samples. Generally, this problem can be 
resolved by cation doping, single phase synthesis or forming solid solutions with 
other perovskite oxides. In present paper, we are reporting characterization of nickel 
substituted bismuth ferrites (Bi1-xNixFe1-yNiyO3; x=y=0.0 &/or 0.10) nano-particles 
synthesized using combustion technique.  The synthesized material powders were 
sintered at 7000C and 8000C for 16 hours. The XRD, Laser Raman and FTIR 
analyses indicate the formation of single phase materials with particle size in the 
nanometer range.   
 

Keywords: Ferrite, Auto-combustion technique, XRD, Raman and FTIR analysis, 
Perovskites. 

 
 

INTRODUCTION 
 
Transition metal oxides constitute one of the most interesting classes of solids, 

exhibiting a variety of structures and properties. The rich and novel behavior of transition 
metal oxides arises from the complex interactions between their charges, orbital, spin and 
lattice degrees of freedom. The interactions in these materials can be modified through the 
effect of local symmetry breaking, charge transfer, electrostatic coupling and frustrations 
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leading to fascinating new phenomena. The nature of metal-oxygen bonding can vary 
between nearly ionic to highly covalent or metallic. The unusual properties of transition 
metal oxides are due to the unique nature of the d-electrons. The phenomenal range of 
electronic and magnetic properties exhibited by transition metal oxides is noteworthy1. 
Recent years have witnessed resurgence of interest in magneto-electric multiferroics in 
which ferroelectric and magnetic orders coexist in the same material. The magnetic and 
ferroelectric orders also couple with each other such that the magnetic degree of freedom can 
be manipulated by an electric field and ferroelectric degree of freedom by magnetic field2,3,4. 
The magneto-electric coupling (ME) in multiferroics promises important technological 
applications in several multifunctional devices like data storage, spinotronics, sensor and 
actuator devices etc5.   

Bismuth ferrite (BiFeO3, BFO) is one of the most promising lead- free piezoelectric 
materials exhibiting multi ferroic properties at room temperature. In this material, both 
ferroelectric and anti-ferromagnetic properties coexist simultaneously. It is an inorganic 
chemical compound with a perovskite structure. It is unique amongst various magneto-
electric multiferroics has a ferroelectric – paraelectric phase transition (FE-PE) at Curie 
temperature (Tc) of 1123K and antiferromagnetic – paramagnetic phase transition (AF-PE) at 
the Neel temperature (TN) of 643K6, 7. However, these two properties are mutually exclusive 
in principle because ferroelectricity and magnetism require different filling states of d shells 
of transition metal ions. An empty d shell mainly exists in Ferro electricity, while partially 
filled d shells are required in magnetism. Therefore multiferroics are rare and it exhibits 
weak magnetism at room temperature. As for BiFeO3 bulk ceramic is concerned, synthesis of 
single phase material is difficult because of the volatility of bismuth oxide at high 
temperature. The kinetics of phase formation most frequently leads to impurity phases such 
as Bi2Fe4O9, Bi2O3, and Bi25FeO39 etc8.  The presence of undesired secondary phases and 
formation of cationic/anionic vacancies, it is difficult to observe ferroelectric loop due to low 
resistivity of the material resulting in large leakage current, low dielectric constant and high 
loss9. Generally this problem can be resolve by doping of cations at the Bi/Fe sites, or/and 
both Bi and Fe sites of BFO, single phase synthesis or forming solid solution with other 
perovskite structure10. Although several studies have been carried out in pure and solution 
forms till date, however, it remains a major challenge to prepare novel multiferroics with 
excellent properties.  

 

Perovskite structure possesses high structural flexibility; a vast number of different 
but closely related structures can be prepared with the general chemistry ABX3.  Doping 
leads to further ways to chemically tune structural and physical properties. In BiFeO3 
structure FeO6 octahedron form a basic module which play a major role in determining the 
properties. The substitutions at Bi-sites are indirect to environment of FeO6 octahedron 
structure whereas Fe-site substitutions directly affect the octahedron structure11. The 
substitution at both A site and B site simultaneously is supposed to compensate the 
distortions/strain produced in the structure and ease the formation of pure phase materials. 
The objective of the present work is to study the effect of nickel substitution on A site, B site 
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and both sites and study the feasibility of phase formation.  In this present paper, synthesis of 
Ni doped BFO (Bi1-xNixFe1-yNiyO3; x=y=0.0 &/or 0.10) by auto combustion method is 
reported. The XRD, Laser Raman and FTIR analyses indicate the formation of single phase 
materials with particle size in the nanometer range.   
 

EXPERIMENTAL DETAILS 
 

Amongst all the methods used for synthesis of nano-crystalline materials, 
combustion method is one of the most popular, cheap and efficient low temperature 
technique that allows control over the chemical composition as well as densification of 
material synthesized.  Auto combustion process is based on the principals of propellant 
chemistry and is accompanied by a high energy redox reaction between metal nitrates as 
oxidant and organic fuels as reducing agent and released energy is used for oxide 
formation12. Depending upon the fuel and the oxidizer the temperature rises rapidly and as a 
result of auto combustion, highly pure and crystalline nano-size materials are formed. 
Reaction between the mixture of nitrates and highly pure glycine results a self-sustained 
exothermic process. This technique has associated advantages of getting soft and fine 
crystalline materials with high surface area and high purity at very low temperature 
(<3000C).  

The calculation of molar ratio (stoichiometric fuel to oxidant ratio) has a significant 
role in redox based combustion synthesis. In the present work, the nitrates of the constituent 
materials are taken as oxidizer and citric acid as fuel.  
  In this technique, the starting materials as Bismuth nitrate (98%, Oxford), Ferric 
nitrate (98%, Merck), Nickel nitrate (99%, SDFCL) and Citric acid (99%, Merck) were taken 
in stoichiometric amounts in a beaker and a homogeneous melt was obtained using magnetic 
stirring while   heating at   90 - 1000 C for 15 minutes, auto combustion starts and solution 
get converted in to burned powder. This burned powder was grinded and pelletized in form 
of cylindrical pellets using hydraulic press. These pellets were sintered at two temperatures 
7000C and 8000C for 16 hours. XRD patterns of these samples were obtained using Rigaku 
Smart Lab (Japan) X-ray diffractometer (with CuKα radiation). FTIR of the final product was 
taken by Shimadzu 8400.S (Japan) and Raman spectra by Micro-Raman Spectrometer (STR-
500), Cornes Technology, Japan.   
 
RESULT AND DISCUSSION 
 

X-Ray Diffraction Study 
 

Figure 1 shows the XRD pattern of the sintered pallets. The XRD patterns reveal that 
BiFeO3 substituted at A site and simultaneously substituted BiFeO3, the XRD patterns are 
more cleaner in comparison to B site substituted samples.  This may be due to compensation 
of strains produced to substitutions at A and B both sites simultaneously.  It is also observed 
that all samples have prominent peaks for undesired phases which may be attributed to 
Bi2O3, BiFe4O9, Bi46Fe2O90, Bi25FeO40 etc as reported by other authors13,14. The 
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simultaneous substitutions at A and B both sites simultaneously suppress the formation of 
impurity phases. All  XRD patterns are indexed on the basis of a rhombedral unit cell.   

 

 
Fig.1: XRD of sample Bi1-xNixFe1-yNiyO3; x=y=0.0 &/or 0.10, (a) A-BFN: BiFe0.90Ni0.10O3 (b) B-BNF: 
Bi0.90Ni0.10FeO3 (c) C-BNFN: Bi0.90Ni0.10Fe0.90Ni0.05O3. 
 

FTIR Analysis 
 

Figure 2 shows the FTIR spectra of prepared sample. The plot shows some distinct 
peaks. The strong absorption peaks around 400-600 cm-1 are attributed to the Fe –O 
stretching and bending vibrations which are fundamental absorptions characteristics of FeO6 
octahedral group in the perovskite structure10. The formation of perovskite structure can be 
confirmed by the metal oxygen band. 

The band at 1387.52 cm-1 is due to the presence of trapped nitrate. Typical band 
characteristics of oxygen metal bonds were observed in the 450-640 cm-1 region. A distinct 
change is noticed that the both side nickel substituted BiFeO3 sample shows two positive 
peaks near 3000 cm-1 compared to the other two compositions. 

 
 

 
Fig. 2: FTIR spectra for different compositions 
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Raman Spectra Analysis 
 

Raman scattering is one of the useful technique to obtain information about local 
structure within materials. Figure 3 shows the Raman spectra of prepared samples sintered at 
8000C. The rhombohedral R3c structure is having 10 atoms in a unit cell provide 27 optical 
modes. The modes located at 217.76, 275.77, 517.22, 616.10 cm-1 caused by the internal 
vibration of FeO6 octahedra. The modes below 200 cm-1 like 173.63, 139.31 cm-1 due to Bi 
atoms occupied different sites of Perovskite units. The band 139.31 cm-1 is related to Bi 
atoms of the Perovskite layer and corresponds to rigid layer. These modes are probably due 
to distortion in the A-site caused by Ni ions due to size and electro-negativity mismatch. This 
distortion in the A-site of the Perovskite enhances the John-Teller distortion in FeO6 
octahedra [10]. The presence of Raman active mode can be used to evaluate the degree of 
structural order at short range. In the last spectra, there exist sharp peaks at 838.86 and 
830.55 cm-1 respectively for sintered samples at two different temperature 7000and 8000 C.  
This peak may be due to some impurity. The Fe atoms are involved in modes between 
173.63 and 275.77cm-1.  

 

 
 

Fig.3: Raman spectra of samples Bi1-xNixFe1-yNiyO3; x=y=0.0 &/or 0.10, (a) A-BFN: BiFe0.90Ni0.10O3 (b) B-
BNF: Bi0.90Ni0.10FeO3 (c) C-BNFN: Bi0.90Ni0.10Fe0.90Ni0.10O3 
  
CONCLUSION 
 

Bi1-xNixFe1-yNiyO3 (x=y=0.0 &/or 0.10) nano-particles were successfully synthesized 
by auto combustion method using citric acid as fuel. XRD patterns indicate presence of 
undesired phases in all samples which get suppressed with simultaneous substitutions on 
both sites in comparison to substitutions at A-site or B-site in BiFeO3. The XRD patterns 
were indexed on the basis of rhombohedral unit cell.  Raman spectra indicate the band near 
139 cm-1 is related to bismuth atoms of perovskite layer. The observation of absorption peaks 
around 400-600 cm-1 in FTIR spectra  are attribute  to Fe-O stretching and bending vibrations 
and are fundamental absorption peaks of FeO6 octahedron in perovskites.   
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