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ABSTRACT 

Multiferroic materials are new class of multi-functional materials which possess both ferro-electric and magnetic properties. 
This type of material has wide range of applications like semi-conducting to sensors applications.  Nanocomposite of equimolar 
perovskite-spinel is synthesized by chemical route by blending of Nickel ferrite as second phase on Bismuth ferrite after heat 
treatment at 500 °C for 2, 3 and 4 hours soaking period. From the diffractogram data of XRD, the phase, and planes of 
orientation are analyzed of the synthesized materials. The crystallite size is calculated by Scherrer’s formula. FESEM studies 
reveal the morphological features having interconnected agglomerates with spherical, irregular polygonal or some elongated 
shape of the synthesized nanocomposite. FTIR result shows the molecular signature of the nanocrystalline material to verify the 
M-O coordination. Interplanar spacings and SAED pattern are revealed from HRTEM images which are very close to the 
experimental findings from XRD phase analysis. UV-VIS analysis is performed in the transmission mode of spectra within the 
scan range of 200-1100 nm. From the spectra, using Tauc relation band gap is calculated. Band gap are found of the order of 
2.847 eV, 2.78 eV, 2.69 eV respectively for 2, 3 and 4 hours soaking period close to semiconducting material. With the increase 
of soaking time band gap is found to decrease following Arrhenius activation of electronic mobility overwhelming the energy 
barrier at respective lattice sites. M-H analysis of Nanocomposite at 500 °C for 2 hrs is closer towards ferromagnetic with 
incomplete loop but for sample at 500 °C for 4hrs it is closer towards superparamagnetic one. The property of this material 
reflects it has many interesting characteristics suitable for opto-electronic, photo-magnetic devices and other electronic 
applications. Copyright © 2015 VBRI Press. 
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Introduction  

Ferrite based Ceramic nanocomposites are gaining vital 
importance in modern engineering and scientific 
applications particularly in the field of electronic materials. 
Perovskite and Spinel based ferrites are found applicable in 
various domains because of its multiferroic nature like 
memory devices, catalyst, optical-memory switching, 

photo-induced devices, multistate memory system etc [1].
 

Till now, researchers have focused more on transitional 

metal doped perovskite Bismuth Ferrite [2-4]
 
at Fe site and 

rare-earth metal at Bi site [4]. These materials are 

synthesized by solid-state reaction [5, 6] sol-gel technique 

[7, 8] hydrothermal technique [3, 9] solution combustion 

[7] etc. Substantial amount of research is reported on the 
evaluation of optical property and band gap for perovskite 
and spinel based simple ferrites. Optical properties and 
band gap is evaluated for nanocrystalline Nickel Ferrite 
powder and film using Tauc relation. Band gap is quite 

high around 5 eV and 5.7 eV. Band gap is found to vary 

with thickness of film to a certain extent [10, 11]. Similarly, 
band energy transition for both bulk and nanocrystalline 

perovskite Bismuth Ferrite is evaluated and reported [12, 

13]. PL studies of Mn doped Bismuth Ferrite reveals blue 
emission around 454 nm and weak green emission around 
518nm due to self-activation. Light emissions are mainly 
attributed to Mn

+2
 centre, mainly ascribed to transition of 

3d
5
 orbital electrons [14]. The use of sol-gel technique can 

lower the threshold reaction temperature by 200 °C [15]. 
The effect of variation on the percentage of nickel ferrite 
polyaniline nanocomposites can change the morphology 
with crystallite size and saturation magnetization behavior 

[16]. The effect of Ni substitution on BFO has shown an 

increase in the dielectric constant value [17]. At different 
frequency range it is observed that the dielectric constant 
and tan ð loss are varying monotonically with temperature 

[18].  
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Till now, very scanty informations are published on 
synthesis and evaluation of band gap for the Perovskite-
Spinel ferrite nanocomposites. In the present experimental 
investigations an attempt has been made to synthesize 
nanocomposite of Bismuth Ferrite-Nickel Ferrite using 
chemical route. The band gap, M-H analysis of the material 
is evaluated for optical, magnetic characterizations. 
 

Experimental 

Synthesis  

Nanocomposite of Bismuth Ferrite-Nickel Ferrite 
(perovskite-spinel) is synthesized using chemical route. 
Precursors required for synthesizing the nanocomposite 
materials are AR grade Bismuth Nitrate Pentahydrate, 
Ferric Nitrate Nonahydrate, Citric Acid, Ethylene Glycol 
(All from Merck India) to obtain perovskite part of the 
nanocomposite while for spinel part- Nickel Nitrate 
Hexahydrate, Ammonium Hydroxide along with Iron salt 
(Merck India) are used. At first, equimolar ratio of 1:1 Bi 
salt and Ferric salts are mixed followed by the addition of 2 
moles of citric acid and optimized quantity of ethylene 
glycol. Citric acid addition leads to conversion of nitrates to 
citrate salts while glycol will act as chelating complex to 
entrap the metal ions. After mixing, solution is first heated 
at about 330 ˚C in a pot furnace for initiation of combustion 
reaction. Due to this reaction disruption of chelating agent 
occurs releasing the entrapped citrate metal and finally 
transformation to respective metal oxides (A). An 
Ammonium hydroxide solution addition to mixed solution 
of Nickel Nitrate, Ferric Nitrate in 1:2 molar ratios to 
generate the precipitation of respective hydroxides. 
Hydroxide precipitate collected over whatman 40 filter 
paper is dried at about 80 ˚C to obtain the powder form (B). 
Both powders (A) & (B) are then mixed properly and 
subjected to thermal analysis. Annealing of the properly 
mixed powders is performed in tubular furnace at 500 ˚C 
for 2, 3 and 4 hours respectively to obtain the crystalline 
phases for development of the nanocomposite material. 
 
Characterization tools 

Samples prepared are characterized by X-Ray 
Diffractogram (Rigaku, Ultima III, 40KV, 30mA having Cu 
Kα wavelength 1.54Ǻ,) to identify the phases obtained, 
plane of orientation of major phases and to determine the 
crystallite size using Scherrer’s equation. Microstructural 
features of the nanocomposite are revealed by Field 
Emission Scanning Electron Micrsoscope (FESEM) 
(Hitachi S-4800, operating voltage 50KV). Nanocomposite 
sample is placed on the carbon tape and gold coating is 
done to get clear contrast of the images generated after 
back scattering. A HRTEM image (Jeol, JEM 2100 and 
operating voltage 200 KV) is analysed to confirm the 
structural features and interplanar fringes. The SAED 
pattern obtained indicates the crystallinity of the phases 
formed. For FTIR analysis (IR Prestige-21, Shimadzu) the 
sample is mixed with 0.01 g of KBr (Merck India) to obtain 
the correct spectra. Pellets are formed after pressing in 
hydraulic press at about 1.5 tonne/cm

2
 for studying the 

stretching and vibration bonding of the synthesized 
nanocomposite. UV-VIS study (Lambda 35, UV/VIS 
Spectrometer, Perkin Elmer) used in transmission mode in 

the scan range of 200-700 nm to obtain optical 
spectrograph. Bandgap of the synthesized nanocomposite is 
calculated using Tauc relation from the spectrograph. M-H 
analysis is carried by VSM having electromagnet of 2.3 
Tesla. (Model No. 7407, Lakeshore). 
 

Results and discussion 

Phase evolution & morphological analysis 

The thermal heat treatment by DSC-TGA thermal analysis 
of blended constituents is responsible to generate proper 
crystallized phase and reported in our earlier publication 

[19]. The heat treated samples are analyzed by XRD. Fig. 1 
gives the XRD result of the synthesized perovskite-spinel 
type Bismuth Ferrite-Nickel Ferrite nanocomposite by 
chemical route after annealing at 500 ˚C for 2, 3 & 4 hours 
soaking periods. Prominent high intensity peaks of 
perovskite structure Bismuth Ferrite is obtained in 
comparison to spinel structure Nickel Ferrite for all soaking 
periods at a fixed annealing temperature as per JCPDS PDF 
Card No # 01-072-2035 for perovskite Bismuth Ferrite and 
PDF card No # 01-086-2267 for spinel Nickel Ferrite. 
Series of crystalline peaks are observed for both ferrites. 
 

 
 

Fig. 1. XRD spectra of the synthesized nanocomposite BFO-NFO after 
annealing at 500 ˚C for 2, 3 & 4 hours soaking period by chemical route. 

 
From XRD, crystallite size for prominent phases are 

determined using Scherrer’s formula t = 0.9λ/βcosθ. Where, 
‘t’ is crystallite size, β is the full-width half mean and λ is 
the Cu Kα source wavelength 1.54 Ǻ. Crystallite size 
measured for perovskite phase Bismuth Ferrite are about 
58.6 and 44 nm and for spinel phase Nickel Ferrite are of 
71.6 nm and 59.3 nm. Thus, from XRD analysis it can be 
inferred that formation of composite occurs having 
nanodimension crystallite sizes for both phases. Perovskite 
phase have grown along (110), (100), (1-11), (200), (210) 
planes with minimum energy while for spinel phase planes 
of orientation are along (311) & (511) respectively. No 
intermediate phases are found to be observed even in 
thorough XRD analysis which may be responsible for 
causing degradation of property. Morphology of the 
synthesized nanocomposite is studied using Field Emission 

Scanning Electron Microscope as shown in Fig. 2. 
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Interconnected agglomerations have been observed for all 
samples synthesized by chemical route at given temperature 
with variable annealing time. Particulates are of 50nm in 
size having spherical, irregular polygonal or some 
elongated shapes are observed after 2 hours soaking. 
Agglomerates have dense with few interconnected pores are 
found to have tripod type shape for all cases. Particulates 
have size dimensions of 60 nm, 75 nm after 3 hours and 4 
hours soaking with similar morphology for all conditions. 
Spherical morphology is found for perovskite Bismuth 
Ferrite and irregular polygon shapes for spinel component 

of the nanocomposite [20, 21]. Thus two distinct 
morphologies for the both ferrites indicate formation of 
nanocomposite material.  
 

(a) (b)

(c)

 
 
Fig. 2. FESEM morphology of BFO-NFO nanocomposite annealed at 500 
°C for 4 hrs (a), for 3 hrs (b) and for 2 hrs soaking period (c). 

 
FTIR studies 

The result of FTIR spectra of the nanocomposites are 

shown in Fig. 3. Spectral analysis is performed in the scan 
range of 4500-400 cm

-1
 after preparing with KBr pellet. 

Main absorption spectra are observed within 1000 cm
-1

 at 
about 450 cm

-1
 and 550 cm

-1
. Previous researchers had 

observed that stretching vibrations for M-O having 
tetrahedral co-ordination and for M-O octahedral co-
ordination were in the scan range of 620-550 cm

-1
 and 450-

385 cm
-1

 [22-24].
 
Hence, the observed stretching behavior 

at 450 cm
-1

 and 550 cm
-1

 identified corresponds to 
vibration stretching of M-O octahedral and M-O tetrahedral 
co-ordination sites. Hence, FTIR analyses are found to be 
in confirmation with the proper phase identification of the 
composite material inferred earlier from XRD studies. 
 
Evaluation of band gap & microstructure studies HRTEM 

UV-VIS spectral analysis are scanned for the synthesized 
sample in the range of 200-1100 nm in transmittance mode. 
Samples are made to treat in ultrasonicator bath (45 
minutes) in de-ionized water medium for preparing the test 
sample to obtain optical property measurement. Band gap is 
evaluated from the spectra using Tauc relation (αhv) = B(Eg 
– hv)

n
 where n=2 for allowed indirect transition,  n=1/2 for 

allowed direct transition while n=3 & 3/2 for forbidden 
indirect, direct transition probability. (αhv)

2
 versus Eg plot 

(Fig. 4) exhibits a good fit with the direct band gap 
evaluation process. 
 

 
 
Fig. 3. FTIR spectra of the synthesized Bismuth Ferrite-Nickel Ferrite 
nanocomposite at 500 ˚C for 2, 3 and 4 hours soaking period. 
 

 
 

Fig. 4. Band gap of the synthesized nanocomposite annealed at 500 ˚C 

with different soaking period of 2 hrs, 3 hrs and 4 hrs, respectively. 
 

Extrapolation of the linear region of the plot to the zero 
absorption point in X-axis (Eg) i.e. will provide the 
calculated band gap. Band gap evaluated for the 
nanocomposite with variable period for annealing are 2.847 
eV, 2.78 eV and 2.69 eV respectively. Calculated band gap 
is close to semiconducting material band gap range 1-3 eV. 
Previously researchers have evaluated the band gap of 
perovskite phase Bismuth Ferrite and spinel phase Nickel 
Ferrite synthesized by various physical and chemical 
processes. Band gap evaluated for thin film of Nickel 

Ferrite is 5.7 eV and it does not vary with thickness [10]. 
As semiconductor material band gap Eg for Nickel Ferrite 

is 2.1 eV [25, 26]. Band gap of perovskite Bismuth Ferrite 

is reported to be about 2.8 eV [12]. For nanocrystalline 

Bismuth Ferrite Eg is reported to be about 3.10 eV [13]. 
Thus, the evaluated band gap is found to be in 
correspondence with the above experimental findings. The 
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material has the possibility for application as catalyst in 
near visible zone and also for degradation of organic 
pollutants as well as treatment of ferruginous sludges in 
mining industries.  

HRTEM image analysis (Fig. 5) shows similar 
morphology observed from FESEM studies. Powdered 
samples are sonicated for 45 minutes and added dropwise 
on copper coated carbon template for the characterization. 
Interplanar fringes obtained at higher resolution   found to 
be in line with the experimental observations from XRD 
spectra. SAED pattern shows crystalline nature of the 
phases and planes of orientation for the nanocomposite.  

 
(a) (b)

BFO=2.81Ǻ(110)

NFO=2.10Ǻ(511)

(c)

 
 
Fig. 5. HRTEM (a) morphology, (b) interplanar fringes and (c) SAED 
pattern of BFO-NFO Nanocomposite at 500 °C for 2 hrs. 
 
Magnetic property and measurements 

M-H curve is obtained for analyzing the magnetic behavior 
of the nanocomposite prepared at its highest level of purity. 
For the present sample of Bismuth Ferrite-Nickel Ferrite 

prepared at 500 ˚C for 2 hours (Fig. 6), saturation value of 
magnetization could not be obtained at room temperature 
while the loop is also not completely ferromagnetic in 
nature. Coercive field HC for Nanocomposite of Bismuth 
ferrite-Nickel Ferrite is about 369 KOe while remanant 
magnetization MR is 0.112 emu/g.  From M-H curve for the 
sample of Bismuth Ferrite-Nickel Ferrite synthesized at 500 
˚C for 4 hours, saturation value of magnetization is  
observed. Magnetic saturation obtained is MS 1.27 emu/g 
while coercive field HC obtained is 959.57 Oe. Remnant 
magnetization value obtained for this sample is 0.6327 
emu/g. Thus, the squareness ratio obtained is MS/MR = 
0.4981. This sample exhibits magnetic property close to 
super paramagnetism in compare to sample synthesized at 
500 ˚C for 2 hrs which is closer towards ferromagnetic 
nature. This finding of the M-H curve behavior at higher 
soaking period is close to experimental findings of Amit 

Kumar et al. [27]. M-H curve obtained at 500 ˚C for 4 

hours (Fig. 7) is found to be in line with the findings of 
Hemant Singh et al. They observed that magnetic saturation 
increases while coercivity decreases with increase in Nickel 
ferrite content in the system. The increase in magnetization 
is mainly responsible due to spontaneous magnetization of 

the nanocomposite originating from the antiparallel spin of 
unbalanced spin of the ferromagnetic Ni-ferrite. This 
reason is also found to be valid for the present M-H curve 
behaviour for BFO-NFO at two different soaking periods. 
In other words interaction of the magnetic poles becomes 

energetic in the powder [28]. This plot exhibits soft 
magnetic nature while magnetic characteristics indicate 
strong ordered magnetic structure in the nanocomposite.  
 

 
 

Fig. 6. M-H curve of nanocomposite of BFO-NFO at 500°C for 2 hours.     

 

 
 

Fig. 7. M-H curve of nanocomposite of BFO-NFO at 500 °C for 4 hours. 
 

Conclusion 

Nanocomposite of Bismuth Ferrite-Nickel Ferrite is 
synthesized by chemical route at 500 ºC for different 
soaking period successfully. XRD study identified the 
phases formed and crystallite size measured are about 58.6 
nm, 44 nm for BFO and 71.6 nm, 59.3 nm for NFO. 
Interconnected agglomerations have been observed for all 
samples. Particle sizes of about 50, 60 and 75 nm for 2, 3, 
and 4 hrs soaking periods respectively. FTIR analysis 
exhibits the stretching and vibration of M-O octahedral, M-
O tetrahedral coordination sites. Band gap evaluated using 
Tauc relation are 2.847 ev, 2.78 eV and 2.69 eV 
respectively and HRTEM studies confirm interplanar 
fringes to d-planar spacing and SAED pattern shows planes 
of orientation and crystallinity of the phases for the 
nanocomposite. M-H analysis confirms superamagnetic 
behavior of the samples synthesized at 500 ˚C for 4 hrs. 
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The aforesaid synthesized material with considerations to 
the above mentioned properties is found to be a promising 
candidate for ferrous-sludge removal, photo-induced 
catalyst for organic and ferro-oranic complexes wastes 
besides being a promising candidate for photo-induced 
magnetic devices. 
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