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ABSTRACT 

In this present work, BiFeO3 (BFO) and La0.05Bi0.95FeO3 (LBFO) nanoparticles have been 

synthesized using urea as a fuel via sol-gel combustion method. The synthesized materials have 

been analyzed by Powder X-ray diffraction (XRD), Fourier- Transform Infrared spectroscopy 

(FT-IR), Ultraviolet-visible (UV-Vis.) spectroscopy, High-resolution scanning electron 

microscopy (HR-SEM), High-resolution transmission electron microscopy (HR-TEM), 

Magnetic measurements and antimicrobial studies. The X-ray diffraction patterns (XRD) of 

BFO demonstrates the rhombohedrally distorted perovskite structure with the space group R3c. 

Furthermore, the average particle size of BFO and LBFO were found to be 19 and 17nm 

respectively. The morphological studies (HR-SEM and HR-TEM analysis) of BFO and LBFO 

revealed the formation of sphere shaped nanostructures with uniform grain size. Also, it was 

found that the grain size was decreased by doping La contents to BFO. The magnetic 

measurements showed a ferromagnetic behavior of LBFO and the saturation magnetization 

drops drastically from 7 emu/g for BiFeO3 up to 6 emu/g. The antibacterial investigation of 

BFO and LBFO exhibited excellent antibacterial activity against various Gram-positive and 

Gram-negative bacterial strains.  
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I. INTRODUCTION 

 

 The ferrite materials are receiving much attention for their potential applications in 

various devices. The Bismuth ferrite (BiFeO3) is the best promising material for various 
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industrial applications [1]. BiFeO3 (BFO) possesses ABO3 -type simple perovskite structure that 

shows multiferroic at room-temperature [2]. Moreover, the ferrite nanomaterials possess several 

properties like ferroelectricity, ferromagnetism, and ferroelasticity in single crystal [3,4] and can 

be used in multifunctional, low-power consumption, and environmentally friendly devices. In 

addition, BFO can also be used in photodegradation of organic dyes, wastewater treatments, air 

purification processes, photovoltaic and in water splitting for hydrogen production to generate 

clean energy. 

 

Bulk bismuth ferrite has rhombohedrally distorted ferroelectric perovskite with R3c space 

group with unit cell parameters a = 3.96 Å and α = 89.76° [5]. In this compound the 

ferroelectric Curie temperature and the antiferromagnetic Neel temperature are about 1098 K 

and 643 K respectively. Due to high TC and TN, the BiFeO3 nanomaterials become the most 

favorable and commonly known multiferroic material [6]. The antiferromagnetic ordering of 

bulk BFO resembles to a spiral spin structure with an inadequate long-wavelength period of 62 

nm, resulting in the suppression of net magnetization. Hence, BiFeO3 possess limitations like 

high leakage current and weak net magnetization [7]. There are several studies have been 

undertaken to improve the efficiency of BiFeO3 materials. The studies reveal that chemical 

substitution of metal is an effective method to improve the performance of BFO [8-14].  

 

There are certain dopant groups have been reported to increase the magnetic properties of 

BFO nanoparticles. By substituting either on the Bi site by trivalent rare-earth and divalent ions 

or on the Fe site by transition metal ions, the magnetic properties can be enhanced. It is found 

that the partial substitution of Bi by rare-earth (RE) ions may induce a ferromagnetic response, 

which has been ascribed to destruction of the spiral modulation.  

 

In general, doping of the Bi3+ A site of the perovskite with RE cations has received 

extensive attention with a variety of symmetries, magnetic and electric behaviors.[15] Moreover, 

it is found that La-doped BFO films has enhanced ferroelectric remnant polarization and 

ferromagnetic properties [16]. Rare earth ferrites are widely used in biomedical sectors, ball 

bearings and hard face seals, oil drilling, automotive and marine engines, industrial machines, 

magneto-optical materials, magnetic refrigerant materials etc. [17]. The RE elements can 

facilitate the abruption of photogenerated electron-hole pairs because of their special 4f electron 

configurations and shows improved magnetic properties with increased stability of the material. 

Furthermore, BFO nanoparticles are used in the degradation and mineralization of dye 

pollutants.  

 

In this paper La doped BFO nanoparticles have been synthesized by sol-gel combustion 

method using urea as the fuel (reducing agent) [18].  
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II. EXPERIMENTAL 

 

2.1. Materials and methods  

 Pure BiFeO3 and La doped BiFeO3 (BFO) have been synthesized through sol-gel 

combustion method, urea as a fuel, using Bi(NO3)3.5H2O, Fe(NO3)3.9H2O. La(NO3)3 was added 

by LaxBi1-xFeO3 with x = 0.05 composition along with the pure BiFeO3. Deionized water (DI) 

has been used during all preparation stages. For pure BiFeO3 nanoparticles, Bi(NO3)3.5H2O and 

Fe(NO3)3.9H2O were dissolved separately in the DI, mixed then kept under vigorous stirring for 

1 hour at RT in order to obtain a homogenous clear solution. After that, urea solution was 

added slowly in drops to the above solution for several hours until a very clear solution was 

obtained. The latter was introduced into a silica crucible then subjected to irradiated at a 

frequency of 2.54 GHz at 950 W output power for 10 minutes using a domestic microwave 

oven. The obtained solid powder was subsequently dried in a hot air oven at 70°C for 1 h, 

grounded in a mortar pestle and washed with ethanol and used for further studies. Similar 

process was followed for the preparation of La0.05Bi0.95FeO3 nanoparticles.  

 

2.2. Characterizations 

 The structural analysis by X-ray diffraction (XRD) was performed using a high 

resolution Rigaku – Uttima IV diffractometer equipped with CuKα radiation source (λ = 1.5418 

Å). Rietveld refinement was analyzed by PDXL program. FTIR was studied using 4000-400cm-1 

range of Perkin Elmer infrared spectrophotometer. HR-SEM analysis carried by VEGA 3 

TESCAN and EDX was fiend out by Brucker Nano.  Morphological observations were checked 

by high resolution transmission electron microscopy (TEM) using JEOL 2000 EX operating at 

200 kV. Magnetic measurements were performed at room temperature by using vibrating 

sample magnetometer (VSM) PMC Micro Mag 3900 equipped with 1 Tesla magnet and a 

resolution of 0.5 μemu. 

 

2.3. Photocatalytic activity 

 In the photocatalytic process, 350 W Halogen lamp was used as visible light in the 

degradation of organic dyes. The reaction mixture was introduced into the quartz tube placed at 

8 cm from the Halogen lamp. During the degradation, the temperature was controlled with a 

continuous water flow. During the irradiation reaction, 2 ml of solution was collected then 

characterized by using UV-Visible spectroscopy to estimate the rate of dye degradation. 

The following equation was used for determine the degradation efficiency:  

   % =                                                                                        (2) 

Where, C0 is the initial concentration of the antibiotic and Ct its concentration after a certain 

time. 
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2.4. Antibacterial studies 

 The antibacterial activity of the as-prepared BiFeO3 and La0.05Bi0.95FeO3 nanoparticles 

was tested against both Gram positive ((Staphylococcus aureus, Bacillus subtilis)) and Gram negative 

bacterial ((Escherichia coli, Klebsiellapneumoniae)) strains using agar well diffusion method. The 

bacterial cells were cultured on solidified nutrient agar in petri plates and five wells were created 

by sterile well-borer for each plate then the sample was loaded to the corresponding well. After 

24h in incubated at 37oC, the antibacterial activity of the nanoparticles was analyzed by 

measuring the diameter of the clear area of the inhibition zone around the wells. 

 

III. RESULTS AND DISCUSSION 

 

3.1. Powder XRD analysis 

 Powder XRD patterns of BiFeO3 (BFO) and La0.05Bi0.95FeO3 (LBFO) nanoparticles 

were illustrated in Fig. 1. The samples were found to be as a well crystallized single BiFeO3 

phase (rhombohedrally distorted perovskite structure with the space group R3c). The XRD 

patterns of BFO and LBFO nanoparticles reveal peaks that can be assigned to the standard card 

of BFO perovskite structure (JCPDS card No. 86-1518). The two diffraction peaks around 

2θ~32° existed due to high lanthanum concentration. In other rare earth element substitution, 

these two peaks are merged into a one extended peak. However, in LBFO, two peaks remain 

confirms that there is no phase transformation from rhombohedral to orthorhombic or 

monoclinic structures [19, 20]. The average particle size has been calculated by Scherrer’s 

formula, 

                                         d=kλ/βcosθ 

where  

d = Thickness of the sample, 

λ = 1.5406 Å which is the wavelength of X-ray source tube as Cu-Kα1 radiation 

k = Dimensionless shape factor which is generally consider 0.9 for spherical particles, 

θ = Bragg angle 

β = Full width at half maxima (FWHM) 

The calculated average crystallite size of particles of BFO and LBFO were found to be 

18.9 and 17.1 nm respectively. 

 

 

 

 

 

 

 

 

 

 

Figure 1. XRD patterns of (a) BiFeO3 and (b) La0.05Bi0.95FeO3 nanoparticles 
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3.2. FT-IR Analysis 

 The FT-IR spectra of the BiFeO3 and La0.05Bi0.95FeO3 nanoparticles were measured and 

shown in Fig. 2. The formation of perovskite structure can be confirmed by the presence of 

metal–oxygen band .The metal–oxygen bands at 570 (mode of stretching vibrations along the 

Fe–O axis) and 450 cm-1 (mode of the Fe–O bending vibration) in BFO and LBFO confirmed 

the presence of octahedral FeO6 groups in the perovskite compounds [21,22]. The broad band 

between 3,500 and 3,000 cm-1 was attributed to the antisymmetric and symmetric stretching of 

bond H2O and OH-1 groups which may be due to the absorption of water molecules from the 

air, while peaks at 1600–1700 cm−1 correspond to nitrile (C ≡ N) [23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FT-IR patterns of (a) BiFeO3 and (b) La0.05Bi0.95FeO3 nanoparticles 

 

3.3. Optical Properties  

 In order to study the optical characteristic of as-prepared BFO and LBFO, UV-Vis 

spectra were recorded in the range of 300–800 nm and shown in Fig. 3. It can be clearly seen 

that for all samples, the absorption was exhibited in the visible wavelength range (500–650 nm) 

suggesting their potential applications as visible-light-driven photocatalysts. The optical band 

gap was also calculated using Tauc’s relation [24], 

 

(αhν)2 = K(hν-Eg), 

Where, α - absorbance, K –constant, Eg - optical band gap and hν - photon energy  

 

The results indicated that the energy band gap (Eg) of BFO and LBFO were found to 

be 2.58 eV and 2.53 eV respectively. The estimated optical bandgap values for the LBFO 

nanoparticles was observed to increase with increasing the La doping concentration. This might 

be due to the decrease in particle size and change in the crystal symmetry from R3c to Pnma as 

the La doping concentration increased. 
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Figure 3. UV-Visible absorption spectra of (a) BiFeO3 and (b) La0.05Bi0.95FeO3 

nanoparticles 

 

3.4. Photoluminescence (PL) study 

 Photoluminescence (PL) spectroscopy is used at room temperature to study the optical 

property of the semiconductor nanomaterials.  Figure 4 shows the PL spectra of BFO and 

LBFO NPs at room temperature (RT). From the results, two major peaks ~ 435 nm (Defect 

Level Emission, DLE) and ~ 462 nm (Near Band Emission. NBE). The PL intensity of the 

peak is higher for LBFO than BFO and also shifted towards the lower, due to the incorporation 

of the La ions into the BiFeO3 lattice. BiFeO3 is attractive material, which shows promising 

application in photocatalyst for the dye degradation process.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Room temperature PL spectra of (a) BiFeO3 and (b) La0.05Bi0.95FeO3 

nanoparticles 

 

3.5. Morphology studies 

 Fig. 5a, b shows the HR-SEM images of as synthesized BiFeO3 and La0.05Bi0.95FeO3 

nanoparticles respectively. From Fig. 5 it as clear that the morphologies of the LBFO associated 

with the quantity of lanthanum doping. The BiFeO3 particles had spherical shape with the 
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average diameter of 19nm with rough surfaces as shown in Fig.4a,b. When La ions were doped, 

the particles still retained the sphere-like shape but the average diameters of particles decreased 

to 17nm with smoother surface. Hence, La doping played a vital role in the morphologies and 

dimensions of the BLFO.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. HR-SEM images of (a) BiFeO3 and (b) La0.05Bi0.95FeO3 nanoparticles 

 

3.6. Magnetic properties 

 Fig. 6a,b shows magnetic hysteresis curve of BiFeO3 and La doped BiFeO3 

nanoparticles respectively. It was clear that La doping had significant effect on the 

ferromagnetic properties of BFO nanoparticles. Ahmed et al [25] observed that the undoped 

bismuth iron oxide films had antiferromagnetic behavior with enhancement of magnetization 

when the lanthanum content increased to 0.3. Also, Jangid et al. [26] observed antiferromagnetic 

behavior in undoped BiFeO3 sample and  ferromagnetic hysteresis at dopant concentration of 

50%. Also antiferromagnetic behavior in undoped bismuth iron oxide is reported by Chaudhuri 

et al. [27].  

 

From the Figure it was observed that the ferromagnetic nature of pure BiFeO3 

nanoparticles increases as lanthanum was incorporated into the host lattice. The substitution of 

Bi+3 ions  with La3+ ions suppress the spiral arrangement of spins so that magnetic moment 

increases. Another possible cause for the enhanced magnetic moment may incorporated with 

the increase of Fe+2 cations and oxygen vacancies. 

 

Furthermore, the gradual change in crystal symmetry from R3c to Pnma might result in 

the progressive destruction of the cycloid coupling of spins by changing the canting angle 

andhence resulting increased net magnetization. In addition, at higher La doping concentrations, 
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the grain sizes were observed to be smaller than those of the cycloid spin periodicity of the pure 

BFO structure (62 nm) which resulted in net magnetization when canted. These results 

suggested that the magnetic properties of BFO nanoparticles can be enhanced by La doping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. VSM analysis of (a) BiFeO3 and (b) La0.05Bi0.95FeO3 nanoparticles 

 

3.7. Antibacterial Activity 

 The antibacterial activity of the green synthesized BFO was tested against Bacillus 

subtilis, Staphylococcus aureus, Escherichia coli and Klebsiellapneumoniae by agar well diffusion method. 

The antibacterial results were shown in Fig. 7. The BFO nanoparticles exhibits greater 

antibacterial activity against Bacillus subtilis with the inhibition zone of 24 mm dia followed by 

Staphylococcus aureus (21 mm dia) Escherichia coli (20 mm dia) and Klebsiellapneumoniae (18 

mm dia). Hence the synthesized exhibit better antibacterial activity against both Gram-positive 

and Gram-negative bacterial strains. The antibacterial results obtained for the four in vitro 

model Gram-negative and Gram- positive bacteria demonstrated that the BFO nanoparticles 

exhibited good antimicrobial effect on harmful pathogens. The main mechanism of the 

antibacterial effect of BFO nanoparticles as other iron oxide or ferrite nanoparticles might be 

via oxidative stress generated by reactive oxygen species (ROS). Some have hypothesized that 

reactive oxygen species (ROS) generated by nanoparticles could kill bacteria without harming 

non-bacterial cells. ROS, including superoxide radicals, hydroxyl radicals ,hydrogen peroxide and 

singlet oxygen can cause damage to proteins and DNA in bacteria. Park et al. also demonstrated 

antibacterial activity from silver metals due to ROS generation. In the present study, BFO could 

create ROS leading to the inhibition of the tested pathogenic cells, similar to the inhibition by 

iron oxides described for Staphylococcus aureus. 
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Figure 7. Antibacterial activity of BiFeO3 nanoparticles against (a) Bacillus subtilis, (b) 

Staphylococcus aureus, (c) Escherichia coli and (d) Klebsiellapneumoniae 

  

IV. CONCLUSIONS 

 

 Nanostructured BiFeO3 (BFO) and La0.05Bi0.95FeO3 (LBFO) samples were synthesized 

using urea as a fuel via sol-gel combustion method. The synthesized materials were analyzed by 

XRD, FT-IR, UV-Vis. spectroscopy, HR-SEM, HR-TEM, Magnetic measurements and 

antimicrobial studies. XRD of BFO demonstrates the rhombohedrally distorted perovskite 

structure with the space group R3c. The average particle size of BFO and LBFO were found to 

be 19 and 17nm respectively. The HR-SEM images of BFO and LBFO revealed the formation 

of sphere shaped nanostructures with uniform grain size. Also, it was found that the grain size 

was decreased by doping La contents to BFO. The magnetic measurements showed a 

ferromagnetic behavior of LBFO and the saturation magnetization drops drastically from 7 

emu/g for BiFeO3 up to 6 emu/g. The antibacterial investigation of BFO and LBFO exhibited 

excellent antibacterial activity against various Gram-positive and Gram-negative bacterial strains. 
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