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Abstract: In the field of green synthesis, production of 

nanoparticles by using plant extracts is very attractive 

approach. Our study aimed to achieve a green synthesis 

of bismuth ferrite nanoparticles by using ethanolic 

extract of Neuracanthus trinervius leaves. The physical 

properties of synthesized bismuth ferrite nanoparticles 

were characterized using XRD, UV-Vis 

spectrophotometer, FTIR spectrometer, SEM and EDS. 

The crystallite size is approximately 16.52 nm by 

Scherrer equation.   

Key Words: Green synthesis, Extract, Bismuth ferrite, 

Neuracanthus trinervius.  

I. INTRODUCTION 

Nanoparticles are tiny particles that are 1–100 nm in 

diameter, which is one billionth of a meter. The most 

common types of nanoparticles are metals, metal 

oxides, carbon based, and quantum dots. Owing to 

their unique sizes and properties, nanoparticles have 

attracted significant attention in various fields 

including medicine, electronics, energy, and 

environmental science [1, 2]. There are many methods 

for synthesizing nanoparticles, including physical, 

chemical, and biological processes [3]. Green 

synthesis, is the eco-friendly and sustainable method 

of production of nanoparticles without the use of 

hazardous chemicals or toxic solvents, has gained 

attention in recent years within biological processes. 

Natural sources, such as plants and microorganisms, 

are popular green synthesis approaches [4]. Therefore, 

green/biological synthesis of nanoparticles is possible 

alternative to chemical and physical methods. 

In recent years, the development of environmentally 

benign and sustainable methods for nanoparticle 

synthesis has garnered significant attention. Green 

synthesis, which utilizes plant-based extracts as 

reducing and stabilizing agents, offers a promising 

alternative to conventional chemical and physical 

methods that often involve hazardous substances and 

high energy consumption. Bismuth ferrite nanoparticle 

is a good candidate of metal oxide for various 

applications, in preparation of nanostructures [5], 

photocatalyst [6], Solid oxide fuel cell [8], gas sensor 

[9], catalyst for oxidation of hydrocarbons [10], water 

purification [11], photovoltaic [12], biomedical [13, 

14] and antibacterial effect [15].  

In this study, we report a green synthesis 

approach for the fabrication of bismuth ferrite 

nanoparticles using the aqueous leaf extract of 

Neuracanthus trinervius, a medicinal plant known for 

its phytochemical richness. This work not only 

contributes to the growing field of green 

nanotechnology but also highlights the potential of 

Neuracanthus trinervius as a viable biological resource 

for nanoparticle synthesis. 

 

II. MATERIALS AND EXPERIMENTAL 

METHODS 

2.1.  Materials: 

All chemicals were analytical grade. Ethanol was used 

for making plant extract. Bismuth(III) nitrate 

pentahydrate (Bi(NO3)3 ⋅ 5H2O) and Ferric nitrate 

(Fe(NO3)3⋅9H2O) are used as precursor. The fresh 
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leaves of Neuracanthus trinervius Wight were used to 

make ethanolic extract as reducing agent for the green 

synthesis of bismuth ferrite nanoparticles. 

 

2.2. Green synthesis of bismuth ferrite nanoparticles:  

Neuracanthus  trinervius  Wight, is the member of the 

family Acanthaceae [16, 17]. Firstly, the N. trinervius 

plants are collected, and their leaves were washed by 

tap water and then distilled water to remove soil & dust 

particles. Then leaves are shade dried and grind into 

powder form.  

By using this powder, ethanolic extract is prepared by 

Soxhlet method. For the green synthesis of bismuth 

ferrite   nanoparticles, the amount of 9.70 gm of 

BiFeO3 is mixed with 10ml of plant extract and stirred 

continuously for one hour on magnetic stirrer. Gel 

form of solution was obtained. This obtained form was 

heated at 5000C in rotatory evaporator for 2 hours to 

obtained powdered form and to ensure the removal of 

impurities [Fig. 1].   

 

 
 

III. RESULT AND DISCUSSION 

 

The characterisation of synthesised nanoparticles was 

done in the department of physics, SPPU. The 

optimum time of synthesized nanoparticles was 

analysed by UV-Visible spectrophotometer for 

solution sample. X-Ray Diffraction (XRD) method 

was performed for evaluation of crystalline structure 

of bismuth ferrite oxide nanoparticles. Scanning 

electron microscope (SEM) was employed to observe 

the morphology and size of nanoparticles.   

 

3.1.  XRD: 

The X-Ray diffraction technique was used to 

determine the crystalline structure of bismuth ferrite 

nanoparticles. The peaks of prepared sample match 

with characteristics peaks of JCPDS card #00-210-

2910 for BiFeO3 which shows the formation of the 

pure BiFeO3 nanoparticles at 5000C. Fig.2 shows the 

XRD pattern of prepared samples and the major 

diffraction peaks at specific 2θ values, such as those 

corresponding to (10-2), (104), (202), (216), (300), 

and higher-order planes. 
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Fig.2.  X-ray Diffraction Pattern at 5000C 

The sharp and distinct peaks in the pattern indicate a 

good degree of the crystallinity in the synthesized 

BiFeO3 sample. The alignment with the standard 

JCPDS pattern suggests the sample predominantly 

belongs to the rhombohedral perovskite structure of 

BiFeO3. The crystallite size can be estimated using the 

Scherrer equation [18]: 

 D =
kλ

β cos θ
 

Where D = crystallite size, k = shape factor (~0.9 for 

spherical crystals), λ = wavelength of the X-ray 

(typically Cu Kα, ~1.5406 Å), β= full width at half 

maximum (FWHM) in radians and θ= Bragg angle. 

The crystallite size D is approximately 16.52 nm. 

3.2.  Scanning Electron Morphology (SEM): 

For the analysis of the surface morphology, scanning 

electron microscope is used.  The nanoparticles have 

been measured and annotated with sizes ranging from 

approximately 18.93 nm to 46.04 nm. 

  
Fig 3:  Surface Morphology of BiFeO3 
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The nanoparticles appear to have irregular shapes with 

rough surfaces, which may enhance surface area. This 

characteristic can be advantageous for catalytic and 

adsorption-based applications. There is evident 

agglomeration, where smaller nanoparticles cluster to 

form larger assemblies. The particles exhibit a mix of 

spherical and irregularly shaped structures.  

3.3.  Energy Dispersive X-ray Spectroscopy (EDS) 

Analysis of BiFeO3: 

The energy-dispersive X-ray spectroscopy was used to 

evaluate the chemical composition of bismuth ferrite  

nanoparticles. This analysis clearly showed the 

identification strong peaks of bismuth ferrite  (Bi) and 

ferrite (Fe) elements.  

 
Fig:4 The energy dispersive spectroscopy (EDS) of BiFeO3 

 

The Energy Dispersive X-ray Spectroscopy (EDS) 

spectrum of the synthesized BiFeO3 sample confirms 

the elemental composition and purity of the material. 

The detected elements and their corresponding weight 

percentages (wt.%) are listed in the table within the 

spectrum. The primary elements identified include 

bismuth (Bi), iron (Fe), and oxygen (O), which are the 

essential constituents of BiFeO3. Additionally, carbon 

(C) is present in small amounts, likely due to sample 

preparation or contamination, while gold (Au) appears 

with negligible content, possibly from the conductive 

coating applied for EDS analysis. 

The dominant peaks correspond to the Bi M-series, Fe 

K-series, and O K-series, which are consistent with the 

expected elemental composition of BiFeO3. The Bi M-

series peak around 2.4 keV is prominent, confirming 

the presence of bismuth ferrite. The Fe K-series peak 

at approximately 6.4 keV is also well-defined, 

indicating significant iron content. The O K-series 

peak around 0.5 keV suggests the presence of oxygen, 

which plays a crucial role in the perovskite structure. 

Quantitative analysis shows that bismuth constitutes 

approximately 47.41 wt.%, iron 24.17 wt.%, and 

oxygen 20.63 wt.%, which aligns with the expected 

stoichiometric composition of BiFeO3. The atomic 

percentage (at. %) values further support this finding, 

with oxygen having the highest atomic concentration 

(49.66 at. %), followed by iron (16.67 at. %) and 

bismuth (8.74 at. %). The presence of carbon (7.78 at. 

%) is attributed to residual organic compounds or 

contamination from the sample holder. The absence of 

significant impurities further supports the high purity 

of the synthesized BiFeO3 material. 

Overall, the EDS results confirm the successful 

synthesis of BiFeO3 with a composition close to the 

theoretical stoichiometry. The elemental distribution 

and peak intensities indicate the formation of a 

uniform phase, making the sample suitable for further 

structural and functional property investigations. 

3.4. Electronic Absorption spectra: 
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Fig.5 Electronic Absorption spectra of BiFeO3 

The optical band gap of the synthesized BiFeO3 

sample was determined using the Tauc plot, as shown 

in the Fig. 5. The plot represents the relationship 

between photon energy (hν) and the absorption 

coefficient (α) raised to the power of 1/2, which is 

characteristic of an indirect band gap semiconductor. 

The extrapolation of the linear region of the (αhν)¹/² 

vs. hν curve to the energy axis yields an indirect band 

gap energy of approximately 1.57 eV. The obtained 

band gap value is consistent with previously reported 

values for BiFeO3, which typically range between 1.5 

and 2.7 eV [19], depending on factors such as 

synthesis conditions, grain size, and structural defects. 

The relatively low band gap of 1.57 eV suggests that 

the synthesized BiFeO3 sample has strong absorption 

in the visible region, making it a promising material 

for photocatalytic activity. Additionally, the presence 

of structural defects or oxygen vacancies could 

contribute to a slight reduction in the band gap, which 

may enhance its photocatalytic activity under visible 

light irradiation. 

3.5.  Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis: 

The Fourier Transform Infrared Spectroscopy (FTIR) 

spectrum of the synthesized BiFeO3 sample, shown in 

the Fig. 6, provides insights into the vibrational modes 

of the material and confirms the presence of functional 

groups associated with the perovskite structure. The 

spectrum was recorded in the range of 4000–500 cm⁻¹, 

with several characteristic absorption bands observed 

at different wavenumbers. 

The table 1 provides a clear and concise summary of the FTIR peak analysis for BiFeO3.  

 
Fig.6: FTIR analysis of BiFeO3 at 500°C 

 

Table 1: FTIR analysis of BiFeO3 at 500°C 
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Wavenumber (cm⁻¹) Assignment Description Ref. 

518 cm⁻¹ Fe–O stretching Characteristic peak for the perovskite BiFeO3 phase. [20] 

844 cm⁻¹ Bi–O vibrations Confirms the formation of BiFeO3 [21] 

906 cm⁻¹ Fe–O–Fe / Bi–O 

vibrations 

Indicates structural distortions in the BiFeO3 lattice. [22] 

1081 cm⁻¹ C–O stretching Suggests minor organic or carbonate impurities. [22] 

1383 cm⁻¹ NO₃⁻ bending May be due to residual nitrates from precursor materials. [22] 

3000–3500 cm⁻¹ Hydroxyl (-OH) group Absence of peaks suggests minimal moisture or hydroxyl 

contamination. 

[22] 

 

IV. CONCLUSION 

In the present study, the BiFeO3 nanoparticles were 

prepared by green synthesis method by using 

Neuracanthus trinervius ethanolic extract. The XRD 

spectrum confirmed that the sample predominantly 

belongs to the rhombohedral perovskite crystallite 

structure and the crystallite size calculated by Scherrer 

formula is approximately 16.52 nm. The SEM images 

show particle size between the 18.93 nm to 46.04 nm 

of BiFeO3. The EDS results confirm, the elemental 

distribution and peak intensities indicate the formation 

of a uniform phase, making the sample suitable for 

further structural and functional property 

investigations. The Tauc plot analysis confirms the 

semiconductor nature of BiFeO3 has indirect band 1.5 

eV and highlights its potential for applications that 

require efficient light absorption in the visible range. 

The FTIR spectrum confirms the successful formation 

of BiFeO3 with characteristic Fe–O vibrational modes. 

The absence of hydroxyl peaks indicates good phase 

purity and stability of the synthesized material. 
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