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Introduction

Bismuth oxide (Bi2O3) is a versatile and important metal oxide 
due to properties like wide energy gap change (from 2 to 3.96 
eV), high oxide-ion conducting properties, large refractive index, 
dielectric permittivity (εr=190), high level of photoconductivity 
and photoluminescence [1]. Bismuth oxide nanoparticles have 
many applications in nanomedicine. They can treat multidrug-
resistant bacteria by interacting with the bacterial cell wall, 
generating reactive oxygen compounds, and limiting biofilm 
production. Bismuth oxide nanoparticles can be used as contrast 
agents for CT tomography and photoacoustic imaging and can 
be used as radiosensitizers to enhance the efficacy of radiation 
therapy for cancer treatment. Bismuth oxide nanoparticles 
can be functionalized and loaded with drugs to deliver those to 
specific cells or tissues and can be used as radiation shielding 
materials in medical imaging and radiation therapy. Bismuth 
oxide nanoparticles have potential for bone regeneration and can 
suppress tumor growth under NIR laser radiation. Many efforts 
were employed by many researchers to develop methods to  

 
control size and distribution in the preparation of nanostructures 
of Bi2O3. Further, upon the usage of microwave irradiation [2], 
the rate of synthesizing nanomaterials is very fast and efficient in 
saving energy consumption as well as time. The band gap of the 
material plays vital role in various photocatalytic applications [3] 
like Photodegradation of toxic dyes. At current, many of synthetic 
routes including hydrothermal, sol-gel, precipitation, flame 
spray pyrolysis, solvo-thermal, and physical methods have been 
extensively used for synthesizing Bi2O3 nanoparticles.

Normally Bi2O3 is prepared by oxidizing bismuth metal at 
8000C or thermal decomposition of carbonates or hydroxides 
produced by adding hydrates to bismuth salt. The powders on 
calcinations yield the fine particles of Bi2O3 [4-6]. M Anilkumar et 
al. [4] reported a simple citrate gel process for the preparation 
of nanocrystalline Bi2O3 involving complexation of metal ions 
by poly functional carboxyl group, such as citric acid or tartaric 
acid having one hydroxyl group [4]. MM Patil et al. [7] reported 
a simple process of digestion of amorphous bismuth hydride gel 
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under refluxing condition at 1000C for the preparation of nano 
crystalline Bi2O3 [7]. The direct synthesis of bismuth oxide by the 
hydrolysis and condensation of bismuth nitrite in microwave field 
have been reported by Eva Bartonickova et al. [8].

Experiment

All the chemicals used in the experiment were of analytical 
Grade and utilized as without further purification. In the 
procedure, 2.245g of Bi (NO3)3·5H2O was dissolved in a 100mL 
beaker containing 10mL ethylene glycol under magnetic stirring 
until it has dissolved and mean while bismuth nitrate pentahydrate 
was not allowed to hydrolyze. And then 20mL of absolute ethyl 
alcohol was added in the above solution under constant stirring 
for 2 h to get solution. The above mixed solution was transferred 
into a stainless-steel autoclave with a Teflon liner (Figure1) of 80 
mL capability, and heated at 160 °C for 8 h. Then the autoclave 
was cooled naturally, the filtration of precipitates was done and 

washed many times with deionized water and absolute ethyl 
alcohol and finally it was dried in the air at 60 °C for 10 h. The 
precursor was transferred into ceramic crucibles with covers, and 
put into a muffle furnace heated at temperature of 450 °C for 4 h 
to decompose precursor into Bi2O3, respectively. Phase purity & 
structural studies of the as-prepared samples were carried out by 
using powder X-ray diffractometer (Model D-8 Advance & Bruker 
AXS- XRD) with Cu-Kα radiations of wavelength 1.54056 Å and 
the morphological studies have been carried out by field emission 
scanning electron microscope FESEM (Hitachi S4800). The band 
gap and optical properties were recorded by using Perkin Elmer 
model Lamda 950 UV-Vis Spectrometer and Raman spectroscopy 
(Bruker RFS 27, Stand Alone FT Raman Spectrometer).

Instrumentation

The instrument used for synthesis was a stainless-steel 
autoclave with a Teflon liner as shown in (Figure1).

Figure 1: Autoclave.

Results and discussion

X-ray Diffraction (XRD) Studies

(Figure 2) shows XRD patterns of α - Bi2O3 samples for 2ө 
ranging from 200 to 800. From the XRD pattern, it can be observed 
that the location of the diffraction peaks is in good agreement 
with those of monoclinic α - Bi2O3.The diffraction pattern reveals 
presence of diffraction peaks in XRD spectra of the samples at 
2θ=22.06°, 26.09°, 27.57°, 28.76°, 30.37°, 33.03°, 35.62°, 37.83°, 
55.98°  corresponding to orientation of the (102), (002), (121), 
(012),  (122), (212), (113), (041), (104), (322) and (241) planes 
to well-defined peaks. All the diffraction peaks could be clearly 
indexed to monoclinic phase of Bi2O3 agreed with the JCPDS No. 
712274. No other crystalline phases of Bi2O3 or impurities were 
observed indicating a very high purity phase of α - Bi2O3. The 
relative intensity of the diffraction peak arising from (1 2 1) 

plane is stronger in phase pure α-Bi2O3 form and it reveals that 
more crystallites may be oriented along (1 2 1) direction. The 
sharpness of the diffracted peaks indicates the good crystallinity 
of the material. The as synthesized α- Bi2O3 nanoparticles have a 
diameter of 20-60 nm, which is in good agreement with the results 
calculated from Debye–Scherer formula. The mean crystallite 
sizes of α- Bi2O3 can be calculated from the XRD data using Debye–
Scherer formula:

( )/  cD K Cosλ β θ=

where β is the width of the observed diffraction peak at its half 
maximum intensity (FWHM), K is the shape factor, which takes a 
value of about 0.9 and λ is the X-ray wavelength (Cu Kα radiation 
equals to 1.54056 Å). displayed the mean crystallite size of the 
synthesized Bismuth nanoparticles which was estimated by the 
FWHM of the XRD peak (121) using the Debye Scherer equation.
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Figure: 2 XRD Pattern of of α - Bi2O3 samples.

Morphological studies:

The morphological studies of the as synthesized nanoparticles 
were carried out by FESEM (Hitachi S4800). (Figure 3) shows the 
FESEM images of the different Bismuth oxide nanoparticles. It 

revealed more or less uniformity in the distribution of particles 
and well colligation [9]. The particles have well developed grain 
boundary. The images correspond to sample with a particle size 
in the range of 20 to 60 nm. The average particle size is around 
50nm.

Figure 3: FESEM images of Bi2O3 Nanoparticles.

UV Visible Spectroscopy:

The optical absorption spectra of the samples were recorded 
by using Perkin Elmer model Lamda 950 UV-Vis Spectrometer 
in the range of 300-800nm and optical absorption coefficient 
has been calculated. (Figure 4(a)) shows the UV–Vis absorption 
spectra of the prepared samples. We studied the optical absorption 
of the as-prepared Bi2O3 nanoparticles to estimate its energy band 
gaps. The UV spectra of the synthesized Bi2O3 nanoparticles show 
the photo absorption properties from Ultraviolet light region to 
visible light with wavelength less than 470 nm. This is assigned 
to the intrinsic band gap absorption. The high slope shape of 

the spectra means that the light absorption was because of 
transition in band gap. This permits the as-prepared Bi2O3catalyst 
to respond to a wide range of solar spectrum and utilize visible 
light for photocatalysis. The absorbance decreases sharply 
indicating the presence of optical absorption in the region of 400-
500 nm.  The indirect band gap is determined by extrapolating 
the linear portion of the plot and the band gap value is 2.75 eV 
which is equal to 450.9 nm. The band gap value of α- Bi2O3 is in 
good agreement with the value reported by Z Ai, et al. [4]. They 
synthesized monoclinic α- Bi2O3 via calcination of hydrothermally 
prepared bismuth oxide carbonate (BiO)2CO3 precursor at 5000C 
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for 4 h and the band gap value was 2.72 eV. The band gap energies 
of the synthesized nanoparticles were calculated by Tauc Mott 
(TM) relation who relates absorption coefficient and the incident 
photon energy of semiconductors as:

( )nhv a hv Egα = −

Where α is the absorption coefficient, ‘a’ is a constant, and 
n is equal to 2 for allowed direct transitions and 0.5 for indirect 
transitions. (Figure 4(b)) shows the Tauc plots of samples and 
the band gap energy was estimated by extrapolation of the linear 
region. The band gap of the sample is 2.75 which is greater than 
the bulk Optical absorption coefficient (1.8-2.1 eV) [10-12].

Figure 4(a): UV-V is absorption spectra.

Figure 4(b): Tauc Plot.

Raman Spectroscopy:

Raman spectroscopic studies are helpful in differentiating the 
various phases of Bismuth and the Bismuth phase spectrum is 
different from those of common impurity phases, like magnetite 
and maghamite. (Figure 5) shows the Raman spectrum of the 
synthesized sample with major peaks observed at 93, 117, 136, 
150, 159, 181, 209, 274, 314and 445 cm-1 and matches well with 

those in literature [13-16] Raman spectral studies conformed 
that obtained powder is single phase α-Bi2O3.Raman spectra 
show broad bands in the higher-frequency region which matches 
well for α- Bi2O3 [13]. 117 mode comes from Ag symmetry of Bi 
atoms.136 Ag mode and 150 Bg mode due to displacements of 
both Bi and O atoms in the α-Bi2O3 lattice.209, 274, 314, 445 and 
are attributed to the displacements of the O atoms in α-Bi2O3.
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Figure 5: Raman spectra.

Conclusion

Nanoparticles of Bismuth oxide Bi2O3 were synthesized 
by hydrothermal method using microwaves in autoclave with 
bismuth nitrate pentahydrate, ethylene glycol and de-ionized was 
reactants and calcinated at temperature of 4500C. The synthesized 
particles were having size of around 50nms. XRD pattern reveals 
that the location of the diffraction peaks is in good agreement 
with those of monoclinic α - Bi2O3. The optical absorption of the 
as-prepared Bi2O3 nanoparticles is studied to estimate its energy 
band gap. The band gap is determined by Tauc plot and value 
is 2.75 eV which is equal to 451 nm (approx.). Raman spectra 
confirmed that obtained bismuth oxide Bi2O3 nanoparticles has 
single monoclinic α- phase and can be further used for applications 
in nanomedicine.
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