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Abstract 

α-phase bismuth oxide nanoparticles successfully prepared by precipitation method and characterized with thermo gravimetric 

analysis and differential thermal analysis, X-ray diffraction, Photo luminance, Field emission scanning electron microscope, 

Energy dispersive X-ray diffraction FT-IR spectra and UV-Vis diffuse reflectance spectroscopy. The bismuth oxide particles 

annealed at 500 °C exhibited α-phase. Photocatalytic experiments indicated that the obtained Bi2O3 nanoparticles were highly 

active for photodegratation of methline blue. 
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1. Introduction 

Bismuth oxide (Bi2O3) has received considerable attention 

over last three decades. It is well known that bismuth oxide 

has six polymorphic forms, denoted by Bismuth oxide α-

Bi2O3 (monoclinic), β-Bi2O3 (tetragonal), δ-Bi2O3 (face 

centered cubic) [1] γ-Bi2O3 (body centered cubic) ῳ-Bi2O3 

(orthorhombic) [2] and Bi2O3 (triclinic) respectively. Among 

them, the low temperature α-phase and the high temperature 

δ-phase are stable, but the others are high temperature 

metastable phase What’s more, it has a lot of peculiar physical 

and chemical properties, such as a wide energy gap change 

(from 2 to 3.96 eV) [3] high oxide ion conductivity properties 

(1.0 s/cm) [4], high refractive index, dielectric permittivity, 

besides excellent photo conductivities and photoluminescence 

Due to its peculiar properties, bismuth oxide has become one 

of the important functional materials which have been applied 

in a wide range of areas, such as solid oxide fuel cells, gas 

sensors, photo catalyst, energetic materials and others. For the 

above mentioned applications, crystal forms, particle structure 

and size and specific surface area are very important. Among 

various semiconductors a p-type Bi2O3 heterogeneous 

semiconductor was considered as one of the most efficient 

photo catalyst and important in modern solid state due to its 

unique structure and physical attribute like high refractive 

index and high thermal stability, produce highly reactive 

species for initiating oxidation reaction for degradation of 

dyes, gases and dyes chemistry [5]. Among all phases the band 

gap of the low temperature α-phase is (2.8eV) and therefore 

found to be active in the visible region. Recently, bismuth 

oxide have been synthesized through different methods, such 

as co-precipitation, Solgel method chemical vapour deposition 

microwave-assisted method [6]. Chemical precipitation 

synthesized powders offer many advantages, such as high 

degree of crystalline, well controlled morphology, high purity 

and narrow particle size distribution, using Bi(NO3)3.5H2O as 

raw materials [7-8]. In the present work, precursors of Bi2O3 

were synthesized through simple chemical precipitation 

method using bismuth nitrate and diluted (1:8%) nitric acid, 

sodium hydroxide. The synthesized precursors of Bi2O3 were 

analyzed by TG-DTA to get values of temperature at which 

the precursors decompose into bismuth oxide.  

After proper calcinations, the obtained pure powders of α-

Bi2O3 were characterized by techniques like XRD, FTIR, PL, 

FE-SEM, and TEM and photocatalytic activity. 

 

2. Experimental  

2.1 synthesis of bismuth oxide nanoparticles  

In the chemical precipitation method, the stoichiometric ratios 

of the materials Bismuth Nitrate Penta Hydrate (Bi2 

(NO3)2.5H2O), Sodium Hydroxide (NaOH), was used as a 

precursors. All chemicals were used as received in analytical 

reagent (AR) grade. For Bi2O3, 1.0M of Bismuth Nitrate Penta 

Hydrate was dissolved in 50 ml of deionized water and then 

stirred the solution vigorously. Then, 0.1M of Sodium 

Hydroxide dissolved in 50 ml of deionized water was added 

drop wise to the above solution under stirring. The mixed 

solution was heated at 80 °C and continuously stirred for 4 h. 

A light yellow precipitate was formed. Then, the obtained 

precipitate was washed repeatedly with deionized water and 

then filtered. The precipitate was dried in hot air oven at 100 

°C for 1 h, and then the product was annealed at 500 °C in 

muffle furnace for 4 h to get Bismuth Oxide nanoparticles.  

 

3. Results and Discussion  

3.1 Thermal analysis measurement  

Thermal analyses of the synthesized nanoparticles were done 

by using TGA and DTA. The TGA and DTA analysis was 

carried out under nitrogen atmosphere. TGA analysis showed 

that they were three serious of weight loss in the TGA analysis 

of  pure  Bi2O3 nano particles. Fig. 1 shows the TGA and DTA  
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curves of pure Bi2O3 nano particles. Region first from 55ºC – 

220ºC which was due to the evaporation of the physical water 

adsorbed at the surface of the powder, and the region second 

from 220- 512º C, caused by the removal of lattice waters O-H 
[7]. Finally little change in the TG curve can be observed after 

512 ºC, which reveals that the decomposition of the nitrate 

species to yield bismuth oxide only at 500 ºC as the 

calcinations temperature is remarkably lower than that used in 

the traditional precipitation method. The weight loss from 

pure Bi2O3 at midpoint (175ºC, 512ºC, 900ºC) was found to 

0.79, 3.74 and 4.27% respectively. The DTA curve exhibits an 

exothermic peaks at around 220 ºC which was must be 

considered a weight loss as physically and chemically 

observed molecular water and hydroxyl groups [9]. The second 

region corresponds to a slight weight loss 500ºC up to roughly 

760ºC due to the decomposition of traces hydroxides, which 

leads to a progressive shrinkage of materials due to 

crystallizations to the residual amorphous phase,The 

endothermic peaks at 307 ºC and 862 ºC correspond to 

decomposition of some residual organic species. To study the 

thermal behavior of the prepared Bi2 (OH)3 and bismuth 

nitrous Bi2NO3. TG/DTA was performed simultaneously in 

the temperature 30 – 900 ºC as shown in the (Fig. 1) the 

thermal decomposition 2Bi (NO3)3 occur in two major steps. 

Step one the removal of surface at adsorbed water associated 

with the 2BiNO3 (55-220ºC) and step two the decomposition 

of bismuth nitrate into bismuth oxhydroxide into α-bismuth 

oxide (220-520ºC). After ~ 500ºC, weight loss completely 

ceased as a consequence, a stable residue can be ascribed to α-

bismuth oxide nanoparticles [10]. 
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Fig 1: TG and DTA curve of synthesized bismuth oxide 

nanoparticles 

 

The dehydration involved in the first stage is given by the 

following chemical reaction 

 

Bi2 (NO3)2.5H2O+2HNO3→2Bi (NO3)3+6H2O -------- (1) 

Bi2 (NO3) +6NaOH→2Bi (OH)3+6NaNO3 -------- (2) 

2Bi (OH)3→Bi2O3+ 3H2O -------- (3) 
 

Bi2O3 → α- Bi2O3 -------- (4) 

 

As per the available literature [10] the water content for 

2Bi(OH)3 varies from 0-0.79% and for 2Bi(OH)3, it varies 

from 0.79-3.74% TG and DTA curves of bismuth 

oxyhydroxide 2Bi(OH)3 prepared using bismuth nitrate 

pentahydrate Bi2(NO3)2.5H2O and dilute 1% nitric acid as 

shown Fig.1, the TG curve shows two major weight losses. 

The initial weight loss between room temperature and 220ºC 

is attributed to the loss of 2 or 3 water molecules from 

bismuth oxyhydroxides. The second major weight loss in the 

range of 220-500ºC is due conversion of unstable bismuth 

oxide (at~ 300ºC) to α- Bi2O3. After these fragments at 

temperature up to 900ºC, no thermal effects are observed in 

the TG curve indications the formation of pure bismuth oxide 

nanoparticles. The formation of α- Bi2O3 illustrated by the 

above given equations (1-4). 

 

3.2 X-Ray powder diffractions  

The crystallographic information’s of as prepared bismuth 

oxide nano particles were corroborated by X ray diffraction 

pattern (Fig.2). Three characteristic peaks are indexed as 

(120), (200) and (121),indicating that monoclinic Bi2O3 

(JCPDS-71-0465), P21/C(14) has come into being the XRD 

results demonstrate that there are no impurities existing in 

powders [11]. 

According to the JCPDS card, the synthesized product is a 

monoclinic phase with cell parameters of a = 5.850, b=8.165, 

and c= 5.130Å and β= 112.38° and space group of P21/ C 

(14).  

The average size of α- Bi2O3 crystallite (54nm) were 

calculated using Scherer’s formula. 

 

  D= kλ/βcosθ-------------(1) 

 

 
 

Fig 2: X-Ray powder diffratogram of synthesized α- Bi2O3nano 

particle 

 

Where, D is the crystallite size, K is the shape factor, λ is the 

wave length of X-ray sources (0.154nm), β is the full width at 

half maximum, θ is the diffraction angle. The absence of 

impurities peaks indicates that unstable α- Bi2O3 crystallite (at 

300 ºC) and unstable β-- Bi2O3 (up to 420ºC) are completely 

decomposed into α- Bi2O3 at 500 ºC. The bigger crystallite 

size of α -Bi2O3 suggests it’s less or narrow width of the XRD 

characteristics peaks. 

 

3.3 UV-Vis Diffuse Reflectance spectra (UV-DRS) 

The Optical properties of α-Bi2O3 nanoparticles were 
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scrutinized by UV-Vis-DRS spectrometers. The different 

phase composition also had significant effect on the optical 

absorption properties of Bi2O3 which was confirmed by DRS 

the room temperature absorption spectrum of pure α-Bi2O3 

nanoparticles in the wavelength region of 300 to 700nm. The 

band gap (Eg) of pure α-Bi2O3 was defined from the 

wavelength value corresponding to the intercept point of the 

straight line at a = 0 and Eg value is calculated by using 

equation (2). 

Eg =  (or) 
 

Eg =  ------------------ (2) 
 

Where, Eg is the band gap energy(eV), h is the Planck’s 

constant (6.626x10-34 JS), C is the light velocity (3x108m/s) 

and λ is the wavelength (nm). The calculated band gap energy 

Eg of α- Bi2O3 was found to be 2.64eV. 

 

 
 

Fig 3: UV-Vis Diffuse Reflectance spectrum of synthesized α- Bi2O3 nano particles 

 

According to the spectrum (Fig.3) the as prepared nano 

particles present the photo absorption properties from UV 

light region to visible light shorter than 470 nm, which is 

assigned to the intrinsic band gap absorption. There is no 

absorption peak after ≈ 450 nm for the Bi2O3 calcined at 

500ºC is probably caused by purity of the sample [12]. The 

higher the band gap of bismuth oxide (3.2eV) than as prepared 

α-Bi2O3 (2.64eV) for annealed at 500ºCmay be due to the 

inclusion of hydroxide. However, after annealing the band gap 

is decreased to 2.77eV [12]. The decrease in band gap after 

annealing is a consequence of phase change to monoclinic 

Bi2O3. The result further confirms that the powder XRD 

technique is α -Bi2O3 typical monoclinic structure. 

 

3.4 Photoluminescence (PL) analysis 

Figure.4 shows the optical absorption spectrum of α-Bi2O3 

nanoparticles.The maximum at 467nm is assigned to the 

optical transmission of the first excitation state. The obvious 

blue shift of the absorption peak relative to bulk bismuth may 

be attributed to the quantum-confinement effect of α-Bi2O3 

nanoparticles. The visible emission is recognized from the 

radiative recombination of photo generated hole with an 

electron occupying the bismuth and oxygen vacancies [13]. 

 

 
 

Fig 4: Photoluminescence of synthesized α- Bi2O3 nanoparticles 
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Photoluminescence spectrum analysis is a powerful technique 

to survey the separation efficiency of the photo generated 

electron - hole pair in a semiconductor. The emission peak 

around 467 nm appears for α-Bi2O3, which may be derived 

from the direct electron - hole recombination of band 

transition. The efficient charge separation could increase the 

life time of charge carriers are enhancing the efficiency of 

interfacial charge transfer to adsorbed substrates, and then 

improve the photo catalytic activity. 

 

3.5 Functional group analysis (FTIR) 

FTIR analysis has been recorded for the (prepared) annealed 

sample in the range of 400-4000 cm-1 and the result is shown 

in Fig.5.In the FTIR spectrum of α-Bi2O3, the peak at 540 cm-1 

is assigned to the Bi-O-Bi stretching vibration and the peak 

around 620 cm-1can be attributed to the Bi-O stretching 

vibration of non-bonding oxygen of the distorted Bi-O 

polyhedral [14]. 

 

 
 

Fig 5: FTIR spectrum of synthesized of α- Bi2O3 

The peakaround 840cm-1has been assigned to Bi-O 

monoclinic phase of the octahedral Bi2O3 nanoparticles. The 

intense band at 1350 – 1390cm-1 possibly arises due to 

stretchingvibrations of the NO3 ion the medium and broad 

peak at 1600 - 1640 cm-1 is due to the bending vibration of the 

absorbed water, and the peaks at 3300-3500 cm-1here 

attributed to the stretching vibration of observed hydroxyl 

functional groups, which is believed that these groups came 

from the hydrolysis in the chemical synthesis process From 

the IR spectrum of prepared sample (α-Bi2O3) Fig. 5, the 

intensities of starching and bending vibration bonds of water 

molecules have been reduced considerably indicating the high 

purity of the product. The absorption bands located at ≈1380 

and 840 cm-1 are due to the NO3
2- anions [15]. Further, no 

absorption bands of anions were predicted in sample α-Bi2O3 

indicating proper formation of crystalline α-Bi2O3. 

 

3.6 FE SEM 

The microstructure analysis of the sample (α-Bi2O3) was 

carried out by FE-SEM analysis. A review of reference 

literature showed that researchers have been less focused on 

the particle morphology of Bi2O3 polymorphs although this is 

crucial in the applications of Bi2O3 powders. For that reason, 

we focused more on this problem by using high-resolution 

scanning electron microscopy Fig. 6(a& b) shows. FE-SEM 

micrographs of the α-Bi2O3the micrographs of the α-Bi2O3 as 

prepared material at different magnifications showed Fig. 6(a 

& b) that the α-Bi2O3 has highly compact needle or rod like 

structure with sharp edges [16]. High resolution images 

revealed that individual needle was composed by a collection 

of elongated particles. The α-Bi2O3 particles were of almost 

identical widths Fig. 6(b). 

 

 
 

Fig 6(a & b): FE-SEM image of undoped Bismuth Oxide nanoparticles, and 6(c & d): EDX and percentage of elements of Bismuth Oxide 

nanoparticles 
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The presence of a low fraction of small-sized α-Bi2O3 particles 

is also visible in the same micrographs [17]. These differences 

show a very high dependence of α-Bi2O3 microstructure on the 

synthesis route. BiOOH particles (Fig. 6(a & b)) exhibit a 

cloverleaf morphology (Fig. 6(b)). The micrograph of the 

cross-section of one particle Fig.6(a) show that these particles 

possess a substructure that is, they are made up of much 

smaller primary BiOOH particles. It can also be noticed that 

BiOOH particles are so arranged that the width of the 

secondary particle has almost the same value at different 

surface points.The EDX results of the α-Bi2O3 nanoparticles 

have been depicted in Fig.6(c).The result shows the presence 

of Oxygen (O) and Bismuth (Bi) are the only elements 

according to weight percentage of 10.17% and 89.83% 

respectively. For morphological confirmations, TEM images 

were recorded for α-Bi2O3. 
 

 
 

Fig 7(a-e): HR-TEM images of different magnification range of 

Bismuth Oxide nanoparticles, (e) SAED pattern of Bismuth Oxide 

nanoparticles 

 

Figures 7(a&b) shows the aggregated nanoparticles, 

investigated by TEM. Combine with the HR-TEM images 

Fig.7(c&d) show that the continuous lattice fringes, this 

image clearly displays that the lattice fringes of as synthesized 

α-Bi2O3 have no defect appearance. It can be seen from Fig.7 

(e) that the selected area electronic diffraction (SAED) pattern 

of α-Bi2O3 nanoparticles showed typical monoclinic structure 
[18]. 

The lattice distances calculated from the diffraction rings in 

Fig.7 (e) is 3.25 Å (120) (characteristic peak) [18]. This 

distance coincide with those of the XRD data in JCPDS 

No.71-0465, which is the standard XRD data of bulk α-

Bi2O3.Therefore the Bi2O3 nanoparticles was identified to be 

α-Bi2O3, which belongs to monoclinic system with P21/c(14) 

space group. Electron diffraction patterns Fig.7 (e) showed the 

brightness and intensities of polymorphic discrete ring of the 

crystalline nanoparticles. 

3.7 UV absorption and photo catalytic activity of α-Bi2O3 

nanoparticles 

The photo catalytic activity of α-Bi2O3 nanoparticles was 

investigated using degradation of aqueous methylene blue 

(MB) dye solution. Fig.8 shows the absorption spectra of 

methylene blue (MB) dye using α-Bi2O3 catalyst as a function 

of wavelength (400-800 nm) for various time intervals (0, 

15,30, 45, 60, 75, 90, 105, 120 and 135 min). The degradation 

effect was characterized by monitoring the absorption peak of 

methylene blue dye centered at 664nm. The plots clearly 

demonstrate that the prepared α-Bi2O3nanopowders easily 

degrade the methylene blue dye with slight increase of time. 

From the Fig.8we can say that the maximum absorption peak 

(at 664nm) decreases with increasing irradiation time. This 

illustrates that the methylene blue dye concentration decreases 

in the presence of α-Bi2O3 catalyst and solar light 

illumination. The decrease in the absorption of the mixed 

solution was due to the distraction of the homo and hetro-poly 

aromatic rings present in the dye molecules or due to rapid 

degradation of methylene blue (MB), which is confirmed by 

the lower intensities of the absorbance peak of methylene blue 

(MB). 
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Fig 8: Absorbance spectra changes of Methylene Blue solution after 

different irradiation times of as synthesized undopedBi2O3 nano 

particles 
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Fig 9(a&b): Change in kinetic energy of Methylene Blue solution 

after different irradiation times of as synthesized undoped Bi2O3 

nanoparticles 

 

The effect of α-Bi2O3 on percentage degradation of the 

methylene blue (MB) dye has been examined by varying the 

time interval from 0-135 min and the results are presented in  
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Table 1: Change in kinetic energy of MB solution after different irradiation times of as synthesized undoped Bi2O3 nanoparticles 
 

Time (min) 0 15 30 45 60 75 90 105 120 135 

α - Bi2O3 0 19.23 30.76 44.61 50.76 61.23 63.07 69.23 73.84 76015 

 

 The percentage degradation increase rapidly with the increase 

in the time for methylene blue (MB) (α-Bi2O3) solution. The 

maximum degradation of methylene blue (MB) dye took place 

in 135 min of irradiation with sunlight using α-Bi2O3 catalyst 

was 76.15%. Generally the photocatalytic activity of 

semiconductor photocatalyst not only depends on their 

electronic structure as well as depends on many other factors 

such as morphology, surface area and crystalline phase and 

size [19]. It is obvious that the higher surface area with larger 

pores play an active role in the absorption of substance, which 

results in the higher photocatalytic activity. The higher surface 

area also provides a higher number of catalytic sites on the 

surface of α-Bi2O3 with less recombination of electron hole 

pairs, which is the rate determining step in the photocatalytic 

degradation Figs.9(b&c).The optimum band gab also plays an 

important role in the photocatalytic activity of α-Bismuth 

oxide. Electron hole pair generation is dependent on the band 

gap of α-Bi2O3, the increase in the band gap is useful to obtain 

higher electron hole pair generation.  

 

 
 

Fig 9(c): General mechanism for the degradation of dyes 

 

Subsequently, the departed electrons and holes migrate to the 

surface of the catalysts and react with adsorbed O2 and H2O 

respectively, forming O2 and OH, the man species (equations 

of reactions) responsible for the degradation of pollutants, 

such as methylene blue (MB) in the present case. The 

degradation time, dye concentration and degradation 

percentage reveals (Fig.8) that the α-Bi2O3 nanoparticles 

which characteristics and dimensions as described above can 

be used as a future photocatalyst. The reason for the efficient 

photocatalyst can be accounted to the small volume of the 

nanoparticles, good crystallinity and presence of oxygen 

defect in the crystal structure. 

 

4. Conclusion 

In summary, we report a simple chemical precipitation route 

for the fabrication of α-Bi2O3 nanoparticles. The XRD pattern 

indicated the monoclinic α-Bi2O3. The size of the obtained 

particles was in the range of 54nm, as confirmed from the 

Debye Scherer’s equation and observed with transmission 

electron microscopy (TEM). The FE-SEM images clearly 

displayed the formation of needle or rod like morphology. The 

TGA and DTA results showed different decomposition 

patterns of the Bismuth Oxide. The as prepared α-Bi2O3 

indicate the good photo catalytic decomposition and hence 

reduced in the electron-hole recombination and extended 

spectral response to the visible region inferred from the UV-

visible absorption spectrum. It is concluded that the crystallite 

size plays an important role in deciding the performance of the 

catalyst. 
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