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Abstract 

Water is a critical resource for the survival of life on earth and the development of 

humanity. More than 4,000 years have passed since the beginning of the textile industry. Yet, 

textile dyes and the chemicals used in the manufacturing of clothing continue to be ignored, 

despite the fact that both humans and the environment can be negatively impacted by them. Not 

only are artificial dyes dangerous to our health, but they are also detrimental to ecosystems and 

the environment as a whole. They generate hazardous chemical waste, which winds up in rivers 

and other sources of water and causes havoc on the environment. Toxic pollutants released by 

the textile industry are a growing problem for water contamination and are linked to dangerous 

diseases all over the world. Efforts to treat textile industry effluents have been made, however 

these efforts are failing miserably. Thus, bismuth oxide is commonly employed because of 

its   stability and proper band structure in photocatalytic processes. It functions as a photo 

catalyst to degrade organic dyes and has several edges as a catalyst. Although bismuth oxide 

occurs naturally in a variety of polymorphic forms, Bi2O3 has a relatively modest band gap. In 

this study, sodium hydroxide, bismuth nitrate, and nitric acid were used to hydrothermally 

produce Bi2O3. We first added bismuth nitrate to the water, then added a few drops of nitric acid 

while stirring the mixture for 45 minutes. To the bismuth nitrate solution, sodium hydroxides 

were gradually added. The mixture was then transferred to a Teflon-lined autoclave and heated 

for 24 hours at 160°C. At 450°C, the dried sample was calcined. FTIR, XRD, SEM, UV-Vis 

spectroscopy, and EDX were used to study morphology as well as size of the bismuth oxide 
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nanoparticles. Bismuth oxide exhibits a potent excitonic absorption band at 380 nm in UV-Vis 

spectroscopy. 3.26 eV of band gap energy is therefore provided. The Bi2O3 stretching peak was 

observed in the FTIR spectra at 700 - 400 cm-1. The SEM images shown that synthesized 

material were agglomerated and round shape. XRD Sherrer's equation was used to determine the 

average crystalline structure, and the results showed that the average size of the Bismuth Oxide 

NPs was 25.54 nm. According to the EDX study, bismuth and oxygen, which together make up 

roughly 94.21% of the elemental composition of bismuth oxide, are particularly high. Moreover, 

there is 5.79% of the total amount of carbon present that may have come from citric acid. For the 

bromophenol blue photocatalytic degradation under solar light irradiation, bismuth oxide 

nanoparticles were examined. UV-visible spectroscopy was used to monitor the reaction's 

progress and calculate the percentage of photocatalytic degradation. In 120 minutes, Bi2O3 NPs 

effectively degraded almost 98.35% of the bromophenol blue dye. 
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Figure 1. Graphical Abstract 

1. Introduction 

The study of materials containing sizes on the range of one 100nm or smaller is the focus of the 

branch of science and engineering known as "nanotechnology"[1-4]. While it's true that the term 

is still relatively new, it is being widely used to create more efficient technological advancements. 

Due to its uses in the areas of targeted drug delivery[5], pre-concentration of target observations, 

photo catalysis, magnetic separation, as well as Bi2O3 technology [6], electronic storage 

systems,  vehicles for gene as well as drugs deliveries[7, 8] ,variety of industrial fields have 

started to embrace nanotechnology in recent times. Because of the diverse range of uses for 

which they might be used, these particles have the ability to have a significant influence on 

society. Despite being relatively new, the history of nano scale materials can be traced all the 

way back to 1959, where Richard P. Feynman, a physicist at Cal Tech, foretold the creation of 

NPs. He stated that the primary factor in determining the future technological as well as 

scientific development was should start low and scale down to nanoscale, saying in his class, 

"There is tons of ways at the bottom" [9]. As the field of nanotechnology has developed, newer 

nanomaterials have appeared with distinctive properties that set them apart from their larger 

analogs. The physiochemical characteristics of nanoparticles differ greatly from those of 

conventional materials because of their large surface-to-volume ratio [10]. Owing to their 

excellent properties, they are a fantastic choice for usage in Bi2O3 medical applications, which 

are becoming more and more significant as more and more Bi2O3 logical processes occur at 

Nano scale scales [11, 12]. 

A notable metal-oxide semiconductor with outstanding electrical and optical characteristics is 

bismuth oxide. High refractive index, wide bandgap, photoconductivity, as well as dielectric 

permittivity are some of these characteristics. The nineteenth century saw the discovery of 

bismuth oxide [13]. Because to this, it has various applications including photo-catalyst, solid 

oxide fuel cells, functional ceramics, materials of high temperature superconductor, gas sensors, 

and many more [14-18]. The three methods for making nano-bismuth oxide are the sol-gel 

approach, the hydrothermal technique, as well as the combustion technique [19-21]. The 

hydrothermal approach is a viable alternative synthetic method due to the low temperature 

needed for the process and the ease by which particle size could be controlled. In comparison to 
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other growth techniques, the hydrothermal approach has a number of benefits, such as the 

employment of less complex equipment, the lack of a catalyst throughout development, a 

cheaper cost, large-area uniform output, eco-benign, as well as a lower hazard. Because to the 

low reaction temperatures needed, this method is appealing for usage in microelectronics and 

plastic electronics. This method has also been extremely successful in the nanoscale synthesis of 

bismuth oxide as well as other bright compounds. By adjusting the reaction's temperature, its 

duration, as well as the concentration of the precursors, the hydrothermal process allows one to 

control the characteristics of the particles, including their size and shape [22]. 

The two biggest problems the world is currently experiencing are environmental damage and a 

lack of energy supplies. As a result, numerous investigations on semi-conductor photo catalysts 

have been conducted. These catalysts are thought to be a hydrothermal technology that is used to 

clean up the environment and convert solar energy by using sunlight [23].  TiO2, is the most 

prevalent heterogeneous semiconductors in the area of photo catalysis. It is recognized as a top 

competitor and is used as a material of references.  It is challenging to execute TiO2's particle 

applications due to its large band gap (3.21 eV) as well as fast electron hole pair recombination 

rate. As a result, the development of a photo catalyst that is triggered by visible light faces a 

considerable challenge in the scientific community. In order to increase the effectiveness of solar 

energy use, a lot of study has recently been done into widening the absorption spectra of 

semiconductor photo catalysts further in visible area. Band gap engineering, that involves doping 

the semiconductor using various non-metals and metals or even linking it with other 

semiconductors, has been used to achieve this [24]. Other way to find the small band gap 

semiconductor photo catalysts that can work when exposed to visible light  [25, 26]. Bismuth-

based semiconductors are receiving greater attention these days because of their ability for usage 

as photo catalysts, which degrade organic pollutants whenever subjected to UV-visible light. 

Bi2O3 is becoming more and more popular because to the numerous potential applications it 

provides in ceramic glass production, solid oxide fuel cells, gas sensing, and optical coating [24]. 

furthermore, bismuth oxide is a type of semiconductor with a suitable band edge potential for 

water oxidation as well as a direct band gap of 2.81 eV. This may cause the emergence of some 

reactive species that can start oxidation reactions [27]. This results in a direct band gap for 

bismuth oxide of 2.81 eV. It has been observed in a range of dyes, including rhodamine B, could 

be degraded by bismuth oxide in its various forms, including micro as well as nanostructure [28, 
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29], methylene Blue [30, 31], CBBG-250 [31], methylene orange [32], malachite green [33], 

acetaldehyde [34], 4-chlorophenol [23], drugs [35], as well as  gases [36]. 

In this paper, we describe the hydrothermal method used to synthesize bismuth oxide 

nanoparticles, which produced nanoparticles with a homogenous form and good structural 

stability. Conventional analytical methods including UV-visible, EDX, SEM, XRD, and FTIR 

spectroscopies were used to examine the produced materials. For the first time photo catalytic 

activity of the synthesized material was examined using the degradation of the bromophenol blue 

dye under visible light illumination. 

2. Materials and methods 

At the AWKUM Chemistry Department in KPK, Pakistan, everything that had to be done to get 

ready for the experimental tests has been done. 

2.1. Chemicals 

The main materials used in this experimental effort included ethanol, deionized water, nitric acid, 

citric acid, sodium hydroxide, bromophenol blue dye, as well as bismuth nitrate. Distilled water 

was used throughout the experiment. 

2.2. Methodology 

The study was performed in accordance with the relevant studies. 

2.3. Synthesis of Bismuth oxide nanoparticles  

Under this particular research project, the hydrothermal method was used to synthesize bismuth 

oxide (NPs). The next stage was adding 0.13 g of citric acid to the solution after dissolving 0.97 

g of bismuth nitrate in nitric acid of 10 ml, at a concentration of 1M. The mixture was then 

agitated for 15 minutes. Subsequently, 2M NaOH was added while stirring continuously up to 

pH control "4". It was successful in producing a white colour precipitates. When the precipitate 

dissolved, a uniformly colored solution might be obtained. The homogeneous solution was then 

heated at  160 °C in an oven before being placed inside an autoclave for 24 hrs in order to 

precipitate on high temperature and pressure. Then centrifuged the precipitate after washing with 
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deionized water along with ethanol to get rid of un - reacted reactants after the autoclave's 

cooling procedure was finished. The precipitate that was produced was heated for 24 hours at 

160 °C before being calcined for 1 hr at 450 °C to produce bismuth oxide NPs, as shown in the 

figure 2. 

 

Figure 2. Bismuth oxide nanoparticles Synthesis  

3. Characterizations 

The synthesized NPs size, morphology, and shape were examined using the characterization 

technique. In order to investigate UV-Vis spectral behaviour, a computer-controlled JASCO V-

650 was utilized. An FTIR analysis in the region of 4500–400 cm-1 was performed using a 

Nicolet 6700 FTIR analyzer to determine the functional groups that were found in the samples 

(USA). X-ray diffraction was utilized so that the crystallization and purity of the samples that 
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were produced could be evaluated. On the instrument, XRD analysis was performed (Bruker D8 

Advance x-ray diffractometer). Surface image measurements and chemical characterization of a 

material were carried out with the help of a Hitachi S-3500N scanning electron microscope 

(SEM) equipped with energy dispersive X-ray (EDX) spectroscopy. 

4. Photocatalytic degradation of Bromophenol Blue dye 

The photocatalytic activity for the produced nano-powder samples was assessed using the 

degradation of bromophenol blue dye in the sunlight. The photocatalytic reaction was effectively 

performed with the aid of a light source. 100 mL of BPB solution, including 20 ppm of BPB, 

was combined with a total of 0.2 g of photo catalysts. The suspension from the previous 

illustration was heated at room temperature for half hr in the dark in order to reach equilibrium 

between the processes of adsorption as well as desorption. The mixture was then forcefully 

stirred and simultaneously exposed to ionizing radiation. To ensure that the solid catalyst has 

been removed, around 5 mL of the solution was taken out and centrifuged on a regular basis. The 

catalyst's dye adsorption capacity and dye degradation efficiency were ultimately measured using 

an ultraviolet-visible spectrometer. By using the formula below to calculate the amount of dye 

that has already been removed: 

Degradation efficiency (%) = (Co – C/Co) × 100 
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Figure 3. BPB dye degraded dramatically   

5. Result and Discussion 

In this study, a range of experimental approaches were used to assess the optical, morphological, 

as well as structural features of bismuth oxide NPs. After that, the photocatalytic degradation of 

the created photo catalysts was assessed by degrading the dye bromophenol blue under the 

influence of solar light. 

 

5.1. UV-Visible spectroscopy 

UV-Vis characterization of nanomaterials is a technique that is not only straightforward but also 

rapid and user-friendly. Figure 4 shows the powder sample's UV-visible spectrum, which ranges 

from 300 – 800 nanometers. Bi2O3 clearly exhibits a potent excitonic absorption band at 380 nm. 

This gives Bi2O3 a band gap energy of 3.26 eV. Because of bismuth oxide large band gap, this 

substance creates electron as well as hole pairs whenever exposed to a stream of photons having 

equivalent energy to or larger than its own. These electron-hole pairs produce free radicals, 

which carry out subsequent secondary reactions. 
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Figure 4. Bismuth Oxide Nanoparticles UV-Vis Spectra  

5.2. Fourier-transform infrared (FTIR) spectroscopy  

The Fourier transform infrared spectroscopy, is a method which may employed to establish the 

presence of chemical functional groups in sample. The findings of bismuth oxide nanoparticles, 

FTIR spectrum gathering between 4000– 500 cm-1 are displayed in the figure. The large peak 

from 700 to 400 cm-1 is due to the M-O bonding, and the vibration band at 1200-1700 cm-1 is a 

distinguishing property of the NO3- group (Bi2O3). The vibration of the C-O molecule is 

responsible for the IR bands between 3000 – 3280 cm-1. 
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Figure 5. Bismuth Oxide Nanoparticles FTIR Spectra  

5.3. X-Ray diffraction (XRD) Analysis 

The non-destructive method of X-ray diffraction, sometimes known as XRD, is particularly 

useful in acquiring knowledge about crystalline materials. It is used to identify the best 

crystalline orientation, phases, structures, as well as other structural information including strain, 

crystalline nature, and flaws in crystals. Figure 6 shows the outcomes of the XRD examination of 

our sample. It is evident that Bi2O3 exhibits strong as well as distinct peaks at 2θ = 26o, 27o, 29o, 

32o, 45o, 47o, 54o, 56o and 68o, these are corresponding to the crystal planes of (111), (002), (220), 

(101), (110), (431), (422), (511) as well as (200) accordingly. The sample is a superb crystalline 

nano-material, as shown by the relatively narrow as well as sharp XRD peaks. This further 

reveals the high crystallinity of the Bi2O3 sample. The average crystallite diameter of Bi2O3 NPs, 

calculated employing Scherer's equation, is 25.54 nm, according to the study's findings. 
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Figure 6. Bismuth oxide nanoparticles XRD  

5.4. Scanning Electronic Microscopy 

Figure 7 present scanning electron microscopic (SEM) images of bismuth oxide NPs at various 

magnifications. The SEM images shown that the prepared material have agglomerated and round 

shape morphologies. Evidently, there are visible particles of various sizes when agglomeration 

levels are high. Similar-sized particles are dispersed throughout and the overall morphology is 

dense [37]. 
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Figure 7. Bismuth oxide nanoparticles SEM images  

5.5. Energy dispersive X-ray 

By employing the widely used EDX technology, the elemental composition of a sample as small 

as a few cubic micrometers could determine as well as examined. Figure 8 shows the bismuth 

oxide sample's elemental composition in addition to the EDX result. It is readily obvious that the 

sample has every component that is required, demonstrating its outstanding purity. There is also 

a substantial amount of bismuth as well as oxygen, which together make up around 94.21% of 

the total. Moreover, there is 5.79% of the total amount of C present that may came from citric 

acid. 
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Figure 8. Bismuth oxide NPs EDX image  

5.6. Photocatalytic degradation 

A semiconductor's photocatalytic activity will be triggered by the light energy absorption which 

is equivalent to or more than that of semiconductor’s band gap energy, which subsequently cause 

excited electrons as well as holes to form. The electron-hole pair interacts with adsorbed 

reactants as they move to the surface, speeding up the reactions of oxidation and reduction. The 

photo catalytic activity of Bi2O3 NPs was assessed using BPB degradation under visible light 

irradiation at ambient temperature. Diluted the photo catalyst to a concentration of 0.2 g/100 mL 

before adding to a BPB solution with a 5 mg/L concentration. The solution was magnetically stir 

in the dark for half an hour to achieve a balance between the dye molecule states as well as the 

photo catalyst surface. The combination exposed to visible light irradiation from a filament light 

source of tungsten at a three-centimeter distance. An aliquot of 10 milliliters was taken every 

half an hour and centrifuged for 5 min at a speed of 3000 rpm, as illustrated in Figure 9, while 

the reaction mixture was continually stirred. Because of their large band gap and rapid charge 
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recombination, Bi2O3 photocatalytic activities are clearly good photo catalysts as well as degrade 

98.35 percent of bromo phenol blue dye. 

Degradation efficiency (%) = Co-C/Co × 100% 

5.6.1. Photodegradation Mechanism 

The production of reactive species by the BPB dye in response to photon illumination led to the 

insertion of electrons back into the bismuth oxide NPs. This helped to produce superoxide 

radicals when there was available oxygen in the solution, which accelerated the photo 

degradation process. The photocatalytic degradation of the target dye is linked to the 

disintegration of the chromophoric group and the conversion of dye into low molecular weight 

byproducts. When dyes are exposed to visible light, electrons (e-) and holes (h+) are produced on 

the catalyst surface, which is the main factor in dye degradation. To create the OH radical, water 

molecules combine with holes (h+). The O2 molecule scavenges the electrons e and transfers 

them to OH using intermediates HOO and H2O2. The organic dye is non-selectively degraded 

into H2O, CO2, and inorganic ions by the potent oxidizing species known as OH. Three times the 

task was done under the exact identical experimental settings, and each time the standard 

deviation values were computed. Figure 10 shows the 98.35 percent degradation of the BPB dye 

under the 120-min radiation exposure. The kinetic study infers the pace of the order of the 

reaction, a positive slope and a rate constant of 0.03638 min−1 for bismuth oxide NPs. Bandgap, 

surface area, Light source, sizes, ion-releasing capability, dye concentration, pH, catalyst dose, 

and many other factors all affect the rate at which pollutants degrade. 

 

 



Journal of Xi’an Shiyou University, Natural Science Edition                                                                      ISSN: 1673-064X   
 

http://xisdxjxsu.asia                                          VOLUME 19 ISSUE 07 JULY 2023                                               521-544 
 

 

Figure 9. Photocatalytic BPB dye degradation mechanism of Bismuth oxide NPs. 
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Figure 10. Bismuth Oxide nanoparticles photocatalytic degradation   
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Figure 11. % Degradation of bismuth oxide nanoparticles 

5.6.2. Effect of Catalyst dosage 

The efficiency of photocatalytic destruction of pollutants is also greatly influenced by the mass 

of the photo catalyst. Up to a certain point, increasing the catalyst dose improves the efficiency 

of photocatalytic degradation of pollutants; but, beyond that point, increasing the catalyst dose 

slows down the rate of reaction. The rate of the reaction increases as more catalyst is used 

because more electron pairs are generated. Light can't reach the catalyst's surface as well when 

the catalyst dose is increased further because of the increased turbidity of the reaction mixture 

[38]. When the catalyst dose increases, the reaction rate slows. Increasing the catalyst dose from 

50 mg to 200 mg resulted in a rise in photo degradation efficiency from 25% to 98.35%, but after 

that, raising the catalyst dose again had the opposite effect.  
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Dye bonding was broken, and the nanomaterial surfaces gained more active sites, thanks to the 

large surface area as well as OH radical productivities. High occupancy of the 300 mg of 

bismuth oxide NPs prevented light from moving in ways that would suppress the charge carrier 

multiplicity, limiting the effectiveness of electron mitigations from distinct bands. In order to 

enhance photocatalytic dye degradation, we produce 200 mg of bismuth oxide NPs. 

 

Figure 12. Effect of catalyst dosage on Bismuth oxide NPs. 
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The adsorption of dyes on the surface of the photo catalyst is necessary for the process of photo 

catalysis to take place. In the process of photo catalysis, the quantity of dye that is adsorbed onto 
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the amount of dye that can be adsorbed. In each particular photocatalytic process, the initial 

concentration of dye is an essential component that must be taken into consideration. In general, 

the percentage of degradation falls as the amount of dye concentration rises, provided that the 

amount of catalyst remains unchanged [39, 40]. 

This might be rationalized on the basis that as the dye concentration rises, a greater number of 

organic substances will be adsorbed on the surface of bismuth oxide NPs. On the other hand, a 

lower number of photons will be able to reach the catalyst surface, which will result in a lower 

formation of •OH and a lower degradation percentage. The photo degradation of bromophenol 

blue is illustrated in Figure 13 using a variety of photo catalysts. When there is a decrease in the 

concentration of dyes combined with the photo catalyst, the rate of photo degradation of the dyes 

increases. 

 

Figure 13. Effect of bromophenol blue dye concentrations on photo degradation. 

 

98

64

43

21

20 ppm 30 ppm 40 ppm 50 ppm
0

20

40

60

80

100

%
 d

e
g
ra

d
a
ti

o
n

Concentrations of Dye (ppm)

 Bismuth Oxide NPs



Journal of Xi’an Shiyou University, Natural Science Edition                                                                      ISSN: 1673-064X   
 

http://xisdxjxsu.asia                                          VOLUME 19 ISSUE 07 JULY 2023                                               521-544 
 

6. Conclusion 

The desired outcome of the synthesized bismuth oxide has been achieved by using a simple and 

effective hydrothermal method. The phase composition as well as crystallite size of the produced 

material are obviously influenced by the hydrothermal reaction's temperature and by the initial 

concentrations of bismuth nitrate, and the crystallite sizes of the bismuth oxide nanoparticles 

were also controlled by maintaining a range of 25.54 nm. A synthesized sample was examined 

using a number of methods, comprising UV-Vis, FTIR, XRD, EDX as well as SEM, in order to 

determine morphology, optical properties, as well as phase purity. The XRD analysis clearly 

demonstrated that the synthesized systems had a crystalline structure. The FTIR spectrum 

analysis identified the vibrations modes of Bismuth Oxide NPs. It was possible to investigate the 

optical properties of bismuth oxide by using UV-visible spectra. The ability of a photo-catalyst 

having bismuth oxide to remove bromophenol blue was tested. A photocatalyst made of bismuth 

oxide was what caused 98.35% of the BPB dye to degrade. 

7. Future Perspectives 

Since the scientific community has traditionally valued human life highly, attempts have been 

undertaken to develop conventional approaches to the evaluation and cure of a wide range of 

ailments. Despite the numerous efforts that have been taken, there are still numerous diseases 

that are hard to cure, including tumors, bacterial infections that are resistant to medication, heart 

conditions, various disorders of organ failure, which lead to a high annual mortality rate. 

Scientists working in the area of nanoscience are continually looking for potent particles which 

could result in the development of new medications and could aid in the primary detection as 

well as treatment of life-threatening illnesses as a viable remedy. Research is being conducted 

for these kinds of goals on a vast array of various organic and inorganic Nano carriers despite 

being in their development, bismuth oxide-containing   NPs have recently attracted a lot of 

consideration as a scientific breakthrough for Bi2O3 medical applications. This is because 

(Bi2O3NPs) have outstanding features, such as strong diamagnetism, a large surface area, 

excellent stability, high electrical as well as magneto-resistance, desired catalytic activity, the 

simplicity of functionalization. In addition, in comparison to metals like silver, Bi2O3 is thought 

to be the least toxic as well as theoretically non-reactive heavy metals, which makes it further 
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suitable for in vivo applications. In experiments conducted in the lab, bismuth was found to stop 

the growth of malignant cells. The simplicity by which their particle shape as well as size could 

be regulated in the synthesis process is another benefit of Bi2O3 NPs. This benefit might create 

new opportunities for their possible medicinal uses in the future.  
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