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ABSTRACT
The research involves synthesizing hierarchical nanoflakes of bismuth oxide 
(Bi2O3) using the sol–gel (SG) method and Bi2O3 nanosheets through hydrother-
mal (HY) synthesis, with a focus on investigating their gas sensing and photo-
catalytic activity. The synthesized Bi2O3 analyzed using X-ray diffraction (XRD) 
techniques reveals that SG and HY are monoclinic crystal structures. Fourier-
transform infrared spectroscopy (FTIR) did the functional group analysis, which 
shows the absorption band at 874 cm−1 and 858 cm−1 in typical stretching and 
bending vibrations characteristics. The surface morphology of synthesized Bi2O3 
material was carried out by field emission scanning electron microscopy (FESEM), 
which reveals the nanosheet type morphology and one-sided arrangement like 
a flower by SG and HY synthesis, respectively. The gas sensing activity of Bi2O3 
thick films was prepared by screen printing technique and examined for different 
gases such as H2S, NH3, LPG, C2H5OH, H2, CH3OH, CO2, and Cl2. They showed 
highest sensitivity to H2S against NH3, LPG, C2H5OH, H2, CH3OH, CO2 and Cl2. 
The catalyst Bi2O3 with methylene blue (MB) dye showed better photocatalytic 
performance of the SG method than HY synthesis.
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1 Introduction

Bismuth oxide (Bi2O3) is an important p-type metal 
oxide semiconductor that has been receiving excellent 
optical and electrical properties such as narrow band-
gap, high refractive index, and depending on tempera-
ture [1, 2]. They have five main polymorphic forms 
such as α- Bi2O3 (monoclinic), β- Bi2O3 (tetragonal), 
γ- Bi2O3 (BCC), δ- Bi2O3 (cubic) and ω- Bi2O3 (triclinic) 
[3, 4]. These characteristics render it highly appropri-
ate for extensive applications such as supercapacitors 
[5–7] Pseudo capacitor [4] antibacterial activity [8, 9] 
fuel cells [10] gas sensors [11–15] photocatalytic activ-
ity [16–20] etc. From the gas sensing point of view, 
gas sensors play a crucial role in modern society due 
to their essential importance as a part of an advanced 
technology to detect various gases at low tempera-
tures for human safety as well as for environmental 
awareness [21]. Researchers are actively involved in 
the ongoing development of gas sensors, utilizing 
either metal oxide or polymer-based materials, aimed 
at early detection of hazardous, flammable, and toxic 
gases [22]. Bi2O3 has been mostly studied for gas-sens-
ing. In gas sensing, the alteration of surface-electrical 
conductivity in the detection of explosive, hazard-
ous, and toxic gases occurs through the adsorption of 
reducing or oxidizing gases onto its surface [11–13]. 
Many researchers tested various gases with Bi2O3 such 
as Carbon monoxide [12], Acetone and Ethanol [14], 
hydrogen sulfide [15], carbon dioxide [23], hydrogen 
[24], etc. From the catalyst degradation activity point 
of view, the distinctive structures of p-type Bi2O3 het-
erogeneous semiconductors make them highly effec-
tive photocatalysts, playing a crucial role in modern 
solid-state applications [20]. It has demonstrated sig-
nificant potential for effectively treating wastewater 
contaminated with both organic and inorganic pollut-
ants. In the realm of innovative water treatment tech-
nologies, advanced oxidation processes have emerged 
as promising methods in recent years [25]. Many 
researchers used various dyes for catalyst degradation 
with Bi2O3 such as methylene Blue [26], Rhodamine B 
[27], methyl orange [28], etc. Over the past few years, 
various researchers have undertaken the synthesis of 
Bi2O3 using different methods, such as sol–gel [29, 30] 
hydrothermal [31–33] green synthesis [33, 34] spray 
pyrolysis using borosilicate glass [35] solution com-
bustion method [36] chemical method [37] chemical 
bath deposition (CBD) or SILAR [38–40, 44] and spin 
coating [41], etc. To the best of our understanding, the 

SG method and HY synthesis have gained widespread 
popularity due to their cost-effectiveness and the use 
of readily available equipment, as well as their abil-
ity to operate under mild reaction conditions. These 
techniques play a crucial role in manipulating the mor-
phology and crystalline structure in both approaches 
[42]. Therefore, the focus has been on combining the 
SG method and HY synthesis to comprehend how the 
manipulation of material morphology can influence 
both gas sensing and catalyst degradation activity and 
show better response of material [43, 44] the current 
study has been investigated.

In the present work, the Bi2O3 nanoflakes and 
nanosheet were successfully synthesized by using 
the SG method and HY synthesis and analyzed dif-
ferent characterization techniques, such as XRD, 
FTIR, FESEM-EDS, Raman, PL, and TEM-SAED. The 
SG method synthesized Bi2O3 nanoflakes determine 
excellent gas sensing response and catalyst deg-
radation activity as compared to HY synthesized 
nanosheets when they are exposed to MB under 
sunlight.

2 �Experimental details

2.1 �Materials

Bismuth nitrate pentahydrate Bi(NO3)3·5H2O, Sodium 
hydroxide pellets (NaOH), Polyethylene Glycol 600 
(PEG 600), and Nitric acid (HNO3) were purchased 
from Sigma Aldrich. All chemicals were of AR grade 
and used without any further purification. Deionized 
water was used for the preparation of the solution.

2.2 �Methods

2.2.1 �Synthesis of Bi2O3 nanoflakes by SG method

For the synthesis of Bi2O3, the sol–gel route was used 
as depicted in Fig. 1a. The 0.1 M of Bi (NO3)3·5H2O was 
initially prepared in 50 ml distilled water by continu-
ous stirring. Subsequently, 5 ml of PEG 600 was added 
as a surfactant in solution by stirring for one hour at 
a moderate speed of 450 rpm at room temperature. 
After some time, a yellowish gel formed and dried in 
an oven at 80 °C for 5 h. The obtained product was 
calcined at 500 °C in a muffle furnace for 30 min.
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2.2.2 �Synthesis of Bi2O3 nanosheets by HY method

For the synthesis of Bi2O3, hydrothermal route has 
been employed, as depicted in Fig. 1b. Firstly, 0.2 M 
of Bi (NO3)3·5H2O was added to 50 ml distilled water 
and HNO3 by continuous stirring for 2 h., another 
beaker was prepared with 1 M NaOH solution then 
the solution was added dropwise by adjusting the 
pH of the solution. The above solution was trans-
ferred into the Teflon-lined stainless-steel autoclave 
maintained at a temperature 180 °C for 18 h., the 
mixture was cooled to room temperature. The resi-
due was washed and dried at 120 °C, then calcined 
500 °C then pure Bi2O3 nanosheets formed.

2.2.3 �Preparation of thick films

Thick films of Bi2O3 sensors were prepared using the 
screen-printing technique. Initially, 1 gm of Bi2O3 
material was grinded in a mortar pestle for 20 min. 
Then, ethyl cellulose was added to grinded Bi2O3 
material to make a homogeneous mixture. After-
wards a binder solution (Terpentine oil, 2- butoxye-
thyl acetal, Butyl cellulose) was added to the mixture 
till the mixture turned to a homogeneous paste form. 
This homogeneous paste was used to prepare thick 
films. The thick films dried under the exposure of an 
iron lamp. The film was fired in a muffle furnace for 

two hours at 500 °C. Then, the fabricated films were 
utilized for further gas-sensing application [45].

2.3 �Physico‑chemical characterization

The crystal structure and crystallite size of Bi2O3 were 
confirmed by X-ray Diffraction (XRD) using X-ray 
Source Cu Kα Model Miniflex 600 Make Rigaku. 
Fourier-transform infrared spectroscopy (FTIR) was 
performed using IR Affinity – 1 with a diamond ATR 
Shimadzu Spectrometer. Field Emission Scanning 
Electron Microscopy (FESEM) imaging was performed 
using the Carl Zeiss Model Supra 55 Germany. Raman 
spectra were collected using the inVia Renishaw 
micro-Raman spectrophotometer. Photoluminescence 
spectra were performed using the Fluorolog (Horiba). 
Photoluminescence was performed using the JASCO 
Spectroflorometer Model – FP-8300 WRE, and TEM 
images were collected using the JEOL JEM 2100 plus.

3 �Result and discussion

3.1 �X‑ray diffraction (XRD) analysis

3.1.1 �Crystallite size by Scherrer’s formula

The existing crystallite size and phase of the syn-
thesized Bi2O3 were determined using the X-ray 

Fig. 1   Synthesis of Bi2O3 by a SG method and b HY synthesis
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diffraction (XRD) technique. The XRD peaks of Bi2O3 
material were assigned on the basis previous report 
[25] and JCPDS data. XRD patterns of Bi2O3 nanoflakes 
and nanosheets obtained using the SG method and 
HY synthesis are shown in Fig. 2a, b. The XRD pattern 
of the SG and HY method for Bi2O3, was (121), (202), 
(212), (113), (041), and (241) reflection planes at 28.55°, 
30.92°, 34.55°, 38.15°, 47.06°, and 54.77o respectively 
(JCPDS Card no: 00–041-1449). The observed crystal 
structure by both SG method and HY synthesis for 
Bi2O3 was Monoclinic. The average crystallite size was 
calculated using the Debye Scherrer formula and it 
was found about 15 nm and 16 nm for Bi2O3 by SG and 
HY method respectively.

3.2 �Functional group analysis

The determination of the functional group present 
in the synthesized Bi2O3 was carried out by Fourier-
transform infrared spectroscopy (FTIR) analysis. 
The FTIR spectra were recorded by in the range of 
4000–400 cm−1.. The nature of FTIR spectra of Bi2O3 
synthesis by SG method and by HY method which is 
not the same as shown in Fig. 3a and b respectively. 
After the analysis of both spectra, all vibration modes 
are in good agreement with the literature [25, 47]. 
The Bi2O3 shows the absorption band at 1407 cm−1 
(strong, sharp) and 1362 cm−1 (weak, broad) due to 
Bi-O stretching. In general, Bi2O3 shows an absorp-
tion band below 1000 cm−1 therefore, the absorption 

band at 874 (sharp and strong) and 858 (feeble) cm−1 
is typical Bi-O-Bi bond stretching and bending vibra-
tions [29].

3.3 �Surface morphology studies by FESEM

The morphology of pure Bi2O3 synthesized by SG 
method and HY synthesis was analyzed by field 
emission scanning electron microscopy (FESEM). 
The FESEM images of the surface morphology of the 
pure Bi2O3 SG method are shown in Fig. 4a–d, which 
shows the agglomeration of particles in the form of 
nanoflakes and one-sided flower-like arrangement 
[47]. Figure 4e indicates the energy-dispersive X-ray 
spectroscopy (EDAX) image of pure Bi2O3 by SG, 
showing the weight and atomic% value of Bi and O 
elements, which have K and M shells, respectively. 
The morphology exposed plane layers in Fig. 5a, c and 
d. Figure 5b clearly shows an irregular distribution 
with nanosheets-like morphology [50], showing the 
number of holes present over the surface of pure Bi2O3 
HY synthesis. The elemental analysis of composition 
was examined by EDAX, which confirms that oxygen 
is a more deficient SG method than HY synthesis in 
Fig. 5e.

3.4 �Raman analysis

Figure 6a demonstrates peaks at 126, 209, 277, 315, 448, 
and 535 cm−1, and Fig. 6b demonstrates peaks at 118, 

Fig. 2   XRD Pattern of Bi2O3 by a SG method and b HY synthe-
sis

Fig. 3   FTIR Spectra of Bi2O3 by a SG method and b HY syn-
thesis
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152, 184, 210, 302, 411, and 439 cm−1 for pure Bi2O3 SG 
and HY method respectively, which is similar to the 
Raman spectrum of Bi2O3 in previous studies [33, 48, 
49]. The nature of Raman spectra observed for Bi2O3 
synthesized by SG method and HY synthesis is not 
the same indicating structural difference and depicting 
<- Bi2O3 in SG and the mixture of <- Bi2O3 and <-Bi2O3 
crystalline forms in HY sample. The assignment of 

bands [51–53] observed in SG and HY samples are 
given in following Table 1.

3.5 �Photoluminescence (PL) study

Figure 7a shows the Photoluminescence spectra (PL) 
of SG method and Fig. 7b PL spectra of HY synthe-
sis excited by 480 nm radiation. The PL spectra are 

Fig. 4   a–d The FESEM images of Bi2O3 at different magnifications of the SG method and e EDAX spectra
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related to the transfer behavior of the photo-induced 
electrons and holes [17]. In Fig. 7a, three peaks 529 nm, 
657  nm, and 791  nm, can be seen, meaning three 
recombined semiconductors. In Fig. 7b, Three peaks 
529 nm, 657 nm, and 790 nm, can be seen, meaning 
three recombined semiconductors [54]. The PL spectra 
of Bi2O3 synthesized by SG method and HY synthesis 
seem to be exactly similar and have low intense iso-
lated emission peaks at 529 nm, 657 nm, and 790 nm 
and attributed to Bi + 3 ions [55]. Low-intensity peak 

indicates a lower recombination rate of the elec-
tron–hole pair. This is favorable for photocatalysis.

3.6 �TEM analysis

Figure 8a and b shows the TEM images of SG method 
and HY synthesis. The size distribution in Fig. 8c and 

Fig. 5   a–d The FESEM images of Bi2O3 at different magnifications of HY synthesis and e EDAX spectra of Bi2O3
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d of the Bi2O3 SG method and HY synthesis samples 
have average particle sizes of 28.50 nm and 60.56 nm in 
Fig. 8e and f. The lattice spacing of 0.361 and 0.513 nm 
corresponds to the (121) and (212) planes, respectively. 
Figure 8g and h shows the SAED patterns based on 
JCPDS file no 00-041-1449 corresponding to the mono-
clinic structure.

3.6.1 �Gas sensing mechanisms

The schematic representation of the Bi2O3 sensor for 
H2S sensing is represented in Fig. 9a. In air, the oxy-
gen molecules adsorb on the sensor surface and gain 
electrons from the conduction band of Bi2O3 material, 
forming oxygen ions. This conduction band electron 
is responsible for the depletion region of certain sen-
sor surfaces. In Fig. 9b, During the H2S gas molecules 
adsorb at the sensor surface and react with oxygen 
ions. The electron is released back to the sensor mate-
rial, reducing the depletion region width at the sen-
sor’s surface [15].

As explained earlier, the remarkable gas sensing 
characteristics of Bi2O3, fabricated through the SG 
and HY methods, can be attributed to factors such as 
reduced particle size, an abundance of oxygen vacan-
cies, and an increased porous structure. In our inves-
tigation, the interaction between H2S and oxygen spe-
cies emerges sequentially. Initially, oxygen is adsorbed 
onto the material’s surface, where it appropriates free 
electrons, transforming oxygen anions [56].

(1)O
2(air) → O

2(ads)

(2)O
2(ads) + e

−
→ O

−
2

(3)O
2(ads) + 2e

−
→ 2O

−

Fig. 6   Raman spectra of Bi2O3: a SG method, b HY synthesis

Table 1   Raman Active vibrational modes (a) SG method and (b) HY synthesis

SG HY Assignment References

118 <- Bi2O3 due to Ag symmetry [48]
126 ©- Bi2O3

152 <- Bi2O3

184 <- Bi2O3 [49]
209 210 <- Bi2O3

277 medium broad symmetric 277 medium broad shoulder ©- Bi2O3

315 medium broad symmetric 315 Broad and strong 
asymmetric shape

©- Bi2O3

411 medium
broad

<- Bi2O3

448 Broad and weak 439 Broad and strong ©- Bi2O3

535 ©- Bi2O3

620 Weak broad vibrational band, Associated with structural dis-
order in crystal due to non-thermodynamic growth condition 
as well as due to δ cubic phase

[51]
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The recovery process involves the reactivation of 
the sensor surface as it is exposed to ambient condi-
tions, during which the adsorption of oxygen species 
plays a crucial role in restoring the sensor functional-
ity after removing H2S.

Form Fig. 10, The capacity of a sensor to respond 
to a particular gas in the presence of other gases is 
known as selectivity. A series of gases were used to 
demonstrate the room-temperature gas-sensing per-
formance of the as-obtained Bi2O3 Nanosensors. To 
investigate the selectivity SG method and HY syn-
thesis of Bi2O3 sensors were exposed to eight gases, 
including Hydrogen sulfide (H2S), ammonia (NH3), 
LPG, Ethanol (C2H5OH), Hydrogen (H2), Metha-
nol (CH3OH), Carbon dioxide (CO2) and Chlorine 
(Cl2) and their responses were measured at various 
temperatures ranging from room temperature to 
450 °C for 100 ppm gas concentration. A good sensi-
tivity response for H2S is compared with other tar-
get gases. This study reveals that the sensor has a 
specific affinity for H2S gas and exhibits the highest 
response [56].

(4)O
2(ads) + 4e

−
→ 2O

2−

(5)H
2
S

(

g

)

+ 3O
−
2

(ads) → 2H
2
O

(

g

)

+ 2SO
2

(

g

)

+ 3e
−

Bi2O3 was exposed to different concentrations 
of H2S gas response in the previous literature [57]. 
From Fig. 11a, sol–gel thick films show 76.99% sensi-
tivity of H2S gas at an operating temperature 100 °C 
with a gas concentration of 100 ppm. In Fig. 11b, 
hydrothermal thick films show 68.59% sensitivity to 
H2S gas at an operating temperature of 100 °C with 
a gas concentration 100 ppm. The time interval of 
operating temperature is 50  °C during the meas-
urement of gas response. For measurement of H2S 
gas sensitivity, the temperature range varied from 
room temperature to 450 °C. The gas sensitivity of 
the prepared Bi2O3 thick film was calculated using 
an equation,

where, R
a
 = Resistance of Bi2O3 thick film sensor in 

the presence of air, R
g
 = Resistance of Bi2O3 thick film 

sensor in the presence of targeted gas.
From Fig. 12, The concentration effect of H2S gas 

on the prepared (a) SG method and (b) we investi-
gated HY synthesis, the concentration effect of H2S 
gas on the sensor for different concentrations from 10 
to 150 ppm at 100 °C and 100 °C [15].

Figure 13a shows that the thick film sensor was 
kept at 100 °C, the optimum temperature for the SG 
method. Then, H2S gas was injected using a syringe in 
the glass dome of the gas sensing system for measure-
ment of a response time is 32 s, whereas recovery time 
was 63 s to Bi2O3 thick film sensor for H2S gas at a con-
centration of 100 ppm. Along with Fig. 13b, HY syn-
thesis at 100 °C optimum temperature response time 
is 43 s, whereas recovery time was 71 s to Bi2O3 thick 
film sensor for H2S gas at a concentration of 100 ppm.

4 �Photocatalytic experiment

4.1 �Mechanism of degradation

The photocatalytic mechanism is shown in Fig. 14. The 
Bi2O3 photocatalyst first absorbed the light to gener-
ate a free electron–hole pair on the surface. Then, the 
electron reacted with oxygen to generate free elec-
tron–hole pairs on the surface. Meanwhile, the holes 

S(%) =
R
a
− R

g

R
a

× 100

Fig. 7   PL spectra of a Bi2O3: a SG method, b HY synthesis
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Fig. 8   TEM – SAED of 
Bi2O3 (a, c, e, g) by SG 
method and b, d, f, h HY 
synthesis (a, b) Low resolu-
tion of TEM images (c, d) 
particle size histogram (e, f) 
high-resolution TEM images 
(g, h) SAED pattern

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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redox with H2O to produce OH radicals, leading to the 
degradation of MB dye.

To study photocatalytic degradation efficiency of 
synthesis of Bi2O3 by Fig. 15a SG method and Fig. 15b 
HY synthesis using methylene blue (MB) used as a 
model dye. For this perseverance, the mixture of 
100 mL of 10 ppm aqueous dye solution and 10 mg 
of catalyst was magnetically stirred for 30 min in the 
dark to achieve adsorption–desorption equilibrium 
between the photocatalyst and dye the solution. The 
mixture is then kept under sunlight between 12.00 
-02.00 pm with continuous and constant stirring in 
May. Sun meter DSM measures the intensity of the 
sun. The reaction mixture was withdrawn and pre-
served in a test tube covered with black paper. The 
preserved samples were centrifuged to remove the 
catalyst and take UV–vis spectra. The concentration 
of dyes has been determined in terms of absorbance 
at 664 nm. A kinetics study was performed to interpret 
the efficiency of the catalyst.

(6)Bi
2
O

3
+ h� → Bi

2
O

3

(

h
+
(VB)

+ Bi
2
O

3

(

e
−
(CB)

))

(7)O
2(ab) + e

−
(CB)

→ O
−
2

(8)H
2
O(ab) + h

+
(VB)

→ OH +H
+

(9)OH +MB → CO
2
+H

2
O

4.2 �Photocatalytic degradation of MB solution

Methylene Blue, a phenothiazine derivative, is 
reported to be a carcinogenic and toxic compound 
used as a dye in textile, printing, and food indus-
tries. Various methods such as adsorption, ozonation, 
extraction, ion flotation, Fenton process, oncolysis, 
ultrafiltration, etc. have been used to remove dyes 
from polluted water, but have limitations. The vari-
ous advanced oxidation process has been employed 
to degrade organic pollutants, which produces harm-
less products like H2O and CO2. Photocatalytic deg-
radation of organic pollutants using nanomaterial 
such as oxide, and sulfide is being employed by many 
researchers, and they are attempting to increase the 

Fig. 9   Schematic of H2S 
sensing mechanism for Bi2O3 
sensor: a oxidation, b reduc-
tion

Fig. 10   Highest Selectivity for H2S gas against all other tested 
gases of Bi2O3
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photocatalytic efficiency of degradation [58]. This 
study aims to determine the efficiency of Bi2O3 nano-
material for the degradation of organic pollutants such 
as dyes and hazardous chemicals. The degradation of 
methylene blue using Bi2O3 synthesized by two dif-
ferent methods is shown in Fig. 15a and b. The Bi2O3 
synthesized by SG method and HY synthesis have 
λmax = 664 nm indicating that MB degraded in 120 min. 
under the direct exposure of sunlight radiation.

4.3 �Kinetic study

Figure 16a illustrates the photodegradation of MB 
dye by Bi2O3 catalyst using pseudo-first-order Lang-
muir – Hinshelwood kinetic equation [47]. The kinetic 
degradation of MB depicts that the photocatalytic effi-
ciency of Bi2O3 synthesized by the SG method is more 
than synthesized by HY synthesis with rate constant 
0.02706 min−1 and 0.01889 min−1 respectively. The fol-
lowing equation expresses the reaction,

where, K
r
 is the rate constant of the reaction, A

0
 is the 

initial concentration of MB (0 min), A is the final con-
centration of MB, t is time in minute.

Figure 16b curves illustrate, linear nature passes 
through the origin of the lnln

(

A
0
∕A

)

 graph Vs time 
indicating photocatalytic degradation of MB by 
Bi2O3. The confirmation of diffusion-controlled activ-
ity across the entire concentration range supports 
the appropriateness of employing linear fitting as 
identified in the calibration curve [59]. The photo-
degradation rate of MB dye Table 2 (SG method) and 
Table 3 (HY synthesis) was 95.73% and 90.22% fol-
lowing 120 min of sunlight exposure, as illustrated 
in Fig. 16c.

ln

(

A
0
∕A

)

= K
r
t

Fig. 11   H2S sensing response at different temperatures for a SG method and b HY synthesis

Fig. 12   H2S gas concentration (ppm) at operating temp: a 
SG—100 °C, b HY—100 oC
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5 �Conclusion

The successfully synthesized bismuth oxide (Bi2O3) 
material in hierarchical nanoflakes and nanosheet 
form by sol–gel (SG) and hydrothermal (HY) meth-
ods by using bismuth nitrate pentahydrate as a pre-
cursor. The results obtained from both methods were 
analyzed and compared. Characterization results 
revealed the monoclinic structures. The average crys-
tallite size was found to vary between 15 and 16 nm. 
These nano metal oxides show excellent gas sensing 

Fig. 13   Response and recovery time of H2S gas for a Bi2O3 thick film for SG method and b Bi2O3 thick film for HY synthesis

Fig. 14   The mechanism of MB dye in decomposition of Bi2O3

Fig. 15   The change in absorption spectra of MB using Bi2O3 as a catalyst prepared by a SG method, b HY synthesis
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Fig. 16   a absorbance spectra (b) ln (A0/A) versus the irradiation time for SG method and HY synthesis. (c) % degradation of MB dye 
for SG method and HY synthesis

Table 2   Rate constant and kinetic studies of Bi2O3 by SG 
method for MB decolorization under sunlight irradiation

Time (in min) A A0/A ln (A0/A) % D

0 1.8828 1 0 0
20 1.4146 1.330977 0.285913 24.86722
40 1.0128 1.859005 0.620041 46.20778
60 0.6229 3.022636 1.106129 66.91629
80 0.3286 5.729763 1.745674 82.54727
100 0.1447 13.01175 2.565853 92.31464
120 0.0803 23.44707 3.154746 95.73508

Table 3   Rate constant and kinetic studies of Bi2O3 by HY syn-
thesis for MB decolorization under sunlight irradiation

Time (in min) A A0/A ln (A0/A) % D

0 1.896 1 0 0
20 1.3773 1.376606 0.319621 27.35759
40 0.8586 2.208246 0.792199 54.71519
60 0.6158 3.078922 1.124579 67.5211
80 0.4393 4.315957 1.462319 76.83017
100 0.3179 5.96414 1.785765 83.23312
120 0.1854 10.22654 2.324986 90.22152
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performance and high efficiency in photodegrada-
tion under sunlight irradiation of the methylene blue 
dye. Thus, we conclude that the synthesized Bi2O3 
are highly effective material for significant gas sens-
ing activity and photodegradation application. SG 
can produce materials with high surface area and 
porosity, providing more active sites for gas mol-
ecules and enhancing sensitivity. These factors col-
lectively contribute to the SG methods superior per-
formance in gas sensing and photocatalytic activity 
compared to HY synthesis.
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