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ABSTRACT 
In this paper,  the hydrothermal synthesis technique was used to produce β-Bi2O3 sample. Visible light has been chosen as a more 

efficiently adapted in photocatalytic reactions for this kind of material. Several investigations have been done in this study; the X-ray 

photoelectron spectroscopy (XPS) showed the chemical composition of the sample,  the microstructural features of our synthesized 

material were characterized by X-ray diffraction (XRD),  another set of properties have been studied using the Brunauer–Emmett–Teller 

(BET),  Diffuse reflectance UV–vis spectroscopy (DR-UV–vis) and The pH of the point of zero charge (pHPZC). The photocatalytic 

activity of our prepared catalyst was found by the degradation of Orange II (OII) aqueous solutions under visible light irradiation. The 

effect of operational parameters such as amount of catalyst,  initial solution pH,  Hydrogen peroxide (H2O2),  and the initial concentration 

of OII were investigated. 
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1. INTRODUCTION 
 Photocatalytic degradation of environmental pollutants in 

water and/or air by semiconducting materials has attracted 

extensive attentions during recent 20 years [1]. The basic process 

of photocatalysis consists in ejecting an electron from the valence 

band (VB) to the conduction band (CB) of the semi-conductor 

thus creating a hole (h+) in the valence band. This is followed by 

the formation of extremely reactive radicals such as .OH at the 

semiconductor surface or by direct oxidation of the polluting 

species by h+. As for the ejected electrons,  they react with 

electron acceptors such as adsorbed oxygen or dissolved in water. 

Many different semiconductors,  such as,  TiO2,  SnO2,  WO3,  

Bi2O3,  ZnO ,  Fe2O3,  CdS,  ZnS,  and SrTiO3,  have been used as 

photocatalysts for the photodegradation of organic or inorganic 

pollutants [2–9]. Bismuth oxide (Bi2O3) has only recently gained 

interest [10]. It has many application such as optical coatings,  

microelectronics,  ceramic glass,  gas sensor,  fuel cells,  

photocatalysts,  etc[11-16],  and also more crystalline phases,  

which are α-Bi2O3,  β-Bi2O3,  γ-Bi2O3 and δ-Bi2O3 [16, 17]. Bi2O3 

has excellent physical and chemical properties,  including good 

visible-light responsive [18-20]. Furthermore,  the band gap 

energy are 2.85 eV and 2.58 eV for α-Bi2O3 and β-Bi2O3 

respectively [21, 22],  which is a fundamental prerequisite for 

suitable application as photocatalyst for water purification [23]. In 

this work,  β-Bi2O3 powder was synthesized by hydrothermal 

method and characterized by using techniques such as X-ray 

diffraction (XRD),  X-ray photoelectron spectroscopy (XPS),  and 

Diffuse reflectance UV–vis spectroscopy (DR-UV–vis),  

Brunauer–Emmett–Teller analysis (BET). Photocatalytic activity 

of catalyst was evaluated by measuring the photodegradation of 

Orange II under visible light irradiation. The effect of different 

operating conditions,  such as catalyst loading,  pH,  H2O2,  initial 

concentrations of OII,  and addition of Hydrogen peroxide (H2O2) 

were also studied. 

2. EXPERIMENTAL SECTION 
2.1. Catalyst Preparation. The β-Bi2O3 catalyst was prepared by 

hydrothermal process [18]. In detail,  2 mmol of Bi(NO3)3,  5H2O 

was dissolved in 10 ml of HNO3 (1M),  and then 1.5 mmol of 

citric acid was added to the solution under agitation. After 10 min,  

the pH value of the clear solution was adjusted to 4 with the 

addition of NaOH (1M) and transferred into a Teflon-lined 

stainless steel autoclave and maintained at 180°C for 24 h. After 

cooling,  the precipitate was separated by centrifugation,  washed 

with pure water and ethanol absolute,  and dried at 80°C for 12h. 

The prepared powder was calcined at 350°C for 3h to produce β-

Bi2O3 nanoparticles.  

2.2. Characterizations. The crystalline phases present in the 

catalyst was inferred from their X ray  diffraction (XRD) patterns 

recorded using a powder Bruker D8 Advance XRD diffractometer 

with a CuKα radiation (λ=0.1541 nm).The data were collected 

from 2θ=10° to 70°. Crystalline composition semi-quantitative 

analysis of the samples was performed on multi-phase patterns by 

the Reference Intensity Ratio (RIR) method using reference 

diffraction patterns by means of EVA v.14 software (Bruker- 

AXS). BET surface area and pore volume of the photocatalyst was 

determined from their nitrogen adsorption–desorption isotherms 

obtained at-196 1C using an Autosorb 1 apparatus (Quanta- 

chrome). Prior to analysis the samples were outgassed at 150°C 

for 24 h under high vacuum (<10-4 Pa). X-ray photoelectron 

spectra (XPS) were obtained with a Kα Thermo Scientific 

apparatus with an Al Kα  (hν=1486.68 eV) X-ray source using a 
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voltage of 12 kV under vacuum (2×10-7 mbar). Diffuse reflectance 

UV–vis spectroscopy (DR-UV–vis) measurements,  useful in the 

determination of the semiconductor band gap,  were performed 

with an UV–vis-NIR Cary 5000 spectrophotometer (Varian-

Agilent Technologies) equipped with an integrating sphere device. 

2.3. photocatalytic activity measurements  

 Thephotocatalytic activity under visible light irradiation of 

the β-Bi2O3 catalyst was evaluated by using Orange II solution at 

ambient temperature. The irradiation experiments were carried out 

in the photoreactor with a 250 mL Flask (Pyrex glass) and visible 

LED lamps as light source under continuous stirring. Before each 

irradiation,  the mixtures were sonicated for 5 min in order to 

disperse the catalyst,  and the suspension was kept in the dark for 

30 min in order to reach the adsorption equilibrium. For reactions 

in different pH media,  the initial pH of the suspensions was 

adjusted by addition of either NaOH (0.1N) or HCl(0.1N) 

solutions. Before analysis,  each sample was filtered through a 

0.45µm Whatman filter to eliminate the β-Bi2O3 particles. During 

the photocatalytic test,  5 ml of the solution were extracted at 

given irradiation time intervals and analyzed by UV–vis 

spectrophotometer (λ max = 484 nm). 

 

3. RESULTS SECTION 
3.1. Characterization of the photocatalyst. The powder X-ray 

diffraction (XRD) pattern provides crystallinity and phase structures 

information for the catalyst. Fig. 1 shows the XRD patterns of β-

Bi2O3 powder. The diffraction peaks can be indexed as pure β-Bi2O3 

structure with the major peaks at 2θ: 27.7,  31.1,  32.4,  45.7,  45.6, 

53.4,  55.1,  and 57.2,  corresponding,  respectively,  to the 

diffractions of the (201),  (002),  (220),  (222), (400),  (203),  (421),  

and (403) plane of the tetragonal β-Bi2O3[24].The average crystal 

size of the β-Bi2O3 powder was calculated by the Debye-Scherrer 

equation [25]: 

� =
�.��

� ��� �
    (I) 

Where λ is the wavelength of Cu Ka radiations (1.54A˚),  β the 

full width at half-maximum of the peak corresponding to the plane 

(201),  and h the angle obtained from 2θ value corresponding to 

maximum intensity peak in XRD pattern. The diameter of 

crystallite size of synthesized β-Bi2O3 powder was 124 nm. The 

BET surface area of the β-Bi2O3 is 3.2 m2 /g. 

 
Figure 1. XRD spectra of β-Bi2O3. 

High-resolution XPS was used to elucidate the detailed 

surface chemical compositions and their electronic states of the 

catalyst. 

 
Figure 2. XPS survey spectrum of Bi (A) and the high-resolution XPS 

spectra of Bi 4f region (B). 

Figure 2 shows the XPS spectra  of β-Bi2O3 ,  the XPS 

signals of Bi 4f were observed at binding energies at 164.08 eV 

(Bi 4f5/2) and 158.76 eV (Bi 4f7/2) ascribed to Bi3+from XPS 

analysis,  which is consistent with the previous reports of β-Bi2O3 

powders [26]. The optical property (Eg) of the β-Bi2O3 was 

measured by the diffuse reflectance spectra using the Munk-

Kubelka function [27]: 

�(�) =
(���)�

��
=

�

�
   (II) 

R = (I/Io) diffuse is the diffuse reflectivity from an 

infinitely thick layer (about 2-3 mm) and k the absorptivity (cm-1),  

the scattering factor (s) is independent of the wavelength for 

particle sizes larger than the wavelength of the light. The gap 

Energy (Eg) is determined by extrapolating the linear portion of 

the curve (F(R)×(hυ))2 to hυ axis as showed in Fig.3;has been 

found to 2.55 eV . These values can be compared with band gap 

values cited in the literature [21,  22]. 

 
Figure 3. UV–vis diffuse reflectancespectra of β-Bi2O3. 

The pH of the point of zero charge it is a parameter very important 

in the photocatalytic activity was determined by the method "pH 

drift"[28] .Fig. 4 show the pHPZC determination of the β-Bi2O3. 

The pHPZC is the point where the curve of pHfinalvspHinitial 

intersects the line pHinitial=pHfinal,  with the value for the β-Bi2O3 is 

9.2. 

 
Figure 4. pHPZC determination of the β-Bi2O3. 
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3.2. Photocatalytic activity of the β-Bi2O3 catalyst.The 

photocatalytic degradation of 20mg of OII solution containing 0.1 

g L−1 β-Bi2O3 as function of irradiation time under varied 

conditions are illustrated in Figure 5. The result of this study 

show a negligible decrease of the OII under irradiation in the 

absence of β-Bi2O3 from the direct photolysis of the OII solution 

.in the presence of β-Bi2O3 without a light source Slight loss was 

observed due to the adsorption of OII on the surface of β-Bi2O3. 

The irradiation under visible light in the presence of catalyst 

caused 56% degradation of OII in 120 min. 

 
Figure 5. Photocatalytic degradation of OII as a function of irradiation 

time [β-Bi2O3]=1.0 g/L,  [OII]=15mg/L. 

 

3.3. Effect of initial pH. The solution pH appears to play an 

important role in the photocatalytic degradation of various 

pollutants [29,  30]. The pH of the solution is adjusted before 

irradiation Fig. 6 show the degradation of OII with irradiation time 

for different pH values. The degradation efficiency increases with 

increase in pH from 3 to 11.The zero-point charge for β-Bi2O3 is 

9.2. Above this pH value β-Bi2O3 surface is negatively charged by 

means of adsorbed OH− ions. The presence of large quantities of 

OH− ions on the particle surfaces as well as in the reaction 

medium favors the formation of OH•. So the optimum pH for 

efficient OII removal is pH =11. The optimum pH 11 was also 

reported for the photodegradation of reactive azo dye [29,  30]. 

 
Figure 6. Effect of pH on degradation of OII. [OII] = 10mg/L, β-Bi2O3= 

1 g/L. 

 

3.4. Effect of H2O2. The addition of an oxidant into a catalyst 

suspension has been proven to improve the photodegradation of 

the organic compound [31-33].  Fig.7 shows the effect of adding 

37.5 µL of H2O2 on the degradation of OII.  After 120 min 

reaction time,  the degradation efficiency has increased to about 

85% when H2O2 was added,  while it did not exceed 56% if the 

reaction proceeds without H2O2. This increase is expected,  

because of the high oxidizing capacity of hydroxyl radicals,  

which are produced from H2O2 by the following degradation 

mechanism [34]: 

H�O� → 2OH• 

H�O� +  O�
� →  OH• →   OH� +  O� 

H�O� + e� →  OH• + OH� 

 
Figure 7. Effect of addition of H2O2.[OII] = 15 mg/L; [β-Bi2O3] = 1g/L; 

H2O2 =37.5µL. 

 

3.5. Effect of the amount of catalyst. The amount of catalyst is 

an important parameter. Hence,  the effect of catalyst 

concentration on the degradation of the OII was investigated by 

using different concentrations of β-Bi2O3 ranging from 0.5 to 2.0 g 

/Las Fig. 8 shows. The degradation of the OII increase This can be 

explained in terms of availability of active sites on the catalyst 

surface and the penetration of Visible light into the suspension 

[35], and then decrease with the increase in the catalyst 

concentration due to the reduction of the penetration of visible 

light within the irradiated solution [36, 37]. Hence,  the optimum 

amount of catalyst for photocatalytic degradation of OII was found 

to be 1.0 g/L.  

 
Figure 8. Effect of β-Bi2O3 Amount. [OII]= 10 mg/L. 

 

3.6. Effect of initial concentration and kinetic study of OII. The 

initial concentration of reactant plays an important role on the 

photocatalytic degradation of organic compounds [38]. Fig. 9 

shows the degradation of OII as a function of time for different 

initial concentrations. It is observed the degradation of OII 

decreases with increase in OII concentration from 5mg/L to 

25mg/L .Similar results have been reported for the photocatalytic 

oxidation of other dyes [39, 40].When the OII concentration 

increases the amount of OII adsorbed on the catalytic surface 

increases. This affects the photocatalytic activity of β-Bi2O3. The 

increase in OII concentration also decreases the path length of 

photon entering into the OII solution. At high concentration of 

dye,  the dye molecules may absorb a significant amount of light 

rather than the catalyst and this may also reduce the catalytic 

efficiency [41]. 
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Figure 9.Effect of initial concentration of OII on the photocatalytic 

degradation under Visible light irradiation. 

The kinetic modeling of the photocatalytic degradation of 

many organic compounds followed the Langmuir-Hinshelwood 

model (L-H model),  which also covers the adsorption properties 

of the substrate on the photocatalyst surface [42].This model,  

developed by [43,  44],  is expressed by the equation: 

� = −
��

��
= ���� �   (III) 

Where r is the degradation rate (mg/L min),  Kapp the apparent 

constant of degradation (1/min),  C is the concentration of the 

organic substrate at any time t (mg/L). 

The integration of this equation (with limitation: C=C0 for t 

=0) leads to the following equation: 

��
��

�
= ����� (IV) 

The kinetic of degradation of OII at different 

concentrations is respectively illustrated in Fig 10. The 

photocatalytic degradation of OII by β-Bi2O3 obeys pseudo-first-

order kinetics. At low initial OII concentration the rate expression 

is given by equation (IV), the apparent constant (kapp) decreased 

with the increasing of concentration of OII ,  The correlation 

constant for the fitted line and the rate constants are calculated and 

their values are grouped in Table 1. 
Table 1. Rate constant values for the degradation of OII. 

Ci (mg/L) R2 Kapp 

5 0.9954 0.0188 
10 0.9801 0.0095 
15 0.9898 0.0039 
20 0.9982 0.0024 

 

 
Figure 10. Kinetic fit for the degradation of OII with β-Bi2O3.[β-Bi2O3] = 

1.0 g /L; pH = 6. 

 

4. CONCLUSIONS 
 In this study,  the β-Bi2O3 catalyst was prepared by 

hydrothermal process. The characteristic patterns of XRD,  XPS,  

BET and UV–Vis–DRS displayed that the catalyst has better 

crystallization,  smaller crystal size,  and stronger response to 

visible light. The obtained catalyst was used as photocatalyst for 

the degradation of OII aqueous solutions under visible light 

irradiation. The result of photocatalytic activity of β-Bi2O3 was 

very efficient under visible light irradiation.The optimum 

operational parameters for the photocatalytic degradation of OII 

solution at ambient temperature were determined to be: β-Bi2O3 

concentration 1 g/L,  initial pH is 11 and the additions of H2O2 

enhance the OII removal process. It can be seen also that the 

photocatalytic degradation follows a first-order kinetics and 

Langmuir–Hinshelwood behaviour. 
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