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      In this study, a novel magnetic nanocomposite (Ba-α-Bi2O3-γ-Fe2O3) was successfully synthesized through a combination of ultrasound 
and co-precipitation method under mild conditions. The structure of the synthesized nano-composite as a visible light photocatalyst was 
investigated by the X-ray diffraction (XRD), transmission electron microscopy (TEM), high resolution transmission electron microscopy 
(HRTEM), Fourier transform infrared spectroscopy (FTIR), ultraviolet-visible spectroscopy (UV-Vis), energy dispersive X-ray 
spectroscopy (EDX), vibrating sample magnetometer (VSM) and photoluminescence (PL). The HRTEM confirmed that the nano-magnetic 
composites are rods with diameters of 10-12 nm and lengths of 100-200 nm. The photocatalytic activities of Ba-α-Bi2O3-γ-Fe2O3, α-Bi2O3-
γ-Fe2O3, α-Bi2O3 and γ-Fe2O3 were compared by the degradation efficiency of amoxicillin as an antibiotic drug under solar light. On the 
basis of the results, amoxicillin in aqueous solution was more efficiently photodegraded using Ba-α-Bi2O3-γ-Fe2O3 as nanocomposite under 
solar light irradiation. The degradation reached to 99% and the mineralization reached to 55% within 2 h under sunlight. In addition, the 
results of degradation were fitted to the first-order kinetics model and the kinetic constant was 0.017 min-1 with a half-life time of 40 min. 
On the basis of the performed experiments, the photogenerated electrons played an important role in the decomposition process. In 
addition, it was confirmed that the formation of oxidative species such as singlet oxygen and superoxide radical in the presence of oxygen 
are the major factors in the destruction. 
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INTRODUCTION 
 
      Recently, semiconductor photocatalysts have been 
actively studied for the treatment of wastewater [1-6]. This 
is due to their high potential in the degradation and 
mineralization of the harmful organic pollutants with low 
negative effects [7]. In addition, the photocatalytic 
performance under ambient conditions [8] and reusing after 
some pre-treatments are the advantages of these kinds of 
catalysts. Among the various photocatalysts, TiO2 and ZnO 
have been considered as efficient photocatalysts. They 
absorb UV light that greatly limits their practical 
applications  [9-11].    On   the   other   hand,   visible   light  
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photocatalysts have received considerable  attention because 
of using of a solar light. Some of the semiconductors are 
unstable under solar light illumination (e.g., CdS, CdSe) 
[12] or have low activity (e.g., Fe2O3) [13] due to the 
recombination of photogenerated holes (h+) and electrons  
(e-) which lowers the quantum yield and wastes energy. 
Therefore, finding novel routes to develop new and more 
effective visible-light photocatalysts is today an important 
scientific and technological challenge. 
      In particular, bismuth trioxide (α-Bi2O3) is considered as 
a good choice for application in the field of gas sensors, 
superconductors, solid-state electrolytes, electro-chromic 
materials, solid oxide fuel cells, oxygen sensors, catalyst, 
and photocatalyst. This is due to its high oxygen-ion 
conductivity arising from infinite  oxygen  vacancies  in  the  
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crystal structure [14-18,1] and its narrow band gap of 2.8 eV 
[18]. It can be excited by visible light [19,1], due to its 
relatively small band gap and higher oxidation power of the 
valence hole, however high electrical resistivity and phase 
instability under low oxygen partial pressures limits its 
application. Hence, its photocatalytic activity should be 
further improved to meet the requirements of environmental 
protection [20]. Constructing a heterojunction interface or 
coupling between the semiconductors with suitable potential 
energies is a useful method to enhance the photocatalytic 
activity due to the charge separation of electron-hole pairs 
and reduction their recombination [21-23]. There are very 
few reports of the formation of Bi2O3 coupled with 
semiconductors  containing efficient photocatalysts under 
visible light irradiation, such as BiVO4/α-Bi2O3 [24], 
BiOCl/α-Bi2O3 [25], SrTiO3/α-Bi2O3 [26], ZrTiO4/α-Bi2O3 
[27], CeO2/α-Bi2O3 [28], NiO/α-Bi2O3 [29], TiO2/α-Bi2O3 
[20], and α-Fe2O3/γ-Bi2O3 [30]. 
      Among photocatalysts, γ- Fe2O3 has been studied widely 
as a visible-light and magnetically separable photocatalyst 
due to its narrow band-gap (2.2 eV) and sensitive magnetic 
response [31,2]. However, it does not show an excellent 
photocatalytic activity because of rapid recombination of 
the light-generated charge carriers (electron-hole pairs) 
which cannot be efficiently transferred to the surface 
leading to a low efficiency [32-34,2]. Hence, it seems that 
the mentioned limitation can be eliminated materials such as 
Bi2O3 that is expected to make up the shortage of γ-Bi2O3 in 
utilizing visible-light. In addition, it has been found that 
substitution of elements such as Sr, Ca and Ba changes the 
structure and properties of Bi compositions through the 
creation of oxygen-site defects and lattice distortions. This 
is due to the charge and ionic size effects in substitution 
process which create oxygen vacancies and might be a key 
role in the photocatalytic properties [35-37]. 
      Taking the advantages of the facts stated above, in this 
study, ultrasound was used for the synthesis of Ba doped 
nanocomposite to enhance the catalytic performance [38-
40]. It was found that ultrasound is a facile and efficient 
process for the preparation of various nanostructures under 
milder conditions. Ultrasound improves the contact of the 
components in the nanocomposite, increases the 
crystallinity, and enhances the uniformity of the nanosized 
particles.  These   effects   can   be   attributed   to   the  high 

 
 
temperatures and pressures produced during the cavitation 
process [41,42,38,39]. 
      The synthesized nanocomposite was applied for the 
degradation of amoxicillin (AMX) in solution. AMX is a 
pharmaceutical product belonging to the class of β-lactam 
antibiotics with high toxicity and its concentration in surface 
waters is in ranges from ng l-1 to µg l-1. Its continuous input 
into the environment leads to chronic exposure of aquatic 
organisms which may pose risks [43, 44]. As AMX is 
resistant to bio-degradation processes, photocatalytic 
processes using semiconductors are the most appropriate 
tools for its degradation in comparison with other 
techniques such as biological degradation, activated carbon 
adsorption, air stripping and reverse osmosis [5,11, 45]. 
However, the photocatalytic decomposition of AMX by 
TiO2 under UV light irradiation has been studied 
extensively [46]. It seems that finding a novel course to 
explore new visible-light photocatalysts for degradation of 
AMX is a great challenge. 
      It should be noted that no reports have been documented 
for the synthesis of Ba-α-Bi2O3-γ-Fe2O3 nanocomposite by 
ultrasound and other methods. In addition, the degradation 
of amoxicillin in solution by the synthesized nanocomposite 
is completely new and novel. 
 
EXPERIMENTAL  
 
Materials 
      FeCl3.6H2O, Na2SO3, NH3 (25%), HCl, NaOH, Bi 
(NO3)3.5H2O, HNO3 and Ba(NO3)3 were purchased from 
Merck and amoxicillin was provided from Sigma-Aldrich. 
These materials were used without further purification. 
Deionized water was also used for all experiments. 
 
Procedure 
      Synthesis of γ-Fe2O3. The preparation of γ-Fe2O3 was 
carried out by ultrasonic bath irradiation (Branson, model 
8510E-DTH, USA, 40 kHz, 250W) with some changes [47]. 
First, 6 ml of solution 2 M FeCl3.6H2O (HCl 2 M used as a 
solvent) was added to 21 ml deionized water and then 4 ml 
of Na2SO3 (1 M) was added dropwise under ultrasonic 
irradiation (the color changed from red to yellow). The 
prepared solution was added to 160 ml ammonia (25%) 
under   ultrasonic   irradiation   for   30   min  and  the  black 
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precipitate was formed. The precipitate was washed with 
deionized water until its pH reached in less than 7.5. Then, 
340 ml deionized water was added to it and the suspension 
was acidified with HCl (0.1 M) to pH about 3. The 
suspension was refluxed using aeration for 3 h at about 120 
°C until its color changed from black to reddish-brown. The 
resulting product was washed by deionized water five times, 
dried at room temperature, and finally calcined at 400 °C for 
30 min. 
      Synthesis of α-Bi2O3. The α-Bi2O3 nanoparticles were 
synthesized by ultrasonic irradiation. First, 0.97 g bismuth 
nitrate was dissolved in 10 ml of 1.12 M nitric acid. The 
prepared solution was added dropwise into 100 ml of 0.2 M 
NaOH aqueous solution under constant stirring  
(300 rpm). Then, sonication by 20 kHz apparatus was 
applied with an acoustic intensity of 14 W cm-2 at 10 °C for 
75 min. After sonication, the white-green precipitate was 
centrifuged and washed by deionized water, three times, and 
ethanol, one time. The final product was dried in an oven 
for 2 h at 80 °C and then calcined at 300 °C for 30 min. 
      Synthesis of Ba-α-Bi2O3-γ-Fe2O3. The preparation of 
Ba-α-Bi2O3-γ-Fe2O3 nanocomposite was carried out as 
follows: First, 0.97 g bismuth nitrate dissolved in 10 ml of 
1.12 M nitric acid. The obtained solution was added 
dropwise into 70 ml of 0.2 M NaOH aqueous solution while 
stirring at room temperature (solution A). Then, 0.03 g γ-
Fe2O3 was dispersed in 30 ml of 0.2 M NaOH aqueous 
solution in a beaker by 20 kHz for 10 min (solution B). A 
and B solutions were mixed and sonicated by ultrasound (20 
kHz) for 75 min at 10 °C. Then, barium nitrate (0.03 g) was 
added to the suspension under sonication. The color of the 
mixture was brown-orange during the sonication. Finally, 
the precipitate was centrifuged and washed by water, three 
times, and ethanol and then dried at 80 °C for 2 h and 
calcined at 300 °C for 30 min. In addition, a sample of α-
Bi2O3-γ-Fe2O3 was prepared according to the above 
procedure without the addition of Ba (NO3)3. 
 
Characterization of Nanoparticles 
      The morphology, structure, size, and optical properties 
of Ba-α-Bi2O3-γ-Fe2O3 nanocomposite were characterized 
by using XRD, TEM, high resolution HRTEM, UV-Vis 
spectroscopy, and FT-IR. The α-Bi2O3-γ-Fe2O3 sample was 
also investigated by using UV-Vis spectroscopy and  FT-IR.  

 
 
The XRD patterns were examined by Bruker-axs, D8 
Advance model at a scanning rate of 0.04o/sec, with CuKα 
radiation (λ = 1.5406 Ao). The TEM and HRTEM of the 
samples were carried out by Philips CM30 300 kV from 
Netherlands. The optical characteristic of the prepared 
sample was measured by UV-Vis spectroscopy (Unico 2800 
model). The FT-IR spectrum of the catalysts was 
investigated by Thermo Nicolet FT-IR (Avatar 370 Model). 
The photoluminescence (PL) spectra were measured using 
an excitation wavelength of 325 nm on a RF-1501 
Shimadzu spectrophotometer. 
 
Photocatalytic Activity 
      The photocatalytic activity of Ba-α-Bi2O3-γ-Fe2O3 
nanocomposite was checked under sunlight irradiation in 
summer (GPS coordinates: N = 36o18’ 41.6″, E = 59o31’ 
54.2″) and the AMX solution was used as a typical 
pharmaceutical pollutant (chemical structure is shown in 
Table 1).  
      A total of 50 ml of AMX solution (25 mg l-1) containing 
0.05 g of Ba-α-Bi2O3-γ-Fe2O3 nanocomposite was irradiated 
by sunlight. The experiments were carried out into a water-
jacketed reactor maintained at 25  ±  2 °C with the initial pH 
= 5.7. It should be mentioned that before irradiation, the 
samples were placed in the dark for 15 min to obtain 
equilibrium adsorption-desorption between AMX and 
photocatalyst. The adsorption capacity of Ba-α-Bi2O3-γ-
Fe2O3 nanocomposite was 4.13 mg l-1. Samples from the 
suspensions of AMX and photocatalyst were removed  
frequently and separated from aqueous solution by a 
magnetic field. Then, the supernatant in phosphate buffer 
7.2 was analyzed for the degradation of amoxicillin using a 
UV-Vis spectrophotometer at λ = 231 nm. For comparison, 
the experiments of photocatalytic activity were studied with 
γ-Fe2O3, α-Bi2O3 and α-Bi2O3-γ-Fe2O3. The TOC of the Ba-
α-Bi2O3-γ-Fe2O3 nanocomposite was measured by a TOC-V 
CPH (model Shimadzu) analyzer after removing the 
photocatalysts by a magnet from them.  
 
RESULTS AND DISCUSSION 
 
XRD Analysis 
      Figure 1 shows the XRD patterns of the samples Ba-α-
Bi2O3-γ-Fe2O3, α-Bi2O3, and γ-Fe2O3.  The  peaks  of  Bi2O3  
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   Table 1. Chemical Characteristics of AMX 
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Fig. 1. X-ray diffraction patterns of the samples (a) α-Bi2O3, (b) γ-Fe2O3, (c) Ba-α-Bi2O3-γ-Fe2O3. 
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Fig. 2. Images (a, b) TEM, (c) HRTEM and (d) SAED of Ba-α-Bi2O3-γ-Fe2O3. 

 
Fig. 3. FT-IR spectra of: a) γ-Fe2O3, b) α-Bi2O3, c) Ba-α-Bi2O3-γ-Fe2O3 nanocomposite, and d) α-Bi2O3-γ-Fe2O3. 
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nanoparticles and as-synthesized nanocomposite (Fig. 1a 
and c) at angles 2θ = 25.74°, 27.38°, 33.15°, 37.6°, 46.33°, 
48.54°, and 54.79° can be indexed to the (002), (121), (202), 
(113), (223), (104) and (241) planes of the monoclinic α-
Bi2O3 (JCPDS NO.27-0053). In addition, as shown in Fig. 
1c, the weak peaks in nanocomposite at 2θ values of  23.97 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and 30.36 can be assigned to the (210), (220) planes of γ-
Fe2O3 (JCPDS ID: 24-0084)  according to Fig. 1b. On other 
hand, in Fig. 1c, the peaks at 23.90°, 34.0°, 42.19° and 
46.78° (2θ) can be  attributed to the formation of BaO  
within the synthesis of nanocomposite which finally 
converted to BaCO3  [48].  Therefore, the addition of  Ba as 

 
Fig. 4. a) UV-Vis spectra of Ba-α-Bi2O3-γ-Fe2O3 nanocomposite, α-Bi2O3-γ-Fe2O3, α-Bi2O3, and γ-Fe2O3.. 

 

 
Fig. 5. The energy-dispersive X-ray (EDX) of the Ba-α-Bi2O3-γ-Fe2O3 nanocomposite. 
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an impurity has been led to the decrease of peak intensity 
because of formation of oxygen vacancies due to charge and 
ionic size effects [49].   
 
Particle Morphology 
      The microscopic structure of the photocatalyst was 
investigated by TEM and HRTEM. As seen in Fig. 2a and b, 
Ba-α-Bi2O3-γ-Fe2O3 nanocomposites are rods with 
diameters of 10-12 nm and lengths of 100-200 nm. The γ-
Fe2O3 nanoparticles have been deposited as a regular row on 
the α-Bi2O3 surface. In comparison with α-Bi2O3 
nanoparicles prepared by Wang et al. under ultrasound 
(diameters of 450-700 nm and lengths of 1-2.5 µm) [1] the 
synthesized nanocomposite is more regular with very small 
diameters. The difference may be due to the addition of Ba 
which can reduce the particle size. The particle size 
reduction has been reported in modified nanoparticles by 
others [35,36,48,50]. The size reduction could be attributed 
to the restricted crystal growth resulting from substituting of 
divalent Ba2+ instead of trivalent Bi3+ ions. Therefore, the 
substitution Ba2+ plays an important role in controlling size 
and morphology. Several diffraction rings in the SAED 
pattern, shown in Fig. 2d, confirm that the sample is 
polycrystalline.  
 
FT-IR Spectra 
      Figure 3 shows the FT-IR spectra of γ-Fe2O3, α-Bi2O3, 
α-Bi2O3-γ-Fe2O3 and Ba-α-Bi2O3-γ-Fe2O3 to distinguish 
their functional groups. The bands at 3425 cm-1 and 1642 
cm-1 are related to the stretching vibrations of O-H water 
molecules or hydroxyl groups and bending vibrations of 
water molecules, respectively. In Fig. 3a, two peaks at 
641.24 cm-1 and 579.80 cm-1 correspond to vibrations of Fe-
O [51]. According to Fig. 3b, the peaks at  
1368.44 cm-1, 1196.82 cm-1 and 541.81 cm-1 are attributed 
to the stretching vibrations of NO3

- groups, Bi-O-Bi and 
bending vibrations of Bi-O, respectively [52]. In the 
spectrum related to the nanocomposite (Fig. 3c), the new 
peak at about 1447.35 cm-1 is attributed to the vibrations of 
barium carbonate [53]. This peak was not observed in α-
Bi2O3-γ-Fe2O3 (Fig. 3d). 
 
UV-Vis Analysis 
      Figure 4 shows the UV-Vis spectra of the Ba-α-Bi2O3-γ- 

 
 
Fe2O3 nanocomposite, α-Bi2O3-γ-Fe2O3, γ-Fe2O3, and α-
Bi2O3. According to this figure, the synthesized 
nanocomposite is more sensitive to sunlight than other 
samples. The band gap energies of the samples was 
determined by the Tauc equation [18]. The band gap 
calculated for the nanocomposite, α-Bi2O3-γ-Fe2O3, γ-Fe2O3, 
and α-Bi2O3 was about 2.5, 2.9, 2.1, and 2.7 eV, 
respectively. 
 
EDX and VSM Analysis 
      The composition of the nanocomposite was further 
investigated by EDX. The EDX pattern in Fig. 5 confirms 
that photocatalyst is composed of the elements of Bi, Fe, O 
and Ba. Also, in order to explain the magnetic property of 
Ba-α-Bi2O3-γ-Fe2O3 nanocomposite, the magnetic hysteresis 
curve was measured at room temperature, as indicated in 
Fig. 6. The hysteresis loop exhibits ferromagnetic behavior 
with saturation magnetization (Ms) of 2.59 emu g-1. 
 
Photocatalytic Degradation of Amoxicillin 
      The photocatalytic activity of the Ba-α-Bi2O3-γ-Fe2O3 

nanocomposite, α-Bi2O3- γ-Fe2O3, γ-Fe2O3, and α-Bi2O3 was 
investigated on  AMX under sunlight irradiation (Fig. 7). 
According to Fig. 7, AMX cannot be degraded under 
sunlight irradiation without photocatalyst. On the basis of 
the results obtained, the Ba-α-Bi2O3-γ-Fe2O3 nanocomposite 
has the highest effect on the degradation of the AMX in 
comparison with other samples. These results can be 
confirmed by PL too. Figure 8 shows the PL spectra of the 
synthesized nanoparticles with the excitation wavelength at 
350 nm. A strong broad emission peak at around 430 nm 
and several peaks in the range of 400-500 nm are found in 
the PL spectra. The PL intensity of the samples follows the 
order: α-Bi2O3 > α-Bi2O3-γ-Fe2O3 > γ-Fe2O3 > Ba-α-Bi2O3-
γ-Fe2O3. Therefore, Ba-α-Bi2O3-γ-Fe2O3 nanocomposite 
prepared under ultrasound shows the lowest intensity 
indicating the efficient separation rate of the carriers in 
nanocomposite structure. In addition, the synthesized 
nanocomposite in this work as a photocatalyst is more 
effective in degradation of AMX than the works presented 
in the literature (Table 2). The higher photocatalytic 
activities of the sample synthesized via ultrasound could be 
attributed to its smaller nano-crystallite size and higher 
surface area. This means that the number  of  sorption  sites  
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Fig. 6. The magnetization curve of Ba-α-Bi2O3-γ-Fe2O3 nanocomposite. 

 

 

Fig. 7. Concentration reduction of AMX in the presence of different nanophotocatalysts ([C]0: 25 mg l-1, 0.05 g  
                 catalyst, pH = 5.7, 25 °C, 2 h). 
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and the radical species were increased by applying 
ultrasound in the synthesis of nanocomposite. In addition, 
rising the temperature and pressure during the asymmetric 
collapse, provide a favorable environment for the growth of 
nanocrystals [54]. 
      Figure 9 shows the UV-Vis spectra of AMX during its 
degradation   by   Ba  nanocomposite   at   different interval 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
times. As it is observed, AMX was mostly degraded in 2 h, 
and the TOC measurements showed that AMX has been 
mineralized to about 55% (TOC for the parent sample and 
the degraded sample were 10.62 mg l-1 and 5.40 mg l-1, 
respectively).  
      The presence of Ba into the nanocomposite lattice 
caused defects and oxygen vacancies that they can become  

  Table 2. Comparison of Different Photocatalysts Applied for the Degradation of AMX 
 

Type of 

photocatalyst 

Initial concentration of AMX  

(mg l-1) 

Time irradiation 

(min) 

Degradation Mineralization Ref. 

Photo-Fenton 4.5  120 0 - [44] 

UV/ZnO 200  300 44.2% 18.4% [11] 

UV-A/TiO2 10  90 0 90% [55] 

UV/TiO2 200  350 70% - [56] 

UV 200  350 10% - [56] 

UV/H2O2/TiO2 104  300 - 12.3% [46] 
 

 

 
Fig. 8. PL spectra of different samples. 
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centered to capture photo-induced electrons and prevent of 
recombination electron-hole pairs. This leads to increase the 
photocatalytic activity of Ba-α-Bi2O3-γ-Fe2O3 
nanocomposite [35]. Consequently, the degradation will be 
mainly due to the active species produced during the 
photocatalytic process such as hydroxyl radical, hole and 
superoxide ion [46]. In addition, the decrease of degradation 
may be due to the  presence  of  interfering  anions  such  as 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sulfate anions [46,57]. 
      From kinetic studies on photocatalytic reactions of 
nanocomposite, the reaction can be explained in accordance 
with pseudo-first-order model (Eq. (1)): 
 
      

0

ln app
C k t
C

                                                                   (1)   

where  kapp   is  the   apparent   reaction  rate  constant,  t  the 

 

Fig. 9. UV-Vis absorption spectra of amoxicillin versus time in the presence of nanocomposite Ba-α-Bi2O3-γ- 
            Fe2O3 ([C]0: 25 mg l-1, 0.05 g catalyst, pH = 5.7, 25 °C). 
 
 
                     Table 3. Apparent Rate Constants of AMX Degradation in the Presence of Different  
                                    Photocatalysts and  Corresponding t0.5 
 

Photocatalyst kapp  

(min-1) 

t0.5  

(min) 

without photocatalyst 0.0009 770.1 

α-Bi2O3 0.0016 433.2 

γ-Fe2O3 0.0029 239.0 

α-Bi2O3-γ-Fe2O3 0.0012 577.6 

Ba-α-Bi2O3-γ-Fe2O3 0.0170 40.7 
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reaction time, C0 the initial concentration of AMX in 
aqueous solution and C is the residual concentration of the 
AMX at t time. The value of kapp was determined from the 
slope of the graph plotted ln(C/C0) versus the reaction  time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 10a and b show the concentration reduction of AMX 
in the presence of different nanophotocatalysts. The rate of 
degradation of AMX under solar light irradiation was found 
to obey the first order kinetics  model.  Table 3 contains  the 

 
Fig. 10. a) Concentration reduction of AMX in the presence of different nanophotocatalysts, b)        
             Pseudo firstorderkinetics fo r photodegradation of AMX  in  the  presence of  different  
              nanophotocatalysts ([C]0: 25 mg l-1, 0.05 g catalyst, pH = 5.7, 25°C). 
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calculated  kapp  and  t1/2  by  comparing  the  obtained  rate 
constants from Fig. 10. 
 
The Proposed Mechanism for the Photocatalytic 
Activity of Ba-α-Bi2O3-γ-Fe2O3 Nanocomposite 
      It has been reported that the h+, OH• and e- are the major 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
reactive species for the photocatalytic oxidation. To 
investigate the photocatalytic mechanisms of the Ba-α-
Bi2O3-γ-Fe2O3 nanocomposite, several scavengers were 
used to explore the reactive species   in   the  process  of 
degradation. Addition of different scavengers into the 
reaction  solutions  led   to   the   change   of   photocatalytic 

 
Fig. 11. The effect of scavengers in the degradation of AMX ([C]0: 25 mg l-1, 0.05 g catalyst,  

                            pH = 5.7, 25°C). 
 
 

 
Fig. 12. Schematic illustration for the charge separation and transfer process in the nanocomposite of Ba-α- 

                Bi2O3-γ-Fe2O3 for the degrading of AMX under sunlight irradiation. 
 



 

 

 

Sono-synthesis of Novel Magnetic Nanocomposite/Phys. Chem. Res., Vol. 5, No. 2, 253-268, June 2017. 

 265 

 
 
efficiency. In this study,  potassium iodide (KI), methanol 
(CH3OH), sodium azide (NaN3), and potassium persulfate 
(K2S2O8) were used as the scavengers for the hole (h+), 
hydroxyl radical (OH•), singlet oxygen (1O2), and electron 
(e-), respectively (Fig. 11). 
      By adding K2S2O8 (2.5 mM), the photodegradation was 
strongly inhibited, indicating that the process of degradation 
was mainly proceeded by direct interaction of AMX with e-. 
On the other hand, addition of methanol (2.5 mM) was led 
to slight decrease of the decomposition of AMX due to low 
generation of OH• in the solution. In addition, the 
photodegradation of AMX was almost invariable in the 
presence of KI (2.5 mM). Hence, hole is not the major 
reactive species. However, by addition of sodium azide as a 
1O2 scavenger, the degradation of AMX decreased as shown 
in Fig. 10. On the basis of the results, it is clear that e-, 1O2 
and OH• are the major reactive species in the photocatalytic 
degradation of AMX by Ba-α-Bi2O3-γ-Fe2O3 as a 
photocatalyst.  
      It is also possible to demonstrate the degradation process 
based on the energy levels of the components of the 
nanocomposite. The positions of the valence band (VB) 
edge of γ-Fe2O3 and α-Bi2O3 are located at 2.7 eV and 2.0 
eV, respectively. The conduction band (CB) positions of γ-
Fe2O3 and α-Bi2O3 can be calculated by the following 
empirical equation: 
 
      

CB VB gE E E                                                                (2)   
                                                                                                                  
where EVB is the VB potential and ECB is the CB potential. 
The position of the CB edges of γ-Fe2O3 and α-Bi2O3 are 
located at 0.6 eV and -0.7 eV, respectively. 
      On the basis of the results, it was confirmed that 
electrons have major responsibility for the formation of 
active species such as singlet oxygen in the degradation of 
AMX. Hence, the proposed mechanism can explain the 
enhancement of the photocatalytic properties of the Ba-α-
Bi2O3-γ-Fe2O3 nanocomposite. The conduction band of α-
Bi2O3 is more positive than that of γ-Fe2O3 and could act as 
a sink for the photo-generated electrons from the surface of 
γ-Fe2O3. Similarly, the photo-induced holes on the α-Bi2O3 
surface migrate to γ-Fe2O3, as shown in Fig. 12. 

 
 
CONCLUSIONS 
 
      Novel nanocomposite Ba-α-Bi2O3-γ-Fe2O3 was 
synthesized by sonication method successfully and was 
characterized by XRD, TEM, HRTEM, UV-Vis, FTIR, 
EDX, VSM and PL. The results showed that the synthesized 
nanocomposite containing crystalline phases with rod shape 
and a band gap of 2.5 eV. The photocatalytic degradation of 
AMX was carried out by the Ba nanocomposite and the 
degradation was completed in 6 h under visible light 
irradiation. The TOC measurements showed that AMX has 
been mineralized to about 55% in 2 h. Our results indicate 
that Ba-α-Bi2O3-γ-Fe2O3 nano-rods would be a good 
candidate as visible light photocatalyst for the degradation 
of similar pollutants. The photocatalytic degradation was 
fitted to the pseudo-first-order kinetics model. The enhanced 
photocatalytic performance of nanocomposite can be 
attributed to the formation of oxidative species such as 1O2 
and OH• in the solution by electrons on the catalyst surface.  
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