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ABSTRACT

In this work, Bi203/Bi2SiOs p-n heterojunction photocatalyst was successfully
fabricated via a facile one-step synthesis using Bi(NO3)3 and nano-SiOz as precursors.
With the increasing amount of SiO2, a-Bi203 gradually transferred into B-Bi203, and
Bi203/Bi2Si0s p-n heterojunction was obtained at the same time. The as-prepared
samples were systematically characterized by XRD, scanning electron microscopy
(SEM), energy-dispersive spectrometry (EDS), transmission electron microscopy
(TEM), X-ray photoelectron spectroscopy (XPS), UV-vis diffuse reflectance
spectroscopy (DRS). The Bi203/Bi2S10s heterojunction photocatalysts exhibited higher
photocatalytic activity than a-Bi2O3 on the degradation of organic pollutants under
simulated sunlight irradiation. The enhanced photocatalytic activity could be ascribed
to the larger specific surface area, the larger contact angle, the formation of f-Bi20O3 and
construction of p-n heterojunction. More importantly, the phase transition mechanism
of Bi203 in Bi203/Bi2SiOs heterojunction photocatalyst was proposed, which is

significant for the theoretical study and application of photocatalytic materials.
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1. Introduction

Nowadays, with the rapid development of industry, the freshwater resources are
facing more and more severe problems, which enable to lead to environmental pollution
and cause serious threat to human beings [1-3]. Recent years, semiconductor
photocatalytic technology, with its advantages of energy saving and environmental
friendliness, has attracted great interests of scientists and it has broad application
prospect in sewage disposal [4-6]. Nevertheless, there are several drawbacks of single-
component photocatalysts, such as poor visible light utilization, rapid recombination of
photo-generated electrons and holes pairs, which limits the application of

photocatalytic materials [7-9].



Various methods have been proposed to enhance photocatalytic activity, such as
morphology control, elements doping or noble metal deposition [10-14]. Construction
of heterojunction semiconductors has been proved to be an effective method to
overcome the shortcomings of single-component photocatalysts. For example, Ju et al.
[15] reported that the calcined Bi2WOs/BiVOs heterojunction enhanced its
photocatalytic activity, which could be attributed to the effective separation of the
photoinduced electron-hole pairs at the heterojunction interface, the widened light
absorption range and the better crystallinity. Chen et al. [16] also synthesized
Agl/BiVOs heterojunction with high-efficiency degradation of tetracycline under
visible light irradiation. In binary semiconductors, the energy gap between the two
semiconductors allows photo-generated carriers to be injected from the energy level of
one type of semiconductor particle into the energy level of another, resulting in efficient
and long-term charge separation. Undoubtedly, heterojunction photocatalysts system is
a significant strategy for the improvement of photocatalytic activity.

Bismuth silicate (Bi2Si0Os) is a newly discovered compound in the Aurivillius
family, first reported in 1996 [17,18]. It is recognized that Bi2SiOs is alternately stacked
in a two-dimensional structure by (Bi202)*" and (Si03)* layer [19,20]. It has been
applied to the field of photocatalysis and has lots of advantages, such as non-toxicity,
chemical stability and excellent photocatalytic activity [21-23]. However, Bi2SiOs can
only be applied in the ultraviolet region because of its wide bandgap (~3.5 eV) [24,25].
Therefore, it is necessary to take effective methods to expand the photo-response range
of Bi2SiO:s.

Bismuth oxide (Bi203), also as a member of bismuth-based semiconductors, has
a, B, y and 9, four kinds of crystalline form, corresponding to monoclinic crystalline
form, tetragonal crystalline form, body-centered cubic crystalline form and face-
centered cubic crystalline form, respectively [26,27]. Thereinto, a-Bi2O3 and B-Bi203
could be candidates for Visible light catalysis. 0-Bi20s3 is stable and has a bandgap of
2.8 eV which indicates that it can respond to visible light. However, a-Bi2O3 fabricated
by calcination and the like tends to agglomerate, which leads to its lower photocatalytic

activity. The band gap of B-Bi203 is about 2.3 eV and its light absorption property is



much stronger than that of a-Bi203. Howbeit, B-Bi2O3 belongs to the metastable state
and is unstable at normal temperature. Thus the practical application of single-
component a-Bi203 or B-Bi203 to photocatalysis has been greatly limited. Nevertheless,
the bandgap structure of a-Bi203, $-Bi203 and Bi2SiOs are well aligned so that the
construction of Bi203/Bi2SiOs heterojunction enables to accelerate the migration and
separation rate of photo-generated carriers and improve the photocatalytic activity.
Zhang et al. [28] reported the solar photocatalytic results of Bi2O3/Bi2SiOs formed in
mesoporous SiO2 microspheres. Although this method has improved the photocatalytic
activity to a certain degree, the synthesis of this method was too complicated,
consuming too much energy and leading to environmental pollution. Hence it is
difficult to be applied in mass production.

In this work, Bi203/Bi2Si0s heterojunction photocatalysts were prepared by a
facile one-step calcination method. The photocatalytic activity of Bi203/Bi2SiOs
heterojunction photocatalysts was much higher than a-Bi2O3 because of the larger
specific surface area, larger contact angle, the formation of -Bi203 and construction of
p-n heterojunction. Meanwhile, the raw materials are easy to obtain, and the synthesis
is facile, energy saving and environmental friendly. Therefore, the Bi203/Bi2SiOs
heterojunction photocatalysts prepared in this paper is beneficial to industrial mass
production and application. More importantly, the phase transition mechanism of Bi2O3
in Bi203/Bi2Si0s heterojunction photocatalyst was proposed, which is significant for

the theoretical study and application of photocatalytic materials

2. Experimental section

2.1. Material preparation.

All chemicals used were reagent grade and used without further purification.
Bi(NOs3)3-5H20 was dried at 60 °C for 2 h to obtain Bi(NO3)3 powder without crystal
water. After that, the Bi(NO3)3 powder was transferred to a quartz agate mortar and then
nano-SiO2 powder was added to the Bi(NOs3)3 powder. The two powders were well

mixed and ground for 15 min and the mixture was transferred to a corundum crucible.



It was heated to 600 °C within 2.5 h and kept at that temperature for 4 h. The obtained
powder was Bi203/Bi2SiOs heterojunction photocatalysts. The products in which the
mass fraction of SiOz is 1%, 5%, 10%, 15% and 20% were named as BiSi-1, BiSi-2,
BiSi-3, BiSi-4 and BiSi-5, respectively. The preparation method of the samples was

showed in Chart 1. a-Bi203 was obtained by the same way and condition without adding
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Chart 1. A flow diagram of the sample preparation method.

2.2. Characterization.

A series of characterization tests were carried out to study morphology and
structure of samples and the mechanism of photocatalytic activity enhancement. The
instruments and details of XRD, SEM, TEM, XPS, DRS, BET, and electrochemical
characterization in this article are the same as those used in our previous work [29]. The
OCA15pro Contact angle analyzer (German Dataphysics) was used to perform water
contact angle measurement. The electron paramagnetic resonance (EPR) was carried
out with a Bruker ESR 300E, using dimethyl pyridine N-oxide as the radical scavenger.
2.3. Photocatalytic activity test.

The photocatalytic activity of the samples was evaluated by the degradation of
methylene blue (MB), phenol (PhOH) and 2,4-dichlorophenol (2, 4-DCP) under

simulated solar light irradiation which was provided by a 500 W xenon lamp without



using cutoffs and the average light intensity is 35 mW/cm?. Photocatalyst sample (100
mg) was uniformly dispersed in an aqueous solution of MB (50 ml, 10 ppm), PhOH (50
ml, 10 ppm) or 2, 4-DCP (50 ml, 10 ppm). Before light irradiation, the suspensions
were magnetically stirred in the dark for 30 min to get the absorption-desorption
equilibrium. Afterward, the lamp was turned on and 3 mL aliquots were sampled at
certain time intervals and filtered. The concentration of MB was analyzed by measuring
the maximum absorption wavelength (664 nm) using a Hitachi U-3900 UV-vis
spectrophotometer. The concentration of PhOH and 2, 4-DCP was measured by high-

performance liquid chromatography (HPLC) (Shimadzu LC-20AT).

3. Results and discussion

3.1. Structure and morphology.
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Fig. 1. (a) XRD patterns of a-Bi»O3 and Bi,03/Bi,SiOs heterojunctions.



X-ray diffraction (XRD) was used to characterize the crystal structure, crystallinity
and composition of a-Bi2O3 and Bi203/Bi2SiOs heterojunction photocatalysts. The
XRD patterns of the 0-Bi203, Bi203/B12Si0s heterojunction photocatalysts were shown
in Fig. 1. The three strongest diffraction peaks with 26 at 27.39 °, 33.24 ° and 46.34 °
in Fig. 1a corresponded to the (-121), (- 202) and (041) planes of a-Bi2O3 (JCPDS: 71-
0465), respectively. a-Bi2O3 belongs to the monoclinic system (a = 0.58496 nm, b =
0.81648 nm, ¢ =0.75101 nm) P21/c space group. In the XRD patterns of BiSi-1, BiSi-
2 and BiSi-3 heterojunction photocatalysts (Fig. 1a), three strong diffraction peaks with
20 at 27.39 °, 33.24 © and 46.34 ° corresponded to the (-121), (-202) and (041) planes
of 0-Bi203, while the three strong diffraction peaks with 26 at 11.62 °, 23.89 ° and
29.23 © correspond to the (200), (310) and (311) planes of Bi2SiOs (JCPDS: 36-0287),
respectively. Bi2SiOs belongs to the orthorhombic system (a = 1.5217 nm, b = 0.5477
nm, ¢ = 0.5325 nm) Cmc21 space group. In the XRD patterns of BiSi-3, BiSi-4 and
BiSi-5 heterojunction photocatalysts, three strong diffraction peaks with 26 at 11.62 °,
23.89 ° and 29.23 ° corresponded to the (200), (310) and (311) planes of Bi2SiOs, while
the diffraction peaks with 20 of 27.93° and 32.70° correspond to the (201) and (220)
planes of B-Bi2O3 (JCPDS: 77-5341), respectively. B-Bi2O3 belongs to the monoclinic
system (a = 0.77400 nm, b = 0.77400 nm, ¢ = 0.56446 nm) P21/c space group. The
XRD results showed that the samples BiSi-1 and BiSi-2 were mainly composed of a-
Bi203 and Bi2Si0s, while the samples BiSi-4 and BiSi-5 were mainly composed of -
Bi203 and Bi2SiOs, and most specifically, BiSi-3 was composed of a-Bi203, $-Bi203
and B12S10s.

FTIR analysis was carried out to investigate the chemical states of the synthesized
a-Bi203 and Bi203/Bi12Si0s heterojunctions. In Fig. S1, no peak was detected in a-Bi20s3,
whereas three absorption peaks at 866, 952 and 1029 cm™ were observed in
Bi203/Bi2Si0Os heterojunctions. The absorption band at about 864 cm™ matched the
stretching vibration of the Bi-O-Si bond [30]. The peaks near 952 cm™! corresponded to
the stretching vibrations of the [SiO3]* tetrahedral [31]. The peaks near 1032 cm™! were
generated by the stretching vibrations of the Si-O bond [30]. These peaks were well

matched with Bi2SiOs, indicating that Bi2SiOs was formed after the addition of SiOs.



Fig. 2. SEM images of the as-prepared samples: a-Bi>Os3 (a), BiSi-1 (b), BiSi-2 (¢), BiSi-3 (d), BiSi-
4 (e); EDS elemental distributions for Bi, Si and O of BiSi-4 (f), (g) and (h).

The morphology and size of Bi203/B12SiOs heterojunction photocatalysts were
first examined by SEM. It can be seen clearly from Fig. 2a that the a-Bi2O3 had a bulk
structure, leading to a reduction of photocatalytic effect. As shown in Fig. 2b-e, after
the addition of nano-SiOz, not only Bi2SiOs formed, but also the aggregation of a-Bi20O3
was significantly inhibited. All the Bi203/Bi2Si0s heterojunction photocatalysts were
scattered, which made them smaller in size and larger in the specific surface area
compared with a-Bi203. The elements distribution of the sample was carried out by
Energy Dispersive Spectrometer (EDS) mapping. The results showed that there were
three kinds of elements Bi, Si, O, and three kinds of elements distributed evenly in
Bi203/Bi2Si0s heterojunction photocatalysts, which further illustrated the sample was

uniform.
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Fig. 3. TEM and HRTEM images of sample a-Bi,Os (a, b) and BiSi-4 (c, d).

The detailed microstructure of the Bi203/Bi2SiOs heterojunction was further
studied by TEM and HRTEM. As can be seen from Fig. 3a, the size of 0-Bi2O3 was
bulk structure and relatively larger, about 2 um. The spacing between the layered lattice
diffraction fringes of 0.331 nm and the (-112) plane of the a-Bi2O3 were well matched.
Fig. 3c showed some sheets of sample BiSi-4 having a microscopic size of about 30
nm. Fig. 3d showed the lattice diffraction fringes produced by the BiSi-4 with a lattice
spacing of 0.381 and 0.256 nm coincided well with the (511) plane of Bi2SiOs and (102)

plane of B-Bi20s3, respectively.
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Fig. 4. XPS spectrum of a-Bi,03 and BiSi-4: the XPS survey spectrum (a), Bi 4/'(b), Si 2p (c) and
O 1s (d).

XPS has been widely employed to study the surface chemical composition and
state of materials [32,33]. Fig. 4a was the survey spectrum of the a-Bi2O3 and BiSi-4.
It was evident that Bi, Si and O elements were detected in sample BiSi-4, whereas Si
element was not detected in sample a-Bi2O3. As shown in Fig. 4b, the two strongest
peaks at 158.7 and 163.9 eV were assigned to the orbital 4f72 and 4f52 of Bi*" in a-
Bi203, respectively. Moreover, the binding energy of the orbital 472 and 452 of Bi** in
BiSi-4 increased by 0.4 eV compared with a-Bi203, indicating that the chemical states
of Bi surroundings had changed, which possibly owing to the strong interaction
between -Bi203 and Bi2Si0s [33]. Fig. 4c was the narrow spectrum of Si 2p in sample
BiSi-4, from which corresponded to SiOs% at 103.1 eV. In Fig. 4d, the curve was fitted
by two O Ls orbits of the sample, and two peaks with different binding energies could

be obtained by the peak splitting. In Fig. 4d, the O 1s peak of a-Bi2O3 at 529.7 and



531.6 eV were associated with the O* in a-Bi203 [34]. In the O 1s spectrum of BiSi-4,
the peak at 530 eV was attributed to Bi-O in Bi2SiOs and -Bi203 [35,36]. The strong
peak at 532.4 eV which moved up 0.8 eV in comparison with that of a-Bi2Os is the
characteristic peak of Oz on the surface of Bi2SiOs [37]. BiSi-4 is smaller in size and
larger in the specific surface area than a-Bi203, which allows a large amount of Oz to
adsorb to the surface of Bi2SiOs. The increase of specific surface area facilitates the
adsorption of large amounts of Oz on the surface of BiSi-4, which is conducive to the

generation of 02" with strong oxidation, thereby enhancing the photocatalytic activity

of BiSi-4.
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Fig. 5. The comparison of the apparent rate constants of 0-Bi,O3 and Bi,03/Bi,SiOs heterojunctions
for the degradation of MB (a), 2, 4-DCP and PhOH (b); chromatographic outflow curves of 2, 4-
DCP during the photodegradation process over a-Bi>Oj3 (¢) and BiSi-4 (d); chromatographic outflow
curves of PhOH during the photodegradation process over a-Bi>O3 (e) and BiSi-4 (f).

3.2. Photocatalytic activity.

The photocatalytic activity of the samples was evaluated by photocatalytic
degradation of organic pollutant MB, 2,4-DCP and PhOH with 0-Bi2O3 and
Bi1203/B12S10s heterojunction photocatalysts under simulated sunlight irradiation. Fig.
5a and b showed the k values for MB degradation by a-Bi2O3 and Bi203/Bi2SiOs
heterojunction photocatalysts. As can be obtained from Fig. 5a, the £ value increases
gradually from BiSi-1 to BiSi-4, which indicated that the degradation activity increases
gradually with the increasing amount of SiO2 content in the reactants. It was abvious
that the sample BiSi-4 had the highest photocatalytic efficiency and it was three times
higher than that of a-Bi20s. Fig. c-f are the chromatographic outflow curves of 2, 4-
DCP and PhOH during the photodegradation process over a-Bi2O3 and BiSi-4, which
shows that the peak area of the curves decreases gradually with the increase of time,
and the removal efficiency of BiSi-4 was much higher than that of a-Bi203. Fig. 5b-f

indicated that the degradation activity of BiSi-4 was higher than a-Bi20s.
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Fig. 6. (a) UV-vis diffuse reflectance spectra of a-Bi,O3 and Bi»03/Bi,Si0s heterojunctions; (b) the
plot of (¢hv)"? vs hv of the samples.

3.3. Photocatalytic mechanism.



The absorption edge of the sample was determined by UV-vis diffuse reflectance
spectra (DRS), and the bandgap of the samples was calculated by Kubelka-Munk
formula [18,38,39]. According to Fig. 6, the absorption edge of a-Bi2O3 was 455 nm,
and the bandgap was 2.75 eV, which mean that a-Bi2O3 enable to absorb visible light.
The content of Bi2SiOs in the BiSi-1 sample was not high, so sample BiSi-1 had almost
the same absorption edge wavelength and bandgap as a-Bi2O3. When it came to BiSi-
2, there were two obvious absorption edges, one of which was about 455 nm, the other
was about 360 nm and the corresponding bandgap was 2.75 and 3.54 eV, respectively.
These two absorption edges corresponded to two substances, a-Bi203 and Bi2SiOs,
respectively, indicating that o-Bi2O3 and Bi2SiOs are present in Bi20O3/Bi2SiOs
heterojunction photocatalyst. For sample BiSi-3, there were three distinct absorption
edges, namely, 360, 455 and 578 nm, corresponding to the bandgap of 3.54, 2.75 and
2.17 eV, respectively. This was because that there are three substances in the BiSi-3
sample, Bi2Si10s, a-Bi203 and B-Bi20s. BiSi-4 and BiSi-5 have two absorption edges,
with absorption edge wavelengths of 360 and 578 nm, corresponding to the bandgap of
3.54 and 2.17 eV, respectively, which belong to two kinds of substances existing in the

sample, Bi2SiOs and B-Bi20s.
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Brunner-Emmet-Teller (BET) tests were carried out to study the specific surface
area of a-Bi2O3 and BiSi-4. Fig. 7 showed the adsorption-desorption isotherms and
specific surface area (illustration) of a-Bi2O3 and BiSi-4. The inset Fig. was the data of
the specific surface area of the two samples. The results showed that the specific surface
areas of 0-Bi203 and BiSi-4 were 0.19013 m?g"! and 6.54245 m?+g’!, respectively. The
Aget of BiSi-4 was about 34.4 times as large as that of a-Bi2O3, which was beneficial

for the photocatalytic reaction.
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Fig. 8. The water contact angles of a-Bi,O3 (a) and BiSi-4 (b).

Fig. 8 showed the contact angles of the a-Bi2O3 and BiSi-4. The contact angle of
a-Bi203 in Fig. 8a was 107.9°, indicating that the surface of a-Bi203 was hydrophobic.
Fig. 8b showed that the contact angle of BiSi-4 was 58.6°, indicating that the surface
was hydrophilic. Namely, the liquid was more likely to wet the BiSi-4. The smaller the
contact angle was, the better the hydrophilicity the sample had. Bi2SiOs was introduced
so that the Bi203/B12S10s heterojunction is more hydrophilic relative to a-Bi203, which
facilitated the contact of photocatalysts with contaminants in water to achieve better

degradation.

EPR was also performed to confirm the reactive species in the degradation process.

In Fig. S2, neither the O2" signal nor the *OH signal was detected of a-Bi2O3 both in



dark and under sunlight irradiation. This result indicated that neither O2" nor *OH was
the main reactive species in the process of degradation by a-Bi2Os. According to
previous work, the main active specie of a-Bi20s is hole [29]. In Fig. S2c¢, the BiSi-4 in
produced six signals, which was attributed to the presence of O2" in light, while no
signal was observed in the dark. In addition, no *OH signal of BiSi-4 was detected in
dark conditions or under sunlight irradiation (Fig. S2d). Compared with 0-Bi203,
Bi203/B12Si0s heterojunction introduced much more O2" in the photocatalytic process

and thus improved photocatalytic degradation efficiency.
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Fig. 9. Photocurrent responses of a-Bi,O3 and Bi;03/Bi,SiOs heterojunctions in Na;SO4 (0.1M)
aqueous solution.

The photocurrent response of the catalysts showed a stable and fast anodic
photocurrent response under repeated illumination (cycle 30 s). It can be seen from Fig.
9 that the relationship between the regular of their photocurrent and the constant rate &
in the photodegradation is consistent. This mean that the construction of heterojunction
made the transfer and separation speed of photogenerated charge carriers at the interface
between a-Bi2O3 and Bi2SiOs much higher.

In summary, four reasons for the enhancement of photocatalytic activity are given:
(1) Bi203/B12Si0s heterojunction photocatalysts have larger specific surface area than
a-Bi20s. This not only increased the separation efficiency of the electron-hole pairs but

also increased the reaction contact area between the photocatalyst and the pollutants in



the solution, thereby increasing the photocatalytic degradation efficiency. (2) The
contact angles of Bi203/Bi2Si10s heterojunction photocatalysts are larger than a-Bi20s.
The hydrophilicity of the heterojunction is significantly strengthened, which allows the
photocatalyst to sufficient contact with the organic pollutants in aqueous solution,
allowing the organic contaminants to be rapidly degraded. (3) The addition of nano-
Si02 in the reactants results in not only the formation of Bi2SiOs but also the formation
the $-Bi20s3 in the product. B-Bi203 has a large visible light response range, improving
the solar energy utilization. (4) The construction of p-n heterojunction. Bi2SiOs is a
typical n-type semiconductor (Fig. S3) and -Bi20s is p-type [40,41]. So that they can
form a p-n heterojunction, as a result, the separation of electron-hole pairs was more
effective and the recombination of electron-hole pairs was slowed down, thereby
enhancing the photocatalytic efficiency. The results of the ESR test show that the photo-
generated electrons react with the oxygen in the solution to form O2", which is the main
reactive species for the catalytic degradation of organic pollutants.

In this work, the phase transition mechanism of Bi2O3 in Bi203/Bi2SiOs
heterojunction photocatalyst was proposed as follow. When SiO2 was added into the
raw materials and calcined at high temperature, Bi2SiOs was formed and it gradually
coated on the surface of Bi(NOs3)3. The Bi2SiOs hindered the heat release of Bi(NO3)3
and the high-temperature metastable phase -Bi203 were gradually produced [42]. As
shown in scheme 1, the crystal structure of a-Bi2O3 and -Bi203 could be divided into
different layers. The Bi layers of a-Bi203 and -Bi20s3 is similar to each other, while the
O layers of the a-Bi20O3 and B-Bi203 are greatly distorted, which are shown in scheme
1 with solid black lines [43]. The alternating layers of Bi and O atoms are parallel to
the y-z plane in 0-Bi2O3 [44]. The Bi and O layers of B-Bi2O3 are parallel to the x-y
plane. In addition, the O layers are more ordered in the x-y plane, while they are more
dispersed along vertical direction than that of a-Bi2O3. When Bi2SiOs hindered the heat

release of Bi(NOs3)3, the O layers changed and -Bi203 was formed.
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Scheme 1. The transformation from a-Bi,O3 to the f-Bi2Os.

Herein, a possible mechanism of Bi203/Bi2S10s heterojunction photocatalysts was
proposed. The valence band positions of a-Bi203, Bi2SiOs and -Bi203 are estimated to
be 3.13, 3.59 and 2.59 eV, respectively. And the conduction band positions of a-Bi203,
Bi2SiOs and B-Bi20s are estimated to be 0.33, 0.05 and 0.31 eV [26,45,46]. However,
when p-type -Bi203 and n-type Bi2SiOs contacted with each other, a p-n heterojunction
was formed at the interface of the phase [47]. Moreover, the charge carriers at the two
semiconductor interfaces were redistributed to balance the Fermi energy (Ey) and the
Fermi levels of the two semiconductors tend to be consistent under equilibrium
conditions [48]. Then, the band bending occurred in the space charge region, leading to
the change of the internal electric field [49]. At the same time, both the location of CB
and VB also changed at the Fermi level. When the Fermi level was consistent, the band
positions of B-Bi20O3 moved up to the negative potential, while those of Bi2SiOs moved
in the opposite direction (As shown in Scheme 2) [48]. Under solar light irradiation, the
electrons on the VB were excited and transfer to their CB, respectively, where they can
react with O2 and generate O2". O2" is a kind of reactive species and has strong
oxidation ability. What is more, the excited electrons on the CB of B-Bi2O3 can transfer

to the CB of Bi2S10s and the holes transfer in the opposite direction, which made that



the separation of electron-hole pairs more effective and reduced the recombination of

electron-hole pairs, enhancing the photocatalytic efficiency.

Scheme 2. Schematic diagram of the proposed mechanism for the degradation of organic pollutants

over the Bi,03/Bi,Si0s heterojunction photocatalysts under simulated solar light irradiation.

Conclusion

In this work, Bi203/B12Si0s heterojunction photocatalysts were prepared by a
facile one-step calcination method. The Bi203/Bi2SiOs heterojunction photocatalysts
exhibited much higher photocatalytic activity than a-Bi2O3 on the degradation of
organic pollutants under simulated sunlight irradiation. The enhanced photocatalytic
activity could be ascribed to the larger specific surface area, the larger contact angle,
the formation of B-Bi20O3 and construction of p-n heterojunction. More importantly, the
phase transition mechanism of Bi2Os3 in Bi203/Bi2SiOs heterojunction photocatalyst
was proposed, which is significant for the theoretical study and application of

photocatalytic materials.
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