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The S-scheme Bi;Mo0Og/BiOBr honeycomb heterostructure has been constructed by solvothermal method. The
removal ability of dyes and the synergistic effect of adsorption-photocatalysis were investigated. The optimal
sample Bi;M0Og/BiOBr-2 can remove 99.6% of MB, 98.1% of TC, and 86.3% of RhB within 30 min, and the
excellent photocatalytic performance attributes to the collaboration of adsorption and photocatalysis. The
Langmuir isotherm model and the pseudo-second-order kinetic curves are followed in the adsorption of MB by
BisMoOg/BiOBr-2. It can be concluded that the adsorption of MB on Bi;MoOg/BiOBr is exothermic and spon-
taneous by adsorption energy calculations. The S-scheme interface transfer effectively promotes the photo-
generated carriers transfer and enhances the photocatalytic activity, and the mechanism of adsorption-
photocatalysis collaborative removal of pollutants was further proposed. This work has guiding significance
for the construction of materials for collaborative removal of pollutants from water by adsorption photocatalysis,

and provides a new idea for water pollution control.

1. Introduction

As the rapid development of the society, the environmental pollution
problem is becoming more and more serious, among which the dye
wastewater has become one of the urgent problems in the field of water
treatment due to its high toxicity and poor natural degradation (Singh
et al., 2022). Among the various techniques for removing pollutants,
adsorption method is simple and low energy consuming (Cai et al.,
2017), but it cannot completely mineralize the pollutants. Photo-
catalytic degradation of dye wastewater is a clean and efficient method
(Anwer et al, 2019; Han et al, 2024). Therefore,
adsorption-photocatalytic synergistic strategy has been proposed for the
treatment of pollutants in wastewater (Bai et al., 2019; Liu et al., 2019).
The dye molecules can be adsorbed and gathered to the surface of the
catalyst, increasing their chances of reacting with photogenerated
electrons and holes, which leads to an accelerated degradation rate of
the dye (Cai et al., 2024).

Bismuth oxybromide (BiOBr) is formed by alternating positive and
negative charge layers of [Biz0,]%* and Br~, resulting in an internal

* Corresponding author.
** Corresponding author.

electric field that facilitates the separation of photogenerated carriers
(Liu et al., 2024). Moreover, it has appropriate bandgap and wide light
absorption range, resulting in a promising application in the field of
photocatalysis. However, the high combination of photogenerated car-
riers limits its photocatalytic ability (Li et al., 2024). Studies have shown
that constructing heterostructure can improve the photocatalytic per-
formance through interfacial effects and optimization of energy band
structure (Ling et al., 2024; Wang et al., 2024). Among them, the
S-scheme heterostructure is composed of two redox photocatalysts with
different energy levels, whose unique charge transfer mechanism can
effectively broaden the light absorption range while also improving the
utilization efficiency of photogenerated carriers, it exhibits excellent dye
removal performance (Li et al., 2024; Shen et al., 2025). For example,
the S-scheme BiOBr/ZnjInySs heterojunction that can synergistically
adsorb-photocatalytic degradation of tetracycline was constructed by
Du et al. And the internal electric field can generate the energy band
bending effect in the S-scheme heterojunction, which further promotes
the photogenerated electron-hole pairs separation efficiency. Among
them, 7 wt% BiOBr/ZnyInySs exhibited high activity, stability and
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reusability with a synergistic degradation rate up to 97.52% (Du et al.,
2022).

In addition, the close contact interfaces that can facilitate electrons
transfer, which can be formed in the heterostructure with similar crystal
structures and elemental compositions (Zhou et al., 2023). Pang et al.
prepared S-scheme BiOBr/BisWOg heterojunction with photo-
degradation efficiency up to 92.3%, the improved separation and
migration of carriers and the extended lifetime result in significant
photocatalytic performance enhancement (Pang et al., 2024). Jv et al.
prepared BiOBr/Bi»0,COs3 heterojunction for photocatalytic degrada-
tion of tetracycline by in situ construction method, efficient charge
transfer at the interface leads to a noticeable increase of photocatalytic
activity (Jv et al., 2024). BisMoOg with similar structure to BiOBr can
share the [Biz0]%" layer and form a tight contact interface to accelerate
the carriers separation and migration ability in the BiMoOg/BiOBr
composite. Hence, it is essential to construct BixMoOg/BiOBr hetero-
junction for the removal of dye wastewater.

Based on above consideration, S-scheme BisMoQOg/BiOBr hetero-
structure was prepared by solvothermal method for adsorption-
photocatalytic collaborative dye removal. The composition and
morphology of the prepared materials were evaluated by methods such
as XRD, XPS and SEM. And the photoelectric properties of the samples
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were studied. The effects of different amount of photocatalyst, pH value
and initial concentration of MB on adsorption-photocatalysis and the
synergic mechanism of adsorption-photocatalysis were studied in detail
by calculations. This study provides a feasible solution to prepare an
efficient catalyst for adsorption-photocatalytic synergistic dye removal.

2. Experimental section
2.1. Preparation of the samples

The BiOBr nanoflowers were prepared by solvothermal method. 0.1
mmol Bi(NO3)3-5H20 and 0.85 mmol KBr were ultrasonically dispersed
in 10 mL glycol until completely dissolved, respectively. The dissolved
KBr solution was slowly dripped into Bi(NO3)3-5H20 solution and stirred
continuously for 0.5 h. Then, the mixed solution was poured into a
Teflon-lined high temperature reactor and kept at 160 °C for 10 h. The
solid product was obtained by centrifugation, washed three times
alternately with ethanol and distilled water, and finally freeze-dried to
obtain BiOBr.

The schematic of preparing BiOBr and Bi;MoOg/BiOBr composites
are shown in Fig. la. 0.2 g BiOBr was uniformly dispersed in 30 mL
glycol, and 1.3 mmol Bi(NO3)3-5H,0 was added into the solution and
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Fig. 1. (a) Schematic synthesis of BiOBr and Bi;,M0Og/BiOBr composites; (b) XRD patterns of the obtained samples; XPS spectra of BioM0Og, BiOBr and BMO/BOB-2:
(c) survey spectra, (d) Bi 4f, (¢) Mo 3d, (f) Br 3d and (g) O 1s.
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stirred until completely dissolved. Then, adding a certain amount of
NapyMoO4-2H20 (0.3 mmol, 0.65 mmol, 0.9 mmol) and continuing to stir
for 0.5 h. The mixed solution was poured into a Teflon-lined stainless
steel sterilizer and held at 160 °C for 10 h. After the reaction is
completed, the obtained product is alternately rinsed with anhydrous
ethanol and distilled water and freeze-dried. The prepared BioMoOg/
BiOBr were marked as BMO/BOB-1, BMO/BOB-2, and BMO/BOB-3
according to the dosage of NasMoO4-2H>O with 0.3 mmol, 0.65
mmol, 0.9 mmol. In addition, pure Bi;MoOg was prepared without the
addition of BiOBr.

2.2. Characterizations, adsorption experiments and photocatalytic
activity test

The characterization techniques for the samples, adsorption experi-
ments and Photocatalytic activity test are shown in the Supporting
Information.

3. Results and discussions
3.1. Morphology and structure characterization

The investigation of the crystal structure and phase composition of
the synthesized samples were conducted by XRD. Fig. 1b illustrates that
the notable diffraction peaks at 31.7°, 32.2°, 46.2° and 57.1° correspond
to the (102), (110), (200) and (212) crystal facets of the tetragonal
BiOBr (JCPDS No0.21-0102) (Sun et al., 2019; Xu et al., 2013), the
distinctive diffraction peaks observed at 28.3°, 32.6°, 46.7°, and 55.8°

Environmental Research 275 (2025) 121301

are associated with the (131), (002), (202), and (133) crystal facets of
BipMoOg (JCPDS No0.09-0393) (Ding et al., 2021). The characteristic
diffraction peaks of Bi;MoOg and BiOBr appear in the XRD patterns of
the prepared compounds. As the content of NasMoO4-2H20 increased,
the peaks of Bi;Mo0Og became stronger. There was no shift and no other
impurity peaks appeared in the diffraction peaks of the compound
compared with the pure phase, which preliminary proved that the
Bi,MoOg/BiOBr composite was successfully prepared.

The elemental composition and chemical state of the samples were
further validated by XPS characterization. Fig. 1c illustrates that the full
spectra of Bi;MoOg, BiOBr and BMO/BOB-2. It can be observed that
BMO/BOB-2 contains Bi, Br, Mo and O elements. The presence of carbon
in the system may be attributed to CO5 from the atmosphere. The Bi 4f
spectrum is presented in Fig. 1d, there are two characteristic peaks at
163.8 eV and 158.5 eV in BMO/BOB-2 belonging to Bi 4fs» and Bi 4f7,,
respectively, which indicates that the Bi element exists as Bi** (Wang
et al., 2024; Wu et al., 2023). As shown in Fig. le, the peaks located at
235.0 eV and 231.9 eV corresponding to Mo 3dz,3 and Mo 3ds,» (Qu
et al.,, 2022; Shen et al., 2022). The Br 3d spectra of BiOBr and
BMO/BOB-2 are shown in Fig. 1f. The peaks centered at 68.6 eV and
67.6 eV are attributed to Br 3ds3,» and Br 3ds, (Lu et al., 2023; Zhao
et al., 2023), respectively. Fig. 1g shows the O 1s high-resolution XPS of
Bi,MoOg, BiOBr, and BMO/BOB-2, the peaks were observed at 529.4 eV
and 529.9 eV are associated with the presence of the Bi-O bond. In
addition, the peak located at 531.0 eV is related to the adsorbed hy-
droxyl group on the material (Hu et al., 2018; Xu et al., 2020). The
elemental binding energies of the composite all showed significant
changes compared to BiOBr and BisMOg, indicating the presence of

Fig. 2. The SEM images of (a) BiOBr, (b) Bi;MoOg, (c) BOB/BMO-1, (d-e) BOB/BMO-2 and (f) BOB/BMO-3.
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interactions between BisMoOg and BiOBr in the composite. In summary,
XPS results further prove that BiMoOg and BiOBr coexist in the
BMO/BOB-2 composite, which is consistent with XRD results.

The microstructure of the synthesized samples was examined by
SEM. It can be seen that BiOBr is composed of two-dimensional nano-
sheets (Fig. 2a), which are polymerized into a flower-spherical structure
of about 1 pm in diameter. This configuration boasts a significant spe-
cific surface area, enhancing the material’s catalytic and adsorption
characteristics. Bi;MoOg shows nanoflowers morphology assembled
with nanosheets and the spherical nanoflowers exhibit a diameter about
500 nm (Fig. 2b). The addition of NapMoO4-2H>0 can change the
thickness of BiOBr nanosheets and form a honeycomb structure. The
thickness of the nanosheets is thinner and the honeycomb structure is
not evenly distributed when the amount of NayMoO4-2H20 is small
(Fig. 2¢). With the increase of the content of NapMoQOj4-2H,0, the hon-
eycomb structure is evenly distributed and the contact between the two-
dimensional nanosheets is closer (Fig. 2d and e). However, the honey-
comb structure showed agglomeration phenomenon because the in-
crease of NayMoO4-2H;0 content promoted the nucleation rate of
Bi;MoOg when NapMoO4-2H,0 was continued to increase (Fig. 2f). The
SEM result demonstrate that the morphology formation process of the
BisMo0Og/BiOBr composite.

DRS can be used to evaluate the light absorption properties of syn-
thetic samples. In Fig. 3a, the absorption edges for Bi;MoOg and BiOBr
are 508 nm and 454 nm, respectively, indicating that both exhibit strong
response to visible light (Dong et al., 2024). However, the absorption
edge of BiOBr is smaller than that of Bi;MoOg, which is caused by a
wider band gap. For the Bi;MoOg/BiOBr composite, the absorption edge
is redshifted with the addition of NagMoO4-2H20, the light absorption
capacity of the samples was significantly improved, allowing them to
absorb a wider spectrum of wavelengths. Moreover, the absorption
threshold of the samples was expanded and the ability to capture light
energy is enhanced. The E; of BiMoOg is 2.75 eV, while BiOBr has a
slightly higher E, of 2.94 eV (Fig. 3b). The flat band potential of the
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material is determined by Mott-Schottky curves. Figs. 3c—d present the
Mott-Schottky curves of BisMoOg and BiOBr, respectively. The inter-
section of the tangent to the curve and the horizontal coordinate is the
flat charged potential of the sample, thus the flat-band potentials of
Bi;MoOg and BiOBr are —0.60 eV and —0.92 eV, respectively. While the
conduction-band potentials (Ecg) are —0.40 eV and —0.72 eV, respec-
tively (Kang et al., 2023). The band structures of the two catalysts are
shown insert of Figs. 3c—d. In summary, Bi,MoOg and BiOBr have suit-
able band structures, which can form heterostructure. The tight contact
interface of the heterojunction can inhibit the combination of
electron-hole pairs and effectively facilitate the sample
adsorption-photocatalytic synergistic reaction.

The steady-state fluorescence spectroscopy was used to evaluate the
recombination efficiency of the electron-hole pairs in the samples. The
fluorescence intensity of Bi;M0Og/BiOBr composites was significantly
decreased compared to BisMoOg and BiOBr (Fig. 4a). Of these, the
lowest fluorescence intensity was observed for BMO/BOB-2, suggesting
that it has the lowest carriers recombination efficiency. And the sepa-
ration efficiency of photogenerated carriers can be analyzed by photo-
current test, the transient photocurrent curves show that the
photoresponse and photocurrent densities of the samples were stable,
and the highest photocurrent density was observed for BMO/BOB-2,
indicating that its good photocatalytic activity. It means that the for-
mation of heterojunction is important for increasing the interface charge
transport rate and extending the carriers lifetime (Fig. 4b). In addition,
electrochemical impedance indirectly reflects the transfer rate of charge
at the interface. In Fig. 4c, the order of the slope of the EIS curves is
Bi;M0Osg > BiOBr > BMO/BOB-1 > BMO/BOB-3 > BMO/BOB-2, indi-
cating that the photocatalytic activity of BMO/BOB-2 is superior to other
catalysts. Therefore, the formation of Bi;MoOg/BiOBr heterojunction
can facilitate the migration rate of carriers, and enhance the light ab-
sorption, thus improving its activity.
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Fig. 3. (a) UV-vis diffuse reflectance spectra of the prepared samples; (b) The band gap widths of Bi;MoOg and BiOBr; Mott-Schottky curves of (c¢) Bio,MoOg and

(d) BiOBr.
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Fig. 4. (a) The steady-state fluorescence spectra (300 nm excitation); (b) Transient photocurrent response curves; (c) Electrochemical impedance curves of samples;
(d) The curves of degradation MB under visible light; (e) The corresponding first-order kinetic fitting curves and (f) apparent rate constants.

3.2. Photocatalytic performance evaluation

Taking MB as the research object, the efficiency of the photocatalyst
was assessed (Fig. S1). The key factors affecting the photocatalytic
performance include the dose of catalyst, the concentration of the so-
lution and the pH value. Figs. S1a-b show the MB removal curves under
different catalyst dosage and the corresponding adsorption and photo-
catalytic removal efficiency. When 5 mg catalyst was added to the re-
action system, the adsorption and photocatalytic degradation rate is
63.5% and 16.3%, respectively. When the dosage of BMO/BOB-2 was
10 mg, the adsorption rate reached 86.8%, which indicated that most of
the MB was effectively adsorbed on the surface of the catalyst. The
photocatalytic degradation rate was 12.8%, which reflected the ability
of the catalyst to promote the decomposition of dyes under light irra-
diation. And the total removal rate is 99.6%. Upon further increase in
catalyst dosage to 15 mg and 20 mg, the total removal rate decreased,
indicating that the catalyst dosage has a significant effect on the reaction
rate. The initial concentration of pollutant solution is investigated in
Figs. S1c—d. The result shows the total removal rate of BMO/BOB-2 was
the highest among the dye solutions of 10 mg/L. The results show that
the removal ability for MB with BMO/BOB-2 attributable to the syner-
gistic interaction between adsorption and photocatalysis.

Meanwhile, the pH value of the liquid is also an essential indicator of
the catalytic performance. The initial pH value of the solution was
adjusted with 1 mol/L HNO3 and NaOH solutions. In a certain pH range
(pH = 2-10), the degradation performance of BMO/BOB-2 on MB is
shown in Fig. Sle. When pH < 5, the degradation efficiency improved as
the pH was increased. When pH value is 5, the degradation efficiency
reaches 99.6%. When pH > 5, the degradation performance decreased as
the pH was increased. There was a significant decrease in degradation
efficiency to 68% as the pH was 10. It is demonstrated that the catalyst
possesses the optimal photocatalytic performance for pollutant removal
under weak acidic conditions. For further studies, the pH of the solution
was maintained at 5. Additionally, the degradation ability of 10 mg/L

different pollutants with 10 mg catalyst have been studied (Fig. S1f). The
degradation performance of BMO/BOB-2 for different pollutants was
ranked as MB > TC > RhB > Cr (VI) > MO, within 30 min under visible
light.

The synergistic effects of the obtained samples in the adsorption and
photocatalytic properties were assessed. Before light irradiation, the
suspension containing MB was stirred for 30 min under dark conditions
to achieve adsorption-desorption equilibrium. In Fig. 4d, the removal
efficiencies of MB by Bi;MoOg and BiOBr were 61.1% and 75.1% after
30 min of illumination, respectively, and all composites showed high
activity on MB removal under the same conditions. BMO/BOB-2
exhibited the strongest removal capacity for MB reaching 99.6%. In
addition, the adsorption and photocatalytic synergistic removal of MB
by BMO/BOB-2 was compared with the catalysts reported in the liter-
ature was demonstrated in Table S1. It is observed that the BMO/BOB-2
sample can remove MB in a relatively short time under visible light
irradiation, indicating that BMO/BOB-2 could be a promising photo-
catalyst for MB removal. Fig. 4e shows the first-order kinetic curves
corresponding to MB degradation by different catalysts. The MB
degradation is guided by a first-order kinetic reaction model. In Fig. 4f,
the apparent rate constant K is 11.4 x 10~2 min~! of BMO/BOB-2, which
is 6.2 and 3.1 times that of Bi;MoOg and BiOBr, respectively. It can be
seen that the formation of Bi;M0oOg/BiOBr heterostructures can effec-
tively enhance the photocatalytic performance compared to BizMoOg
and BiOBr.

3.3. Adsorption and photocatalysis synergy

The adsorption process and the adsorption capacity of BMO/BOB-2
for MB before illumination were explored. All samples reached
adsorption equilibrium within 30 min, and the adsorption rate of BMO/
BOB-2 for MB was 85.9%, significant improvement over BixMoOg and
BiOBr (Fig. 5a-b). BMO/BOB-2 showed the highest adsorption capacity
of 46.8 mg g’1 (Fig. 5¢), which was 2.75 and 2.87 times of Bi;MoOg and
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Fig. 5. (a) The adsorption curves, (b) adsorption efficiency, (c) adsorption capacity and (d) the pseudo-second-order kinetic fitting curve of MB on samples; (e) The
curves of direct photocatalytic degradation of MB and (f) corresponding degradation efficiencies.

BiOBr, respectively. Adsorption kinetics is one of the methods to
describe the adsorption rate and mechanism quantitatively. The
adsorption kinetics of MB by the sample was analyzed using a pseudo-
second-order kinetic model. As shown in the result, the correlation co-
efficient of the pseudo-second-order kinetic model (Fig. 5d) was
approaching to 1.000, so the adsorption of MB in the BMO/BOB-2
composite was mainly chemisorption, that is, electron transfer may
occur between MB molecules and the catalyst. In addition, adsorption
equilibrium can also be determined using the Langmuir isotherm model,
Freundlich isotherm model and Temkin isotherm model. We can clearly
observe the results for c./qe and ¢, In (qe) and In (c.), as well as e and In
(ce) (Figs. S2a-c). The R? value indicates the fitting degree of the
adsorption isotherm, and the Langmuir isotherm model shows the
highest R, indicating that it more accurately describes the experimental
data. Therefore, the adsorption process of BisMoOg/BiOBr composites
on MB belongs to the single-layer adsorption on the catalyst surface.

For exploring synergistic effect of adsorption and photocatalysis on
MB removal, direct photocatalytic degradation of MB was investigated.
In Fig. 5e and f, it can be seen that the degradation rate of MB by BMO/
BOB-2 within 25 min is 99.6%, which is close to the removal efficiency
of photocatalytic experiment after adsorption equilibrium, but the
photocatalytic degradation time is shorter. This may be because the
adsorption state of MB on BMO/BOB-2 has not completely saturated, the
facilitation effect that exists between MB molecules and photogenerated
charges is relatively continuous, thus the efficiency of photocatalytic
degradation of pollutants is effectively increased. Therefore, the
adsorption equilibrium and photocatalytic experiment show that the
removal ability of BMO/BOB-2 composite on MB pollutants is a syner-
gistic effect of adsorption and photocatalysis.

The stability of the catalyst is a major element in the evaluation of
photocatalyst. The photocatalytic stability of BMO/BOB-2 composite
was evaluated by cycle of the photocatalytic degradation of MB. The
degradation efficiency of MB with BMO/BOB-2 remained above 90%
after 5 cycles (Fig. S3a), the slightly decrease may be due to the smaller
contact area between the photocatalyst and MB molecules caused by

adsorption. In order to further demonstrate the micromorphology and
structural composition of the sample before and after 5 cycles, SEM and
XRD characterization were conducted, as shown in Figs. S3b-c. SEM
images showed that the micromorphology of BMO/BOB-2 was still
honeycomb remained unchanged before and after 5 cycles. The XRD
results show that the position of XRD diffraction peaks before and after
the cycle is the same, and there is no deviation. The slight decrease in the
intensity of the XRD peaks may be due to a minor decrease in the amount
of BMO/BOB-2 sample recovered after 5 cycles. Therefore, the BMO/
BOB-2 photocatalyst has good photocatalytic activity and high stability.

3.4. Photodegradation pathway and mechanism analysis of adsorption-
photocatalysis

The free radical trapping experiments were performed to determine
the active species in the photocatalysis process. The photocatalytic
degradation ability decreased when the sacrificial agent was added, and
the BQ and EDTA-2Na have the greatest impact. It can be seen that both
-07 and h™ are the main active substances in the reaction (Fig. S3d).

The possible way of removing MB has been further explored by LC-
MS (Fig. S4). According to literature reports and test results, there are
two possible pathways for MB removal (Du et al., 2022; Krishnan and
Shriwastav, 2021; Saha et al., 2018; Wahab et al., 2011; Yang et al.,
2023). On the one hand, MB generates an intermediate product m/z =
270 through demethylation, and m/z = 270 is further decomposed into a
molecule m/z = 256 with a ternary ring structure. Under visible light
irradiation, the intermediate product is further rate-opened and
decomposed into m/z = 219, which is further mineralized and decom-
posed into small molecules. On the other hand, MB is first decomposed
into m/z = 274, and then the intermediate products are further
ration-opened and decomposed into small molecules, such as m/z =
231, 217, 215, 158, and finally the small molecules are converted into
COq, H20 and other inorganic small molecules.

It was investigated the possible attack sites on the MB molecule by
DFT calculations. The optimized structure of the MB molecule mainly
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consists of benzene ring, 1, 3-cyclohexadiene ring, two dimethylamine
groups, N34 and S35 (Fig. 6a). The highest occupied molecular orbital
(HOMO) and lowest occupied molecular orbital (LUMO) for MB are
shown in Fig. 6b. It is thought that atoms on HOMO are more easily
oxidized, while atoms on LUMO are more easily reduced. It can be seen
from Fig. 6b that the HOMO orbital of MB is mainly concentrated on the
benzene ring, 1, 3-cyclohexadiene ring and N of diamine group, which
are the regions where electrons mainly exist. The LUMO orbits are
mainly located in the benzene ring, another six-membered ring, N34,
S35, N36, and N37, which are concentrated in the positive center (Du
etal., 2022). Then, Bi;MoOg, BiOBr, BioM00Oe/BiOBr heterojunction and
adsorption of MB by heterojunction were calculated (Fig. 6¢—f). In
Fig. 6¢c and d BisMoOg and BiOBr are both layered structures, consistent
with the previous description. The heterojunction formed (Fig. 6e) is
favorable for photogenerated carriers migration. The adsorption ca-
pacity of MB was significantly enhanced by the formed heterostructures,
and the adsorption energy was —3.11 eV, indicating that the adsorption
of MB by the prepared Bi,MoOg/BiOBr heterojunction sample was
spontaneous exothermic (Fig. 6f).

Zeta potential test results of Bi,MoOg, BiOBr, and BMO/BOB-2 are
shown in Fig. 7a—c. The Zeta potential of BMO/BOB-2 is —4.924 mV,
while the Zeta potential of BioMoOg is —22.27 mV, indicating that
BisMoOg is exposed to the interface active site in the composite material,
has strong electrostatic adsorption between Bi;MoOg and MB, and has
high photocatalytic activity and recycling ability. This is consistent with
the DFT calculation results.

The adsorption behavior and mechanism of MB on BMO/BOB-2 were
demonstrated by FT-IR spectroscopy. The FT-IR spectra of BMO/BOB-2,
BMO/BOB-2 after adsorption and after photocatalysis, as well as MB are
shown in Fig. 7d. In the FT-IR spectrum of MB, the characteristic peaks
located at 1591 em ™! and 1385 em ™! can be attributed to C=0 and C =
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N, the bands at 1134 cm™! and 1035 cm™! belong to the skeleton vi-
bration of heterocyclic rings in MB (Awais et al., 2022; Chen et al.,
2020). The obvious vibration of the Bi-O bond can be observed from the
spectrum of BMO/BOB-2. The characteristic peaks of the above two
substances appeared in the FT-IR spectra after adsorption and photo-
catalysis, indicating that MB has strong adsorption on the surface of
BMO/BOB-2, during the adsorption-photocatalysis process.

In order to determine the direction of electron transfer in the pho-
tocatalysis process, the (010) facet of Bi;MoOg and the (001) facet of
BiOBr were selected for work function calculation, as shown in Fig. 7e-f.
The work functions of BioMoOg and BiOBr are 7.59 eV and 6.97 eV,
respectively. Since BioMoOg has a lower Fermi level and a larger work
function, when Bi;MoOQg is in contact with BiOBr, the electrons in BiOBr
spontaneously transfer to BioMoOg at the interface until the Fermi level
reaches equilibrium. Due to the transfer of electrons, the band edges of
BiOBr and Bi;MoOg bend upward and downward, respectively. Thus an
internal electric field is formed at the interface, and the resulting
BisMoOg/BiOBr composite forms an S-scheme heterostructure.

Based on the above analysis, a collaborative mechanism of
adsorption-photocatalysis for S-scheme Bi;Mo0Og/BiOBr heterostructure
to removal pollutant was proposed (Fig. 7g). In the initial adsorption
process, the electrons and holes on the catalyst surface interact with the
MB molecules, showing a high adsorption capacity. The S-scheme het-
erostructure formed under the action of interfacial electric field after
BioMoOg contact with BiOBr, which effectively inhibits the photo-
generated carrier recombination and enhances the photocatalytic ac-
tivity. When visible light irradiated, photogenerated e~ and h* are
produced inside and migrated to the surface of the in the composite, and
e~ can reduce the Oy adsorbed on the surface of the pollutant to -O3, the
.03 as well as h™ interact with MB to degrade the pollutant. Eventually,
through a synergistic adsorption-photocatalysis, the pollutants are

Bi,MoO,/BiOBr

i Wﬁ#{o Adsorption energ
- -3.11 eV

Lofiaiiee e s e pfersiongs GulpeulGupige b il San it fout e s Vb i s it o oo ORI o n B b (ol U S8 et i e

Bi,MoO/BiOBr+MB

______________________________ e e e e e e e e

Fig. 6. (a) Optimized molecular structure of MB; (b) HOMO and LUMO of MB; The optimized structure of (c) BioMoOs, (d) BiOBr, (e) Bi;M0oOe/BiOBr and (f)

Bi;MoOg/BiOBr adsorbed MB.
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Fig. 7. Zeta potential of (a) Bi;MoOg, (b) BMO/BOB-2 and (c) BiOBr; (d) FT-IR spectra of BMO/BOB-2, BMO/BOB-2 after adsorption and photocatalysis, and MB; The
work function of (e) Bi;MoOg and (f) BiOBr; (g) Mechanism of adsorption-photocatalytic synergistic pollutant removal by Bi;MoOg/BiOBr composites.

reduced to pollution-free small molecules such as CO, and H,0, etc.

4. Conclusion

In summary, the S-scheme BisMoOg/BiOBr heterostructure were
prepared via hydrothermal method by adjusting the amount of
NasMoO4-2H50. The prepared BMO/BOB-2 can remove 99.6% of MB,
98.1% of TC, and 86.3% of RhB within 30 min, and the excellent pho-
tocatalytic performance attributes to the synergistic effect of adsorption
and photocatalysis. The adsorption process of MB on BMO/BOB-2 fol-
lows the pseudo-second-order kinetic curve, and the Langmuir isotherm
model matches well with the adsorption data. The HOMO and LUMO of
MB and the adsorption energy of BiaMoOg/BiOBr composite for MB are
demonstrated that the adsorption of MB by Bi;M0Og/BiOBr composite is
exothermic and spontaneous. The S-scheme interface transfer between

BisMoOg and BiOBr effectively inhibits the photogenerated carriers
recombination and enhances the photocatalytic activity, and the
mechanism of adsorption-photocatalysis collaborative removal of pol-
lutants was further proposed. This work is instructive for the synergistic
effect of adsorption and photocatalysis of materials to enhance appli-
cations in the energy and environmental fields.
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