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Abstract: The photocatalytic removal of nitric oxide (NO) is a promising technology used to reduce
the level of harmful gaseous pollutants in parts per billion (ppb). As a potential photocatalyst,
BipSnyO7 has a low quantum efficiency due to its fast recombination rate of photo-generated carriers.
In this paper, Bi/BiySn,Oy was prepared by the in situ deposition of Bi. The structural, electrical,
and optical properties of the attained sample were investigated through a series of analyses. The
results demonstrate that Bi nanoparticles not only enhance the photoabsorption ability of Bi;Sn,Oy
due to their surface plasmon resonance (SPR) effect, but also improve its photocatalytic activity.
Photocatalytic performance was evaluated by the oxidation of NO at ppb level under xenon lamp
(A > 400 nm) irradiation. It was found that the photocatalytic NO removal rate increased from 7.2%
(BipSn;yO7) to 38.6% (Bi/BipSnyOy). The loading of Bi promotes the separation and migration of
photo-generated carriers and enhances the generation of ¢0?~ and ¢OH radicals responsible for the
oxidation of NO. The Bi/Bi;SnyO; composite photocatalyst also exhibits excellent photocatalytic
stability, which makes it a potential candidate for use in air purification systems.

Keywords: Bi/BiySn,O7; photocatalytic NO activity; SPR effect of Bi

1. Introduction

Along with the rapid development of the economy and continuous use of energy, envi-
ronmental pollution and resource shortages have become very challenging problems. One
of the harmful gaseous pollutants produced by the combustion of fossil fuels is NO, which
not only causes acid rain but also affects the human respiratory system [1-3]. Currently,
industrial treatment methods for NOx primarily include selective catalytic reduction (SCR)
and selective non-catalytic reduction (SNCR) [4]. However, these techniques only have a re-
moval effect at high NOy concentrations and high temperatures, and the removal efficiency
at low concentrations of ppb grade NOy is lacking. In addition, the equipment is expensive
and can easily cause secondary pollution. Therefore, there is an urgent need to develop
efficient and environmentally friendly methods for removing low NOy concentrations.

Semiconductor photocatalysts have attracted wide-ranging attention because of their
applications in solving environmental pollution and energy crisis. The removal of nitrogen
oxide (NO) through visible light-driven photocatalysis offers several advantages, including a
low cost, high efficiency at room temperature, and environmental friendliness. This method
is particularly effective for removing NO at low concentrations in the ppb range [5]. When
the photocatalytic material is exposed to light of the appropriate wavelength, the electrons
and holes generated undergo oxidation-reduction reactions with O, and H,O adsorbed on
the surface. This process produces reactive oxygen species (ROS), such as superoxide radicals
(#O;7) and hydroxyl radicals (¢OH), which play a crucial role in breaking NO in the air [6].
The photocatalytic removal of NOy can result in the production of the toxic intermediate NO,,
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which is more harmful than NO and can lead to secondary pollution. Therefore, preventing
the formation of NO; is also a crucial concern in photocatalytic NO conversion.

The layer structure of bismuth-based photocatalysts is unique, allowing for the forma-
tion of a strong built-in electric field within the crystal. This improves the separation of the
photogenerated supports, resulting in excellent photocatalytic performance [7]. Therefore,
several bismuth-based photocatalysts have garnered attention in the field of photocatalytic
NO removal, such as BiVOy [8], Bi;WOg [9], and BixMoOg [10]. For example, Wang et al.
successfully prepared a layered Bi;O,COj3/g-C3Ny heterojunction photocatalyst using a
one-pot hydrothermal method, which had the highest NO removal rate of 34.8% under
visible light irradiation, showing high stability and durability [11]. Liao et al. constructed
OVs on the surface of BiOCl to regulate the transfer of photogenerated carriers on the
surface, improve the photocatalytic conversion of NO and effectively control the generation
rate of NO; [12]. Among these Bi-based photocatalyst, pyrochlore-type Bi;Sn,Oy with a
suitable Eg of about 2.78 eV has attracted much attention due to its unique crystal structure,
electronic structure, and good photocatalytic performance [13,14]. However, the severe
charge recombination on the surfaces of BiSn,O7 is not conducive to their application in
photocatalysis [15,16]. Currently, Bi»SnyO7-based heterostructures have been exploited to
obtain enhanced light absorption, efficient charge separation and transport, and improved
stability [17]. Li et al. investigated the photocatalytic splitting of water to produce hydrogen
using the Bi@BiySn,O7/TiO; system [18]. BipSn,O7 grows on the surface of TiO; to form
p-n heterojunctions to enhance the separation of photogenerated electron-hole pairs, which
improves the photocatalytic activity of the system. Zhang et al. synthesized Bi;Sn,O7
quantum dots using a solvothermal method to achieve the band structure adjustment and
enhance the activation of molecular nitrogen [19]. Due to the combined effect of quantum
dots and oxygen vacancies, the system has excellent photocatalytic nitrogen fixation per-
formance. SnO; /BiySn,O7 was synthesized via one-pot hydrothermal synthesis to form
a Z-scheme heterojunction, showing enhanced photocatalytic activity compared with the
pure substance [20]. Xu et al. successfully synthesized the BiyS3-sensitized Bi;SnyO7 (BSO)
photocatalyst (Bi,S3/BSO) via a simple and economical thioacetamide (CH3CSNH;) ion
exchange method [21]. Under visible light irradiation (A > 420 nm), the Bi;S3/BSO hetero-
junction exhibits excellent photocatalytic performance in the decomposition of Rhodamine
B (RhB). However, there has been limited research on the use of Bi,Sn,O7 for indoor air
pollution control, particularly in reducing gaseous NOx.

Recently, the surface plasmon resonance (SPR) effect of noble metals such as gold
and silver has been used to enhance the visible light catalytic activity of semiconductor
photocatalysts [22,23]. The collective oscillation of free electrons in noble metals gives rise
to the SPR effect, resulting in strong absorption in the solar region. Low-cost bismuth
metal also exhibits the SPR effect, and can be applied as a plasmonic co-catalyst to enhance
the photocatalytic activity of other semiconductors due to its significant advantages. For
example, Bi/BiMoOg [24], Bi/g-C3sNy [25], Bi/TiO, [26], and Bi/BiOClI [27] showed a
higher photocatalytic performance after loading metallic Bi, because the SPR effect enhances
photoabsorption ability and promotes charge separation.

In this study, the SPR effect was used to cause the excitation of photogenerated e™-h*
pairs in Bi;Sn,O7 by depositing Bi nanodots on the surface of sheet-like Bi;Sn,Oy. The
photocatalytic activity of flaky BiySn,O; was evaluated by oxidizing NO at a ppb level
under xenon lamp (A > 400 nm) irradiation [28]. The effect of Bi loading on the performance
of Bi;Sn,O; was systematically studied, and the present study supports the use of Bi
in Bi;SnyO7 to enhance the photocatalytic performance of composite photocatalysts. Its
reaction mechanism was also investigated.

2. Results and Discussion
2.1. Phase Analysis

The phase and crystal structure of the samples were tested by XRD, as shown in
Figure 1. For the pristine Bi;Sn,O7 (BSO), there are four peaks at 28.8°, 33.4°, 47.9° and
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56.9°, which can be indexed to (222), (400), (440), and (622) of cubic Bi,Sn,O (JCPDS No.
87-0284), indicating that the prepared BipSn,O; was successfully synthesized and has a
good crystallinity. Then, Bi was deposited in situ from BSO by adding a concentration of
NaBHyj. A series of Bi/Bi;Sn,O7 (B-BSO-x, x represents the concentration of NaBH,4) was
obtained. However, compared with pure Bi;Sny,Oy, the composites have no new additional
peaks and no peaks belonging to Bi’, possibly due to the low content of Bi°.
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Figure 1. XRD pattern of B/BSO nanoparticles.

2.2. Morphology

Figure 2 shows the TEM images used to characterize the morphologies and analyze
element composition of pure BipSn;O7 and Bi/BiySnyO7 composites. Figure 2a shows that
pure Bi;Sny;O7 comprises uniform nanosheets with an average dimension of 5-10 nm. After
loading Bi, the composite (B-BSO-300) still maintains the same morphology, as shown in
Figure 2¢, implying that metal Bi is reduced from BSO and deposited on BSO. In Figure 2b,d,
high-resolution TEM (HRTEM) images of Bi;SnyOy and B-BSO-300 are shown. The lattice
distance of pure Bi;SnyOy is 0.2678 nm, corresponding to the (400) plane (Figure 2b).
Additionally, B-BSO-300 (Figure 2d) has two lattice fringes of 0.1884 nm and 0.28 nm,
which are indexed as the (440) lattice plane of Bi;Sn,Oy and the (012) lattice plane of Bi.
Additionally, the EDS elemental mappings of B-BSO-300 contain Bi, O, and Sn elements.
Thus, the TEM analysis demonstrates the successful preparation of Bi/Bi;SnyOy.

Figure 2. (a,c) TEM image of BSO and B-BSO-300; (b) HRTEM image of BSO; (d) HRTEM image of
B-BSO-300; (e) HAADE-STEM image of B-BSO-300; (f-h) EDS elemental mappings of (f) Bi, (g) O,
(h) and Sn from panel (e).
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2.3. Chemical Compositions

X-ray photoelectron spectroscopy (XPS) was conducted to study the chemical composi-
tion and element states of BSO, B-BSO-300, and B-BSO-300 (30 s). As shown in Figure 3a—c,
the XPS survey spectra of the samples reveals the existence of Bi, Sn, O and C. For BSO,
the Bi 4f can be fitted to 164.87 and 159.57 eV, which are attributed to Bi 4f;,, and Bi 4f5,,
of Bi*, respectively. However, B-BSO-300 with deposited Bi only has Bi** peaks and no
new peaks of Bi’, which is possibly due to the easy oxidation of surficial Bi’ [29]. After Ar
etching for 30 s, B-BSO-300 (30 s) has two new peaks at 156.7 eV and 162.3 eV, belonging
to metal Bi, which is in agreement with a previous study [30]. The existence of metal Bi
directly verifies the successful loading of Bi. The Sn 3d of these three samples consists
of two character peaks located at 486.42 eV (attributed to Sn** 3d5,,) and 495.42 eV(Sn**
3d3/7) in Figure 3e. Figure 3f shows the XPS spectra of Ols. BSO and B-BSO-300 have only
one peak assigned to Ols of 02~ [13]. B-BSO-300 (30 s) has new peaks at 532-534 eV, which
are possibly caused by oxygen vacancies [31].
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Figure 3. The wide-scan XPS spectra of (a) BSO, (b) B-BSO-300, and (c) B-BSO-300 (30 s); high-
resolution XPS spectra of (d) Bi 4f, (e) Sn 3d, and (f) O 1s.

2.4. Photocatalytic Performance

Photocatalytic NO removal is always a complicated process, yielding a final product
of HNO; and the toxic intermediate NO,. Firstly, 0.05 g photocatalysts were deposited on a
glass surface (10 x 5 cm) to test photocatalytic NO removal performance in an atmosphere
of NO with a concentration of about 500 ppb. Under visible light irradiation, the efficiency
of NO removal and the production of the toxic intermediate NO, over Bi;SnyO7 and
Bi/BiySnyO7 composites were evaluated to judge photocatalytic performance. As shown in
Figure 4a, pure BSO reaches an equilibrium within 10 min and has a NO removal rate at
7.2%. After the surface modification of Bi, the photocatalytic activities of the composites all
significantly increased. The photocatalytic NO removal efficiencies of B-BSO-50, B-BSO-100,
B-BSO-300, and B-BSO-500 are about 8.1%, 21.8%, 38.6% and 27.8%, respectively, indicating
that B-BSO-300 has the best photocatalytic performance with the optimal content of metal
Bi. The excessive loading of Bi has a negative effect on photocatalytic NO conversion,
probably due to the cover of the surficial active sites of BSO and the excess break of BSO
photocatalysts [32-34].
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Figure 4. NO removal by pure BSO and B-BSO in different proportions under visible light: (a) C/Cp,
(b) effect of different capture agents on NO removal using B-BSO-300 photocatalyst, and (c) cycle
experiment of NO removal using B-BSO-300 photocatalyst under visible light irradiation.

The active species is an important factor for exploring the photocatalytic reaction
process and its efficiency. In order to inspect the main active species in the photodegrada-
tion process, benzoquinone (BQ), ethylenediaminetetraacetic acid disodium (EDTA-2Na),
AgNO;3, and isopropanol (IPA) were selected as the scavengers of ¢O,~, h*, e~, and
oOH for the trapping experiment, using B-BSO-300 as a photocatalyst [35]. As shown in
Figure 4b, in the presence of BQ, EDTA-2Na, and AgNOj3, the photocatalytic NO removal
efficiency of B-BSO-300 was mostly reduced, confirming that ¢O, ", h*, e~ radicals were
the first active species to cause NO oxidation. However, the photocatalytic efficiency of
NO was partly inhibited after the addition of IPA, suggesting that ¢OH is the second active
species. The scavenger tests demonstrate that the photocatalytic removal of NO is a result
of interactions between active species.

The photocatalytic stability of these photocatalysts restricts their practical application.
Figure 4c shows the stability of B-BSO-300. In the process of five cycles, B-BSO-300 showed
no decrease in the NO removal rate, indicating the composite has an excellent photocatalytic
durability. Furthermore, the generation of toxic intermediate NO; is effectively hindered, as
shown in Figure 5. It is clear that the NO, production of the samples gradually decreases as
the Bi content increases, until B-BSO-300 exhibits the lowest NO, generation, indicating that
all produced NOj is further oxidized to nitrates. This indicates that the Bi modification can
effectively improve NO selectivity to the final products: nitrates rather than the toxic NO,.
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Figure 5. C/Cj of NO,; when NO is removed by visible light with pure BSO and B-BSO in differ-
ent proportions.

2.5. Charge Generation and Transfer

The excellent separation efficiency of the carrier charge can give materials a good
photocatalytic activity. Photoluminescence (PL) emissions were utilized to analyze the
separation efficiency of photogenerated electrons and holes. Commonly, the PL intensity is
proportional to the recombination rate of photogenerated carriers. The PL spectra of BSO
and B-BSO-300 at a 365 nm excitation is shown in Figure 6. Evidently, the peak intensity
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of B-BSO-300 is lower than that of BSO, which indicates that the reduced Bi nanodots
inhibit the carriers’ recombination and improve the separation efficiency of photogenerated
carriers, which can significantly optimize photocatalytic performance.

— Bso |
— B/BSO

Intensity(a.u.)

200 480 560 640
Wavelength(nm)

Figure 6. PL spectra of pure BSO and B-BSO-300 in different proportions.

Electrochemical tests were conducted to further elucidate the separation and migration
of photogenerated carriers. The higher transient photocurrent performs a higher concentra-
tion and separation of carriers. As shown in Figure 7a, the transient photocurrent response
spectra show that pristine BSO has a poor photocurrent, indicating a low photoelectric
conversion efficiency. After reducing Bi, B-BSO exhibits a stronger current response than
BSO, and B-BSO-300 has the best response, which proves that the introduction of Bi can
effectively promote the separation of photogenerated carriers. Similarly, the electrochemi-
cal impedance spectroscopy (EIS) in Figure 7b shows that the interfacial charge transfer
resistance of B-BSO is relatively weaker than BSO, which is beneficial for transporting
photogenerated carriers. A proper band structure is very important for the photocatalytic
oxidation/reduction ability of photocatalysts. The Mott—Schottky (MS) spectrum is shown
in Figure 7c. The positive slope shows that BSO is a typical n-type semiconductor and
its flat-band potential (Vg,) is —0.38 V [36]. In general, the conductive level of the n-type
semiconductor is close to the flat-band potential [37,38]. The conduction band of BSO is —0.
38 eV Ag/AgCl relative to PH 6.8 (equivalent to —0. 28 NHE relative to PH 6.8) [39].
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Figure 7. (a) Transient photocurrent of BSO and B-BSO series, (b) EIS of BSO and B-BSO series, and
(c) MS spectrum of pure BSO.

The photoresponse efficiency is another factor of photocatalytic efficiency. UV-vis dif-
fuse reflectance spectra (DRS) can be used to effectively characterize the optical properties
of the samples, and the bandgap is calculated by analyzing these spectra. As displayed
in Figure 8a, all samples showed absorption bands in the visible region. Pure BSO has a
relatively weak absorption in visible region and has an absorption edge at about 520 nm.
After the deposition of Bi nanoparticles, B-BSO displays a slight red-shift of the absorption
edge and enhanced light absorption in the visible region, which can be attributed to the
SPR effect of Bi [40]. The absorption peak in the range of 500-700 nm is potentially the SPR
absorption peak. As the Bi content increases in BSO, the SPR absorption intensity rises, and
B-BSO-300 has the best absorption in the range of 300-800 nm. It is worth noting that the
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slope of the band edge decreases gradually after the introduction of Bi nanodots, indicat-
ing that the band gap of the composites becomes smaller, which proves that the intrinsic
absorption capacity of B-BSO is also enhanced. The band gap(Eg) of BSO is calculated
using the Kubelka—Munk function [41]. As shown in Figure 8b, the Eg of BSO is 2.42 eV.
According to Eg = Ecg — Eyp, Evp is calculated as 2.14 eV [42].
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Figure 8. (a) DRS of pure BSO and B-BSO with different proportions; (b) the corresponding Tauc
plots of BSO.

2.6. The Role of Bi in the Enhanced Production of Reactive Species

To investigate the main active radical species on B-BSO nanoplates for the NO removal,
TEMPO and DMPO spin-trapping ESR analyses over pure BSO and B-BSO-300 for TEMPO-
e”, DMPO-h*, DMPO-e0O,~ and DMPO-eOH were performed, and the results are shown
in Figure 9. The TEMPO signal is found under dark conditions, and the peak gradually
becomes smaller as the exposure time to visible light increases, demonstrating that a lot
of electrons are generated and consumed by the conversion from TEMPO to TEMPOH.
Compared with BSO (Figure 9a) and B-BSO-300 (Figure 9b), the composite can produce
many more electrons than single BSO. Meanwhile, Figure 9¢,d show that the composite can
produce more h* under irradiation than BSO. Furthermore, as shown in Figure 9e-h, the
characteristic peaks of €O, and eOH were not detected in the dark. However, under light
irradiation, the O, and eOH radicals can be detected. Additionally, compared with BSO,
the composites have much stronger ¢O,~ and eOH radicals, suggesting that loading Bi
can help BSO generate more ¢O,~ and eOH radicals for stronger oxidization reactions.
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Figure 9. ESR spectra of (a) e, (c) h*, and (e) eO,~; (g) ®OH of BSO and (b) e, (d) h*, (f) O,
(h) eOH of B-BSO-300 at room temperature.
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2.7. Analysis of the Photocatalytic Mechanism

According to literature reports, photocatalytic reactions involve three main reaction
steps [43]: (1) Photoexcitation step: photocatalytic semiconductor materials absorb photons
to generate electron—hole pairs, which have redox capability in the conduction and valence
band. (2) Separation and migration of charge carriers: electrons and holes are transferred to
the surface to hinder the recombination of carriers under Coulomb forces. (3) The catalytic
reaction process at the surface of the material: electrons and holes quickly react with the
surficial O, and absorbed H,O to produce active species, highly active O, and eOH,
which undergo oxidation-reduction reactions.

Based on the above analysis, a possible photocatalytic mechanism was proposed as
shown in Figure 10. The conduction band potential (Ecg) of BSO was —0.28 eV and the
valence band potential (Eyp) of BSO was 2.14 eV, based on DRS and MS analysis. Ecp of
BSO (—0.28 eV) has a more negative reduction potential than that of O, /O, (—0.046 eV
vs. NHE), suggesting that the photoexcited electrons in the conduction band can reduce O,
to ¢O,~ [44]. Meanwhile, the Eyp of BSO is 2.14 eV, meaning that BSO has more oxidation
potential than OH~/eOH (1.99 eV vs. NHE) [45]. The photogenerated h* will oxidize H,O
into eOH radicals, consistent with the ESR results (Figure 9). These analyses show that the
formation of eO,~ and eOH radicals in the photocatalytic process is thermodynamically
advantageous in the prepared BSO samples.

HNO,
(vs.NHE)
f +0, N NO
-0.5 — eee
o - —0.27eV 5 ee
. I Bi \\ Oz
+0.5 — i
1
1.0 < Bizs|“207
! HNO,/HNO,
+1.5 — :
+2.0 — +2.14eV ;
h*h*h* «OH NO
+2.5 — (
+3.0 —| H,0

Figure 10. Photocatalytic mechanism diagram.

For the Bi/BSO composites, the Fermi level (vs. NHE) of Bi is reported to be —0.17 eV,
which is more positive than Ecp of BSO, demonstrating that Bi can capture electrons from
BSO [46]. Therefore, under light irradiation, the photogenerated electrons of BSO are
transferred to Bi and then react O, to #O,~, while the photoinduced holes of BSO oxidize
H,O into eOH radicals. Then, the #OH oxidizes NO pollutants directly to HNO, and
HNOj due to its reactive effect [47]. Furthermore, the O, can oxidize NO to NOj [48],
and the loading Bi can cause an increase in NO removal and decrease in NO, production,
mainly ascribed to the high production of ¢O,~ and eOH [49]. Strong oxidation radicals can
help improve oxidation to produce HNOj3. Finally, the introduction of Bi not only enhances
the SPR-induced photoresponse ability, but also improves the separation of photogenerated
carriers and the oxidation ability of the radicals to produce HNOj5 [50].

3. Experimental Section
3.1. Materials and Reagents

All chemicals used were analytically pure and could be used directly without further
purification. Bi(NO3)3-5H,0, Na;SnO3-4H,0 and NaOH were purchased from Shanghai
Macklin Biotechnology Co., Ltd. (Shanghai, China). PVP and NaBH, were purchased from
Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China).
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3.2. Preparation of Photocatalysts

A one-step hydrothermal method was used to synthesize Bi;Sn,Oy. Firstly, 3 mmol of
NaySnO3-4H,0 and 3 mmol of Bi(NO3)3-5H,0O were dispersed into 80 mL of deionized
water. After that, the pH value of the obtained mixture was adjusted to 12 with the NaOH
solution (3 M). The mixture was subsequently transferred into a 100 mL Teflon-lined
autoclave to undergo a hydrothermal process at 180 °C for 12 h. Finally, the precipitate was
washed thoroughly with deionized water and dried in a vacuum oven at 60 °C for 12 h.

BSO was prepared with in situ deposited Bi nanodots in a simple reduction reaction.
Next, 2 mmol of BSO was dispersed into 100 mL of deionized water containing 1.0 g of PVP
(polyvinylpyrrolidone) and stirred for 20 min. A specific concentration of NaBH, (30 mL)
was then added dropwise to the suspension. Next, the resulting suspension was stirred for
1 h, and the precipitates were collected by centrifugation, washed four times with ethanol
and deionized water, and air-dried at 60 °C. The concentrations of NaBH,4 were 50, 100, 300,
and 500 mmol/L; the resulting samples were marked as B-BSO-50, B-BSO-100, B-BSO-300,
and B-BSO-500, respectively.

3.3. Catalyst Characterization

The phase characters were tested through a Bruker D8 Advance X-ray diffractometer
(XRD) using CuK radiation with 5-80° (Bruker, Billerica, MA, USA). The morphology of
the samples was detected by transmission electron microscopy (TEM) and high-resolution
transmission electron microscopy (HRTEM), using the FEI Tecnai G2 F20 (FEI, Hillsboro,
OR, USA). The elemental distribution scanning (EDS) elemental mappings were detected
by Tecnai G2 F30 with Esax Genesis (FEI, Hillsboro, OR, USA). The chemical compositions
and element valence state were analyzed by X-ray photoelectron spectroscopy (XPS) using
Thermo ESCALAB 250 x (Thermo Fisher Scientific, Waltham, MA, USA). The photolumi-
nescence (PL) spectrum was tested under the excitation wavelength of 365 nm using the
FLS980 spectrometer (Edinburgh Instruments, Livingston, Scotland). The electrochemical
tests were measured on a CHI760e electrochemical working station in a pH =7, 0.5 M
sodium sulfate solution electrolyte. The ultraviolet-visible diffuse reflectance spectra (DRS)
were measured with a Hitachi UV-4100 spectrophotometer using BaSO, as the reflectance
standard (Hitachi, Tokyo, Japan). The electron spin resonance (ESR) signals were obtained
on a Bruker-type ESR JES-FA200 spectrometer equipped with a quantum ray Nd, utilizing
YAG laser as a light source and a UV cut-off filter (>400 nm) (Bruker, Billerica, MA, USA).

3.4. Photocatalytic NO Removal Performance Test

The photocatalytic activity of the system was evaluated by oxidizing NO at room
temperature using the Beijing Perfect Light PLR-GSPR atmospheric-pressure gas—solid
photocatalytic reaction system (Beijing Perfect Light Technology Co., Ltd., Beijing, China).
The visible light source used was from a 300WXe lamp (PLS-SXE300D, Beijing Perfect
Light Technology Co., Ltd., Beijing, China) with a cut-off filter (A > 400 nm). The reactor
was a square stainless steel vessel with a quartz top window, and the distance from the
xenon lamp to the quartz top window was set at 20 cm. Photocatalyst powder (0.05 g) was
deposited on a glass surface (10 x 5 cm). NO gas was supplied from a compressed gas
cylinder with 50 ppm NO (diluted with O,), diluting the initial NO concentration to about
500 ppb. The flow rates of gas flow and NO were controlled at 2.4 Lmin~! and 15 mLmin~!,
respectively. The two streams are then premixed in a three-way valve. The relative humidity
in the airflow was controlled at 50%. When adsorption—desorption equilibrium is reached,
the lamp is turned on. NO was measured every 1 min using a NOy concentration analyzer
(Thermo Scientific, 42i-TL, Waltham, MA, USA), which also monitors the concentrations
of NO, and NOy (NOy stands for NO + NO,). The calculation formula of NO removal
rate (n) isn (%) = (1 — C/Cy) x100%, where C is the outlet concentration of NO after the
reaction time t, and Cj is the inlet concentration after reaching the adsorption-desorption
equilibrium.
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3.5. Scavenging Experiments of Active Species

Active species trapping experiments were used to elucidate the role of different
radicals and charge carriers in the photocatalytic removal of NO at an ambient temperature.
The scavenging agents, benzoquinone (BQ), disodium ethylenediaminetetraacetate (Nay-
EDTA), AgNOs, and isopropanol (IPA), were added to the system containing the BSO and
B-BSO-300 samples. In the photocatalytic reaction process, they capture photo-generated
superoxide (¢0?7), holes (h*), electrons (e~), and hydroxyl (¢OH) radicals, respectively.
The reaction is monitored within the same irradiation time as the control experiment to
compare removal efficiency.

4. Conclusions

In summary, a novel Bi-Bi;SnyO; nanohybrid photocatalyst with a high photocatalytic
ability was constructed. Compared with BSO alone, the B-BSO nanocomposite exhibits ef-
fective visible-light photocatalytic performance for NO removal. Due to the SPR effect of Bi
metal, the significant increase in light absorption and the improvement of charge separation
efficiency contributed to enhanced photocatalytic activity. The photocatalytic NO removal
rate of B/BSO increased from 7.2% to 38.6%. This SPR effect not only promotes the transfer
of photogenerated electrons, but also promotes the separation and migration of photogen-
erated carriers, enhancing the generation of O, and eOH radicals responsible for the
oxidation of NO. The B-BSO composite photocatalyst also exhibits excellent photocatalytic
stability, making it a potential candidate for use in air purification systems. This study
not only provides new insights into the synthesis of bismuth-based metal semiconductor
nanocomposite photocatalysts, but also demonstrates the feasibility of using cheap and
abundant bismuth metal for cocatalysts to improve photocatalytic efficiency.
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