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Abstract: The design of highly efficient visible-light photocatalysts and the
elucidation of decomposition mechanisms are the two key tasks in environmental
remediation. Herein, we utilized theoretical calculations to design a Bi metal-based
visible-light photocatalyst (Bi@BiOSi) with surface plasmon resonance (SPR)
properties, showing that the unique electron delivery channel was formed at the Bi
metal/Bi,0,SiO3 interface. The Bi@BiOSi nanosheets were used for photocatalytic
removal of ppb-level atmospheric NO, with Bi metal-based SPR resulting in
enhanced visible light capture and charge separation efficiency, whereas oxygen
vacancy induced the formation of a midgap level and promoted O, activation. As a
result, generation of superoxide and hydroxyl radicals over Bi@BiOSi was promoted,
favoring photocatalytic NO removal. To elucidate the reaction mechanism, the
products distribution during adsorption and photocatalytic NO oxidation on
Bi@BiOSi were determined by in situ DRIFTS, which revealed that the increased
production of reactive species inhibited the toxic intermediates (N,O,4) formation and
increased the selectivity of the NO-to-NOj3 ™ transformation via the synergy of oxygen
vacancy and Bi metal. Thus, this work provides new insights into the design of
non-noble metal-based photocatalysts and establishes a novel method of inhibiting the
toxic intermediates production in photocatalysis for efficient and safe air purification.
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1. Introduction

NO is one of the major air pollutants emitted by vehicles and power plants [1-3],
being a typical PM, s precursor and playing an important role in the formation of haze
and photochemical smog [4,5]. Generally, chemical removal of NO is mainly
achieved using conventional approaches such as selective catalytic reduction [6],
three-way catalysis [7], wet scrubbing [8], biofiltration [9], and oxidation-adsorption
processes [10]. However, all these processes are generally developed for the removal
of high-concentration NO from industrial emissions, being not economically suitable
for use in urban atmospheric environments, which are characterized by NO
concentration of parts per billion (ppb). However, photocatalysis is regarded as an
alternative low-concentration NO removal technology due to its energy saving
potential, low cost, and green easy-to-operate character [11-14].

In general, the reactive radical-mediated photocatalytic oxidation of NO affords
nitrate ions adsorbed on the catalyst surface, which are easily washed away [15,16].
However, in certain cases, photocatalytic oxidation is undesirable due to its potential
of concomitantly producing toxic intermediates such as NO, and N,O, that are
released into the atmosphere and subsequently cause secondary pollution [17-19].
Thus, despite being largely ignored, the above issue presents a major challenge for the
application of photocatalysis in air purification.

Although noble metal (Pt, Pd, Au)-based co-catalysts have been reported to inhibit
the formation of toxic intermediates during photocatalytic oxidation of aqueous

contaminants [20-22], their widespread application is hindered by high cost.



Moreover, the complicated mechanism of photocatalytic NO oxidation in air remains
incompletely understood. Recently, Dong et al. found that Bi, a non-noble metal,
demonstrates direct plasmonic photocatalytic performance [23], which allows it to be
used as a noble metal substitute to improve the photocatalytic performance of other
semiconductors [24-27]. Thus, the fabrication of a Bi metal-based model
photocatalyst should contribute to our detailed understanding of the NO removal
mechanism, particularly to that of toxic intermediate generation, an important issue
that has been largely overlooked. This could help to establish effective approaches of
inhibiting the formation of such intermediates during photocatalytic NO oxidation.
Herein, we designed and fabricated Bi metal@Bi,0,SiO3; (Bi@BiOSi) as a model
catalyst, utilizing density functional theory (DFT) calculations to predict the
optimized electronic structure of Bi@BiOSi and the mechanism of charge transfer
between its constituents. Based on DFT insights, Bi@BiOSi composites were
fabricated via a facile chemical reduction method and used for the removal of
ppb-level NO in a continuous air flow reactor under visible light illumination, with
the obtained results demonstrating the simultaneous deposition of Bi metal and
formation of oxygen vacancies (OVs). Moreover, Bi metal with SPR effect and
working as electron sink enhanced the visible light capture and charge separation
efficiencies, whereas OV generation induced the formation of a midgap level to make
Bi@BIiOSi catalysts visible light active. At the same time, the coexistence of OVs and
Bi metal had synergistic effects on NO and O, activation on catalyst. Consequently,

the production of both superoxide and hydroxyl radicals on Bi@BiOSi was



significantly enhanced, leading to much more efficient photocatalytic NO removal
under visible light irradiation. Most importantly, the adsorption and photocatalytic
oxidation of NO on Bi@BiOSi were investigated by in situ DRIFTS, which revealed
that the enhanced production of reactive species inhibited the generation of toxic
intermediates (N,O4) and increased the selectivity of the NO-to-NO3™ conversion.

2. Experimental

Details of catalyst preparation, Characterization method and theoretical calculation
methods are given in Supporting Information.

2.1 Evaluation of Visible Light Photocatalytic Activity. The photocatalytic
activities of as-prepared samples were evaluated by removal of ppb-level NO in a
continuous flow reactor under visible light irradiation, with detailed procedures
presented in the Supporting Information (Fig. S1).

2.2 In situ DRIFTS investigation of the photocatalytic NO oxidation
mechanism. In situ DRIFTS measurements (Fig. S3) were conducted using a
TENSOR Il Fourier transform infrared (FT-IR) spectrometer (Bruker) equipped with
an in situ diffuse reflectance cell (Harrick) and a high-temperature reaction chamber
(HVC), which featured two gas ports and two cooling ports. High-purity He,
high-purity O,, and 100 ppm NO in He were fed into the reaction system, and a
three-way ball valve was used for switching between target (NO) and purge (He)
gases. The total gas flow rate equaled 100 mL/min, and the concentration of NO was
controlled at 50 ppm by dilution with O,. The chamber was enclosed within a dome

with three windows: two IR light-transparent ZnSe windows and one UV



light-transparent quartz window for photocatalyst illumination. A Xe lamp (MVL-210,

Optpe, Japan) (Fig. S3e) was used as the light source.

3. Results and discussion

3.1 Theoretical design of the Bi@BiOSi model catalyst. The BiOSi catalyst
comprised [Bi»0,]** slabs sandwiched between SiOs>~ pyroxene file layers [28,29]. In
the first step, we modeled and optimized the electronic configuration of Bi@BiOSi,
which typically featured exposed (311) facets with one Bi particle layer
homogenously deposited on the above facet (Fig. S4) [30]. The effect of top Bi metal
could be well understood by employing the projected density of states (Fig. 1a).
Notably, the positive shift of the Bi B peak of Bi@BiOSi relative to that of pristine
BiOSi indicated that Bi atoms in Bi@BiOSi possessed a higher electron distribution.
The corresponding partial decomposed charge densities further confirmed that it is the
top Bi layer carrying more charge (Fig. S5). Then, the electron localization functional
shown in Fig. S6 illustrates the existence of a covalent interaction between top Bi
layer and substrate BiOSi (311), whereas the charge difference distribution (Fig. 1b)
reveals that random electrons would migrate from BiOSi to the top Bi layer causing
charge accumulation over top Bi atoms. The number of top Bi atoms did not affect the
charge transfer direction (Fig. S7). Further, the electrostatic potential of Bi@BiOSi
configuration presented in Fig. S8 implies that Bi metal lower the electron transfer
energy due to working as an electron sink to ensure the directional movement of

electrons from BiOSi to top Bi metal. Hence, the Bi@BiOSi configuration would



originally improve the charge transport at the interface by Bi metal incessantly
attracting charge transfer.
Fig.1

3.2 Synthesis and structure of Bi@BiOSi. Since the deposition of Bi metal on
BiOSi could promote the separation and transfer of charges as key photocatalysis
steps, we used NaBH, as a reducing agent to achieve Bi metal deposition on the
surface of BiOSi. The X-ray diffraction (XRD) patterns of as-prepared samples (Fig.
2a) showed that the diffraction peaks of BiOSi were well matched with the
orthorhombic phase of Bi,0,SiO; (PDF#75-1483) [31], with their intensity decreasing
with increasing NaBH,4 concentration. Moreover, a new phase, namely rhombohedral
Bi metal (PDF#85-1330) was observed in Bi@BiOSi-3 and Bi@BiOSi-4, with its
peak becoming dominant in Bi@BiOSi-5 and thus implying the complete reduction of
Bi*" in BiOSi to Bi metal. Similar to XRD analysis, all FT-IR spectra (Fig. S9)
relevant characteristic peaks were disordered in the spectra of Bi@BiOSi-4, being
totally absent in those of Bi@BiOSi-5.

Fig. 2b shows the XPS spectra of Bi4f, where the two peaks located at 164.2 and
158.8 eV for BiOSi sample are attributed to Bi4f;, and Bi4fs, peaks of Bi*
respectively [12, 32]. In contrast, there are two additional peaks at 161.8 and 156.7 eV
assigned to Bi’in Bi@BiOSi-3 [33]. Moreover, Bi 4f (Fig. 2b) and O 1s (Fig. S10c)
peaks of Bi@BiOSi-3 had higher binding energies than those of pristine BiOSI,
suggesting the existence of a covalent interaction between Bi metal and BiOSi, in

agreement with theoretical calculations [34,35]. The atomic content of Bi**, Bi’, Si



and O elements and the ratio of Bi metal to Bi,O,SiO3 of the samples are given in
Table S1. Considering that Bi metal is in situ introduced on the surface of BiOSi, the
interfacial contact between BiOSi and Bi is intimate, promoting interfacial charge
transfer.

Scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) were employed for morphological characterization, revealing that pure BiOSi
comprised interconnected ultrathin nanosheets (Fig. 2c, Slla, b and S12a, b).
Correspondingly, small nanoparticles uniformly distributed on nanosheets were
observed for Bi@BiOSi-3 (Fig. 2d, Sllc, d and S12c, d). Representative
high-resolution TEM (HRTEM) images of BiOSi and Bi@BiOSi-3 (Fig. S13a, b and
c, d, respectively) revealed that in situ formed Bi nanoparticles with mean particle
size of 4.0 nm (Fig. S14) were dispersed on the surface of BiOSi nanosheets. The
BET surface area of Bi@BiOSi samples are 27.2, 29.0, 29.8, 26.3, 28.8 m?/g,
respectively, all higher than that of bulk BiOSi (19.7 m%g). With more nanoparticle
metal Bi deposited on the surface, the BET surface areas are increased. N,
adsorption-desorption isotherm and pore diameter distributions of samples are given
in Fig. S15. Moreover, the lattice spacing of 0.328 nm (Fig. 2e) identified in the
nanoparticle region (circled part) was well matched with the (012) plane of
rhombohedral Bi.

Fig. 2
3.3 Visible light photocatalytic NO removal. The as-prepared catalysts were used

for photocatalytic NO removal under visible light illumination in a continuous air



flow reactor, with the obtained results (Fig. 3a) showing that pristine BiOSi exhibited
negligible visible light activity. However, Bi metal deposition significantly improved
the photocatalytic activity, with the highest NO removal efficiency of 50.2% observed
for Bi@BiOSi-3 being followed by those of Bi@BiOSi-2 (38.6%), Bi@BiOSi-4
(27.7%), Bi@BiOSi-1 (14.2%), and Bi@BiOSi-5 (13.8%). The corresponding NO,
generations are given in Fig. S16. Nevertheless, the excessive amounts of Bi metal in
Bi@BiOSi-4 and Bi@BiOSi-5 were expected to negatively affect photocatalytic
activity. Notably, Bi@BiOSi-3 exhibits superior photocatalytic activity in comparison
with common photocatalysts P25 and g-C3N4 (Fig. S17).

After the photocatalytic activity test, the final products NO, and NOs on the
catalysts surface were washed with 100 mL deionized water and determined by ion
chromatography (IC) (Fig. S18). The NO, and NOj3 are the final products of
photocatalytic NO oxidation. The concentration of NO," and NO3™ accumulated on
different catalyst is consistent with the photocatalytic activity, i.e. the most efficient
Bi@BiOSi-3 generated maximum amount of NOs™ product on the catalyst surface.
The durability of Bi@BiOSi-3 was further tested for five repeated irradiations (Fig.
S19a), which implies that the Bi@BiOSi was photo-chemically stable with little
deactivation. Catalyst XRD and XPS comparison after repeated experiments are also
give in Fig. S19b-d

3.4 Optical properties and band structure. Since Bi metal exhibits visible
light-induced surface plasmon resonance (SPR) effect [36], Bi@BiOSi samples

showed enhanced visible light capture ability (Fig. 3b). In these samples, Bi metal



could concentrate incident photon energy into plasmon oscillations and thus
significantly enhanced the electromagnetic field (simulated by FDTD techniques in
Fig. S20) to facilitate the separation of electrons (¢7) and holes (h*) [37-39]. The
characteristic PL peaks of Bi@BiOSi (Fig. S21) were significantly less intense than
those of BiOSi, further implying that the introduction of Bi metal inhibited charge
carrier recombination.

Fig. 3

Plots of (aAv)*? versus photon energy and the valence-band XPS spectra of BiOSi
and Bi@BiOSi-3 (Fig. S22) showed that Bi metal introduction did not significantly
affect the band gap energy and the valence band position [40,41]. Since the
conduction band edge of Bi@BiOSi-3 (—1.03 eV) was more negative than that of the
Fermi level of Bi metal (-0.17 eV) [23], the BiOSi-to-Bi flow of photoexcited
electrons in Bi@BiOSi-3 was thermodynamically favorable. However, the band gap
of BiOSi is 3.2 eV (Fig. S22a), which can be hardly excited under visible light
irradiation.

The solid-state electron paramagnetic resonance (EPR) is employed to investigate
the nature of defects under room temperature [42]. There are little OVs in BiOSi as
the EPR signal in dark is negligible (Fig. 4a). However, the Bi@BiOSi samples show
gradually enhanced EPR signal with the increase amount of Bi metal at g = 2.004,
implying that an increased amount of OVs was generated [41]. Also, these EPR
signals are found to be intensified under visible light irradiation, further confirming
that the charge mobility of Bi@BiOSi samples can be effectively promoted for Bi
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metal [43-45]. More importantly, OVs would induce the formation of an intermediate
level, as revealed by DFT calculations (Fig. S23), allowing photo-electron excited
from the valence band to the intermediate level and then to the conduction band to
induce following reactions (Fig. S24) [46].

3.5 Reactants activation. The adsorption of O, and NO on the catalyst surface is a
key step in gas-solid photocatalytic reaction. Firstly, O, activation is a quite essential
step by producing active free radicals that directly work on contaminates. Also, O,
activation could trap electrons thus effectively prevent carrier recombination.
Therefore, the most stable O, adsorption results (Fig. S25) after optimizing the initial
configurations are obtained to get access to the effect of OVs and Bi metal for O,
activation. Apparently, O-O bond length is enlarged on both OV-BiOSi and Bi-BiOSi
configurations. Moreover, the energy of O, molecule adsorption (Eags) in the four
structures are: OV-BIiOSi (-2.29 eV)< side-Bi-BiOSi (-1.84 eV)< BIiOSi (-1.61eV)<
top-Bi-BiOSi (-1.41 eV). These results suggest that side-Bi-BiOSi configuration
would facilitate O, activation to certain extent while OV-BiOSi is the most beneficial
configuration for O, adsorption and activation for its most negative E,qs and largely
lengthened O-O bond. Normally, surface OVs could supply coordinately unsaturated
sites for O, adsorption and activationand thus promote superoxide radical (<O;)
formation [47]. Consequently, enhanced ESR signals of DMPO-<O, (Fig. 4b) could
be observed for Bi@BiOSi-3 compared with pristine BiOSi. Additionally, the
enhanced ESR signals of hydroxyl radicals (*OH) (Fig. S26) can be ascribed to
increased charge separation efficiency.'® ?° The observed*OH were formed via the
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oxidation of surface OH™ by photogenerated h*, since the potential energy of
valence-band h* (2.05 eV) was higher than that of OH /*OH (1.99 eV) [12,48]. Thus,
the increased production of highly oxidizing active radicals favored the complete
oxidation of NO.

In addition, NO adsorption over the four configurations was calculated as shown in
Fig. S27. The side-Bi-BiOSi is the most favorable configuration for NO adsorption as
indicated by the most negative adsorption energy and largely lengthened N-O bond.
According to the total charge calculated by Bader method [49], Bi metal could
facilitate the NO by accepting electrons, while the OVs promote NO activation by
donating electrons.

In the actual reaction situation, the O, and NO coexist on the catalyst surface.
Therefore, we discussed the NO and O, co-adsorption on OV-BiOSi and
side-Bi-BiOSi structure that either in favors of O, adsorption or NO adsorption. In the
presence of OVs (Fig. 4c), O, is preferentially adsorbed and activated for its largely
lengthened O-O bond. While the adsorption of NO seems to be limited when
coexisting with O, for its shorten N-O bond. Also the density difference result shows
that the random electrons are accumulated on O, for its activation in priority.

For side-Bi-BiOSi structure (Fig. 4d), it could be seen that the NO is prior to
receive electrons from Bi metal then transfer them to O, for its activation. Also, Bi
metal would not prevent O, from adsorption while promoting NO adsorption in
side-Bi-BiOSi structure according to N-O and O-O bond length variation.
Interestingly, the total charge of NO in the two structures remains unchanged,
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including the electron loss in OV-BiOSi and charge accumulation in side-Bi-BiOSi.
The as-prepared catalyst is largely influenced by OVs and Bi metal. That is to say, it
is favorable for O, activation on OVs dominated area, whereas the NO adsorption
would be promoted by Bi metal.

Fig. 4

3.6 Mechanism of photocatalytic NO oxidation and toxic intermediates
inhibition. The mechanism of photocatalytic NO oxidation was probed by in situ
DRIFTS to directly monitor NO and O, adsorption and reactions on the catalyst
surface. In situ DRIFT spectra recorded during adsorption and photocatalytic reaction
on BiOSi and Bi@BiOSi samples as shown in Fig. S28 and Fig. 5. NO and O, led to
the formation of several adsorbed NOy species with adsorption bands attribution
shown in Table S3.

During adsorption (Fig. S28), NO (1715-1724 cm™) is capable of simultaneously
reacting with surface hydroxyl groups (broad 3300 cm™) to form NOH (around 1100
cm™) and bi-NO, (1590, 1594 cm™) (Eq. 1) with quite low content[50, 51-53]. Also,
NO together with O, is more like to convert into N,O,4 (1376-1350 cm™) [54], the
dipolymer of NO,, that is an undesirable toxic intermediates (Eq. 2). However, NO
may react with neighboring O, present at the OVs (0,%) to afford surface-adsorbed
c-NO, and m-NOs (Eq. 3) to prevent N,O4 generation [48]. That is to say, gradual
generated OVs in Bi@BiOSi samples are able to inhibit the conversion of NO into
N,O, during the adsorption period to extent.

After photocatalytic reaction sparked, *O, and *OH radicals would be produced
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via photoexcited h* and e reacted with surface O,and OH", respectively (Egs. 4-6),
being subsequently utilized for the oxidation of NOH and N,O4 to bi-NO, and
br-NO3~ (1695 cm™) thoroughly (Egs. 7-9) [53]. That is to say, sufficient generated
active radicals are able to oxidize all intermediates completely avoiding toxic
intermediates accumulation effectively. Moreover, photoexcited h* could also directly
oxidize NO to bi-NO3™ (1404 cm™) (Eq. 10) [52,55]. The overall process of NO
adsorption and photocatalytic oxidation in Bi@BiOSi sample is given in Fig. S29.
Control experiments on DRIFT spectra over P25, CN and without photocatalyst are
given in Fig. S30. There is no detectable IR peak under both dark and light on
situation, without photocatalyst which means NO would not be removed without
photocatalytic reaction. On the other hand, NO*, NO, N,O,;, NO, and NOs are
detected over CN and P25 under light irradiation, which are common photocatalytic

NO oxidation intermediates and final products [56-58].

Fig. 5
2NO + OH™ - NOH + c- NO3 (1)
2NO + 0, < N,0, (2)
2NO + 0, + 0%~ - ¢~ NO; + m-NO3 (3)
photocatalyst " h* +e” (4)
0,+e” > «0; (5)
OH™ + ht - « OH (6)
2NOH + 2 » 0; — br-NO3 + bi-NO; + H,0 ©)
N,0, + 2 « 0; = 2br-NO3 + O, (8)
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N,0,4+2¢0H 4 20H™ - 2br-NO3 + 2H,0 (9)
2h* 4+ 2NO + 0, + 40H™ - 2bi- NO3 + 2H,0 (10)

The normalization method was used to Figure out the intermediates difference
during adsorption and reaction stage (Fig. 6). The content percentage means the one
single species as a percentage of total NOx intermediates species of each sample after
adsorption and reaction stage.

Form the product percentage shown in Fig. 6a, the main product on BiOSi during
dark adsorption is N,O4. Also, the yield of N,O, is highest in BiOSi among all
samples in adsorption stage. However, the generation of N,O,4 in this stage is
decreased from Bi@BiOSi-1 to Bi@BiOSi-4 sample with gradual increased OVs and
Bi metal, which means the generation of N,Oy is suppressed in the adsorption phase.
As for Bi@BIiOSi-5 samples, no characteristic peaks can be detected.

For the photocatalytic reaction stage, certain content of NO* and NO," can be
detected in Bi@BiOSi-1 and Bi@BiOSi-2 samples as shown in Fig. 6b [49]. That is
to say, the NO and NO; tend to lose electrons in Bi@BiOSi-1 and Bi@BiOSi-2
samples. In combination with DFT, the OVs play a main role in these two samples as
NO is more like to be electron donor. Nevertheless, NO* and NO," are not detected in
Bi@BiOSi-3 and Bi@BiOSi-4 with increased amount of Bi metal which is prone to
donate electrons to the adsorbed NO. It is worth noting that the generation of final
products NO," and NOj3™ reaches to the highest level in Bi@BiOSi-3 samples during
photocatalysis reaction, which is accounted for its most positive response in NO
removal. The selectivity of the NO-to-NO;  transformation during photocatalysis
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could be improved largely with combined effect of OVs and Bi metal. There is still no
any peak being detected in Bi@BiOSi-5 samples after light on, which indicates that
the excessive Bi metal is wrapped on the surface of the catalyst, which would prevent
NO from adsorption on the catalyst surface (Fig. S27).
Fig. 6

In general, the photocatalytic NO removal would reach maximum when the content
of OVs and Bi metal is optimized. The “volcano-like” variation of the photocatalytic
activity of Bi@BiOSi samples should be ascribed to the synergy of OVs and Bi metal,
which can be schemed in Fig. 7.

Fig. 7

Thus, Bi@BIiOSi is an outstanding photocatalyst for efficient and safe air

purification. The detailed photocatalytic reaction mechanism is illustrated in Fig. 8.

Fig. 8

4. Conclusion

Although only a model Bi@BiOSi catalyst is described herein, this study has
significant implications for modification of the abundant Bi-containing
semiconductors. Bi metal was shown to increase the visible light absorption and
carrier transportation efficiency of the studied photocatalyst due to exhibiting SPR
properties and working as electron sink. Meanwhile, the simultaneously generated
OVs form an intermediate energy level, making it possible for the wide band gap
semiconductor being responded to visible light. Moreover, the co-existed OVs and Bi
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metal were demonstrated to have synergy effect on reactants activation on the catalyst
surface. These parameters are decisive factors for sufficient active radical generation
during photocatalysis. Then, the generation of N,O4 was effectively inhibited during
adsorption as well as reaction process by the largely produced active radicals via in
situ  DRIFTS monitoring. Finally, the high selectivity of the NO-t0-NOj3;
transformation is accomplished by the synergy of OVs and Bi metal. The above
insights should enable the modification of other Bi-containing semiconductors to
highly inhibit the generation of toxic intermediates, an important issue that has been

largely overlooked.
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Figure

Figure captions

Fig. 1 Projected density of states (PDOS) of Bi atom, BiOSi and Bi@BiOSi (a). The
charge difference between each atom in Bi@BiOSi structure (b). Purple, red and blue
spheres depict Bi, O and Si atoms. Charge-accumulation and charge-depletion regions
are shown in blue and yellow, respectively.

Fig. 2 XRD patterns of BiOSi and Bi@BiOSi samples (a), XPS spectra of Bi4f in
BiOSi and Bi@BiOSi-3 (b), SEM images of BiOSi (c) and Bi@BiOSi-3 (d), HRTEM
image of Bi@BiOSi-3 (e).

Fig. 3 Visible light photocatalytic performances (a) and the UV-vis diffuse reflectance
spectra of BiOSi and Bi@BiOSi samples (b).

Fig. 4 Solid-state EPR spectra of BiOSi and Bi@BiOSi samples (a). DMPO ESR
spectra of ‘O, in methanolic dispersions in the dark and under visible light irradiation
(A = 420 nm) (b). NO and O, coadsorption in BiOSi (c) and side-Bi-BiOSi (d)
configuration. All lengths are given in A, with the color coding of atoms matching
that of Fig. 1.

Fig. 5 In situ DRIFT spectra recorded during NO photocatalytic reaction over BiOSi
(a) and Bi@BIiOSi samples (b-f).

Fig. 6 Normalized the reaction intermediates and final products on each sample after
the adsorption stage (a) and photocatalytic reaction stage (b).

Fig. 7 Schematic illustration of the synergistic effects of OVs and Bi metal on the
photocatalytic activity.

Fig. 8 Scheme of processes occurring during visible-light-driven photocatalytic NO

removal on Bi@BiOSi-3.
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Fig. 7
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*Graphical Abstract

Graphical abstract

[1Bi@Bi,0,S105 catalysts are fabricated for NO photocatalytic removal and the toxic
intermediates can be inhibited with the synergistic effects of Bi metal and oxygen

vacancy.

Bi metal

)Xygén vacancy



*Highlights (for review)

Research Highlights

® Bi@Bi,0,Si03 with oxygen vacancies (OVs) are fabricated by a facile method.

® The surface plasmon resonance of Bi metal enabled charge separation efficiency.
® OVsinduced the formation of a mid-gap level in the wide band gap of Bi,O,SiO:s.
® The OVs and Bi metal had synergy effects on inhibition of toxic intermediates.

® The photocatalytic reaction mechanism was revealed via in situ DRIFTS.





