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Bismuth-rich BisO;Br is a promising photocatalyst for pollutant removal owing to its stability and appro-
priate band structure in comparison with bismuth oxybromide. However, bulk-phase BisO;Br suffers from
poor light absorption and high charge recombination rates resulting in poor activity. Elemental doping is
a powerful strategy to enhance photocatalytic activity. In this study, we prepared a series of Br auto-
doped ultrathin BisO;Br nanotubes and explored the effect of Br doping on photocatalytic NO removal.
The optimal doping content was determined via a photocatalytic NO removal experiment, which revealed
the optimal ratio of Bi and Br was approximately 3:1. In situ diffuse reflectance infrared Fourier trans-
form spectroscopy (In situ DRIFT) and density functional theory (DFT) studies revealed that NO removal
mechanism catalyzed by Br doped BisO;Br. Our work presents a new strategy for the enhancement of
photocatalytic pollutant degradation by bismuth oxyhalide photocatalysts.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The concentration of atmospheric nitric oxide (NO) is contin-
ually increasing, due to the increase in industrial activities and
transportation [1-3]. Numerous measures need to be taken to re-
move NO, since NO is harmful to human health and contributes
to the global air pollution problem [4]. In recent years, photocat-
alytic technology has been regarded as a promising and attractive
technology to control atmospheric NO pollution [5-8]. Ideal cata-
lysts for photocatalytic removal are highly active towards molec-
ular oxygen and are activated under visible light, however active
catalysts are elusive to discover with many possessing poor carrier
separation efficiencies.

Various photocatalysts have been studied for photocatalytic NO
removal and significant advancements have been made [9-11].
Among these, visible-light responsive bismuth oxyhalide semicon-
ductors with special layered structures have attracted a wide range
of interest and have been considered as one of the most promis-
ing photocatalysts for NO removal [12-14]. It has been found that
by changing the ratio of bismuth (Bi), oxygen (0), and halogen (CI,
Br and I), this can induce anisotropic p states or hybrid sp states
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and simultaneously lead to a highly dispersed conduction band
(CB) and valence band (VB). Greater charge transfer under pho-
toexcitation is known to be critical in photocatalytic NO degrada-
tion. The present research focus has moved away from bulk phase
BiOX (X=Br, Cl and I) catalysts and has moved towards prepar-
ing more active bismuth rich photocatalytic materials (BixOyX,
x:y:z # 1:1:1, X=Br, Cl and I). These include, Bi3O4Br [15],
Bi24031C110 [16], BISO7X (X: Cl, Br, I) [17], Bi405[2 [18] and so on.
For example, BisOBr displays excellent activity towards nitrogen
fixation, pollutant degradation and H, evolution [19-21]. However,
the photocatalytic properties are still greatly limited by the intrin-
sically high recombination rate of photo-generated charge carriers
and poor light absorption.

To improve the photocatalytic properties of BisO;Br, many
strategies, such as defect engineering [22], doping with metals and
non-metals, surface functionalization, metal deposition, and com-
bination with semiconductor catalysts have been investigated [23-
26]. Varying the morphology has also been investigated and vari-
ous forms of nanostructures [27], such as nanotubes, nanoparticles,
and nanosheets have been prepared to shorten the carrier diffu-
sion length and improve electron transport [28-30]. Meanwhile,
self-doping has been regarded as an effective approach to boost
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the photocatalytic performance of catalysts as it enables control of
the number of active sites. Furthermore, it permits tuning of the
electronic and band structures without introducing extraneous el-
ements and thus avoids the destruction of the pristine configura-
tion [31,32]. For example, Wang et al. [33] reported that Sn self-
doped CaSn(OH)g could optimize the local electron structure, in-
creasing the rate of activation and oxidation of important inter-
mediate products (HCOOH). This leaded to a suppression in the
generation of toxic products, and presents a safe and efficient ap-
proach to photocatalytically remove formaldehyde. Using theoret-
ical and experimental means, Zhang’'s group [34] found Bi self-
doping Bi,WOg enhances the charge separation and transfer to im-
prove the photocatalytic degradation of sodium pentachlorophen-
ate. However, there is no formula to predict the effect of self-
doping on the photocatalytic properties of BisO,Br, and the pro-
motion mechanism has not been fully determined. Accordingly, the
activation mechanism for improved photocatalytic performance on
self-doping Bis;O;Br requires further investigation in order to ratio-
nally design highly active photocatalysts.

In this study, a series of BisO;Br nanostructures were obtained
via the facile precipitation method by controlling the amount of
KBr. Among the series, BisO;Br-40 displayed the best performance
towards NO photoremoval, and had the largest specific surface area
(153.6 m?/g) and the best optical absorption property among those
evaluated. Density functional theory (DFT) calculations revealed
that introducing Br self-doping can reduce the bandgap of BisO;Br
and tune the band position to improve the oxidation properties of
the catalyst. NO adsorption, electronic transfer, and local electron
structures are all significantly increased by Br doping. The exper-
imental results show that more superoxide radicals are produced
by Br-40 resulting in outstanding efficiency towards photocatalytic
NO removal during visible light illumination. To explore the pho-
tocatalytic mechanism of NO removal, in situ DRIFT was used to
monitor the adsorption and photocatalytic processes, and the inter-
mediate products formed, and the conversion of NO over time. We
have demonstrated a new approach to increase the charge separa-
tion and improve the photocatalytic activity of bismuth oxyhalide
photocatalysts under visible light irradiation.

BisO;Br nanotubes were prepared via a facile room-
temperature precipitation method. 0.25g of Bi(NO3);-5H,0
was mixed in 20mL of EG at room temperature with continuous
magnetic stirring. After complete dissolution, 15 mL of oleylamine
was added followed by 15mL of ethanol. KBr solid (0.01, 0.02,
0.04 and 0.06g) was added and the resultant mixture was stirred
for 30min. 20mL of deionized water then added into the mix-
ture, which was then stirred for 24h, after which a solution
was obtained. The aqueous phase was washed with n-heptane
and ethanol several times, and then was dried at 60 °C. This
furnished were tagged as either Br-10, Br-20, Br-40, or Br-60.
The performances of the reagents and characterization instru-
ment information of the sample are shown in the Supporting
information.

Photocatalytic properties were assessed by determining the
removal ratio of NO at 500 ppb in a continuous-flow reac-
tor, which measured 30cm x 15cm x 10cm (long x wide x high).
A 150W commercial tungsten halogen lamp was vertically set
outside the reactor which was turned on after achieving an
adsorption-desorption equilibrium. Removing the UV light in the
light beam by accomplished by a UV cutoff filter (420 nm). The as-
prepared sample (0.20g) was dispersed and coated onto two glass
dishes (12.0cm in diameter) for photocatalytic activity tests. The
concentration of NO was continuously measured by a NOyx anal-
yser (Thermo Environmental Instruments Inc., model 42i-TL). The
removal ratio () of NO was defined as (Eq. 1):

n(%) = (1 —C/Cy) x 100% (1)
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Fig. 1. (a) XRD patterns of Br-10, Br-20, Br-40 and Br-60. (b) UV-vis diffuse re-
flectance spectra of the prepared samples. (c) N, adsorption-desorption isotherms
and (d) pore-size distribution curves of different samples.

where C and C; are concentrations of NO in the outlet stream and
feeding stream, respectively.

The in situ diffuse reflectance infrared Fourier transform spec-
troscopy (DRIFTS) measurements were conducted in a high-
temperature reaction chamber and recorded on a Tensor Il FTIR
spectrometer (Bruker) equipped with an in situ diffuse reflectance
cell (Harrick). The photocatalysts were placed into an Ar gas filled
(50mL/min) reaction chamber at 110 °C to clear the residual hy-
drocarbon, H,0, and CO, after heat treatment and the real-time
FT-IR spectrum was recorded as the background. Then, the reac-
tion gas (50 mL/min NO, 50 mL/min O,) was transferred into the
reaction chamber. NO adsorption onto the photocatalysts was con-
ducted for 20 min, before the photocatalysts were illuminated un-
der visible light for 50 min. During the process of adsorption and
the first thirty minutes of the reaction, IR spectra were recorded
every 2min, and afterwards were recorded every 10 min. The IR
scanning range was 600-4000 cm~! in order to elucidate the pho-
tocatalytic oxidation process.

Density functional theory (DFT) calculations were performed by
employing the VASP5.4 code [35,36], using the generalized gra-
dient approximation with the Perdew-Burke-Ernzerhof (PBE) ex-
change and correlation functional [37]. A plane-wave basis set with
cut-off energy of 400eV within the framework of the projector-
augmented wave (PAW) method was carried out [38,39], along
with a 3 x3 x1 Monkhorst Pack grid for the Brillouin zone. The
Gaussian smearing width was set to 0.2eV. The van der Waals
(vdW) correction was described by the D2 method of Grimme. All
atoms were afforded to relax and converge to 0.01eV/A in all sys-
tems. A 156 atom 2 x 3 x 1 supercell of BisO;Br (571Br) was re-
laxed, then Br self-doping was introduced, which is shown in Fig.
S1 (Supporting information).

The adsorption energy (AE,q) is defined as Eq. 2:

AEad = Etot - (Es + Em) (2)

where Eiot, Es and Ey, are the total energy of the adsorption com-
plex, the 571Br material, and the isolated molecule, respectively.
XRD patterns of the prepared samples were recorded to iden-
tify their crystal structures. As shown in Fig. 1a, the XRD patterns
of Br-10, Br-20, Br-40 and Br-60 could be properly indexed to the
phase of BisO;Br (JCPDS No. 38-0493). The diffraction peaks of the
Br-10, Br-20, Br-40, Br-60 samples at 26 were 28.29°, 31.07° and
33.39° consistent with the (312), (004) and (600) of BisO;Br, re-
spectively. It is observed in Fig. S2 (Supporting information), the
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Fig. 2. XPS spectra and elemental content table of the samples, (a) full scan, (b) Bi
4f, (c) O 1s, (d) Br 3d.

peaks gradually shifted to a lower angle with increasing levels of
the starting material KBr, and the crystallinity started to deterio-
rate when 0.06¢g of KBr was added (Br-60). Furthermore, the op-
tical absorption properties of the samples were revealed through
UV-vis diffuse reflectance spectroscopy. It was found that the ab-
sorption spectra of the samples showed a red shift from pristine
Br-10, with Br-40 possessing the optimal absorbance (Fig. 1b). The
band gaps (Fig. S3 in Supporting information) were measured as
3.16eV, 2.72eV, 2.57eV and 2.63 eV for Br-10, Br-20, Br-40 and Br-
60, respectively. This indicates the optical absorption maxima of
the samples ranged from ultraviolet absorption through to visible
light adsorption wavelengths, whilst the visible light adsorption
performance was improved with increased Br doping.

As can be seen in Figs. 1c and d, the BET expressed specific
surface area and the pore structure of the samples was inves-
tigated. According to the Brunauer-Deming-Deming-Teller (BDDT)
classification, the prepared samples were all type IV adsorption
isotherms, indicating the existence of mesopores in the structures.
Table S1 (Supporting information) shows the specific surface areas
and the pore volumes of the samples. The specific surface areas
were calculated as 73.0 m?/g for Br-10, 83.3 m2/g for Br-20, 153.6
m?/g for Br-40, and 101.2 m?2/g for Br-60. Br-40 had the largest sur-
face area among the synthesized samples evaluated, which indi-
cates it may possess a higher adsorption performance for NO com-
pared with the other materials. Additionally, the pore volumes of
the samples were between 0.210 cm3/g and 0.398 cm3/g, of which
Br-40 had the largest pore volume.

The detailed elemental composition of the prepared Br-10, Br-
20, Br-40, and Br-60 samples was investigated by XPS spectroscopy.
As shown in Fig. 2a, Bi, O, C and Br on the surface of the sam-
ples were indexed in the survey scan spectra. Two bands at about
164.9eV and 159.7eV in Fig. 2b correspond to Bi 4f5;, and Bi 4f;),
respectively. This verifies that Bi is in the trivalent state [40]. Fig.
2c shows that the binding energies for O 1s are 530.3eV and
529.3 eV and correspond to the Bi—O bond in BisO;Br and the ad-
sorption of oxygen-containing species (H,O and —OH) on BisOBr
[41,42]. The peaks for Br 3d at approximately 69.9eV and 68.7 eV
correspond to Br 3dsp, and 3ds,, respectively (Fig. 2d). Moreover,
the elemental content of Bi and Br in the samples and their ra-
tio was assessed by XPS (Table 1). The ratio of Bi and Br for Br-10
was estimated at approximately 5:1 in pristine BisO,Br. The ratio
between Bi and Br was shown by XPS to gradually decrease with
increasing amounts of KBr. This increase in Br is known as self-
doping, and the doping concentration is increasing from Br-20 to
Br-60.

3163

Chinese Chemical Letters 33 (2022) 3161-3166

Table 1

Content and ratio of elements for Br-10, Br-20, Br-40 and Br-60.
Name Bi 4f Br 3d Bi/Br
Br-10 16.12 3.38 4.78:1
Br-20 20.35 6.39 3.18:1
Br-40 20.31 7.87 2.58:1
Br-60 21.09 8.90 2.37:1

Fig. 3. SEM image of Br-40 (a), HR-TEM patterns of Br-40 (b, c). Electron diffraction
image of Br-40 (d).

The morphology and structure of the prepared samples were
characterized by SEM and HR-TEM. The SEM images of the Br-10,
Br-20, Br-60, and Br-40 samples is shown in Figs. S3a-c (Supporting
information) and Fig. 3a. The samples exhibit a cotton-like shape
comprised of small cotton tubes. HR-TEM was carried out to deter-
mine the micromorphology of the prepared samples and is shown
in Fig. 3 and Fig. S4 (Supporting information). HR-TEM revealed the
water-assisted atomic self-assembly with a small quantity of KBr
leads to the formation of nanotube structures. The size of the nan-
otubes formed varied with the amount of KBr present. Of the sam-
ples evaluated, the Br-40 sample possessed the largest tube diame-
ter. As shown in Figs. 3b and c, the cross-sectional diameter of the
nanotubes in the Br-40 sample was ca. 5nm (red border) and the
lattice fringes had an interplanar spacing of 0.32nm (purple bor-
der). These were confirmed as (312) crystalline facets, correspond-
ing to the patterns of the selected-area electron diffraction (Fig. 3d)
[28]. The Br-40 sample possesses the largest specific surface area,
pore volume, and nanotube diameter. The EDS of the Br-10 and Br-
40 samples were analyzed to further verify the elemental content.
As demonstrated in Fig. S5 (Supporting information), the elemental
ratio for Br and Bi in Br-10 and Br-40 is 5:1 and 3:1, respectively.
This is consistent with the XPS data, indicating Br self-doping with
increasing levels of KBr.

Furthermore, DFT was employed to confirm whether Br self-
doping could improve photocatalytic NO removal and the band
structure of Br self-doped Bi;0;Br (Br-571Br) compared to 571Br.
The total density of state (TDOS) of 571 Br and Br-571Br and the
partial density of state (PDOS) for the Bi atom in the two materi-
als was examined to explore the influence of introducing Br self-
doping in BisO;Br. As shown in Fig. 4a, Br self-doping generates a
peak at the bottom of the conduction band leading to a reduction
the bandgap from 2.37 eV to 1.85eV. Meanwhile, the TDOS peak for
Br-571Br shifts to the left, indicating an improvement in the oxida-
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Fig. 4. The TDOS of 571Br and Br-571Br (a). PDOS of Bi for 571Br and Br-571Br (b). The Fermi level is set to 0eV. The charge density difference and Bader values of adsorbed
NO for 571Br (c) and Br-571Br (d). The isosurfaces are 0.01eV/A3. Aq represents the sum of the charge transfer numbers of the adsorbed NO. The Bader value is in e; The
ELF for 571Br (e) and Br-571Br (f). The partial density of state (PDOS) of adsorbed NO on 571Br (g) and Br-571Br (h), respectively.

tion performance. Accordingly, Br self-doping in BisO;Br appears
favorable for NO removal by oxidation. Furthermore, the PDOS of
Bi 2p in Br-571Br had a distinct peak at the bottom of the con-
duction band around the Fermi level, which serves the TDOS (Fig.
4b). This indicates the introduction of Br self-doping may enable
the tailoring of the density of state for the Bi atom adjacent to the
doped Br atom, to improve the band structure of BisO;Br, facilitat-
ing catalytic NO removal.

To explore the effect of Br self-doping on NO removal, the ad-
sorption properties and electronic structure of NO adsorbed onto
the 571Br and Br-571Br were studied. As showed in Figs. 4c and d,
NO preferentially adsorbs onto Br-571Br over 571Br. The adsorption
energy for Br-571Br is —0.90eV while that for 571Br is —0.22eV.
Besides, the adsorption site was on the O atom for 571Br which
was altered by the adjacent Bi atom doped with Br. Charge density
difference and Bader analysis revealed NO adsorbed on Br-571Br
has a large electron density indicated by the Bader value of —0.30
e. On the contrary, the Bader value of NO adsorbed on 571Br is
—0.08 e. It is found that both the NO adsorption energy and the
rate of electron transfer for Br-571Br is more than three times that
of 571Br. PDOS and the electron local function (ELF) were assessed
to reveal the interaction between the adsorbed NO and the pho-
tocatalyst. As shown in Figs. 4e and f, the peaks corresponding to
N 2p (the N atom of adsorbed NO) on Br-571Br more overlapped
with the peaks corresponding to Bi 2p (the Bi atom of Bi507Br)
compared with those for 571Br. This indicates that the interaction
between NO and Br-571Br is stronger. The boundary between the
N atom of adsorbed NO and the Bi surface atom of Br-571Br is al-
most red (see the black circle, Figs. 4g and h), while it is almost
observed blue between the N atom and the O atom of 571Br (Figs.
4g and h). This indicates adsorbed NO intensively interacts with
the surface of the Br-571Br material. Fig. S6 (Supporting informa-
tion) reveals that the interaction between NO and 571Br is weaker
than that between NO and Br-571Br because of the covalent action
values of 11% for 571Br and 36% for Br-571Br.

Br self-doping in Bi;O;Br appears to enhance NO removal by
increasing the adsorption of NO, accelerating the charge transfer
between NO and the photocatalyst surface, and strengthening the
interaction between NO and BisO;Br materials.

Additionally, we experimentally investigated the photocatalytic
properties of the prepared Br self-doping samples towards NO
degradation under visible light irradiation. The NO removal rate
for Br self-doping is shown in Fig. 5a, and reveals Br-40 has the
highest activity (Br-10 (26%) < Br-20 (35%) < Br-40 (44%) > Br-
60 (33%)). Br-40 was then further studied in a cycle test to exam-
ine the stability and durability of the catalyst towards NO removal
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Fig. 5. (a) Photocatalytic activity of NO degradation under visible light. (b) The cy-
cling test of Br-40 under visible irradiation. (c) ESR spectra of superoxide radicals
generated from Br-10 and Br-40; (d) PL spectrum of Br-10, Br-20, Br-40 and Br-60.

(Fig. 5b). The NO removal performance slightly decreased but lev-
eled out to approximately 41% after the five cycles, indicating good
catalyst stability.

Br-40 exhibits excellent activity for NO degradation, and the dif-
ference in activity compared with undoped BisO;Br (Br-10) was
further investigated. ESR spectra was employed to identify the re-
active species, whilst PL spectroscopy was performed to assess the
charge separation for the photocatalysts. No signals corresponding
to -0, for both Br-10 and Br-40 were observed in the dark, whilst
a strong signal corresponding to -O,~ for Br-40 was observed under
visible light irradiation in comparison to the *O,~ signal for the Br-
10 sample (Fig. 5c). This greater amount of ‘O, generated for Br-
40 compared to Br-10 directly correlates with the greater oxidation
properties of Br-40. As more ‘0, is produced, this generates more
dissociative electrons and lowers the PL intensity. Lower PL inten-
sities correspond to a lower recombination rate of electron-hole
pairs, as well as higher charge separation efficiencies. As shown in
Fig. 5d, Br-40 has the lowest PL intensity in contrast with the other
samples, and hence displays the most excellent charge separation
efficiencies.

The infrared spectra of the adsorption of NO and the corre-
sponding photocatalytic NO oxidation under visible light irradia-
tion by Br-10 and Br-40 is shown in Fig. S7 (Supporting informa-
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Fig. 6. In situ FT-IR spectra of the adsorption process of NO + O, for Br-40 (a, b). In
situ FT-IR spectra of the reaction process of NO + O, for Br-40 (c, d).

tion) and Fig. 6. Tables S2 and S3 (Supporting information) show
the IR peaks investigated during NO adsorption and oxidation by
Br-10 and Br-40, respectively. The adsorption bands include 1075
cm~!, 1180 cm™!, 1374 cm~! correspond to NO, NO—, N,04 were
observed both on Br-10 and Br-40 due to physical adsorption of
NO (Figs. S7a and b and Figs. 6a and b) [43-45]. NO appears to be
oxidized by the surface-active radicals during the adsorption pro-
cess. With increasing of adsorption time, the characteristic peaks
corresponding to linear nitrite (1417 cm~') [46] and monodentate
nitrates (1400 cm~!) [47] were detected on Br-40, whilst weaker
signals were observed in the presence of Br-10. Furthermore, an
additional bidentate nitrites peak at 1615 cm~! [46,48] was ob-
served for the Br-10 sample and a depressing nitrite peak at 846
cm~! [44] was also apparent over time. Other peaks correspond-
ing to nitrites (1141 cm~! and 1436 cm~!) and nitrate (1457 cm™!)
were also detected in the presence of both Br-10 (Figs. S7a and
S7b) and Br-40 (Figs. 6a and b) [46,48,49]. It appears more nitrites
and nitrates are generated in the presence of Br-40 compared to
Br-10 during adsorption.

As shown in Fig. S7c and Fig. 6c, visible light drives the photo-
catalytic oxidation of NO, and a signal corresponding to the sur-
face superoxide species (-0,7) at 1135 cm~! increases with in-
crease irradiation in the presence of both Br-10 and Br-40 (Eq.
3) [50]. The IR peaks corresponding to ‘O,~ in the presence of
Br-40 are more intense than that for Br-10, which is consistent
with the ESR studies. IR spectroscopy, ESR, and PL studies indi-
cate that the photocatalytic conversion of NO during visible light
irradiation due to the action of surface -O,~ radicals. In contrast
with the adsorption process demonstrated in Figs. S7a and b and
Figs. 6a and b, the bands corresponding to NO (1075 cm~!) and
NO- (1180 cm~!) gradually reduce, and the signal corresponding
to N,O4 (1374 cm™!) is not apparent after illumination (Figs. S7c-
S7d and Figs. 6¢ and d). These results indicate NO, NO~ and N,04
are consumed, while the peaks corresponding to nitrites (NO,™)
at around 846 cm~! on Br-10 appears. While for the Br-40 sam-
ple, a peak at 860 cm~! corresponding to chelated nitrites (NO,")
was observed [44,49,51]. The proposed reactions are displayed in
Egs. 4-6. A large monodentate nitrates peak at 1400 cm~! [47] sig-
nificantly increased with increased of illumination time in the
presence of both Br-10 and Br-40, where the nitrate peak was
stronger on Br-40 compared to Br-10, which indicates Br-40 has
a better NO removal activity. Several signals at 1548 cm~!, 1123
cm~!, and 1631 cm~! corresponding to NO3~ were also observed
in the presence of both Br-10 and Br-40. Furthermore, in the pres-
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ence of Br-10 a monodentate nitrates peak at 1281 cm~! was ob-
served. Whereas in the presence of Br-40, a band at 1263 cm!
corresponding to bridging bidentate nitrates was apparent [46].
The intermediate reaction products appear to be oxidized by the
abundant surface active radicals which avoids the accumulation
of toxic products. Accordingly, more nitrates are produced in the
presence of Br-40 than Br-10 under visible light irradiation, which
is consistent with the photocatalytic activity result. Relevant for-
mulas are displayed in Eqgs. 7-10, shown below:

e~ +0,(g) > 0y" (3)
e~ +NO— NO- (4)
NO +-0;" — NO,™ +*0 (5)
2NO~ +N,04 — 2NO,~ 4+ 2NO (6)
NO+-0,~ — NO3~ (7)
NO~ +-0;~ — NO3~ (8)
NO;™ 40" — NO3~ +*0 9
N,04 4 2:0,~ — 2NO3™ 4 0, (10)

In conclusion, we prepared a series of Br self-doped Bi5;O;Br
photocatalysts by a facile simple precipitation approach for the
photocatalytic removal NO. In contrast with pristine BisO;Br, the
optimal Br self-doping sample (Br-40) possessed excellent light ad-
sorption, and high specific surface areas and pore volumes. DFT
studies revealed the superior band structure, and strong interaction
between NO and Br self-doped Bis;O;Br. Furthermore, the adsorp-
tion energy and transfer electron number for Br self-doped BisO;Br
was more than three times that of BisO,Br for NO. Br-40 demon-
strated the highest photocatalytic NO degradation performance due
to superior superoxide radical generation and excellent charge sep-
aration. The intermediate products and reaction pathway for the
photocatalytic oxidation of NO on Br-40 was determined by in situ
DRIFT. The NO~ species is a crucial intermediate product involved
in the conversion of NO into nitrate, which avoids the produc-
tion of toxic by-products. Our investigation has furthered the un-
derstanding of the mechanisms surrounding photocatalytic NO re-
moval, and revealed a highly active visible light photocatalyst for
environmental purification.
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