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ABSTRACT: With the increasingly serious environmental problems, photo-
catalysis has recently attracted a great deal of attention, with particular focus on
water and air purification and disinfection. Herein, we show an electro-
reduction strategy to improve significantly the solar absorption and donor
density of BiOI nanosheet photocatalyst by introducing oxygen vacancies.
These oxygen-deficient BiOI nanosheets exhibit an unexpected red shift of
about 100 nm in light absorption band and 1 order of magnitude improvement
in donor density compared to the untreated BiOI nanosheets and show 10
times higher photocatalytic activity than the untreated BiOI nanosheets for
methyl orange (MO) degradation under visible light irradiation. Moreover, the
as-prepared oxygen-deficient BiOI nanosheets also have excellent cycling
stability and superior photocatalytic performance toward other dye pollutants.
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1. INTRODUCTION

Semiconductor-based photocatalysts have attracted tremendous
attention in recent years for their abundant applications in solar
energy conversion and environmental remediation.1−6 Tran-
sition metal oxides with wide band gap such as TiO2,

7−9 ZnO,10

SnO2,
11 and WO3

12,13 have been employed extensively as
photocatalysts due to their low cost and high chemical stability.
However, most of these photocatalysts are only capable of
utilizing the ultraviolet light (about 4% of the solar energy)
and/or a very small quantity of visible light due to their wide
band gaps, which greatly limit their photocatalytic performance
and hinder their practical applications. To maximize the
utilization of the solar energy, numerous efforts have been
paid to exploring visible-light-driven photocatalysts, and
plentiful impressive photocatalysts with good photocatalytic
activity have been developed. Among them, bismuth oxyiodide
(BiOI) is emerging as one of the most attractive visible-light-
driven photocatalysts due to its small band gap of 1.6−1.9 eV
and unique structure.14−23 It possesses an open, layered crystal
structure consisting of [Bi2O2]

2+ layers sandwiched between
two slabs of halogen ions (Scheme 1). The interleaved layer
structure between positive [Bi2O2]

2+ slabs and negative iodide
slabs builds spontaneously internal static electric fields, which
can induce the effective separation of photogenerated
electron−hole pairs.19,24−29 Nevertheless, the reported photo-
catalytic efficiencies of BiOI are notoriously low for practical

application owing to its poor conductivity and quick
recombination rate of photogenerated charge carriers.
In recent years, intensive attempts have been dedicated to

increase the photocatalytic activity of BiOI photocatalysts, and
some strategies such as material structural designing,16,19 noble
metal decorating,18,30−32 elemental doping,14 and heterojunc-
tion17,33−35 have been reported. For instance, the construction
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Scheme 1. Schematic Representation of the Crystal Structure
of BiOI. (a) Three-Dimensional Projection. (b, c) [Bi2O2]

2+

Layers along with the [010] and [001] Direction,
Respectively
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of BiOI-based heterostructured composites with suitable
banding alignment can greatly facilitate the separation of
photogenerated electron−hole pairs and suppress their
recombination, and hence enhance the photocatalytic activity
of BiOI. In this respect, plentiful BiOI-based heterojunction
photocatalysts such as BiOI/BiOBr,17 BiOI/BiOCl,33 BiOI/
TiO2,

36 BiOI/ZnWO4,
35 BiOI/Bi2S3,

20 BiOI/ZnO,34 and
BiOI/AgI30 have been widely developed and exhibited
enhanced photoactivity. In addition, decorating noble metals
such as Au,32 Pt,31 and Ag18 have also proven to significantly
improve the photocatalytic performance of BiOI due to the
improvement of the charge separation and/or light-harvesting
ability results from their surface plasmon resonance (SPR)
property. However, the use of scarce and expensive noble
metals leads to high cost, which severely hinders their practical
application as photocatalysts. On the other hand, these
strategies mentioned above do not change and/or improve
the intrinsic properties of BiOI such as optical absorption
property and charge transfer ability. It is highly desirable to
intrinsically improve the photoactivity of the BiOI photo-
catalysts with an environmentally friendly and cost-effective
method.
Oxygen vacancy is a fundamental and intrinsic defect in

metal oxide semiconductors and has a critical effect on their
electronic and physicochemical properties such as electronic
band structures and optical absorption.37−40 Recent reports
have shown that the intrinsic metal oxide photocatalysts with
oxygen vacancies can absorb visible light and display excellent
visible light photocatalytic activity.41−44 In view of the density
functional theory (DFT) calculation on the electronic structure
of BiOI, the top of the valence band (VB) is mainly dominated
by both O2p and I5p orbits, whereas the bottom of the
conduction band (CB) is mainly composed of Bi6s and Bi6p
orbits.14 Previously reported simulation results predicted that a
new electronic state peak of Bi 6p state will be formed in the
forbidden band of BiOX (X = Cl, Br, I) due to the existence of
oxygen vacancies, which would be more beneficial for utilizing
solar light.40,45,46 Moreover, these oxygen vacancies could act as
electron scavengers delaying electron−hole pair recombination

during the photoreaction process, thus improving the
separation efficiency of the photogenerated electrons and
holes.40 These features inspired us to improve the visible light
absorption and photoactivity of BiOI by introducing oxygen
vacancies into BiOI. In this study, we demonstrated for the first
time that the light-harvesting ability and the separation
efficiency of the photogenerated electrons and holes of BiOI
nanosheets can be improved simultaneously and significantly
through creating oxygen vacancies within the BiOI. Oxygen-
deficient BiOI nanosheets were readily obtained by a facile cost-
effective electrochemical reduce method and showed a
remarkable red shift of about 100 nm in light absorption
band and 1 order of magnitude improvement in donor density
compared to those of untreated BiOI nanosheets. Benefiting
from the substantially increased visible light absorption and
donor density, the oxygen-deficient BiOI nanosheets exhibited
10 times higher photocatalytic activity than the untreated BiOI
nanosheets for methyl orange (MO) degradation under visible
light irradiation. Moreover, they also possess excellent photo-
catalytic activities for other dye pollutants such as methyl blue
(MB), rhodamine B (RhB), Congo red (CR), acid orange II
(AO II), and phenol, as well as outstanding cycling perform-
ance.

2. EXPERIMENTAL METHODS
Preparation of BiOI Nanosheets. All the reagents were of

analytical grade and were used without further purification. Deionized
water was used throughout the experiments. The BiOI nanosheets
arrays were synthesized by a solvothermal process. In a typical
procedure, 20 mL of methanol containing 1 mmol KI was added
dropwise to 1 mmol Bi(NO3)3 dissolved in 20 mL of glycol. The
solutions were mixed together and stirred for 2 h to get a clear
solution. FTO substrate (2.8 × 4.8 cm), ultrasonically cleaned in
acetone and ethanol for 10 min each, was placed in the solution at an
angle against the wall of a 50.0 mL Teflon liner with the conductive
side facing down. The solvothermal synthesis was conducted at 160 °C
for 8 h in an electric oven. The final products were washed with
anhydrous ethanol several times and then dried at 60 °C for 2 h. The
as-prepared BiOI was then annealed in air/N2 (1:1) atmosphere at a
temperature of 350 °C for 2 h. The product obtained was denoted as
D-BiOI. The electroreduction of BiOI (denoted as R-BiOI) was

Figure 1. SEM images and photographs (lower insets) of (a) as-prepared BiOI nanosheets, (b) R-BiOI nanosheets, and (c) AR-BiOI nanosheets.
HRTEM images of (d) as-prepared BiOI nanosheets and (e) AR-BiOI nanosheets. (f) XRD spectra collected for as-prepared BiOI, R-BiOI, and AR-
BiOI samples.
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obtained by applying a voltage of −1.2 V vs Ag/AgCl for 200 s at room
temperature in a three-electrode cell with a platinum counter
electrode. The as-prepared R-BiOI was then annealed in air/N2
(1:1) atmosphere at a temperature of 350 °C for 2 h. The product
obtained was denoted as AR-BiOI.
Materials Characterizations. The morphology, structure, and

composition of the materials were characterized by field-emission SEM
(FE-SEM, JSM-6330F), TEM (TEM, JEM2010-HR, 200 kV), XPS
(XPS, ESCALab250, Thermo VG), and X-ray diffractometry (XRD,
D8 ADVANCE). EPR tests were carried out in the X-band (9.45
GHz) with 5.00 G modulation amplitude and a magnetic field
modulation of 100 kHz using a Bruker, A300-10-12 Bruker EPR
spectrometer at 77 K. The optical properties of the products were
measured with a UV−vis−NIR spectrophotometer (UV−vis−NIR,
Shimadzu UV-2450). Room-temperature photoluminescence (PL)
spectra were measured using a combined fluorescence lifetime and
steady-state spectrometer (FLS920, EDINBURGH), and the exaction
wavelength was 400 nm. Nitrogen adsorption/desorption isotherms at
77 K were conducted on an ASAP 2020 V3.03 H instrument. All
samples (powders) were outgassed at 100 °C for 5 h under flowing
nitrogen before measurements.
Electrochemical Measurements. The electrochemical measure-

ments were carried out in a three-electrode cell. All the electrochemical
measurements were performed on a CHI 760D electrochemical
workstation at room temperature. The electrolyte is 0.1 M Na2SO4
solution.
Photocatalytic Activity Test. The photocatalytic measurements

were carried out in a column container at ambient temperature
(Supporting Information Figure S5). One sliver of FTO substrate (2.8
× 4.8 cm) covered with the as-prepared BiOI (15 mg) was inserted in
the column container. The photoreactor was filled with 100.0 mL of
10.0 mg L−1 MO. Prior to irradiation, the solution was magnetically
stirred in the dark for 30 min to establish absorption−desorption
equilibrium. The samples were evaluated by degradation of the dyes in
an aqueous solution under a 500 W Xe lamp with a 420 nm UV light
cut filter. The light intensity is 100 mW cm−2. O2 was bubbled into the
photoreactor at a flow rate of 100.0 mL min−1 to promote the
formation of the active •O2− radicals. After UV light irradiation, 3.0
mL of the reactive solution was taken out at regular time intervals for
measurement by UV−vis spectrophotometry. The same test for the
MO was also carried out on methyl blue (MB), rhodamine B (RhB),
Congo red (CR), acid orange II (AO II), and phenol.

3. RESULTS AND DISCUSSION

BiOI nanosheets were first grown on F-doped SnO2 glass
(FTO) substrate using a hydrothermal method reported
elsewhere47 (details in the Experimental Methods). As shown
in inset of Figure 1a, a uniform pale yellow film was obtained
on the FTO substrate after hydrothermal reaction. Typical
scanning electron microscopy (SEM) images reveal that the
FTO surface was covered uniformly by a large number of
nanosheets (Figure 1a and Supporting Information Figure S1a).
These nanosheets have a thickness of around 40 nm and width
of 300 nm, respectively. To introduce oxygen vacancies into the
BiOI nanosheets, the as-prepared BiOI nanosheets served as a
working electrode and were electroreduced with a potential of
−1.2 V vs Ag/AgCl for 200 s in 0.1 M Na2SO4 (denoted as R-
BiOI), and then annealed at 350 °C in Air/N2 (1:1)
atmosphere (denoted as AR-BiOI). The color of BiOI film
first changed from pale yellow to black after electroreduction
(inset in Figure 1b), and then to deep yellow after calcination
(inset in Figure 1c). However, SEM studies reveal that there is
no obvious morphological change in nanosheet structure upon
electroreduction and thermal treatment (Figure 1b, c and
Supporting Information Figure S1). X-ray diffraction (XRD)
spectra of untreated BiOI, R-BiOI, and AR-BiOI samples were
collected to determine the crystal structure and possible phase

changes during electroreduction and annealing processes. As
shown in Figure 1f, beside the diffraction peaks originating
from FTO substrate, the peaks collected from untreated BiOI
can be indexed as tetragonal BiOI (PCPDF no.: 10-0445).
After electroreduction, these diffraction tetragonal BiOI peaks
disappeared, suggesting that the phase of the R-BiOI has
changed. To further investigate the microstructure of the BiOI
nanosheets, transmission electron microscopy (TEM) studies
were further performed. TEM and selected-area electron
diffraction (SAED) analyses shows that the BiOI sample
possesses hierarchical architectures that assembled by many
high-crystalline nanosheets (Supporting Information Figure
S1). A high-resolution TEM (HRTEM) image collected from
the BiOI nanosheets reveals clear lattice fringes with a
interplanar spacing of 0.30 nm, which is consistent with the
d-spacing of (102) planes of tetragonal BiOI (Figure 1d).
Figure 1e displays a typical HRTEM image of AR-BiOI
nanosheets. Significantly, in comparison with untreated BiOI
nanosheet, the surface and inside of AR-BiOI nanosheets
became disordered (marked by yellow region and arrows),
suggesting the generation of numerous oxygen vacancies after
electroreduction and calcination.
To confirm that oxygen vacancies could be induced into

BiOI through electroreduction and calcination, X-ray photo-
electron spectroscopy (XPS) and electron paramagnetic
resonance (EPR) analyses were performed. For better under-
standing, the as-prepared BiOI nanosheets were directly
annealed at 350 °C in air/N2 (1:1) atmosphere (denoted as
D-BiOI). SEM and XRD analyses confirm that the morphology
and phase of D-BiOI nanosheets are similar to those of
untreated BiOI and AR-BiOI nanosheets ( Supporting
Information Figure S2). As shown in Supporting Information
Figure S3a, the XPS survey spectra collected from untreated
BiOI, R-BiOI, AR-BiOI, and D-BiOI samples are very similar.
Carbon is believed to be incorporated during sample
preparation and subsequent handling. This indicates that the
electroreduction and calcination did not introduce impurities
into the BiOI nanosheets. Supporting Information Figure S3b
compares the core-level I 3d XPS spectra of untreated BiOI, R-
BiOI, AR-BiOI, and D-BiOI samples. The peaks with binding
energy of 618.9 and 630.4 eV are the characteristic I 3d5/2 and I
3d3/2 peaks of BiOI, respectively.

48 No any obvious shift and
variation in the binding energy were observed for all the BiOI
samples, revealing that the chemical states of I for all BiOI
samples are almost the same. The upper of Figure 2a shows the
core-level Bi XPS spectra of untreated BiOI, R-BiOI, and AR-
BiOI samples. The binding energies of the Bi 4f7/2 and Bi 4f5/2
peaks of BiOI samples are located at 159.1 and 164.4 eV, which
are consistent with the reported values for BiOI.34 In
comparison to untreated BiOI sample, the Bi 4f5/2 and Bi
4f7/2 peaks of R-BiOI sample exhibit a shift of about 0.3 eV
toward lower binding energy, which is indicative of the
presence of lower charge Bi ions in R-BiOI nanosheets.38,44

This result clearly verifies that the Bi3+ ions can be reduced to
low-charge Bi ions (which correlate with oxygen vacancies)
through this present simple electroreduction method (Bi3+ +
xe− → Bi(3−x)+).38,44 More importantly, most of oxygen
vacancies (low-charge Bi ions) could be retained after being
annealed in air/N2 (1:1) atmosphere as the Bi 4f5/2 and Bi 4f7/2
peaks of AR-BiOI sample are slightly shifted to lower binding
energy compared to the untreated BiOI sample. The bottom of
Figure 2a compares the core-level Bi 4f XPS spectra of D-BiOI
and AR-BiOI samples. Significantly, the Bi 4f5/2 and Bi 4f7/2
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peaks of AR-BiOI sample are lower than those of D-BiOI
sample, which confirms that the AR-BiOI sample has more low-
charge Bi ions (oxygen vacancies) than the D-BiOI sample
does.38,44 More evidence can be observed from the electron
spin resonance (EPR) spectra collected for the different BiOI
samples. As shown in Figure 2b, all the BiOI samples exhibit an
EPR signal at about g = 2.0, which is a typical signal of oxygen
vacancies.49

To shed light on the correlation between oxygen vacancies
and photocatalytic activity of BiOI nanosheets, we have studied
the photocatalytic efficiencies of different BiOI samples on the
degradation of MO under visible light irradiation (λ > 420 nm).
Prior to the photocatalytic tests, all the BiOI samples with a
film area of about 13.5 cm2 (Supporting Information Figure S4)
were magnetically stirred in the dark for 30 min to reach the
adsorption−desorption equilibrium. The MO adsorption
capabilities of all the BiOI samples were shown in Supporting
Information Figure S5, and the pH value of the MO solution
was 9. The MO adsorptions over untreated BiOI and D-BiOI
samples are only 8.3% and 8.5%, while the AR-BiOI sample
achieves 11.2%, revealing that the introduction of oxygen
vacancies could slightly improve the adsorption capability of
BiOI toward MO. Figure 3a shows the photodegradation
efficiencies of MO as a function of irradiation time over
different BiOI samples. The photolysis of MO by itself is
negligible upon visible light irradiation under our experimental

conditions. Significantly, the AR-BiOI sample exhibited
substantially higher efficiency than the untreated BiOI and D-
BiOI samples. After 120 min of visible light irradiation, the MO
degradations over P25, untreated BiOI, and D-BiOI samples are
only 8.1%, 31.3%, and 48.8%, while the AR-BiOI sample
achieves more than 99.1%. This result validly confirms our
hypothesis that the introduction of oxygen vacancies could
improve dramatically the photoactivity of BiOI for photo-
catalyst. The present efficiency of AR-BiOI nanosheets is also
remarkably higher than the values of recently reported BiOI-
based photocatalysts18,20,33−36,49−52 (Supporting Information
Table S1), such as BiOI/BiOCl,33 BiOI/TiO2,

36 BiOI/ZnO,34

MnOx−BiOI,
48 and ZnWO4/BiOI.

35 Noteworthy is that the
amount of the AR-BiOI sample used in our photocatalytic tests
is much smaller (only 0.015 g for 100 mL of 10 g L−1 MO
solution) than these reported BiOI-based photocatalysts,
further confirming the superior photocatalytic activity of our
AR-BiOI sample. To verify the product of MO degradation, we
used the saturated Ca(OH)2 solution (Supporting Information
Figure S6) to examine the product of degradation. Significantly,
the clear saturated Ca(OH)2 solution became turbid after
dropping in 0.5 mL of the produced solution with light
irradiation for 15 and 90 min. This result reveals that the MO
was oxidized to CO2 during light irradiation. Moreover, the
products of degradation were also collected and analyzed by a
total organic carbon analyzer.53 From Supporting Information
Table S2, the MO was decomposed into CO2 under solar light
irradiation.
Figure 3b compares the pseudo-first-order reaction kinetics

of P25, untreated BiOI, D-BiOI, and AR-BiOI samples. The
rate constant value of MO degradation for AR-BiOI sample is
0.033 min−1, which is much higher than those of P25 (0.001
min−1), untreated BiOI (0.003 min−1), and D-BiOI (0.005
min−1) samples, again showing the superior photocatalytic
performance of the AR-BiOI sample. In addition, to confirm
the stability of the high photocatalytic performance of the AR-
BiOI nanosheets, recycling experiments for the photodegrada-
tion of MO were conducted. As depicted in Figure 3c, the AR-
BiOI sample has excellent cycling stability with no any decay in
its photocatalytic activity after five cycles. Furthermore, unlike
the powder photocatalysts, the collection and recycle of AR-
BiOI films are exceptionally simple and efficient, which only
need to be directly taken out and washed by deionized water,
and it does not bring new environmental pollution. Besides
MO, the AR-BiOI sample also possesses excellent photo-
catalytic activities toward other dye pollutants such as methyl
blue (MB), rhodamine B (RhB), Congo red (CR), acid orange
II (AO II), phenol, etc. As shown in Figure 3d and Supporting
Information Figure S7, the AR-BiOI sample could remove
more than 96% of these dyes mentioned above after 120 min
visible light irradiation. All these results convincingly
demonstrate that the induced oxygen vacancies can effectively
promote the photoactivity of BiOI.
For deep-seated insights into how oxygen vacancies affect the

photocatalytic activity of BiOI nanosheets, we conducted the
electrochemical impedance measurements, photoluminescence
(PL) measurements, and photocurrent responses and recorded
the UV−visible absorption spectra. Figure 4a shows the Mott−
Schottky plots of the untreated BiOI, D-BiOI, and AR-BiOI
samples, which were generated based on capacitances that were
derived from the electrochemical impedance obtained at each
potential at 10 kHz frequency. All the BiOI samples exhibited
positive slopes in the Mott−Schottky plots, showing they are

Figure 2. (a) Top: Normalized core-level Bi 4f XPS spectra collected
for untreated BiOI (black), R-BiOI (red), and AR-BiOI (blue)
samples. Bottom: Normalized core-level Bi 4f XPS spectra of D-BiOI
and AR-BiOI samples. (b) EPR spectra of untreated BiOI, D-BiOI,
and AR-BiOI samples collected at 77 K, where H is the magnetic field.
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typical n-type semiconductors. The donor density of these n-
type BiOI samples can be calculated from the slopes of Mott−
Schottky plots using the following equation

εε= −N e C V(2/ )[d(1/ )/d ]d 0 0
2 1

where Nd is the donor density, e0 is the electron charge, ε is the
dielectric constant of BiOI, ε0 is the permittivity of vacuum, and
V is the applied bias at the electrode. We could not calculate the

exact donor density of these BiOI samples due to the lack of the
ε of BiOI. However, a qualitative comparison of donor densities
between pristine BiOI, D-BiOI, and AR-BiOI electrodes using
the slope of Mott−Schottky plots is reasonable, given that the
donor density is inversely proportional to the slope of Mott−
Schottky plots and they have similar morphology and specific
surface area (15.1−15.6 m2 g−1, Supporting Information Figure
S8). The fitting slopes of Mott−Schottky plots for pristine

Figure 3. (a) Photocatalytic activity of untreated BiOI, D-BiOI, AR-BiOI, and P25 for degradation of MO under visible light irradiation. (b) Pseudo-
first-order reaction kinetics of untreated BiOI, D-BiOI, AR-BiOI, and P25 samples. (c) Cycling performance of photocatalytic degradation of MO
over untreated BiOI, D-BiOI, and AR-BiOI samples. (d) Photocatalytic activity of AR-BiOI for degradation of MO, RhB, MB, CR, AOII, and phenol
after 120 min visible light irradiation.

Figure 4. (a) Mott −Schottky plots of untreated BiOI, D-BiOI, and AR-BiOI samples obtained at each potential with 10 kHz frequency in the dark
in a 0.1 M Na2SO4 electrolyte. (b) Photoluminescence spectra of untreated BiOI, D-BiOI, and AR-BiOI samples with an excitation wavelength of
400 nm. (c) Photocurrents responses of untreated BiOI, D-BiOI, and AR-BiOI samples under visible light irradiation. (d) UV−vis absorption spectra
of untreated BiOI, D-BiOI, and AR-BiOI samples.
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BiOI, D-BiOI, and AR-BiOI samples are 3.6 × 1012, 2.1 × 1012,
and 3.5 × 1011, respectively. As expected, the AR-BiOI
electrode exhibited substantially smaller slope compared to
pristine BiOI and D-BiOI electrodes, confirming that the donor
density of BiOI nanosheets was significantly increased after
electroreduction and calcination. The remarkable enhancement
in donor density is due to the increased amount of oxygen
vacancies. The increased donor density can facilitate the
separation and transport of photoexcited electrons, thereby
suppressing the recommendation of the photogenerated
carriers, which is further confirmed by photoluminescence
(PL) spectra. As shown in Figure 4b, a strong emission band at
∼620 nm was observed in pristine BiOI and D-BiOI
nanosheets, which is attributed to the recombination of
electron and hole.54 However, the intensity of this emission
peak for AR-BiOI sample was substantially low after inducing
oxygen vacancy. The drastic quenching of the emission clear
indicates the introduced oxygen vacancies can greatly facilitate
the separation of photogenerated carriers of BiOI. Figure 4c
compares the photocurrent response of these BiOI samples
under visible light irradiation. Obviously, the photocurrent
density of the AR-BiOI sample is much higher than those of the
pristine BiOI and D-BiOI samples, revealing the superior
visible-light-driven activity of the AR-BiOI nanosheets. All these
results above reveal that the introduced oxygen vacancies serve
as donor densities, which greatly improve the charge trans-
portation and suppress the recommendation rate of the
photogenerated electrons and holes, thus promoting the
separation efficiency of the photogenerated carriers.55

Figure 4d shows the UV−visible absorption spectra of the
untreated BiOI, D-BiOI, and AR-BiOI samples. The UV−
visible absorption spectrum of the D-BiOI sample is similar to
the untreated BiOI sample, suggesting that they have similar
light absorption ability. Significantly, the absorption band edge
of the AR-BiOI sample exhibited substantially red shift (about
103 nm) compared to the untreated BiOI and D-BiOI samples,
revealing that the AR-BiOI sample could utilize more solar
light. As an indirect semiconductor, the band gap of BiOI can
be calculated from the plot of (αhν)1/2 versus photon energy
(hν).14 From the Supporting Information Figure S9, the
estimated band gap of AR-BiOI sample is about 1.61 eV, which
is much smaller than those of untreated BiOI (1.87 eV) and D-
BiOI (1.75 eV) samples. This convincingly supports that the
introduction of oxygen vacancies can intrinsically improve the
optical absorption property of BiOI. Therefore, based on the
analyses above, the enhanced charge transportation and
improved light-harvesting ability induced by oxygen vacancies
are believed to be the major reasons for the superior
photocatalytic activity of AR-BiOI.
To understand the nature of the primary active species

involved in the photocatalytic degradation of MO over AR-
BiOI sample under visible light irradiation, the photo-
degradation of MO was repeated with modification by adding
1 mmol of benzoquinone (BQ) as a superoxide radical
scavenger (•O2−) or 10 mmol of tert-butylalcohol (TBA) as a
hydroxyl radical scavenger (•OH) or 10 mmol triethanolamine
(TEOA) as a h+ scavenger. As shown in Figure 5a, the removal
efficiency of MO was obviously inhibited by TEOA, and the
photodegradation of MO was only 34.5%, which was largely
lower than in the absence of TEOA. The photodegradation of
MO was inhibited slightly when BQ was added, while there was
no obvious change with the addition of TBA. In addition, the
photocatalytic activity of the AR-BiOI sample was greatly

decreased without introducing O2, showing that the presence of
O2 can further improve the photocatalytic performance of the
AR-BiOI sample. This is due to fhe fact that the introduced O2
could easily react with the photogenerated electron to produce
active •O2− radicals, which can degrade the dye molecules.
Similar results are also obtained from the photodegradation of
MB (Supporting Information Figure S5b). Thus, it is believed
that the degradation of dyes over AR-BiOI sample is dominated
by the direct hole oxidation process and partly by the oxidation
action of the generated •O2− radicals, rather than •OH
reactions taking place on the surface of the photocatalyst.

4. CONCLUSION
In summary, we have demonstrated that the introduction of
oxygen vacancies improves significantly the photocatalytic
performance of BiOI as visible-light-driven photocatalysts for
dye degradation. Free-standing BiOI nanosheets with rich
oxygen vacancies (AR-BiOI) that were obtained through fast-
heating the electroreduced BiOI nanosheets exhibit substan-
tially enhanced photocatalytic activity as compared to the
untreated sample (BiOI) and the directly calcined sample (D-
BiOI). The AR-BiOI nanosheets could eliminate more than
99.1% of MO within 120 min under visible light irradiation,
which is considerably higher than those of untreated BiOI
(31.3%) and D-BiOI (48.8%) samples at the same conditions.
Additionally, the AR-BiOI nanosheets have an excellent cycling
stability without any decrease of its photocatalytic activity after
five cycles. Besides MO, the AR-BiOI nanosheets also possess
prominent photocatalytic activities toward many dyes such as
MB, RhB, CR, AO II, and phenol. Such enhanced photoactivity
is believed to due to substantially increased visible light
absorption and donor density as a result of formation of oxygen

Figure 5. Effects of different scavengers on the degradation of MO (a)
and MB (b) in the presence of AR-BiOI.
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vacancies. This work not only provides a new insight into the
role of oxygen vacancies in promoting photocatalytic activity
but also opens up new possibilities for efficient visible-light-
driven photocatalysts.
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