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a b s t r a c t

The investigation was focused on the visible-light-driven photocatalytic removal of gaseous NO and
HCHO at typical indoor air concentration over synthetic �-Bi2O3. Monoclinic �-Bi2O3 was synthesized
via calcination of hydrothermally prepared (BiO)2CO3 precursor at 500 ◦C for 4 h. The synthetic �-Bi2O3

samples were systematically characterized by XRD, SEM, FT-IR, and UV–vis diffuse reflectance spectra
eywords:
-Bi2O3

BiO)2CO3

isible-light
hotocatalysis

(DRS). The optical band gap energy of the resulting �-Bi2O3 was estimated to be 2.72 eV from the UV–vis
absorption spectra. Comparing with the commercial Bi2O3 counterpart, the fabricated �-Bi2O3 showed
superior visible-light-induced photocatalytic activity on degradation of nitrogen monoxide (NO) and
formaldehyde (HCHO) at typical indoor air concentration. No obvious deactivation of synthetic �-Bi2O3

was observed during the prolonged photocatalytic reaction. This work suggests that the synthesized
monoclinic �-Bi2O3 with suitable band gap and high activity is promising photocatalyst for indoor air

purification.

. Introduction

Recently, indoor air quality (IAQ) within buildings has been paid
ore and more attention with increasing awareness of the pub-

ic environment and health, especially in urban cities [1,2]. Indoor
ir pollutants mainly include carbonyl compounds, nitrogen oxides
NOx) and volatile organic compounds (VOCs), which can cause
dverse health impacts on occupants [3]. Formaldehyde (HCHO)
s the representative omnipresent indoor air pollutants coming
rom the furnishings and decorating materials. In China, the con-
entration of indoor formaldehyde usually might be at ppbv to
pmv levels, which is much higher than that of the WHO guide-

ine (80 ppbv, or 0.1 mg m−3) [4–6]. Hence, it is still a challenge
o develop simple and cost-effective technologies for indoor air

ollutants purification.

A number of techniques, including physical adsorption, biofil-
ration, thermal catalysis, and photocatalytic oxidation, have been
ell-established for purification of indoor air pollutants. Among
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them, photocatalysis technology is most widely used for the purifi-
cation of a wide range of indoor air contaminants [3,7–9]. For
instance, TiO2 immobilized on different substrates, such as acti-
vate carbon and glass fibers, can photocatalytically degrade indoor
air pollutants in a flow system under UV light irradiation [3,10–12].
However, the widely used TiO2 is only active in the UV range due
to its relatively wide band gap (3.2 eV), which occupies no more
than 4% of the solar spectrum. Although dye-sensitized and transi-
tion metal-doped or nonmetal-doped TiO2 makes the utilization
of visible light possible, many researchers focus their efforts on
the development of novel non-TiO2 catalysts with low band gaps
[15–19]. This interest is due to the fact that stable and efficient
dyes are usually rare, whereas dopants are inevitably a recombi-
nation centers for the photogenerated electrons and holes. Though
some researchers are working on other methods to make it practi-
cal, such efforts have not yet achieved satisfactory results. Recently,
some narrow band gap non-TiO2 metal oxide semiconductors, such
as CdBiO2Cl [20], BiVO4 [21], LaNiO3 [22], Cd2SnO4 [23], InNbO4
[24], and BiOBr [25] have been applied in the photodegradation
of organic pollutants under visible light irradiation. All these pho-
tocatalysts contain a central metal ion with d10 or d0 electronic
configuration, which has been reported to be favorable for the sep-

aration of photogenerated electron/hole pairs.

Bismuth oxide (Bi2O3) with four main crystallographic poly-
morphs denoted by �-, �-, �-, and �-Bi2O3 is a p-type
semiconductors. Bi2O3 has been widely used in a variety of
areas, such as sensor technology, optical coatings and elec-
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rochromic materials due to its high refractive index, dielectric
ermittivity, marked photoconductivity, as well as photolumi-
escence (PL) [26–36]. Furthermore, it has attracted extensively

nterests for water decomposition and organic photocatalytic
egradation under visible light illumination due to its narrow
and gap about 2.8 eV [28–31]. Many methods have been devel-
ped to prepare different Bi2O3 structures, such as hierarchical
anostructures, nanowires, sub-micrometer rods, rippled Bi2O3
anobelts, mesoporous films, and so on [26–29,33,36]. For exam-
le, Eberl and his coworker reported that Bi2O3 prepared after
hermal decomposition of commercial (BiO)2CO3 at 500 ◦C showed

moderated visible-light photocatalytic activity on degradation
f 4-chlorophenol in aqueous solution [31]. Ma’s group synthe-
ized Bi2O3 microspheres with nanopore structure through thermal
ecomposition of the precursor at 400 ◦C for 3 h in air, which
as prepared using Bi(NO3)3·5H2O and poly(vinylpyrrolidone)

PVP) by a microwave-assisted heating method in ethylene gly-
ol (EG) at 150 ◦C for 10 min [34]. Liu et al. prepared a series of
i2O3–TiO2 composite photocatalysts with a nonaqueous sol–gel
ethod [35]. Nanocrystalline Bi2O3 was prepared by sonochem-

cal method and applied for photodegradation of methyl orange
ith visible light (� > 400 nm), but this method requires a surfac-

ant and high energy ultrasound irradiation [37]. Bi2O3 nanoplates
ere fabricated directly from commercial bulk bismuth oxide crys-

als by hydrothermal treatment [38]. As the photocatalytic activity
f photocatalysts closely interrelates with their size, morphology,
nd microstructures, therefore, it is highly desirable to fabricate
i2O3 with high activity that are cost-effective and allow large-scale
roduction from the practical point of view.

Herein, for the first time we reported a hydrothermal prepa-
ation subsequent calcination route to the monoclinic �-Bi2O3
atalysts and their visible light photocatalytic degradation of NO
nd HCHO at typical concentrations for indoor air quality. HCHO
as selected as a model indoor air pollutant for two reasons: it

s a compound for which photocatalytic oxidation pathways have
een studied extensively, and it is one of the predominant VOCs

n indoor environments. The synthetic �-Bi2O3 catalyst exhibited
igher photocatalytic activity over commercial Bi2O3 counterparts
nd showed high photochemical stability in the oxidation of NO in
as phase under visible light irradiation. This research provides a
otential energy-saving technique for indoor air purification.

. Experimental

.1. Synthesis

All chemicals in this study were of commercially available analytical grade.
eionized water was used in all experiments. The synthetic monoclinic �-Bi2O3

hotocatalyst was synthesized via hydrothermal method followed by calcinations.
n a typical procedure, 5 mmol of Bi(NO3)3·5H2O and 20 mmol of CO(NH2)2 were
issolved into 35 mL of deionized water to form two transparent solutions, respec-
ively. The two solutions were mixed together and agitated vigorously for 10 min,
hen transferred to a 100 mL Teflon-lined stainless steel autoclave and heated at
60 ◦C for 12 h. After the autoclave was cooled naturally to room temperature, the
hite (BiO)2CO3 precursor precipitates were filtered and washed repeatedly with
eionized water and absolute alcohol and dried at 60 ◦C. At last the (BiO)2CO3 pre-
ursor powder was calcined in a boat crucible at 500 ◦C for 4 h under air to obtain a
ellow Bi2O3 powder.

.2. Characterizations

X-ray powder diffraction patterns were obtained on a Bruker D8 Advance X-ray
iffractometer with Cu K� radiation (� = 1.54178 Å). Scanning electron microscopy

mages were performed on a LEO 1450VP scanning electron microscope. Thermal
◦
nalysis was determined on TG–DSC analysis at a heating rate of 10 C/min under the

ir. UV–vis diffuse reflectance spectra were recorded at room temperature with the
ary 300 UV–visible spectrophotometer equipped with an integrated sphere. FT-IR
pectra were recorded on a Nicolet Nexus spectrometer with the standard KBr pellet
ethod. The nitrogen adsorption and desorption isotherms at 77 K were measured

sing a Micromeritics ASAP2010 system after samples were vacuum-dried at 473 K
vernight.
pounds 509 (2011) 2044–2049 2045

2.3. Photocatalytic experiments

The photocatalytic activity experiments for degradation of NO and HCHO at typ-
ical concentrations for indoor air quality were performed at ambient temperature
in a continuous flow reactor. The volume of the rectangular reactor which was made
of stainless steel and covered with Saint-Glass was 4.5 L (10 cm × 30 cm × 15 cm
(H × L × W)). One dish containing the 0.2 g of photocatalyst powders was placed in
the middle of the reactor. A 300 W commercial tungsten halogen lamp (General Elec-
tric) was used as the light source. The lamp was vertically placed outside the reactor
above the sample dish and a glass filter was placed to remove light below 420 nm.
Four mini-fans were fixed around the lamp to avoid the temperature rise of the flow
system. The integrated UV intensity in the range 310–400 nm was 720 ± 10 �W/cm2.
The photocatalyst samples were prepared by coating an aqueous suspension of the
resulting samples onto a dish with a diameter of 12 cm. The dishes containing the
photocatalyst were pretreated at 70 ◦C until complete removal of water in the sus-
pension and then cooled to room temperature. NO and HCHO gas were selected
as the target pollutant for the photocatalytic degradation at ambient temperature.
The NO gas was acquired from a compressed gas cylinder at a concentration of
48 ppm NO (N2 balance, BOC gas) with traceable National Institute of Stands and
Technology (NIST) standard. The HCHO gas was obtained from Linde Canada Lim-
ited at a concentration of 100 ppm. The initial concentration of NO and HCHO were
diluted to about 400 ppb and 2 ppm by the air stream supplied by a zero air gen-
erator (Thermo Environmental Inc. model 111), respectively. The desired humidity
level of the NO and HCHO flow was controlled at 70% (2100 ppmv) by passing the
zero air streams through a humidification chamber. The gas streams were premixed
completely by a gas blender, and the flow rate was controlled at 4 L/min by a mass
flow controller. After the adsorption–desorption equilibrium among water vapor,
gases, and photocatalysts was achieved, the lamp was turned on. The concentration
of NO was continuously measured by a chemiluminescence NO analyzer (Thermo
Environmental Instruments Inc. model 42c), which monitors NO and NO2 with a
sampling rate of 0.7 L/min. The removal rate (%) of NO was the ratio of the concen-
tration of NOx (NO and NO2) remaining in the reactor and the concentration of NO
in the feeding stream. The reaction of NO with air was ignorable when performing
a control experiment with or without light in the absence of photocatalyst.

As per the HCHO analysis, firstly, an acidified 2,4-dintrophenylhydrazine
(Waters Sep-Pak DNPH-silica) equipped with a Desert Research Institute (DRI)’s
standard carbonyl sampler was used to collect the HCHO according to the USEPA TO-
11 method. After sampling, all the cartridges were capped and wrapped in pouches
provided by Waters. The pouches were stored in a refrigerator at −10 ◦C and were
analyzed within one week. The cartridge was then eluted with 5 mL of acetonitrile
(HPLC grade). At last, the DNPH-carbonyl derivatives were analyzed by injecting
20 �L of the sample into a high performance liquid chromatography (HPLC, Perkin
Elmer Series 200). The HPLC system consisted of a dual wavelength absorbance
detector (Perkin Elmer UV/vis) operating at 365 nm with a binary pump (Perkin
Elmer Series 200) and an in-line degasser. A nova-Pak (Waters) C18 reverse phase
column (150 mm × 3.9 mm) with a particle size of 4 mm and pore size of 60 Å was
used to separate the hydrazones. The use of the reverse phase column is to facilitate
the separation of HCHO from other aliphatic hydrazones since the hydrazones are
eluted in the order of decreasing polarity. The mobile phase consisted of two sol-
vent mixtures, namely mixture A: 6:3:1 (v/v) of water/acetonitrile/tetrahydrofuran;
and mixture B: 4:6 (v/v) of water/acetonitrile. The gradient program is 100% A for
1 min, followed by a linear gradient from 100% A to 100% B in 10 min. The flow rate
is 1.5 mL/min. The HCHO concentration was calibrated by a standard purchased
from Superco (CARB Method 1004 DNPH Mix 2). The removal rate (%) of HCHO was
the ratio of the concentration of HCHO in the feeding stream and the concentra-
tion of HCHO in the outlet stream. For comparison, the similar photodegradation
experiment using commercial Bi2O3 counterparts (Sigma) was also carried out. The
schematic diagram of the experimental setup is shown in Fig. 1.

3. Results and discussion

3.1. XRD patterns of the as-prepared samples

The powder X-ray diffraction (XRD) pattern provides crys-
tallinity and phase structures information for the samples obtained
by hydrothermal method and calcinations (Fig. 2). As seen from
curve a in Fig. 2, the hydrothermally synthesized white precur-
sor could be indexed to a pure tetragonal phase of bismutite
((BiO)2CO3) (JCPDS file No. 41-1488). Accordingly, decomposition
of (BiO)2CO3 precursor at 500 ◦C for 4 h led to slightly yellow
powder. The diffraction peaks in the XRD pattern of these yellow

powders can be indexed to monoclinic �-Bi2O3 according to the
standard XRD data file (JCPDS file No. 71-2274), belonging to space
group P21/c, which lattice constants were: a = 5.850 Å, b = 8.170 Å,
c = 7.512 Å (curve b in Fig. 2). No other impurity phases were found,
indicating the good phase purity of the products. Therefore, the
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The morphology of the resulting samples was investigated by

scanning electron microscopy (SEM). As shown in Fig. 4, we found
that the obtained (BiO)2CO3 precursor was plate-like as it consisted
plenty of well-defined plates with a side length of 0.5–2 �m and a
thickness of about 100 nm with about 100% ratio (Fig. 4a). Never-
Fig. 1. Schematic diagram of the experimental setup.

onoclinic �-Bi2O3 have been successfully synthesized through
alcinations of (BiO)2CO3 precursor at 500 ◦C for 4 h.

.2. Thermal analysis of the (BiO)2CO3 precursor

The thermal decomposition behavior of the (BiO)2CO3 pre-
ursor was studied using thermogravimetric-differential scanning
alorimetry (TG–DSC). As shown in Fig. 3, only one step weight loss
f ca. 10.8% is observed ranging from 100 to 800 ◦C for the (BiO)2CO3
recursor from the TG curve, which is close to the calculated loss
ue to the removal of CO2 (theoretical weight loss is 10.7%), indi-
ating the decomposition of (BiO)2CO3 to form �-Bi2O3 and CO2 in
his stage. As per the DSC curve, there are two main endothermic
eaks nearby 398 ◦C and 748 ◦C as well as two exothermic peaks
round 288 ◦C and 620 ◦C, suggesting four evident phase transi-
ion processes. Usually, �-Bi2O3 can transform to �-Bi2O3 at about
00 ◦C, at around 730 ◦C the transition of monoclinic �-Bi2O3 into
he � phase occurs, cooling �-Bi2O3 to a temperature of about 630 ◦C
eads to �-Bi2O3 [31]. Therefore, in our case, the endothermic peaks

◦ ◦
t 398 C and 748 C can be ascribed to the phase formation of �-
i2O3 and �-Bi2O3, respectively, while the exothermic peak around
88 ◦C may be ascribed to the formation of � phase Bi2O3, the other
xothermic peak around 620 ◦C might be attributed to the trans-
ormation from �-Bi2O3 to �-Bi2O3. According to this, we could
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ig. 2. XRD patterns of the precursor (black curve, a), the calcinations powders (red
urve, b). (For interpretation of the references to color in this figure legend, the
eader is referred to the web version of the article.)
Temperature (oC)

Fig. 3. TG–DSC curves of the (BiO)2CO3 precursor.

conclude that the precursor completely decomposed above 300 ◦C
in one step to form Bi2O3. These results are in good agreement with
the literatures’ reports [29,31].

3.3. SEM images of the as-prepared samples
Fig. 4. SEM images of the (BiO)2CO3 precursor (a) and the prepared monoclinic
�-Bi2O3 powders (b).
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ig. 5. FT-IR spectra of the (BiO)2CO3 precursor (black curve) and the prepared mon-
clinic �-Bi2O3 powders (red curve). (For interpretation of the references to color
n this figure legend, the reader is referred to the web version of the article.)

heless, the plate-like morphology of the precursor would not be
emained after calcinations. It can be seen that the resulting mon-
clinic �-Bi2O3 catalysts have irregular peanut-like shapes, which
re 2–5 �m in length and about 1 �m in width (Fig. 4b).

.4. FI-IR spectra of the as-prepared samples

The obtained (BiO)2CO3 precursor and monoclinic �-Bi2O3 cat-
lysts were further characterized by FT-IR spectra to identify the
unctional groups on their surface (Fig. 5). The broad band at
425 cm−1 is believed to be associated with the stretching vibra-
ions of hydrogen-bonded surface water molecules and hydroxyl
roups. The band at 1637 cm−1 corresponds to the existence of
esidual hydroxyl groups, which implies the O–H vibrating mode
f traces of adsorbed water. Additionally, the bands located at
468 and 1400 cm−1 are assigned to the C O group vibrations

n (BiO)2CO3 precursor. Comparing with two spectra, we found
hat the characteristic peaks of the C O disappeared after the cal-
inations, indicating that the CO2 molecules could be removed
ompletely from (BiO)2CO3 precursor at 500 ◦C. The additional
eaks located at 518 and 441 cm−1 are ascribed to be the vibration
f Bi–O bonds of BiO6 coordination polyhedra in both the (BiO)2CO3
recursor and the �-Bi2O3 catalysts. It needs to mention that the
bsorption band at about 847 cm−1 observed in the precursor was
lso disappeared in the spectrum of Bi2O3 catalysts, indicating the
ibrations of Bi–O caused by the interaction between the Bi–O
onds and their C–O surroundings was also cleared away after the
alcinations. The FT-IR analysis presented here is consistent with
he results reported in the literatures [29].

.5. UV–vis DRS spectra of the as-prepared ˛-Bi2O3 catalysts

We studied the optical absorption of the as-prepared �-Bi2O3
atalyst to estimate its energy band gaps. As presented in Fig. 6,
he UV–vis spectra of the resulting �-Bi2O3 catalyst present the
hotoabsorption properties from UV light region to visible light
horter than 470 nm, which is assigned to the intrinsic band gap

bsorption. The steep shape of the spectra indicated that the light
bsorption was due to the band gap transition. This permits the
s-prepared �-Bi2O3 catalyst to respond to a wide range of solar
pectrum and utilize visible light for photocatalysis. The absorp-
ion band gap energy, Eg, can be determined by the Kubelka–Munk
Fig. 6. The absorption spectra of the prepared monoclinic �-Bi2O3 samples between
200 and 800 nm. Inset shows their diffuse reflectance absorption spectra, data are
plotted as transformed Kubelka–Munk function vs the energy of light.

function: (˛h�)n = K(h� − Eg), where h� is the photoenergy, ˛ is
the absorption coefficient, K is a constant relative to the material, n
decides the characteristics of the transition in a semiconductor. In
our experiment, assuming the material to be indirect semiconduc-
tors, like TiO2, the energy band gaps of the synthetic �-Bi2O3 could
be estimated from the tangent line in the plot of the square root
of Kubelka–Munk functions against photon energy (inset of Fig. 6).
The tangent line, which is extrapolated to (˛h�)1/2 = 0, indicates
the band gaps of the Bi2O3 is 2.72 eV. This value was a little smaller
than the reported value (2.85 eV) [31].

3.6. Photocatalytic degradation of NO and HCHO

The resulting monoclinic �-Bi2O3 catalysts were used to photo-
catalytically degrade NO and HCHO in order to demonstrate their
potential indoor air purification application (Fig. 7). Fig. 7a shows
the variation of NO concentration (C/C0) with irradiation time over
the obtained monoclinic �-Bi2O3. Here, C0 is the initial concentra-
tion of NO, and C is the concentration of NOx after photocatalytic
degradation for time t. As a comparison, direct photolysis of NO,
and photocatalytic oxidation of NO on commercial Bi2O3 counter-
part were also performed under identical conditions. As shown in
Fig. 7a, NO photocatalysis without the photocatalyst can almost be
neglected. The photodegradation of NO on the commercial Bi2O3
counterpart was only 24.4%. Interestingly, the synthetic �-Bi2O3
showed higher photocatalytic activity under visible light and their
NO removal rates reached 35.2%. The NO removal efficiency of
the synthetic �-Bi2O3 was also much higher than Degussa TiO2
P25, which could only remove 8% NO in 10 min under UV–visible
light irradiation [3,25]. For a clearly quantitative comparison, we
used the Langmuir–Hinshelwood model (L–H) to describe the rates
of photocatalytic oxidation of NO on synthetic �-Bi2O3 [39]. The
initial photocatalytic degradation of NO was found to follow mass-
transfer-controlled first-order kinetics approximately as a result
of low concentration target pollutants, as evidenced by the linear
plot of ln(C/C0) versus photocatalytic reaction time t. The initial rate
constants of the NO degradation over the synthetic �-Bi2O3 under
visible light irradiation were estimated to be 0.0549 min−1. These
constants are significantly higher than that (0.0483 min−1) over the
commercial Bi O counterpart (Fig. 7b). In other words, the visible
2 3
light photocatalytic activity of the synthetic �-Bi2O3 is higher than
that of commercial Bi2O3.

The photocatalytic oxidation of gaseous NO has been proposed
to involve reactions displayed in Eqs. (1)–(4), in which nitrogen
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onoxide reacts with reactive radicals to produce HNO2 and HNO3
25].

O + 2•OH → NO2 + H2O (1)

O2 + •OH → NO3
− + H+ (2)

O + NO2 + H2O → 2HNO2 (3)

Ox + •O2
− → NO3

− (4)

In the present study, the inlet HCHO concentration was con-
itioned to 2 ppm, which is the common level in “sick buildings”.
he typical plots describing the decrease in the concentration of
CHO as a function of reaction time are shown in Fig. 7c. Simi-

arly, HCHO would not be photolyzed under visible light irradiation
� > 420 nm). The photodegradation of HCHO on the commercial
i2O3 was only 26.4%, whereas the synthetic �-Bi2O3 showed
igher photocatalytic activity as their HCHO removal rates reached
7.4%. Similarly, we also calculated the initial rate constants of

he synthetic �-Bi2O3 and the commercial Bi2O3 counterpart for
he degradation of HCHO (Fig. 7d). The initial rate constant of the
CHO degradation over the synthetic �-Bi2O3 under visible light

rradiation was estimated to be 0.00385 min−1. This constant is sig-
ificantly higher than that (0.00218 min−1) over the commercial
pounds 509 (2011) 2044–2049

Bi2O3 counterpart, revealing the superior photocatalytic activity of
synthesized �-Bi2O3 under visible light.

The photocatalytic oxidation of gaseous formaldehyde has been
proposed to involve a carbonyl-radical-mediated chain reaction,
which is mediated by hydroxyl radicals, superoxide radicals, and/or
hydrogen peroxide. These active species result from the trapping
of photogenerated electrons by oxygen of the trapping of photo-
generated holes by H2O and hydrated surface of catalysts. Under a
specific illumination, if the number of HCHO molecules adsorbed
on Bi2O3 surface is much larger than the number of photogenerated
holes on the Bi2O3 surface, most of the absorbed HCHO molecules
will be oxidized to formic acid (Eq. (5)) [4–6]. When the number
of the holes photogenerated on Bi2O3 surface is much larger than
the number of the adsorbed HCHO molecules, the proportion of
mineralization of HCHO to CO2 might increase (Eq. (6)) [40].

HCHO + H2O + h+ → HCOOH + H+ (5)

HCHO + H2O + h+ → CO2 + H+ (6)

Generally, the overall photocatalytic activity of a semiconductor
is primarily decided by its specific surface area, structure, morphol-
ogy, photoabsorption ability in the available light energy region,
and electronic configuration. The specific surface area of the syn-
thetic �-Bi2O3 calculated by the BET method was 6.23 m2 g−1,
which is almost same as that of the commercial Bi2O3 (6.16 m2 g−1).
In addition, the crystalline structure of the commercial Bi2O3 is also
monoclinic �. Therefore, the high photocatalytic activity of the syn-
thetic �-Bi2O3 could not be attributed to its large specific surface
area and structure. The effective activity of the synthetic �-Bi2O3
photocatalyst should be attributed to their morphology, visible-
light response and special electronic configuration. It is well-known
that the high diffuse absorption coefficient of a catalyst causes
strong light absorption, which is desirable for the enhancement
of activity. The peanut-shaped Bi2O3 possessed a high photoab-
sorption coefficient in the visible light region and a narrow band
gap (2.72 eV) (see Fig. 6), indicating that the as-prepared mono-
clinic �-Bi2O3 can utilize visible light effectively. Additionally, the
intrinsic polarizabilities induced by Bi 6s2 lone electron pairs in the
monoclinic �-Bi2O3 are favorable for the separation of photogen-
erated electron–hole pairs and the transfer of these charge carriers,
as well as their wide delocalized bands is beneficial to the diffusion
of photogenerated charge carriers [41].

3.7. Stability of the synthetic ˛-Bi2O3 photocatalysts

The stability of a photocatalyst is important for its practi-
cal application. Comparing with aqueous-phase photocatalytic
reaction, an important disadvantage existing in gas-phase pho-
tocatalytic reactions is that the intermediates generated by
photocatalysis would accumulate on the surface of the photo-
catalyst to deactivate the photocatalyst during the photocatalytic
process in the gas phase, while water is able to remove reaction
intermediates from the photocatalyst surface in aqueous-phase
photocatalytic reaction system, which can alleviate the deactiva-
tion of photocatalyst [39,42]. It was reported that the N-doped
TiO2 and sulfide photocatalysts sometimes suffer from instability
under repeated use [25]. To further study the stability of the syn-
thetic �-Bi2O3 photocatalysts on photocatalytic oxidation of NO in
gas phase, we carried out multiple runs of photocatalytic experi-
ment with the used synthetic �-Bi2O3 photocatalysts (Fig. 8a). It
was interesting to find that the synthetic �-Bi2O3 photocatalysts

were chemically stable after eight cycles of repeated experiments.
Moreover, we performed a prolonged photodegradation experi-
ment and the results of long-term catalyst stability are shown
in Fig. 8b, the synthetic �-Bi2O3 photocatalyst was not signifi-
cantly deactivated during the photodegradation, suggesting that
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ig. 8. (a) The stability of synthetic monoclinic �-Bi2O3 catalysts in multiple runs of
egradation of NO; (b) the plots of the decrease in NO concentration vs prolonged

rradiation time.

he as-prepared �-Bi2O3 photocatalysts are promising candidate
or indoor air purification under visible light irradiation.

. Conclusions

In summary, we prepared monoclinic �-Bi2O3 with high effi-
ient visible-light-driven photocatalytic activity via calcinations
f hydrothermally prepared (BiO)2CO3 precursor. Photocatalytic
xperiments indicated that the synthetic �-Bi2O3 exhibited a much
igher photocatalytic activity for the degradation of NO and HCHO
ollutants in gas phase than that of the commercial Bi2O3 counter-
arts under visible-light irradiation. This work presents a promising
pproach for scaling-up industrial production of �-Bi2O3 photo-
atalysts and suggests that the synthesized �-Bi2O3 are promising
hotocatalysts for indoor air purification.
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