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Monoclinic-phase BiVO4 hollow microspheres with diameters of about 2–4 μm have been successfully fabricated in high yield by a
one-pot template-free hydrothermal route. The reaction duration and urea concentration are shown to play important roles in the
formation of the BiVO4 hollow microspheres. X-ray diffraction, scanning electron microscopy, nitrogen adsorption-desorption
isotherms, fourier transform infrared spectrometry, and UV-visible diffuse reflectance spectroscopy are used to characterize the
products. The results show that all the as-prepared BiVO4 samples have monoclinic phase structure and exhibit good crystallinity.
A formation mechanism for the BiVO4 hollow spherical structure via a localized Ostwald ripening is proposed based on the
experimental observations. In addition, studies of the photocatalytic properties by exposure to visible light irradiation demonstrate
that the as-obtained BiVO4 hollow spheres show potential photocatalytic application. Hydroxyl radicals (•OH) are not detected
on the surface of visible-light-illuminated BiVO4 by the photoluminescence technique, suggesting that •OH is not the dominant
photooxidant and photogenerated hole could directly take part in photocatalytic reaction. The prepared BiVO4 hollow spheres are
also of great interest in pigment, catalysis, separation technology, biomedical engineering, and nanotechnology.

1. Introduction

In recent years, hollow micro/nanostructures have attracted
considerable attention because of their novel physicochem-
ical properties that differ markedly from those of bulk
materials and potential applications such as nanoscale
chemical reactors, efficient catalysis, drug-delivery carriers,
low dielectric constant materials, acoustic insulation, and
photonic building blocks [1–5]. Conventional methods for
the preparation of hollow spheres usually require removable
or sacrificial templates, including hard ones [6–9] or soft
ones [10–14] to direct the formation of inorganic nanopar-
ticles on their surfaces via adsorption or chemical reactions.
However, use of templates usually suffers from disadvantages
related to high cost and tedious synthetic procedures, which
may prevent them from being used in large-scale applica-
tions. Compared with these methods involving multistep
procedures, a one-pot template-free method for the con-

trolled preparation of hollow nanostructures with rationally
designed parameters is highly attractive [15]. Currently, one-
pot template-free methods for hollow structures have been
developed mainly based on direct solid evacuation arising
from Ostwald ripening, the Kirkendall effect, or chemically
induced self-transformation [16–19].

Bismuth vanadate (BiVO4), which has been recognized as
an effective visible-light photocatalyst for photocatalytic O2

evolution from aqueous AgNO3 solutions, but also for pho-
tocatalytic degradation of organic pollutants under visible-
light irradiation, has received significant attention [20–27].
On the other hand, the properties of BiVO4 are strongly
dependent on its morphology and microstructure [24, 26,
28–33]. According to previous reports, BiVO4 appears in
three main crystalline phases: monoclinic scheelite, tetrag-
onal zircon, and tetragonal scheelite [34–36]. Among the
above three crystal phase, monoclinic BiVO4 is the best
visible-light-driven photocatalyst for the degradation of
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organic pollutants and O2 production from water splitting
due to the transition from a valence band formed by Bi6s

or a hybrid orbital of Bi6s and O2p to a conduction band
of V3d and its narrow band gap (ca. 2.4 eV), while the
photocatalytic activity of tetragonal BiVO4 is negligible [28].
Moreover, BiVO4 powders with various morphologies have
been synthesized through different templating routes. For
example, Yin and coworkers have synthesized monoclinic
BiVO4 hollow spheres with a size of about 700 nm by
employing colloidal carbon spheres (CCSs) as hard templates
[37]. Recently, by using mesoporous silica KIT-6 as a hard
template, Yu and coworkers synthesized monoclinic BiVO4

ordered mesoporous nanocrystals [38]. Microspheric and
lamellar BiVO4 powders were selectively prepared through
a hydrothermal process by using cetyltrimethylammonium
bromide (CTAB) as a template-directing reagent [39]. How-
ever, the template-assisted method not only increased the
product cost but also made it more difficult to scale up
production due to its complexity and the capability of a
template. The template-free synthesis of well-crystallized
monoclinic BiVO4 hollow spheres still remains a great
challenge.

In this work, we fabricate monoclinic BiVO4 hollow
microspheres by a one-pot template-free hydrothermal
method using NH4VO3 and Bi(NO3)3 as precursors and
urea as additive at 180◦C for 24 h. The influence of urea
concentration on the morphology and photocatalytic activity
of BiVO4 is studied and discussed. To the best of our knowl-
edge, this is the first report on template-free fabrication of
BiVO4 hollow spheres. This work will provide new insights
and understanding on the control of morphology and
enhancement of photocatalytic activity of BiVO4 and should
be of significant interest in pigment, catalysis, separation
technology, biomedical engineering, and nanotechnology.

2. Experimental

2.1. Preparation of Sample. All chemicals used in this study
were of analytical grade and were used without further
purification. Deionized water was used in all experiments.
1.4 g of NH4VO3, 5.8 g of Bi(NO3)3·5H2O and a certain
amount of urea were dissolved in 50 mL of nitric acid
aqueous solution (2.0 M). The amount of the added urea was
changed from 0, 3, 6, to 9 g, and the obtained BiVO4 powders
were labeled as samples A, B, C, and D, respectively. After
being stirred for 30 min, the mixed solution was transferred
into a 100-mL teflon-lined stainless steel autoclave and kept
at 180◦C for 24 h. The hydrothermal products were collected,
washed with deionized water and anhydrous alcohol for three
times, and then dried at 80◦C for 12 h.

2.2. Characterization. Morphological observations were per-
formed by an S-4800 field emission scanning electron micro-
scope (FESEM, Hitachi, Japan) and linked with an Oxford
Instruments X-ray analysis system. X-ray diffraction (XRD)
patterns obtained on a D/MAX-RB X-ray diffractometer
(Rigaku, Japan) using Cu Kα radiation at a scan rate (2θ) of
0.05◦ s−1 were used to determine the identity of any phase

present and their crystallite size. The accelerating voltage
and applied current were 40 kV and 80 mA, respectively. The
average crystallite size of BiVO4 was quantitatively calculated
using Scherrer formula (d = 0.9λ/Bcosθ, where d, λ, B,
and θ are crystallite size, Cu Kα wavelength (0.15418 nm),
full width at half maximum intensity (FWHM) of (121)
for BiVO4 peak in radians and Bragg’s diffraction angle,
resp.) after correcting the instrumental broadening. The
Brunauer-Emmett-Teller (BET) specific surface area (SBET)
of the powders was analyzed by nitrogen adsorption in a
Micromeritics ASAP 2020 nitrogen adsorption apparatus
(USA). All the samples were degassed at 180◦C prior to
nitrogen adsorption measurements. The BET surface area
was determined by a multipoint BET method using the
adsorption data in the relative pressure (P/P0) range of
0.05∼0.3. Infrared (IR) spectra on pellets of the samples
mixed with KBr were recorded on a IRAffinity-1 FTIR
spectrometer (Shimadzu, Japan) at a resolution of 4 cm−1.
The concentration of the samples was kept at about 0.25–
0.3%. UV-vis diffused reflectance spectra of BiVO4 powders
were obtained for the dry-pressed disk samples using a UV-
vis spectrometer (UV2550, Shimadzu, Japan). BaSO4 was
used as a reflectance standard in a UV-vis diffuse reflectance
experiment.

2.3. Measurement of Photocatalytic Activity. The photocat-
alytic activity of the BiVO4 samples was characterized by
the photocatalytic decolorization of methylene blue (MB)
aqueous solution at ambient temperature. Experimental
details were as follows: 0.1 g of the prepared BiVO4 powder
was dispersed in a 20 mL MB aqueous solution with a
concentration of 3× 10−5 M in a 9.0 cm culture dish. The
solution was allowed to reach an adsorption-desorption
equilibrium among the photocatalyst, MB, and water before
visible-light irradiation. A 350 W xenon lamp with a 420 nm
cutoff filter positioned 25 cm above the dish was used as a
visible-light source to trigger the photocatalytic reaction. The
integrated visible-light intensity striking on the surface of the
reaction solution measured with a visible-light radiometer
(model: FZ-A, China) was 95 mW/cm2 with the wavelength
range of 420–1000 nm. The concentration of MB was
determined by a UV-visible spectrophotometer (UV-2550,
Shimadzu, Japan). After visible-light irradiation for every
30 min, the reaction solution was filtrated to measure the
concentration change of MB.

2.4. Analysis of Hydroxyl Radicals. The formation of hydroxyl
radicals (•OH) on the surface of BiVO4 under visible-light
irradiation was detected by PL method using terephthalic
acid as a probe molecule. Terephthalic acid readily reacts
with •OH to produce a highly fluorescent product, 2-
hydroxyterephthalic acid [40, 41]. This technique has been
used in radiation chemistry, sonochemistry, and biochem-
istry for the detection of •OH generated in water. The
method relies on the PL signal at 425 nm arising from
the hydroxylation of terephthalic acid with •OH generated
at the water/catalyst interface. The PL intensity of 2-
hydroxyterephthalic acid is proportional to the amount of
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Table 1: Experimental conditions for preparation of the samples and their physical properties.

No. Urea content Phasea Bandgap (eV) Crystalline size (nm) SBET (m2/g) Relative crystallinityb

A 0 M 2.24 31.1 2.85 1.00

B 3 M 2.22 45.2 1.64 1.48

C 6 M 2.21 50.6 1.20 1.80

D 9 M 2.20 62.5 1.05 2.13
a
M denote monoclinic.

bRelative monoclinic crystallinity: the relative intensity of the diffraction peak from the monoclinic (121) plane (reference = the sample A prepared in pure
water).

•OH radicals produced in water [40, 41]. The method
is rapid, sensitive, and specific and needs only a simple
standard PL instrumentation. Experimental procedures were
similar to the measurement of photocatalytic activity except
that the MB aqueous solution was replaced by the 5 ×
10−4 M terephthalic acid aqueous solution with a concen-
tration of 2 × 10−3 M NaOH. PL spectra of generated 2-
hydroxyterephthalic acid were measured on an Hitachi F-
7000 fluorescence spectrophotometer. After UV irradiation
for every 30 min, the reaction solution was filtrated to
measure the increase of the PL intensity at 425 nm excited
by 315 nm light [15].

3. Results and Discussion

3.1. XRD Study. XRD was used to investigate the effects of
the amount of urea on phase structure and crystallite size
of the prepared samples. Figure 1 shows the XRD patterns
of BiVO4 samples obtained with different amount of urea.
It is clear that all the BiVO4 samples have a monoclinic
scheelite structure (JCPDS Card no. 14-0688). No diffraction
peaks of any other phases or impurities are detected, and the
narrow line widths indicate a high degree of crystallinity. It
is reasonable to infer that hydrothermal treatment at 180◦C
for 24 h is sufficient for the preparation of pure monoclinic
scheelite BiVO4, which is consistent with the previous reports
[39, 42]. Usually, monoclinic scheelite BiVO4 is usually
obtained by the high-temperature process, while tetragonal
BiVO4 (zircon structure) is prepared in aqueous media by
the low-temperature process. The phase transition from
tetragonal BiVO4 (zircon structure) to monoclinic BiVO4

(scheelite structure) irreversibly occurs at 670–770 K [28].
Thus, it can be concluded that the phase transition from
tetragonal BiVO4 to monoclinic BiVO4 is thermodynamically
favored, and hydrothermal environment promotes this phase
transformation due to a nonequilibrium pressure environ-
ment in hydrothermal treatment [43]. Moreover, monoclinic
BiVO4 is a thermodynamically more stable phase while
tetragonal BiVO4 is a kinetically one [29, 36]. In this reaction
system, the tetragonal BiVO4 is a metastable phase and can be
easily transformed to the monoclinic scheelite BiVO4 with an
increase in hydrothermal time (24 h) [44].

Further observation shows that with increasing the
amount of urea, XRD peak intensities of monoclinic BiVO4

become steadily stronger, and the width of XRD diffraction
peaks of monoclinic BiVO4 become slightly narrower, indi-
cating that the enhancement of crystallization and formation
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Figure 1: XRD patterns of BiVO4 samples prepared with different
amount of urea ranging from 0 (A), 3 (B), 6 (C) to 9 g (D) at 180◦C
for 24 h.

of greater BiVO4 crystallites. The average crystalline sizes
change from 31.1, 45.2, 50.6 to 62.5 nm (see Table 1). This
result is in good agreement with the previous report that urea
added in the reaction system enhanced the crystallization of
monoclinic phase and promoted the growth of crystallites
[43]. The formation of greater BiVO4 crystallites may be
related to the fact that urea coordinates to bismuth ions
to form complex, the dissociation of the complex in situ
generates Bi3+, the combination of VO3

− and the released
Bi3+ results in the formation of the greater BiVO4 crystallites
[45]. The coordinating strength of complexes formed under
different conditions would affect the release speed and the
monomer concentration of free Bi3+ in the solution. Gen-
erally, the aggregation behavior is strongly correlated to the
nucleation rate of the primary nanoparticles, which can be
adjusted by controlling the reaction rate [46]. The stronger
coordination led to lowering free Bi3+ concentration in the
solution, which prevented the plosive production of BiVO4

and suppressed the nucleation. As a result, their progressive
crystal growth is favored, rather than aggregation. In this
case, the more urea added, the lower concentration of free
Bi3+, which slow nucleation rate and then increase the crystal
growth. Therefore, it is not surprising that with increasing
the amount of urea, the products consist of greater BiVO4

crystallites.
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3.2. UV-Vis and FTIR Spectra. Figure 2 shows the UV-visible
diffuse reflectance spectra of samples A and D. The two
samples exhibit a strong absorption in the UV-visible light
region, and sample D with hollow structure shows the
enhanced visible-light absorption. The steep shape of the
spectra indicates that the visible-light absorption was not due
to the transition from impurity levels but to the bandgap
transition. The absorption edge for sample A is at ca. 550 nm,
which is consistent with the characteristic absorption of
monoclinic BiVO4 [28]. For monoclinic scheelite BiVO4, the
valence band (VB) is formed by a hybridization of the Bi6s

and O2p orbital, whereas the conduction band is composed
of V3d orbital [43]. The presence of Bi6s in the top of the
valence bands results in a more negative energy level of the
valence band and then a decrease in the band gap [47]. It is
apparent that the diffuse reflectance spectra of BiVO4 hollow
microspheres exhibit a red shift and increased absorption in
the visible-light range, which is ascribed to the unique hollow
configuration of sample D. Hollow structure allows multiple
scattering of UV-vis light within their frameworks, leading to
a longer optical path length for light transport and a greater
absorbance than those for large irregular aggregates sample.
It also leads to the enhanced photocatalytic activity of BiVO4

hollow structure. Similar results were also reported by Zhou
et al. [36]. The bandgap of a semiconductor can be estimated
from a plot of (αhν)2 versus photon energy (hν) [48–50]. The
estimated Eg of sample A and D from the intercept of the
tangents to the plots were 2.24 eV and 2.20 eV, respectively. In
addition, the conduction band (CB) edge of a semiconductor
at the point of zero charge (pHzpc) can be predicted by (1):

ECB
0 = X − Ec − 1

2
Eg , (1)

where X is the absolute electronegativity of the semicon-
ductor, expressed as the geometric mean of the absolute
electronegativity of the constituent atoms, which is defined
as the arithmetic mean of the atomic electron affinity and
the first ionization energy; Ec is the energy of free electrons
on the hydrogen scale (ca. 4.5 eV); Eg is the band gap of
the semiconductor [21]. For BiVO4, the value of X is 6.035.
According to the values of Eg estimated above and the
foregoing formula, the calculated ECB and EVB of sample A
were 0.415 eV and 2.655 eV, respectively. For sample D, ECB

and EVB were 0.435 eV and 2.635 eV, respectively. These data
clearly demonstrate that the electronic structures of BiVO4

were slightly changed due to the varying pH caused by the
decomposition of urea [43].

3.3. SEM Images. The morphologies of the samples were
observed by SEM. Figure 3 shows the SEM images of the
powder samples prepared with different amount of urea.
It is clearly seen that the amount of urea has a significant
influence on the morphologies of samples. As shown in
Figure 3(a), the products are composed of large aggregates
with ill-defined shape and inhomogeneous size in the
absence of urea. With the addition of urea, hollow structures
appear in the products. When 3 g urea is added in this

Wavelength (nm)

1.2

1

0.8

0.6

0.4

0.2

0

800700600500400300

A D

A

D

A
bs

or
ba

n
ce

 (
a.

u
.)

Figure 2: UV-visible absorption spectra and corresponding colors
(inset) of sample A and D.

reaction system, the as-synthesized products are hollow
microspheres with the diameter of about 3 μm, coexisting
with solid microspheres (Figure 3(b)). Figure 3(c) clearly
illustrates that most of the microspheres appear hollow struc-
tures with the wall thinness of 0.8–1.0 μm when the amount
of urea increases to 6 g. As the amount of urea further
increases to 9 g, SEM image (Figure 3(d)) indicates that the
rough external shells of the hollow microspheres consist of
loosely packed nanoparticles and progressively thinned. The
above results indicate that hollow microspheres could not
form without the addition of urea, contrarily, BiVO4 hollow
microspheres are easily produced in the presence of urea,
and the hollowing rate is strongly related to the amount
of urea added. With increasing the amount of urea, the
hollowing rate increases. Urea enhances the dissolution of
the interior and mass transfer from interior of the spheres
to outer surface during reactive process, accompanied by an
enhancement of crystallization of monoclinic BiVO4 [19].

To investigate the formation mechanism of BiVO4 hollow
microspheres, a detailed time-dependent evolution experi-
ment was carried out. Figure 4 shows the XRD patterns of
the samples obtained with 9 g urea at 180◦C for varying
hydrothermal time. It can be seen that tetragonal BiVO4

is formed after hydrothermal reaction for 1 h, along with
monoclinic BiVO4, but tetragonal BiVO4 is completely
transformed into monoclinic as the time is prolonged to
24 h. The corresponding SEM images (Figure 5(a)) show that
the solid microspheres with the diameter of about 2.7 μm
are obtained by self-assembly of precursor nanoparticles
after 1 h reaction. After a reaction time of 6 h, hollow
microspheres can be observed in the products (Figure 5(b)).
When the hydrothermal time prolongs to 12 h, the shell
of the hollow microspheres becomes thinner (Figure 5(c)).
The thickness of the shell wall changes from 1.3 μm at
6 h, 1 μm at 12 h to 0.6 μm at 24 h. Therefore, it can be
inferred from the above results that the thickness of shell
walls of BiVO4 hollow spheres could be easily controlled by
changing hydrothermal time. The longer the reaction time,
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Figure 3: SEM images of BiVO4 samples prepared with different amount of urea ranging from 0 (a), 3 (b), 6 (c) to 9 g (d) at 180◦C for 24 h.
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Figure 4: XRD patterns of BiVO4 samples prepared with 9 g urea at
different reaction time from 1, 3, 6, 12 to 24 h.

the thinner the shell walls of hollow spheres. Based on these
above results, a localized Ostwald ripening or chemically
induced self-transformation mechanism can be used to
explain the formation of BiVO4 hollow spheres. The mech-
anism for this template-free formation of hollow spheres
has been elaborated in our previous works [19, 51–54].

The formation of monoclinic-phase BiVO4 hollow spheres
comes from the dissolution and recrystallization of tetrag-
onal BiVO4 phase as others report [36, 43, 55]. This self-
transformation is sustained by the higher solubility of the
as-formed metastable tetragonal BiVO4 spheres core, which
resulted in an increase in the local supersaturation such that
secondary nucleation and growth of crystalline monoclinic
BiVO4 occurred specially on the external surface of the
spheres [17].

3.4. Photocatalytic Activity. The photocatalytic activity of the
prepared samples was evaluated by photocatalytic degrada-
tion decolorization of MB aqueous solution under visible-
light (λ > 420 nm) illumination. Figure 6 displays the
changes in the absorption spectra of an MB aqueous solution
exposed to visible light for various time in the presence
of sample D. Methylene blue (MB) shows a maximum
absorption band at 664 nm. Under visible-light illumination,
an apparent decrease of MB absorption at 664 nm was
observed. This indicates that the degradation rate of MB was
very fast at the beginning of irradiation and then became
slow. The color of the dispersion disappeared after 180 min of
irradiation, demonstrating that the chromophoric structure
of the dye was destroyed. A sharp decrease of the major
absorption band within 3 h indicates that sample D exhibits
excellent photocatalytic activity in the degradation of MB.

Figure 7 shows the comparison of photocatalytic activi-
ties of the samples prepared with different amount of urea. It
is demonstrated that the self-degradation of MB is extremely
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Figure 5: SEM images of BiVO4 samples prepared with 9 g urea at different reaction time from 1 (a), 6 (b), to 12 h (c).
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Figure 6: Absorption changes of MB aqueous solution at room
temperature in the presence of the sample D under visible-light
irradiation.

slow; only 6% of MB is photolyzed after 180 min irradiation
(Figure 7). When BiVO4 samples as photocatalysts are added
in the MB solution, the degradation rate of MB significantly
increases. Moreover, it is clearly seen that the degradation
rate of the samples obtained in the presence of urea is
higher than that of the samples prepared without urea. Urea
added in the reaction system has a positive influence on the
photocatalytic activity of the BiVO4 samples. This is due
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Figure 7: Comparison of photocatalytic activities of samples A,
B, C, and D for the photocatalytic decolorization of MB aqueous
solution at ambient temperature; C and C0 denote the reaction and
initial concentration of MB in the system, respectively.

to the following two factors. First, hollow inner structures
allow light scattering inside their hollow interior, which
enhances light harvesting and thus increases the quantities of
photogenerated electrons and holes available to participate in
the photocatalytic decomposition reactions of the contami-
nants [15, 48]. Second, specific surface area and crystallinity
are two conflicting factors influencing the photocatalytic
activity of photocatalyst. A large surface area is usually
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Figure 8: PL spectral changes observed during illumination of (a) as-prepared BiVO4 and (b) TiO2 sample in a 5× 10−4 M basic solution of
terephthalic acid (excitation at 315 nm). Each fluorescence spectrum was recorded every 30 min of visible light illumination.

associated with a large amount of crystalline defects or weak
crystallization, which favor the recombination of photo-
generated electrons and holes, causing a poor photoactivity.
Therefore, amorphous TiO2 powders usually show a large
specific surface area, but a poor or negligible photocatalytic
activity due to recombination of photoexcited electrons
and positive holes at defects (i.e., imperfections, impurities,
dangling bonds, or microvoids) located on the surface and in
the bulk of particles [56, 57]. This indicates that crystallinity
is another important requirement for high photocatalytic
activity. Hence, it is easy to understand that with increasing
the amount of urea, the crystallinity increases, resulting in
the enhancement of photocatalytic activity.

Our experiments also indicate that BiVO4 hollow spheres
are more readily separated from the slurry system by
filtration or sedimentation after photocatalytic reaction and
reused than conventional nanosized powder photocatalytic
materials due to their large weight, weak Brownian motion,
and good mobility [15]. After five recycles for the pho-
todegradation of MB, the catalyst did not exhibit any signif-
icant loss of activity, confirming that BiVO4 hollow spheres
were not deactivated during the photocatalytic oxidation of
the pollutant molecules. Further investigation indicates that
other colorless organic pollutants such as phenol are also
quickly decomposed by the prepared BiVO4 hollow spheres
under visible-light irradiation. To the best of our knowledge,
this is the first time to report template-free preparation and
enhanced photocatalytic activity of BiVO4 hollow spheres.
We believe that the prepared BiVO4 hollow spheres are also
of great interest in pigment, catalysis, separation technology,
biomedical engineering, and nanotechnology.

3.5. Hydroxyl Radical Analysis. To understand the involved
active species in the photocatalytic process of BiVO4, the for-
mation of hydroxyl radicals (•OH) on the surface of visible
light illuminated BiVO4 is detected by the PL technique using

terephthalic acid as a probe molecule. For comparison, the
TiO2 system was also observed under the same conditions.
Figure 8 shows PL spectral changes observed during visible-
light illumination of as-prepared BiVO4 and TiO2 powders
in a 5×10−4 M basic solution of terephthalic acid (excitation
at 315 nm). There is no PL observed when the BiVO4

suspension is irradiated, indicating that no •OH radical is
produced. However, in the case of TiO2, a gradual increase
in PL intensity at about 425 nm is observed with increasing
irradiation time, indicating the production of the •OH
radicals. The above results show that the •OH radicals are not
the main active oxygen species in the photochemical process
of MB/BiVO4 system. This can be explained according to
the location of the valence bandedges (EVB) of BiVO4 and
the normal potential of OH−/•OH couples, their potentials
are 2.635 and 2.7 V versus SCE, respectively, suggesting
that the holes photogenerated on the surface of BiVO4

could not react with OH−/H2O to form •OH. Conse-
quently, it is not surprising that no hydroxyl radicals are
observed on the surface of visible light illuminated BiVO4.
The interfacial energy scheme at the BiVO4/electrolyte
interface is summarized in Figure 9. Therefore, we have
reason to think that the photocatalytic degradation of MB
in the presence of BiVO4 is due to the direct participation of
the photogenerated holes [15].

4. Conclusion

Monoclinic BiVO4 hollow microspheres with diameters of
about 2–4 μm are successfully fabricated on a large scale by
a simple hydrothermal method without using any templates.
Localized Ostwald ripening and chemically induced self-
transformation mechanism are thought to be the main
driving force for the formation of hollow spheres. Urea plays
a key role in the formation of BiVO4 hollow microspheres.
The average crystallite size, specific surface areas, hollow
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Figure 9: Energy scheme at the BiVO4/electrolyte interface.

interior structures, and photocatalytic activity of BiVO4

hollow spheres could be tuned by changing the amount of
urea. With increasing the amount of urea, the crystallites
grow to larger size, the core hollowing takes place faster,
and photocatalytic activity increases. The direct hole transfer
(instead of •OH radicals) plays an important role in the
degradation of MB.
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