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Morphology-Dependent Photocatalytic Performance of Monoclinic BiVO, for
Methyl Orange Degradation under Visible-Light Irradiation
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Abstract: Monoclinic BiVO,4 with multiple morphologies were fabricated using the alcoho-hydrothermal strategy with bismuth nitrate and
ammonium metavanadate as inorganic sources, NaOH for pH adjustment, and the triblock copolymer P123 as a surfactant. The materials
were characterized by X-ray diffraction, nitrogen adsorption-desorption, scanning electron microscopy, X-ray photoelectron spectroscopy,
and ultraviolet-visible diffuse reflectance spectroscopy. The photocatalytic performance of the BiVO, samples was evaluated for the degra-
dation of methyl orange (MO) under visible-light irradiation condition. The results showed that the surfactant and pH had a significant influ-
ence on the particle morphology of the BiVO, product. Porous spherical, flower-like, and sheet-like BiVO, were fabricated at an al-
coho-hydrothermal temperature of 180 °C and at a pH of 2, 7, or 10, respectively, whereas rod-like BiVO, was obtained in the presence of
P123 at an alcoho-hydrothermal temperature of 180 °C and at a pH of 2. The difference in BiVOy particle morphology led to differences in
surface area, surface oxygen vacancy density, and (040) crystal plane exposure. Among the four BiVOy samples, the rod-like sample had the
highest surface area, surface oxygen vacancy density, and (040) crystal plane exposure, and the lowest bandgap energy resulting in it having
the best photocatalytic activity for MO photodegradation. It can be concluded that a morphological effect is responsible for the photocatalytic
performance and the rod-like morphology seems to favor an enhancement in the photocatalytic performance of the BiVO, material.

Key words: alcoho-hydrothermal strategy; morphology-dependent property; visible-light-driven catalyst; monoclinic bismuth vanadate;
methyl orange; degradation
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Fig. 1. XRD patterns of different BiVO, samples. (1) BiVO,-1; (2)
BiVO,-2; (3) BiV04-3; (4) BiVOs-4. BiVO,-1, BiVO4-2, and BiVO,-3
were prepared without using surfactant P123 at pH = 2, 7, and 10,
respectively. BiVO,-4 was prepared using surfactant P123 at pH = 2.
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Table 1 Crystal phases, particle morphologies, BET surface areas,

te R A AR

and bandgap energies of the as-fabricated BiVO, samples

Surface area

Sample Crystal phase Morphology N EfeV
(m7g)
BiVO,-1 monoclinic porous 1.4 2.54
spherical
BivO,-2 monoclinic  flower-like 2.1 2.52
BivO,-3 monoclinic  sheet-like 3.5 2.48
BivO,-4 monoclinic rod-like 3.8 2.47

E,—Bandgap energy.

2.2 FERFIRFOR AR

Bl 2 &% BiVO, FE ih 19 SEM B F. AT LLE H,
BiVO,-1 ¥ il & B B A 7L 45 M BRI RO R 41 L,
BAEABRR F 2 AR R 2~11 pm A HETE L
KA B A B (WL 2(2) R0 (b)), Li &R N, M-



942 I

¥R

Chin. J. Catal., 2011, 32: 939-949

2 % BiVO, & mi SEM B
Fig. 2. SEM images of BiVO,-1 (a, b), BiVO,4-2 (¢, d), BiVOy-3 (e,
f), and BiVO,-4 (g, h) samples.
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Fig.3. Bi4f(a), V 2ps (b), and O 1s(c) XPS spectra of BiVO,-1 (1)
BiVO,-2 (2), BiVO,-3 (3), and BiVO,-4 (4).
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Bi/V molar  V*/V> molar 0,45/Onae molar
Sample . . )
ratio ratio ratio
BivVO,-1 0.99 0.037 0.115
BivVO,-2 1.03 0.058 0.276
BivO,-3 0.98 0.061 0.345
BivO,-4 1.01 0.094 0.521
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Fig. 4. UV-Vis diffuse reflectance spectra (a) and plots of (afv)?
versus /v of different BiVO, samples (b). (1) BiVOy-1; (2) BiVO,-2;
(3) BiVOs-3; (4) BiVO,-4.
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Fig. 5. Photocatalytic activities of the blank (direct photolysis),
Degussa P25, and BiVO,-x (x = 1-4) samples for the degradation of
MO under visible-light (4 > 400 nm) irradiation.
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In recent years, bismuth vanadate has attracted consider-
able attention because of its unique physicochemical prop-
erties such as ferroelasticity [1], ion conductivity [2], and
photocatalytic activity under visible-light irradiation [3,4].
Bismuth vanadate has three types of crystalline phases:
tetragonal zircon, monoclinic scheelite, and tetragonal

scheelite. BiVO, with a monoclinic scheelite structure gives
far better visible-light-driven photocatalytic performance
than those that have other crystal structures [5]. It is well
known that the crystal structure of BiVOy, is associated with
the fabrication method. Tetragonal BiVO, is usually prepared
by an aqueous precipitation route at low temperatures
whereas monoclinic BiVO, can be obtained using various
methods such as a solid-state reaction [6], co-precipitation
[7], solvothermal or hydrothermal treatment [3,4], chemical
bath deposition [8], organometallic decomposition [9], and
sonochemical routes [10]. Among these strategies, the sol-
vothermal or hydrothermal strategy is an effective pathway
for the production of monoclinic BiVO, with perfect crystal
structures and regular morphologies in an environmentally
benign manner [11]. A large number of monoclinic BiVO,
with different morphologies have been fabricated by the
solvothermal or hydrothermal route, for example, mono-
clinically crystallized BiVO, with a spindly microtubular
shape has been synthesized by solvothermally treating a
mixture of Bi(NO3); and NaVO, in a deep eutectic solvent at
150 °C [3]. Sun and coworkers fabricated nanoplate-stacked
star-like monoclinic BiVO, by a hydrothermal process with a
water/ethanol mixture as the solvent and ethylenediamine
tetraacetic acid as a chelating agent [ 12]. Using Bi(NOj3); and
NH4VO; as starting materials and sodium dodecyl benzene
sulfonate as a morphology-directing template, Zhang et al.
[13] obtained monoclinic BiVO, nanosheets. Several reports
have indicated that nano/microsized inorganic materials have
morphology-dependent properties. For example, ZnO with
various morphologies showed morphology-dependent cata-
lytic activity and the ZnO material with large polar planes
was more active in the N-formylation reaction [14]. Addi-
tionally, hexagonally plate-like ZnO nanocrystals along the
(0001) axis gave about 5 times higher activity than rod-like
/n0 particles while photocatalyzing the degradation of me-
thylene blue [15]. Few reports exist that describe an inves-
tigation of the morphology-dependent properties of visi-
ble-light responsive BiVO,. Xi et al. [16] observed good
activities over the BiVO, nanoplates with exposed (001)
facets for the wvisible-light photocatalytic degradation of
rhodamine B (RhB) and for the photocatalytic oxidation of
water for O, generation. Zhang et al. [13] observed good
catalytic BivO,
nanosheets with a preferred (010) surface orientation for the

solar-light driven performance for
degradation of RhB. Li et al. [17] observed high activity over
BiVO, microsheets with preferentially exposed (040) facets
for the photocatalytic evolution of O, from water.

A large number of BiVO,-based materials have been used
as photocatalysts for the degradation of organics such as
methylene blue (MB) [18], RhB [13], methyl orange (MO)
[19], and toluene [20]. Recently, we investigated the con-

trolled generation and photocatalytic applications of visi-
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ble-light driven BiVO, single crystallites with well-defined
morphologies and found that these morphological single
crystalline materials performed well in the photocatalytic
degradation of MB [21]. As an extension of this work, we
report on the morphology-dependent photocatalytic behavior
of monoclinic BiVO, with various particle shapes and these
were fabricated by adopting the alcoho-hydrothermal strat-

egy.
1 Experimental
1.1 Catalyst fabrication

BiVO, samples with different morphologies were fabri-
cated wusing the alcoho-hydrothermal strategy with
Bi(NO;);5H,O and NH,VO; as inorganic sources and a
water/ethanol mixture as a solvent in the absence and pres-
ence of the triblock copolymer (P123) surfactant. The typical
fabrication procedure was as follows: 10 mmol of
well-ground Bi(NOj3);'5H,O powder and 1.972 g of P123
(Bi/P123 molar ratio = 1:0.034) were added to a mixture of 5
ml of concentrated nitric acid (67%) and 50 ml of absolute
ethanol under stirring. After mixing well, 10 mmol of
well-ground NH,;VO; powder was added to the mixed solu-
tion. The pH was adjusted to 2, 7, or 10 with the saturated
NaOH solution containing absolute ethanol. 80 ml of the
mixture (a certain amount of absolute ethanol was added if
the volume of the mixture was less than 80 ml) was then
transferred to a 100 ml Teflon-lined stainless steel autoclave
for alcoho-hydrothermal treatment at 180 °C for 12 h. The
as-obtained yellow precipitate was filtered, washed three
times with absolute ethanol, dried at 60 °C for 12 h and
calcined in a muffle furnace at a ramp of 1 °C/min from room
temperature (RT) to 400 °C and kept at this temperature for 4
h, thus generating the BiVO, sample. The samples fabricated
under the various conditions are denoted BiVO,-x (x=1-4),
as clearly described in Fig. 1.

1.2 Catalyst characterization

X-ray diffraction (XRD) patterns of the BiVO, samples
were recorded on an X-ray diffractometer (Bruker D8 Ad-
vance), which was operated at 40 kV and 35 mA using Cu K,
radiation and a nickel filter (1 = 0.15406 nm). The surface
areas of the samples were measured using an adsorption
analyzer (Micromeritics ASAP 2020) by N, adsorption at
—196 °C. The sample was degassed at 250 °C for 3 h before
the measurement. The surface area was calculated using the
Brunauer-Emmett-Teller (BET) method. The morphologies
of the sample particles were observed using a scanning
electron microscope (SEM, Gemini Zeiss Supra 55) operated
at 10 kV. X-ray photoelectron spectroscopy (XPS, VG

CLAM 4 MCD) was used to determine the Bi 4£, V 2p, and O
1s binding energies (E,) of the surface bismuth, vanadium,
and oxygen species. Mg K, (hv = 1253.6 ¢V) was used as the
excitation source. Before the XPS measurement, the sample
was treated in an O, flow of 20 ml/min at 400 °C for 1 h.
After cooling to RT and using a glove bag (Instruments for
Research and Industry, USA) filled with He, the pretreated
sample was transferred to the spectrometer under He and
outgassed (0.5 h) in the preparation chamber before analysis
in the analysis chamber. The C 1s signal at 284.6 ¢V was
used as a reference for F, calibration. Ultraviolet-visible
diffuse reflectance spectra (UV-Vis DRS) of the samples
were recorded using a UV-Vis
(UV-2450) with BaSQO, as the standard.

spectrophotometer

1.3 Catalyst evaluation

The photocatalytic activities of the BiVO, samples were
evaluated for the degradation of MO in a quartz reactor
(QO250, Beijing Changtuo Sci. & Technol. Co. Ltd.) under
visible-light irradiation. A 300 W Xe lamp was used as the
light source and was located about 5 cm from the reactor. An
optical cut-off filter was used to only permit illumination at A
> 400 nm. 0.1 g of the BiVO, sample was added to 100 ml of
the MO solution (initial MO concentration ¢ = 1.0 x 107
mol/L). After ultrasonication for 0.5 h, the solution was
stirred magnetically for 3 h to allow the adsorp-
tion-desorption equilibrium to be reached. The temperature
of the reaction solution was kept at ca. 25 °C using flowing
cool water. Samples were taken at 30 min intervals and
separated by centrifugation for MO concentration determi-
nation. The MO concentration (c,) after a certain reaction
time (#) was monitored by measuring the absorbance of the
reactant solution at A =464 nm during the photodegradation
process on the aforementioned UV-Vis equipment. The ¢/
ratio was used to evaluate the photocatalytic degradation
efficiency of the sample.

2 Results and discussion
2.1 Crystal phase and surface area

Figure 1 shows the XRD patterns of the BiVO, samples
that were synthesized under various conditions. The diffrac-
tion peaks of all the samples could be well indexed to sin-
gle-phase monoclinic BiVO, (JCPDS No. 83-1700), as in-
dicated in Fig. 1(4). No impurity phases were detected. The
slight discrepancy in peak intensity implies a similarity in the
crystallinity of the BiVO, samples. This result indicates that
a change in pH or the addition of P123 has an insignificant
effect on the crystallinity of the BiVO, product. In other
words, the calcination temperature plays an important role in
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determining the crystallinity of the BiVO, sample. From Fig.
1, differences in the diffraction intensity of the (040) plane of
these BiVO, samples are apparent. The XRD peak intensity
ratio of the (040) plane to the (112) plane was found to be
0.22, 0.23, 032, and 0.36 for the BiVO,-1, BiVO,-2,
BiV0O,-3, and BiVO,4-4 samples, respectively. A larger XRD
peak intensity ratio indicates a higher percentage of exposed
(040) planes for the BiVO, sample. It has been reported that
the amount of exposed (040) planes in BiVO, is dependent
upon the particle morphology and its fabrication procedure,
and the preferential exposure of (040) planes can contribute
to an enhancement in the photocatalytic activity of the
BiVO, material [17].

Table 1 summarizes the fabrication conditions and some of
the physical properties of the BiVO, samples. The BiV0O,-3
and BiVO,-4 samples that were obtained after calcination at
400 °C possessed surface areas (3.5-3.8 mz/g) much higher
than the samples (0.3-2.2 m’/ g) obtained without calcination
[22,23]. Additionally, the surface area (3.5 mz/g) of BiVO,-3
was higher than those (1.4-2.1 mz/g) of BiVOy-1 and
BiVO,-2. At a pH of 2, the P123-derived BiVO,-4 sample
had a far higher surface area (3.8 m’/g) than the surfac-
tant-free derived BiVO;-1. These results indicate that the pH
of the reactant solution and the surfactant P123 exerted a
marked impact on surface area of the BiVO, sample. Similar
phenomena are induced by the pH and surfactant as observed
by Zhang et al. [24] and by our research group [22].

2.2 Morphology and formation mechanism

Figure 2 shows typical SEM images of the BiVO, sam-
ples. The BiVO,-1 sample was composed of spherical mi-
croparticles with a porous structure and each spherical par-
ticle was aggregated into numerous cone-shaped microcrys-
tals with diameters of 2—11 pm (Fig. 2(a) and (b)). By the
homogeneous precipitation route and with the assistance of
N,N-dimethylacetamide or N-methyl-2- pyrrolidone, Li et al.
[25] generated submicrosized BiVO, with an irregular
spherical morphology. With an increase in the pH from 2 to 7
or 10, the as-obtained BiVO,-2 and BiVO4-3 samples
showed flower- and sheet-like morphology (Fig. 2(c-1)),
respectively. BiVO, particles with a flower-like shape were
also obtained by Ge [ 19]. With P123 as the surfactant and at a
pH of 2, however, the as-obtained BiVO,-4 sample had a
rod-like architecture with a length of 0.5-3 pm and a di-
ameter of 100-250 nm. These results indicate that the pH of
the precursor solution and the surfactant has a significant
influence on the morphology of the BiVO, material.

In the hydrothermal process the alkaline source, the metal
precursor, the pH of the precursor solution, and the hydro-
thermal temperature and time greatly influence the mor-
phology of the final product [26]. The formation of specifi-

cally morphological nano/microcrystals can be explained by
the oriented aggregation mechanism [27]. In this mechanism,
the primary particles self-assemble in preferential orienta-
tions into highly ordered superstructures with a well-defined
external shape for the minimization of surface free energy. In
this study, BiVO, particles with various morphologies might
be generated according to the mentioned mechanism. Before
the addition of the NaOH-ethanol solution, the precursor
solution was highly acidic (pH = 0.8) and the vanadium
species is mainly present as VO3~ [28]. After the pH of the
solution was adjusted to 1.5, the VO;™ and BiO" generated in
the precursor solution could interact to first form a number of
BiVO, crystal nuclei, and then aggregate into primary
nanoparticles. At pH = 2, 7, or 10, these primary nanoparti-
cles could further self-assemble according to their specific
orientations and finally crystallize into porous spherical,
flower-like, or sheet-like BiVO, entities through Ostwald
ripening and after calcination at 400 °C. For the
P123-assisted fabrication, however, some of the surfactant
molecules could selectively adsorb onto the surface of the
BiVO, nuclei [29]. The adsorbed P123 molecules work as a
capping agent and decrease the growth rate of the adsorbed
crystal faces while inducing compression along the axis
forming BiVO,
nano/microrods. However, the inherent formation mecha-

perpendicular to these facets, thus
nism needs further investigation.

2.3 Metal oxidation state, oxygen species, and surface
composition

Figure 3 shows the Bi 4£ V 2ps;p, and O 15 XPS spectra of
the BiVO, samples. From Fig. 3(a), the Bi 4fspectra of all of
the BiVO, samples consist of two strong symmetrical peaks
at F, = 158.6 and 163.9 eV, corresponding to the Bi 4£, and
Bi 4£, signals, respectively. These spectra are characteristic
of the Bi*" species [30]. In other words, all the bismuth in the
BiVO, samples are trivalent [30]. From Fig 3(b), the asym-
metric V 2p;;, signal was decomposed into two peaks at £, =
516.1 and 517.1 eV, attributable to the surface V*" and V>
species [31], respectively. This result indicates the
co-presence of v (in the majority) and v (in the minority)
species in the BiVO, samples. Based on the electroneutrality
principle, one can deduce that the BiVO, samples were
oxygen-deficient (i.e., BiVO,_s) and the amount of surface
nonstoichiometric oxygen (9) is dependent upon the surface
VYV molar ratios. As for the O 15 XPS spectra (Fig. 3(c)),
the asymmetric peak centered at ca. 530 eV was decomposed
into two components at F, = 529.7 and 532.1 €V, and these
are due to the surface lattice oxygen (Oyy) and the adsorbed
oxygen (O,q) species, respectively [30]. Since the BiVO,
samples were pretreated in an O, flow at 400 °C before the
XPS analysis, the presence of surface OH and COs™ species
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on the sample surfaces could be minimized. Therefore, the
adsorbed oxygen species were mainly O, O, , or O,> spe-
cies, which were located at the oxygen vacancies of the
BiVO,_ssamples [32].

The surface Bi/V, V¥/V**, and the 0,,/0,,, molar ratios of
the BiVO, samples are summarized in Table 2. The surface
Bi/V molar ratio (0.98-1.03) of each BiVO, sample was
close to 1, and this is indicative of homogeneous BiVO,
phase formation. The highest surface V*/V* molar ratio for
the BiVO,;-4 sample suggests that it contains the highest
amount of surface oxygen vacancies, and this was confirmed
by the O,4/Oy molar ratio of this sample because the O,
species were mainly located at the surface oxygen vacancies
[32]. The presence of oxygen vacancies may be advanta-
geous for the enhancement in photocatalytic performance of
the BiVO, material.

2.4 Light absorption property

Figure 4(a) shows the UV-Vis diffuse reflectance spectra
of the BiVO, samples. All the samples showed a strong
absorption in the UV- and visible-light regions, and visi-
ble-light absorption was due to the bandgap transition [33].
These absorption profiles suggest the generation of mono-
clinic BiVOy in the samples, as substantiated by XRD results
(Fig. 1). The bandgap energy (L) can be used to evaluate the
optical absorption performance of a crystalline semicon-
ductor according to the equation: (afv)* = A(lv-E,)", where
A, a, and hv are a constant, the absorption coefficient, and
the incident photon energy, respectively, while nis 1 for a
direct transition [10]. The I, of each BiVO, sample was
obtained from the intercepts of the (ochv)2 versus photon
energy (/v) plots, as shown in Fig. 4(b). The E, values of
the BiVO, samples are summarized in Table 1. The £, was
2.54, 2.52, 248, and 2.47 ¢V for the BiVO,-1, BiVOy-2,
BiVO,-3, and BiVO,-4 samples, respectively. The L, values
of these BiVO, samples were comparable to those
(2.39-2.51 eV) of the BiVO, materials reported in the lit-
erature [24,34]. Compared with the other BiVO, samples,
BiVO,-4 had the lowest E, value, indicating that the latter
was more effective in absorbing visible light and would
hence exhibit better photocatalytic performance for the
degradation of organic dyes under visible-light irradiation, as
confirmed by the photocatalytic activity data below.

2.5 Photocatalytic performance

The photocatalytic activities of the BiVO, samples were
measured for the degradation of MO in an aqueous solution
under visible-light irradiation. For comparison purposes, the
MO direct photolysis (blank experiment) and MO degrada-
tion over commercial TiO, (Degussa P25) nanoparticles

under identical conditions were also conducted. Figure 5
shows the MO concentration ratios (c/q) of the different
samples as well as that of the direct photolysis process with
irradiation time. Apparently, the MO concentration in the
blank experiment showed no obvious change after visi-
ble-light irradiation over 4 h, indicating that MO was hardly
photolyzed under these conditions. Similar phenomena were
also observed by Ge [19]. Over the P25 sample, the MO
conversion after 4 h of visible-light irradiation was ca. 11%.
The BiVO, samples, however, exhibited much better visi-
ble-light-driven photocatalytic performance than the P25
sample, and the MO conversion increased as follows:
BiVOy-1 < BiVO4-2 < BiVO,-3 < BiVO,;-4. For the 4 h
reactions, the MO conversion was ca. 44%, 60%, 68%, and
87% over the BiVO,-1, BiVO,-2, BiVO,-3 and BiVO,-4
samples, respectively. This photocatalytic performance was
far better than that (20% within 4 h of reaction) obtained over
the BiVO, material reported elsewhere [35]. Among the four
BiVO, samples with different morphologies, the rod-like
morphology was significantly better than the other mor-
phologies in photocatalyzing the degradation of MO.

It has been generally accepted that the crystal structure,
crystallinity and morphology of a material are important
factors that influence its photocatalytic performance. As
revealed by XRD, all the BiVO, samples have a monoclinic
crystal structure with similar crystallinity. The discrepancy in
photocatalytic activity of these BiVO, samples is not due to
the crystal structure and crystallinity. Therefore, the mor-
phology might be the main factor that influences the photo-
catalytic property of the monoclinically crystallized BiVO,
materials. The percentage of exposed crystal planes with
high surface energy is related to the morphology of a mate-
rial, which determines its photocatalytic performance. For
example, Mclaren et al. [15] claimed that crystal planes with
a high ZnO surface energy preferred to adsorb OH ions,
which could result in a higher OH radical production rate and
hence facilitate the degradation of MB during the photo-
catalytic process. Wang et al. [17] indicated that (040) crystal
planes with more BiV, multi-atomic centers consisting of
BiVO, sheets plays a decisive role in enhancing the photo-
catalytic activity for the evolution of O,. The difference in
(040) plane exposure (Fig. 1) might make a partial contribu-
tion to the discrepancy in photocatalytic performance of the
BiVO, samples. Previous studies have shown that (i) the rise
in surface area can enhance the photocatalytic performance
of a material because of the promotional effect of the elec-
tron-hole separation [36], and (ii) the increase in surface area
and the decrease in crystalline grains are beneficial for the
enhancement in photocatalytic activity of a material (e.g.,
Zn0) [37]. Our SEM and BET results show that the BiVO,-4
sample has a smaller particle size and a higher surface area
than the other BiVO, samples. Compared with the other
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BiVO, samples, the BiVOy-4 sample had the lowest E, and
this gives rise to the most effective absorption of visible light.
On the other hand, the BiVO,;-4 sample exhibited a higher
surface oxygen vacancy density (Table 2), which allows it to
activate oxygen molecules more effectively by capturing
more photoelectrons and thus greatly inhibiting their re-
combination with photoinduced holes [38,39]. Furthermore,
the difference in morphology results in different surface
areas, surface oxygen vacancy densities, and (040) crystal
plane exposure for BiVO,. Therefore, it is understandable
that the rod-like BiVOy4-4 sample performed the best among
the four BiVO, samples. Based on the above results and
discussion, we conclude that a morphological effect is re-
sponsible for the photocatalytic performance and the rod-like
morphology favors an increase in the photocatalytic per-
formance of the BiVO, material.

3 Conclusions

Monoclinic scheelite-type BiVO, samples with various
morphologies were produced using a facile al-
coho-hydrothermal strategy with bismuth nitrate and am-
monium metavanadate as the metal sources and NaOH as a

pH adjustor in the absence or presence of P123. We found

that the pH of the precursor solution and the P123 surfactant
strongly influences the particle morphology and structure of
the BiVO,; sample. Porous spherical, flower-like, and
sheet-like BiVO, particles were generated with the addition
of P123 at an alcoho-hydrothermal temperature of 180 °C
and at a pH of 2, 7, or 10, respectively. At an al-
coho-hydrothermal temperature of 180 °C and ata pH of 2, a
rod-like BiVO, material was obtained. The surface areas and
bandgap energies of the four BiVO, samples ranged from
1.4-3.8 m%/ g and 2.47-2.54 eV, respectively. The difference
in morphology of the BiVO, particles results in differences in
the surface area, the surface oxygen vacancy density and the
(040) crystal plane exposure. The rod-like BiVO, sample
with the highest surface area, surface oxygen vacancy den-
sity and (040) crystal plane exposure, and the lowest bandgap
energy gave the best photocatalytic performance for the
degradation of MO under visible-light illumination. We
conclude that the photocatalytic activity of the BiVO, mate-
rial is affected by its morphology and the rod-like mor-
phology favors an increase in the photocatalytic perform-
ance.
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