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Abstract
Bi3SbO7 was synthesized by a solid state reaction method and the as-synthesized powder was characterized by X-ray diffraction (XRD) and
UVevis diffuse reflectance spectrum. The photocatalytic activity of Bi3SbO7 was evaluated by means of the degradation of methyl orange; the
effects of photocatalyst concentration, pH and wavelength of irradiation upon photocatalytic performance were investigated. The photocatalytic
character of Bi3SbO7 was discussed in terms of band structure and crystal structure. The results obtained reveal that Bi3SbO7 has an intrinsic
optical band gap of 2.71 eV and can photocatalytically respond to light upto w600 nm. Generally, Bi3SbO7 shows better photocatalytic activities
than BiVO4 under both UV and visible light because of the lower packing factor and correspondingly higher structural openness of Bi3SbO7.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Photocatalysis has attracted increasing attention since
Fujishima and Honda announced a TiO2 photochemical elec-
trode for splitting water in 1972 [1]. The technique is regarded
as one of the most promising solutions to the severe problems
of energy shortages and environment crises recently existing
in the world. As an efficient and commercially cheap photoca-
talyst, titanium dioxide (TiO2) has been intensively studied,
especially in the field of organic contaminant purification.
However, the semiconductor is a wide band gap material
with Eg of about 3.20 eV. It means that TiO2 catalyst works
only under the UV light, whose energy occupies about 4%
in the sunlight spectrum. To achieve a visible-light-responsive
ability of a semiconductor is a practically important object for
photocatalysis. Besides the focused works on TiO2 modifica-
tion, many efforts were made to develop other efficient visi-
ble-light-driven photocatalysts.
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Recently, Bi(III)-based oxide compounds are of particular
interest as visible-light-driven photocatalysts. In these mate-
rials, the conduction band minimum (CBM) includes Bi 6p
orbitals and the valence band maximum (VBM) contains Bi
6s and O 2p orbitals. Thus, Bi-based oxide semiconductors
are easy to acquire a visible-light-responsive ability due to
the similar band structure to Bi2O3. The typical efficient Bi-
based photocatalysts are BiVO4 [2e5], CaBi2O4 [6], SrBi2O4

[7], Bi2WO6 [8,9], Bi2MoO6 [10], bismuth titanium oxides
[11e13], g-Bi2O3 [14e16] and some Bi-based multiple-metal
oxides [17e19]. In the present paper, we report another novel
Bi-based photocatalyst that to the best of our knowledge has
not yet been studied for this purpose, Bi3SbO7, for degrading
methyl orange. The semiconductor with an optical band gap
of 2.71 eV shows a fair visible-light-responsive photocatalytic
activity. Generally, Bi3SbO7 exhibits much better photocata-
lytic performances than the extensively researched catalyst
BiVO4 under UV light and visible light illuminations. The ac-
tivity difference of Bi3SbO7 and BiVO4 was mainly discussed
in close connection with crystal structural properties, and the
lower packing factor corresponding to the higher structural
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Fig. 1. XRD patterns of Bi3SbO7 and BiVO4 before and after photocatalytic

reactions.
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openness degree of Bi3SbO7 can account for its higher photo-
catalytic performance.

2. Experimental

The polycrystalline Bi3SbO7 powder was synthesized by
a solid state reaction method. Bi2O3 (Sinoreg, 99.5%) and
Sb2O3 (Sinoreg, 99.5%) were used as starting raw materials.
The blended reagents with the stoichiometric proportion
were calcined at 820 �C in air for 12 h, with intermediate
grindings. The photocatalytic reference, BiVO4, was synthe-
sized at a lower temperature, 700 �C for 12 h, using Bi2O3

and V2O5 (Sinoreg, 99.5%) as raw materials. The as-prepared
powders were characterized by X-ray diffraction (XRD) and
UVevis diffuse reflection spectrum.

Analytical-grade disazo acid dye, Methyl Orange 52 (C.I.
13025), with the chemical formula of C14H14N3NaO3S and
the molar mass of 327.34, was used for degradation to inves-
tigate the photocatalytic activity of Bi3SbO7 (for simplicity,
the acid dye was denoted as MO in the following context).
The photocatalytic reactor consists of two parts, a quartz
cell with a circulating water jacket and a 500 W high-pressure
mercury lamp with a maximum emission at 365 nm placed in-
side the quartz cell. In all experiments, the reaction tempera-
ture was kept at room temperature to prevent any thermal
catalytic effect by using the circulating water jacket. Before
photocatalytic reaction, a certain mass of catalyst powder
was added in 300 ml MO solution with a concentration of
10 mg/l. The solutions of NH4OH (1.0 mol/l) and H2SO4

(1.0 mol/l) were used to adjust the pH value of MO solution.
UV illumination was conducted after the suspension was mag-
netically stirred in the dark for 50 min to reach the adsorp-
tionedesorption equilibrium of MO on catalysts. During
irradiation, about 5 ml suspension was continually taken
from the reaction cell at given time intervals for the subse-
quent MO concentration analysis after centrifuging. The MO
degradation was calculated by the following equation:

h¼ ðC0�CÞ=C0 ¼ ðA0�AÞ=A0 ð1Þ

where C0 and A0 are the initial concentration and absorbance
of methyl orange solution at 464 nm corresponding to maxi-
mum absorption wavelength after equilibrium adsorption of
the dye; C and A are the concentration and absorbance of
methyl orange solution at 464 nm after UV light illumination.

3. Results and discussion
3.1. XRD patterns and UVevis diffuse reflectance
spectra of as-synthesized powders
Fig. 2. UVevis diffuse reflectance spectra of Bi3SbO7 and BiVO4.
The as-synthesized Bi3SbO7 appears reddish yellow with
a BET surface area of 0.11 m2/g, and its phase with a triclinic
structure was confirmed by XRD analysis, as shown in Fig. 1.
The UVevis diffuse reflectance spectra of as-synthesized
powders are shown in Fig. 2. The optical absorption of
Bi3SbO7 starts at about 600 nm and the absorbance sharply
increases below about 460 nm. The intrinsic absorption edge
was determined at 458 nm and the corresponding band gap
is 2.71 eV. It is of interest that the optical absorption start,
about 600 nm, is obviously longer than the intrinsic absorption
edge (458 nm). This means that the material can photocatalyti-
cally respond to the light wavelength extending to as long as
about 600 nm, which will be experimentally proved in the
following context.

In our experiment, the extensively studied, efficiently
visible-light-responsive photocatalyst, BiVO4, was used as
a photocatalytic reference to qualitatively understand the
photocatalytic performance of Bi3SbO7. The as-synthesized
monoclinic BiVO4 powder is red in color with the BET
surface area of 0.18 m2/g. Its optical band gap was determined
as 2.30 eV. Both Bi3SbO7 and BiVO4 have an optical absorp-
tion start at about 600 nm though their band gaps are different.
Such a similar optical absorption property is another reason
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why BiVO4 was selected as a reference in the present paper.
The photophysical properties of the two semiconductors are
listed in Table 1.
3.2. Band structure
Fig. 3. Band structure of Bi3SbO7, where the labels are B (1/4, 1/2, 1/4), G

(0, 0, 0) and Z (0, 0, 1/2).
Electronic structure of Bi3SbO7 was calculated by TB-
LMTO program, which is a self-consistent, scalar relativistic
linearized muffin-tin orbital program by Andersen and co-
workers within the atomic sphere approximation [20e22].
This method splits the crystal space into overlapping atomic
spheres (WignereSeitz spheres) whose radii are chosen to fill
completely the crystal volume. In the present calculations,
the von BartheHedin exchange-correlation potential was
used within the local density approximation (LDA) [23]. All
k-space integrations were performed with the tetrahedron
method [24,25]. The basis sets consisted of the valence 6s
and 6p states for Bi, 5s and 5p states for Sb and 2s and 2p states
for O. The 6d states for Bi, 5d states for Sb and 3d states for O
and ped states for empty spheres were downfolded by means of
the technique described by Löwdin [26]. Within the Brillouin
zone of the cell, 260 irreducible k-points from 512 were used.
The high-symmetry points are B (1/4, 1/2, 1/4), G (0, 0, 0)
and Z (0, 0, 1/2) in terms of the reciprocal basis vectors [27].

The band structure of Bi3SbO7 is displayed in Fig. 3. The
lowest unoccupied state lies at the B point, while the highest
occupied state is at the G point. This means Bi3SbO7 is an
indirect gap material. Fig. 4 shows the partial and total states
of densities (DOS) of Bi3SbO7. The bands just below the Fermi
level are mainly localized O 2p and Bi 6s orbitals, in which Bi
6s makes a less contribution to VBM; the bands at 2.7e5 eV
above the Fermi level consisting of Bi 6p, Sb 5s and O 2p (anti-
bonding states of BieO and SbeO) are much more dispersed.
In other words, CBM is mainly composed of Bi 6p and Sb 5s
orbitals; VBM primarily consists of O 2p and Bi 6s orbitals.
The calculated band gap is 2.73 eV, which is in good agreement
with the experimentally measured value of 2.71 eV. The hybrid
states that can lead to the fair dispersions in the conduction and
valence bands of Bi3SbO7, which may also imply a fair mobil-
ity of photogenerated charges to travel a long distance, assist-
ing the photostimulated electron-hole separation and
improving the photocatalytic activity of the compound.
3.3. Photocatalytic activity

3.3.1. Effect of powder concentration in suspension
Methyl orange, a kind of chemically stable and difficultly

decomposed dye, was presently adopted as a representative
organic pollutant to evaluate the photocatalytic activity of
Table 1

Band gaps, optical absorption starts (ls), BET surface areas and the pseudo-

first UV-induced photocatalytic reaction rates (k) of as-prepared Bi3SbO7

and BiVO4

Catalyst Eg (eV) ls (nm) BET (m2/g) k (min�1)

Bi3SbO7 2.71 600 0.11 0.016

BiVO4 2.30 600 0.18 0.0016
Bi3SbO7. Fig. 5 illustrates the UVevis light absorption spec-
trum of MO aqueous solution under neutral condition with
the initial concentration of 10 mg/l. There are two absorption
maxima in the spectrum. The first band was observed at
271 nm and the second band at 464 nm. The band at 464 nm
that is associated with the azo bond (eN]Ne) was used to
monitor the effect of the photocatalysis on the degradation
of MO under neutral conditions.

Fig. 6 indicates the influence of Bi3SbO7 powder concentra-
tion in suspension on MO decomposition. It can be seen that
the MO dye shows rather chemical stability, and the MO pho-
tolysis upon UV light irradiation in the blank experiment is
unobservable. An increase of the catalyst concentration within
the selected experiments results in an improvement of the pho-
tocatalytic efficiency. After 100 min of UV light irradiation,
MO removal in the suspension with the photocatalyst concen-
tration of 0.05 g/100 ml is only 32.2%, and obviously rises to
69.3% at 0.1 g/100 ml. The MO decolorization behaviors as
a function of UV irradiation time are much close as the loading
Fig. 4. Partial and total DOS of Bi3SbO7.



Fig. 5. UVevis light absorption spectrum of the initial MO solution with

10 mg/l.
Fig. 7. Comparison of photocatalytic activities between Bi3SbO7 and BiVO4.
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concentration increases to 0.2, 0.3 and 0.4 g/100 ml. Such
a slowed-down enhancement in the photocatalytic efficiency
as the concentration increases from 0.05 g/100 ml to 0.4 g/
100 ml mainly results from the contradiction or mutual com-
petition between the larger photocatalytically activated surface
and the stronger light reflection on the photocatalyst powder.

Fig. 7 gives the comparison of photocatalytic activities of
Bi3SbO7 and BiVO4. The added concentrations of the two cata-
lysts in suspensions are both 0.2 g/100 ml. The equilibrium ad-
sorptions of MO on Bi3SbO7 and BiVO4 are 3.1% and 4.2%
before the photocatalytic reactions, which are in good agreement
with their surface area difference. The slight difference of the two
initial equilibrium adsorptions is believed not to affect the subse-
quent comparative discussion on the discrepancy of intrinsic pho-
tocatalytic efficiencies of the two materials. It can be seen that
Bi3SbO7 shows a much better property than the extensively
researched photocatalyst BiVO4. The MO decolorization over
BiVO4 after 100 min UV light illumination is merely 15.0%, ob-
viously lower than 93.7% over Bi3SbO7. In order to quantitatively
Fig. 6. Effect of powder concentration in suspension on the photocatalytic

efficacy.
understand the reaction rates of the MO degradations over the two
materials, we applied the pseudo-first order model as expressed
by Eq. (2), which is generally used for photocatalytic degradation
process if the initial concentration of pollutant is low [28],

lnðC0=CÞ ¼ kt ð2Þ

where C0 and C are the concentrations of dye in solution at
time 0 and t, respectively, and k is the pseudo-first order rate
constant. The pseudo-first order rate constant k of Bi3SbO7

is 0.016 min�1 (R¼ 98.4%), about 10 times as high as
0.0016 min�1 (R¼ 98.8%) of BiVO4 (see Table 1).

3.3.2. Effect of pH value of suspension
Fig. 8 shows the pH-dependent photocatalytic activities of

Bi3SbO7 under UV light irradiation. There are no phase vari-
ations detected by XRD analysis after any of the selected
experiments in acidic conditions. The pH value shows a strong
influence on the MO photodegradation. The photodegradation
efficacy rises with the decreasing pH value. The reaction rate
constants (k) are 0.010 (pH 8.5), 0.016 (pH 6.9), 0.027 (pH
5.5), 0.054 (pH 4.5), 0.074 (pH 3.5) and 0.094 min�1 (pH
3.0), respectively. The pH-dependent photodecomposition
can be mainly attributed to the variation of surface charge
properties of the photocatalyst at different pH values. Conse-
quently, this changes the absorption behavior of a dye on a cat-
alyst surface. Since MO is an anionic dye, its adsorption is
favored in the acidic solution, as shown in Fig. 9. The increas-
ing amount of MO in close contact with the catalyst spatially
facilitates its oxidative degradation primarily by positive holes
or hydroxyl radicals upon photoexcitation [7]. On the other
hand, MO becomes unstable in acidic conditions, the lmax of
MO, which is commonly measured by the energy required
for decomposing dye molecular structure, increases from
464 nm to 506 nm with the pH value decreasing from 6.9 to
3.0. This also makes the decolorization easier.

3.3.3. Visible-light-induced photocatalysis
As stated above, Bi3SbO7 with the band gap of 2.71 eV has

an optical absorption start at 600 nm or so. Thus, it is expected



Fig. 8. pH-dependent photocatalytic activities over Bi3SbO7.
Fig. 10. Cut-off wavelength-dependent photocatalytic activities of Bi3SbO7

and BiVO4.
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that the material possesses a fair photocatalytic activity under
visible light. In order to confirm the visible-light-induced pho-
tocatalysis, a 500 W Xe lamp cut by light filters was used for
illumination. The cut-off wavelength-dependent photocatalytic
properties over Bi3SbO7 and BiVO4 are shown in Fig. 10, in
which the irradiation times for the two catalysts at different
cut-off wavelengths are all 180 min. Generally, Bi3SbO7

shows a better visible-light-responsive photocatalytic activity
than BiVO4. Under the typical visible light (l> 405 nm),
the MO decolorization over Bi3SbO7 is 48.6%, higher than
20.6% over BiVO4. Though the intrinsic absorption edge of
Bi3SbO7 is 458 nm, the material can still photocatalytically
respond to the photons with a much longer light wavelength
extending to about 600 nm. Under the visible light with the
wavelength longer than 550 nm, Bi3SbO7 is still more photo-
catalytically active than BiVO4.
Fig. 9. pH-dependent equilibrium adsorption of MO over Bi3SbO7.

D¼ (C0�C )/C0� 100%, where C0 is the initial MO concentration and C
is the concentration after equilibrium adsorption.
It is widely accepted that there are three possible mecha-
nisms [29,30] for the degradation of a dye, a photocatalytic
process, a dye photosensitization process and a photolysis pro-
cess. For the photocatalytic process, photoinduced electrons or
holes emerging over a semiconductor directly or indirectly re-
act with O2 and OH� to form �O2

� and �OH oxidative species.
For the dye photosensitization, photoinduced electrons in the
dye transfer to the conduction band of the catalyst that absorbs
the dye, and subsequently reacts with molecular oxygen to
produce the �O2

� oxidative species [29]. For the dye photolysis,
it is originated from the destruction of a dye upon photoirra-
diation, which is closely related to the structure stability of
the dye. The main mechanism for the dye photolysis is that
a photoinduced electron on the dye directly functions with
O2 to produce a singlet oxygen atom O (1D) that can work
as an oxidant for the pure dye’s photolysis [30].

In our experiment, the MO degradation in the blank exper-
iment under UV light is not observable, as shown in Fig. 6.
This means that MO shows high structural stability, thus, the
MO decomposition by the photolysis mechanism is neglect-
able. In other words, the MO degradation is possibly initiated
by a photocatalytic process and a dye photosensitization
process. In order to investigate the role of photosensitization
mechanism in the whole dye decolorization, the results of
cut-off wavelength-dependent photocatalytic activity was dis-
cussibly applied. As mentioned above, the photosensitization
mechanism works only as the energy of irradiation light can
stimulate the dye to form photoinduced electrons that transfer
to catalyst surfaces and subsequently react with the surround-
ing media, and the required lowest energy to stimulate MO is
464 nm (see Fig. 5). It is found from Fig. 10 that Bi3SbO7 can
still photodegrade MO as the cut-off wavelength extends to the
value longer than 464 nm. This means that the MO
degradation over Bi3SbO7 under the wavelength region of
l> 464 nm is dominantly initiated by a photocatalytic pro-
cess. Under the light of l< 464 nm whose energy can excite
MO to form photoinduced electrons, the MO degradation as
a function of cut-off wavelength is closely similar to the
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wavelength-dependent absorbance in the UVevis diffuse
reflectance spectrum of Bi3SbO7 (see Fig. 2). That is, the
MO degradation in this wavelength region initiated by a dye
photosensitization mechanism is believed to be at a small
scale, and the enhancement of MO decolorization is mainly
caused by the increase of light absorbance of Bi3SbO7.
Thus, we can conclude that the MO degradation under UV
or visible light is mainly controlled by a photocatalytic
mechanism.

In the real photocatalysis process of a semiconductor for
MO degradation, it is worth mentioning that the oxidative
species forming over catalyst surface decompose the dye via
a pathway from intermediates to the final carbon dioxide
and some inorganic products (SO4

2�, NO3
� and NH4

þ) [31],
as shown in Eq. (3).

�OH=�O�2 þMO/intermediates/SO2�
4 þNO�3 þNHþ4

þCO2 þH2O ð3Þ

The formation of intermediates was presumably caused by the
attack of oxidative species (e.g., �OH) to MO, through two pri-
mary processes e demethylation and hydroxylation [31e36].
The possible initial intermediates as MO is attacked by �OH
are shown in Fig. 11, and they will be further repeatedly com-
bined by or reacted with the oxidative species to form other
intermediates till complete ring opening.
3.4. Structureeproperty relationship
The as-prepared Bi3SbO7 has a triclinic structure, as shown
in Fig. 12. One Sb5þ ion is coordinated with six O2� ions to
form a fairly geometrically regular [SbO6] octahedron. The
[SbO6] octahedra are connected by sharing corners to form
a chain along the c axis. There are no direct connections among
[SbO6]N chains. The BieO polyhedra work as a ‘‘bridge’’ to
indirectly joint [SbO6]N chains. Compared to the Sb5þ ion,
the coordination environment of Bi3þ is much more
Fig. 11. Possible initial intermediates as
complicated, and seven O2� ions are coordinated to one Bi3þ

ion. Such a complicated configuration is induced by the pres-
ence of Bi(III) 6s2 lone electron pair. In a [BiO7] polyhedron
(see in Fig. 12), five oxygen atoms form an incomplete octahe-
dral arrangement with one apical oxygen ion to Bi3þ ion at
w2.1 Å and four basal-plane oxygen ions at 2.2e2.6 Å; oppo-
site to the nearest apical oxygen, the stereochemically active
Bi 6s2 lone electron pair completes the distorted octahedra
by extending a distance of w1.8 Å [37,38]; the remaining
two oxygen atoms are electrostatically coordinated to both
sides of the 6s2 lone electron pair with distances of w3.0 Å.
In other words, the BieO local structure can be originally re-
garded as an octahedron, in which five BieO bonds and the
Bi 6s2 lone electron pair construct the octahedron; the Bi 6s2

is secondly hybridized to form two longer BieO bonds spa-
tially nearest to the location of electrostatically active Bi 6s2,
in this sense, the coordination number for Bi3þ is 7.

Such geometrically complicated or irregular local structure
in a selected [BiO7] polyhedron results in a dipole moment of
ca. 5.42 D (Debye). The presence of the dipole moment can
work as an accelerator for an efficient photoexcited electron-
hole separation in the local structure [39e43]. Studies [44,45]
have given some insights about the effect of MeOeM angle,
in which M ions are photocatalytically active, on the mobility
for charge migration and on the consequent photocatalytic ac-
tivity of a semiconductor. Specifically, the closer the angle is
to the ideal 180�, the less scattering and higher mobility of pho-
toinduced charges occur. The SbeOeSb angle in the [SbO6]N

chain is as high as 142.8�, and the selected BieOeSb angles
are 137.5�, 138.4�, 139.2�, 140.0�. This means that the trans-
portation of photoexcited charges in the crystal lattice is fairly
smooth. In this way, the phenomenon that photoinduced elec-
tron-hole pairs are separated in the [BiO7] local structures
and subsequently smoothly transport to particle surfaces via
[SbeOeSb] zigzag chains can easily occur.

As proved in our experiments, Bi3SbO7 shows a much
better photocatalytic performance than BiVO4. We believe
MO is attacked by oxidative species.



Table 2

Crystal structural parameters and packing factor (PF) of Bi3SbO7 and BiVO4

Compound Structural

symmetry

Structural parameters PF (%)

a, b, c (Å) a, b, g (�) Cell volume (Å3)

Bi3SbO7 Triclinic a¼ 6.604 a¼ 73.39 327.3 57.9

b¼ 7.015 b¼ 89.22

c¼ 7.605 g¼ 76.19

BiVO4 Monoclinic a¼ 5.197 a¼ 90.00 309.9 63.9

b¼ 5.096 b¼ 90.00

c¼ 11.702 g¼ 90.40

Fig. 12. Schematic diagrams of crystal structure, [SbO6] and [BiO7] polyhedra

in Bi3SbO7.
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that such an obvious difference in the photocatalytic activity
should be in close connection with crystal structures of the
two materials. The dipole moment in the distorted BieO
polyhedra for BiVO4 is ca. 1.47 D (Debye), lower than
5.42 D for Bi3SbO7. As far as MeOeM angles are concerned,
the angles in BiVO4 are generally smaller than those in
Bi3SbO7. The VeOeV angle is as low as 104.8�, and the se-
lected BieOeV angles are 129.8� and 138.6�. Thus, BiVO4

should possess a lower mobility for photostimulated elec-
tron-hole separation and transportation in crystal lattice, as
compared to Bi3SbO7.

In our previous work [46], a universal model for structure-
dependent photocatalytic activity was introduced to analyze
the photocatalytic difference of materials with similar band
structure (similar crystal structure or chemistry), using crystal
packing factor (PF) as a criterion. The model indicates that
a lower packing factor, corresponding to a higher structure-
openness degree, leads to a higher ability of photoinduced
electron-hole separation and commonly better photocatalytic
activity.

The macro-parameter, crystal packing factor, which scales
the structure-openness degree of a semiconductor, to some
extent can reflect the degree of micro-deformation in metal-
oxygen polyhedra and/or the spatial vibration abilities of
atoms in the crystal, and the consequent mobility for elec-
tron-hole separation and transportation. In this sense, our pro-
posed structureeproperty relationship model may cover the
idea that local structure distortion benefits electron-hole sepa-
ration and the consequent photocatalytic activity. Besides, the
band dispersion often associated with low PF structures may
additionally increase the dispersion at the edges of conduction
band minimum and valence band maximum, thus decreasing
the effective mass of electrons and holes. This would further
contribute to a higher mobility. These generic mechanisms
may operate in a broad range of structures and at selected sites
where photoelectrons and holes are generated and transported.
Consequently, they could lead to wide applicability of the PF
criterion.

For the two Bi-based photocatalysts (Bi3SbO7 and BiVO4)
in our experiment, they have a fairly similar band structure.
That is, the conduction band minimums of the two semicon-
ductors both include Bi 6p orbitals; the valence band maxi-
mums contain Bi 6s and O 2p orbitals. Thus, it is reasonable
to apply such an above model to understand the photocatalytic
difference of the two semiconductors. Packing factors of the
two materials were computed by dividing the sum of spherical
volumes by the unit cell volume, as seen in the following
equation:

PF¼ ZðxVAþ yVB þ zVCÞ=Vcell ð4Þ

where Z is the number of the formula unit in one unit cell of
a semiconductor (AxByCz); VA, VB and VC are ion volumes cal-
culated by assuming spherical ions with a Shannon radius [47]
that depends on the coordination number; and Vcell is the cell
volume. The structural parameters and the calculated packing
factors are listed in Table 2. The PF value of Bi3SbO7 is
57.9%, obviously lower than 63.9% of BiVO4. In other words,
the structure-openness degree of Bi3SbO7 is higher than that of
BiVO4. This means that Bi3SbO7 possesses a higher mobility
for photoinduced electron-hole separation and transportation
in the crystal lattice, which is favorable for its photocatalytic
activity.

4. Conclusion

Bi3SbO7 synthesized by a solid state reaction method has
an optical band gap of 2.71 eV. It is of interest that the material
can respond to the light wavelength extending to as long as
about 600 nm. It is an indirect gap material. The conduction
band minimum mainly consists of Bi 6p and Sb 5s orbitals,
and the valence band maximum is primarily composed of O
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2p and Bi 6s orbitals. Bi3SbO7 shows better photocatalytic
activities than BiVO4 under UV and visible light irradiations.
The lower packing factor and the corresponding higher struc-
tural openness degree of Bi3SbO7 can account for its higher
photocatalytic performance. The MO degradation over
Bi3SbO7 is mainly initiated by a photocatalytic mechanism.
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