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Abstract

The substitution effect of In3+ by Fe3+ on photocatalytic and structural properties of Bi2InNbO7 photocatalysts was inves-
tigated. The new photocatalysts, Bi2MNbO7 (M = Fe3+, In3+), were synthesized by the solid-state reaction and characterized
by powder X-ray diffraction and Rietveld structure refinement. Bi2MNbO7 (M = Fe3+, In3+) crystallize in the same py-
rochlore structure, but the lattice parameters decrease with In3+ being substituted by Fe3+. The formation rates of H2 and
O2 evolutions from an aqueous methanol and a cerium sulfate solution, respectively, increase significantly with In3+ being
substituted by Fe3+ under UV irradiation. The H2 evolution was obtained from pure H2O under UV irradiation with the
Bi2MNbO7 (M = Fe3+, In3+) catalyst without co-catalyst such as Pt. The formation rate of H2 evolution increases with In3+
being substituted by Fe3+. The Bi2FeNbO7 photocatalyst exhibits much higher photocatalytic activity than the well-known
TiO2 photocatalyst in pure water. © 2001 Published by Elsevier Science B.V.
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1. Introduction

The study of photocatalytic water splitting has at-
tracted much interest, since it can be a promising
chemical route for energy renewal and storage [1–5].
However, the number of photocatalysts known up
to now is yet limited, and the activity is still low.
Therefore, it is in urgent need to develop new type
of photocatalyst with higher activity [6,7]. The pro-
cess of photocatalytic reaction of oxides is explained
generally that the photon is absorbed directly by
band gap of the conventional semiconductor, gener-
ating electron-hole pair in the conduction band and
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the valence band, respectively [8]. Such studies are
often related to electron transfer and energy transfer
processes in photocatalytic reactions [9–11].

Very recently, we have found that Bi2InNbO7 shows
semiconducting behavior. Furthermore, we found that
Bi2InNbO7 acts as a photocatalyst under UV irradia-
tion [12]. The compound has band gap of about 2.7 eV
and seems to have potential to improve its activity by
modifying the structure [12]. We suggest that substi-
tution of In3+ by Fe3+ in Bi2InNbO7 might cause a
slight modification of crystal structure, resulting in a
change in photocatalytic and photophysical properties
[12]. It is known that a slight modification of structure
to semiconductor has a dramatic effect on the physical
properties [13]. The change of lattice constants might
lead to hole/electron delocalization [13]. However, the
improvement in mobility of the charge is important
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to photocatalysts because it affects the probability of
electrons to reach reaction sites on the surface of pho-
tocatalyst.

Here we report the preparation, photocatalytic and
structural characterizations of the Bi2MNbO7 (M3+ =
Fe3+, In3+) photocatalysts. A comparison of the pho-
tocatalytic property of Bi2MNbO7 (M3+ = Fe3+,
In3+) with the TiO2 photocatalyst is presented.

2. Experimental

2.1. Preparation of photocatalysts and
characterization

The polycrystalline samples of the Bi2MNbO7
(M3+ = Fe3+, In3+) photocatalysts were prepared by
solid state reaction method. The high purity chemicals
of In2O3, a-Fe2O3, Bi2(CO3)3 and Nb2O5 were used
as starting materials. M2O3 (M3+ = Fe3+, In3+) was
dried at 700◦C and Nb2O5 at 600◦C before syntheses.
The stoichiometric amounts of precursors were mixed
and pressed into small columns. The small columns
were sintered in an alumina crucible using an electric
furnace. In order to investigate the best conditions
for sintering temperature, the small columns were
calcined at different reaction temperature, and the
sintered products were analyzed by powder X-ray
diffraction. The result of X-ray diffraction showed
that with increasing reaction temperature the impuri-
ties decreased rapidly. The powder X-ray diffraction
analysis revealed that the product could be melted
when sintering temperature was over 1080◦C. There-
fore, the sintering temperature was selected at 1080◦C
for Bi2FeNbO7. The sintered sample was ground and
re-pressed into small columns after heating. The same
procedure was performed three times for the samples.
At the final process, the pressed columns were reacted
for two more days at 1080◦C, producing pure phase.
We found that this method is easy to obtain a pure
phase. The Bi2InNbO7 photocatalyst was prepared at
1100◦C as the same method [12].

The chemical composition of the photocatalysts
before and after photocatalytic reactions was deter-
mined by scanning electron microscope–X-ray energy
dispersion spectrum (SEM–EDS) with accelerating
voltage of 25 kV. The structural properties of the
photocatalysts were investigated by powder X-ray

diffraction method (Rigaku RINT-2000 diffractome-
ter using Cu Ka radiation (λ = 1.54178 Å)). In order
to detect the oxygen on surface. Magnetic suscepti-
bility measurement was performed in the temperature
range 5–300 K and at an applied filed of 1.0 T us-
ing a Superconducting Quantum Interference Device
(SQUID) magnetometer. UV–VIS diffuse reflectance
spectrum of the photocatalysts was measured by us-
ing an UV–VIS spectrometer. The surface area was
determined by BET measurement.

2.2. Photocatalytic reaction

The photocatalytic reaction was examined using a
closed gas circulation system and an inner-irradiation
type with quartz cooling cell and a 400 W high-pressure
Hg lamp. The gases evolved were determined with
TCD gas chromatograph, which was connected with
a circulating line. In order to obtain high activity, it is
essential to load a metal or metal oxide on the surface
of photocatalyst. Pt was found to be the most effective
for the TiO2 photocatalyst [4,9]. The photocatalytic
reaction was performed in an aqueous CH3OH/H2O
solution (1.0 g of 0.1 wt.% Pt load powder catalyst,
50 ml CH3OH, 350 ml H2O) and in pure water (1.0 g
powder catalyst without co-catalyst such as Pt, 400 ml
H2O). O2 evolution reaction was performed in an
aqueous cerium sulfate solution (1.0 g powder cata-
lyst, 1.0 mmol Ce(SO4)2, 400 ml H2O) since the solu-
tion is more stable than an aqueous silver nitrate under
UV irradiation [14]. In order to check photocatalytic
activity of Pt itself, the 1.0 wt.% Pt/SiO2 sample was
prepared and was tested by the same method as used
for Bi2MNbO7 (M = Fe3+, In3+). Pt was loaded
on surface of SiO2 by H2 reaction method at 300◦C
for 2 h.

3. Results

3.1. Structural and physical properties

Powder X-ray diffraction data were collected with
a step scan procedure in the range of 2θ = 5–100◦.
The diffraction patterns indicate that each of the
Bi2MNbO7 (M3+ = Fe3+, In3+) compounds is a
single phase. This is consistent with the observation
from SEM–EDS. Full-profile structure refinement of
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Fig. 1. The result of refinement for powder X-ray diffraction data of Bi2FeNbO7.

the collected powder diffraction data was performed
using the Rietveld program REITAN [15]. Positional
parameters and isotropic thermal parameters of the
photocatalysts were refined. Fig. 1 shows a typical re-
sult of refinement for Bi2FeNbO7, indicating a good
agreement between the observed and calculated inten-
sities in the pyrochlore structure [12]. The outcome
of the final refinement indicated that the Bi2MNbO7
(M3+ = Fe3+, In3+) photocatalysts crystallize in
the same structure, cubic system with space group
Fd3m. 2θ angles of each reflection, however, changed
with In3+ being substituted by Fe3+, indicating a de-
crease in lattice parameter of the compounds with de-
crease of the M3+ ionic radii, Fe3+(0.67 Å) � In3+
(0.92 Å). The lattice parameters decrease froma =
10.7793(2) Å for Bi2InNbO7 to a = 10.5233(2) Å
for Bi2FeNbO7. All the diffraction peaks for the

Table 1
Rates of gas evolution and physical properties of photocatalysts

Catalyst Type of
structure

Lattice
parametera (Å)a

Band
gap (eV)

Surface area
(m2 g−1)

Rate of gas evolutions (m mol h−1)

CH3OH/H2Ob Ce(SO4)2/H2Oc Pure H2Oc

H2 CO O2 H2

Bi2FeNbO7 Pyrochlore 10.5233 (2) 2.2 0.48 600 24 102 8.0
Bi2InNbO7 Pyrochlore 10.7793 (2) 2.7 0.52 180 5 10 1.5
TiO2 (TiO2-P25) Anatase+ rutile 3.2 53.8 560 15 22 1.0

a The cubic system with space groupFd3m was obtained by Rietveld refinement.
b Pt (0.1 wt.%) was loaded on the surface of powder catalyst.
c Without co-catalyst was used such as Pt.

Bi2MNbO7 (M3+ = Fe3+, In3+) photocatalysts could
be indexed based on the lattice parameters and the
space group mentioned above.

Table 1 shows the physical properties of the photo-
catalysts. BET measurement showed that the surface
areas of Bi2MNbO7 (M3+ = Fe3+, In3+) are 0.48
and 0.52 m2 g−1, respectively. This is about 1% of the
value in TiO2 photocatalyst (53.8 m2 g−1). This means
that surface area of Bi2MNbO7 (M3+ = Fe3+, In3+)
is much smaller than that of TiO2 photocatalyst.

Fig. 2 shows the result of diffuse reflection spectra.
The onset of diffuse reflection spectra of these pho-
tocatalysts showed an obvious shift to longer wave-
length with In3+ being substituted by Fe3+. The band
gaps of the Bi2MNbO7 (M3+ = Fe3+ and In3+) pho-
tocatalysts were estimated to be about 2.2 and 2.7 eV
from onset of diffuse reflection spectra as shown in
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Fig. 2. UV–VIS diffuse reflectance spectrums of Bi2MNbO7

(M3+ = Fe3+, In3+).

Table 1, respectively. This means that the band gap
decreases with a decrease of M3+ ionic radii.

3.2. Photocatalytic activity in aqueous solution and
pure water

Fig. 3 shows the H2 evolution from CH3OH/H2O
solution under UV irradiation with the Pt/Bi2MNbO7

Fig. 3. Photocatalytic H2 evolutions over Pt/Bi2MNbO7

(M3+ = Fe3+, In3+) and Pt/TiO2 (TiO2-P25) from CH3OH/H2O
solution under UV irradiation. Catalyst: 1.0 g; CH3OH: 50 ml;
H2O: 350 ml, 400 W high-pressure Hg lamp.

(M3+ = Fe3+, In3+) photocatalysts. The formation
rate of H2 increased significantly with In3+ being sub-
stituted by Fe3+. This means that the activity of these
photocatalysts increases with In3+ being substituted
by Fe3+. The formation rate of H2 was estimated to
be 0.6 and 0.18 mmol g−1 h−1 during the first 10 h,
respectively. The total amount of H2/catalyst (mol)
for these compounds was much greater than 1.0 after
10 h, indicating that the reaction seems to occur cat-
alytically. The reaction stopped when the light was
turned off in this experiment, showing the obvious
light response. The result shows that the photocat-
alytic reaction is induced by the absorption of UV
irradiation. It is notable that the formation rate of H2
evolution for Pt/Bi2FeNbO7 is slightly larger than that
of Pt/TiO2 photocatalyst (TiO2-P25). This means that
the activity of Pt/Bi2FeNbO7 is higher than that of
Pt/TiO2 photocatalyst. The effect of co-catalyst Pt on
photocatalytic activity was investigated by the same
condition. The result showed that the formation rate of
H2 on 1.0 wt.% Pt/SiO2 sample was much lower than
that on the Pt/TiO2 and Pt/Bi2MNbO7 (M3+ = Fe3+,
In3+) photocatalysts. This means that the co-catalyst
Pt has very little effect to this photocatalytic reaction.

The CO evolutions were observed in this reaction
from CH3OH/H2O solution as the oxidation product
[12]. The result is shown in Table 1. The CO evolution
increased significantly with In3+ being substituted by
Fe3+, as does H2 evolution. However, the rate of CO
evolution is much lower than that of H2 evolution.
It is well known that when CH3OH is added to a
Pt/TiO2 aqueous suspension, sustained H2 produc-
tion is observed under UV irradiation and the alcohol
molecules are oxidized to final productions of CO2,
CO, CH4 [5]. We suggest that phenomenon observed
over Pt/TiO2 also takes place in our photocatalysts.

O2 evolution reaction was performed in an aqueous
cerium sulfate solution and the following stoichiomet-
ric reaction took place

4Ce4+ + 2H2O → 4Ce3+ + O2 + 4H+

Fig. 4 shows the formation rate of O2 evolutions from
aqueous Ce(SO4)2 solution under UV irradiation with
the Bi2MNbO7 (M3+ = Fe3+, In3+) photocatalysts.
The aqueous Ce(SO4)2 solution is more stable than
an aqueous silver nitrate under UV irradiation since
photodeposition of Ce3+ does not occur after illumi-
nation [14]. The formation rate of O2 evolution in the
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Fig. 4. Photocatalytic O2 evolutions on Bi2MNbO7 (M3+ = Fe3+,
In3+) and TiO2 (TiO2-P25) from an aqueous cerium sulfate so-
lution under UV irradiation. Catalyst: 1.0 g; Ce(SO4)2: 1.0 mmol;
H2O: 400 ml, 400 W high-pressure Hg lamp.

first 5 h increased rapidly with decrease of M3+ ionic
radii in a similar manner as H2 evolution. This means
that the photocatalysts have potentials for O2 evolu-
tion from aqueous solution and the potential activity
for O2 evolutions increase with decrease of M3+ ionic
radii. It is interesting to notice that the formation rate
of O2 evolution on Bi2FeNbO7 is much larger than
that on the TiO2 photocatalyst. This means that the
activity of Bi2FeNbO7 is much higher than that of the
TiO2 photocatalyst.

Fig. 5 shows the H2 evolution using the TiO2 and
Bi2MNbO7 (M3+ = Fe3+, In3+) photocatalysts from
pure water without co-catalyst Pt and CH3OH under
UV irradiation. The formation rates of H2 evolution
with the Bi2MNbO7 (M3+ = Fe3+, In3+) photocata-
lysts were about 8.0 and 1.5 mmol g−1 h−1 in the first
10 h, respectively. TiO2 photocatalyst (TiO2-P25) was
tested by the same method. The formation rate of H2
evolution was about 1.0 mmol h−1 for the first 10 h.
The TiO2 photocatalyst shows much lower activity
than that of the Bi2FeNbO7 photocatalyst, even lower
than that of the Bi2InNbO7 photocatalyst in pure wa-
ter. This means that although the TiO2 photocatalyst
showed very high photocatalytic activity under UV
light irradiation in an aqueous CH3OH/H2O solution,
photocatalytic activity is very low in pure water. Oxy-

Fig. 5. Photocatalytic H2 evolutions on Bi2MNbO7 (M3+ = Fe3+,
In3+) and TiO2 (TiO2-P25) from pure water without co-catalyst Pt
and CH3OH under UV irradiation. Catalyst: 1.0 g; H2O: 400 ml,
400 W high-pressure Hg lamp.

gen evolution was not observed from pure water in this
experiment using both of Bi2MNbO7 (M3+ = Fe3+,
In3+) and TiO2. The reason will be discussed hereafter.

4. Discussion

4.1. Effects of crystal and band structures on
photocatalytic activity

The detailed investigations on structure found that
the three-dimensional network of octahedral MO6
(M = Fe3+, In3+ and Nb5+) in crystal structure of
Bi2MNbO7 (M3+ = Fe3+, In3+) are stacked along
[0 0 1]. Fig. 6 shows the schematic structural diagram
of Bi2MNbO7 (M3+ = Fe3+, In3+). This is con-
sistent with the relatively smaller resistivity in this
direction from conductivity measurement [12]. Con-
ductivity measurement suggests that electron-hole
pairs in Bi2InNbO7 can move easily in this direc-
tion [12]. Change of lattice parameters might led to
a modification of the zigzag chains, which improves
mobility of the charge [13]. Conductivity measure-
ment of Bi2InNbO7 showed that electron-hole pairs
in Bi2InNbO7 are to be movement along [0 0 1], the
zigzag chains [12]. The mobility of electron-hole
pairs affects the photocatalysis because it affects the
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Fig. 6. The schematic structural diagram of Bi2MNbO7 (M3+ = Fe3+, In3+). Three-dimensional network of MO6 stacked along [0 0 1]
and separated by a unit cell translation.

probability of electrons and holes to reach reaction
sites on the surface of photocatalyst. This suggests that
although both Bi2FeNbO7 and Bi2InNbO7 have simi-
lar structure, the movement of electrons might be more
easily in Bi2FeNbO7 than that in Bi2InNbO7. Kudo
et al. found similar results from study of the photocat-
alytic activity of the perovskite structure, Sr2Ta2O7
and Sr2Nb2O7, which consists of MO6 (M = Nb,
Ta) octahedron. The MO6 (M = Nb, Ta) octahedrons
form a zigzag chains. Sr2Ta2O7 and Sr2Nb2O7 crys-
tallize in the same perovskite structure, but the lattice
parameters are different. They found that the bond
angle of O–Ta–O in Sr2Ta2O7 is close to an ideal per-
voskite structure, while the connection of octahedron
in Sr2Nb2O7 is twisted. The photocatalytic activity
of Sr2Ta2O7 is higher than that of Sr2Nb2O7 because
the photogenerated electron-hole pairs in Sr2Ta2O7
can move more easily than those in Sr2Nb2O7
[11].

The band structure of oxides is generally defined
by M d-level and O 2p-level. Scaife examined that
the valence band energy should be assumed by the O
2p-levels in MO6 and the conduction band assumed by

d-levels in MO6 when the compound contains octahe-
dral MO6 [16]. The band gaps of Bi2MNbO7 (M3+ =
Fe3+, In3+) decreased from 2.7 eV for Bi2InNbO7 to
2.2 eV for Bi2FeNbO7 with In3+ being substituted by
Fe3+. The difference of band gaps in the photocata-
lysts might result from that of conduction band. The
valence band potentials of the Bi2MNbO7 (M3+ =
Fe3+, In3+) photocatalysts should be the same because
they have same crystal structure. The conduction band
potentials of the photocatalysts might be changed be-
cause the difference of octahedrons in the Bi2MNbO7
(M3+ = Fe3+, In3+) photocatalysts. The conduction
bands of Bi2MNbO7 (M3+ = Fe3+, In3+) should
be slightly changed towards negative with In3+ being
substituted by Fe3+ since the band gaps of Bi2MNbO7
(M3+ = Fe3+, In3+) decrease with In3+ being substi-
tuted by Fe3+.

The difference in the surface area of the photo-
catalysts can generally lead to the difference in
photocatalytic activity since an efficient photo-
catalytic reaction process occurs on the photocata-
lyst surface. As Table 1, Bi2InNbO7 and Bi2FeNbO7
have very similar surface area; hence the difference
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photocatalytic activity cannot be attributed to varia-
tions in surface area. The fact suggests the difference
in the photocatalytic activity may be mainly due to
their different band structure.

It is interesting to notice that Bi2MNbO7 (M3+ =
Fe3+, In3+) show photoabsorption in the visible light
region (λ > 420 nm) (see Fig. 2). This means that
the photocatalysts have ability to respond wavelength
of visible light region. However, H2 and O2 were not
evolved using the Bi2MNbO7 (M3+ = Fe3+, In3+)
photocatalyst from CH3OH/H2O and Ce(SO4)2/H2O
solutions, respectively. Alig et al. [17] has shown that
direct absorption of photons by band gap of oxides
can generate electron-hole pairs in a solid. However,
the energy of requirement is generally higher than the
band gap of the oxides [18,19]. Considering the fact
that in the process of splitting water into H2 and O2
by photocatalysis, four holes and two electrons are
necessary on surface of the photocatalysts at least.
This suggests that larger energy than the band gap of
photocatalysts seems to be necessary to photocatalytic
splitting of water. In order to obtain high activity, two
approaches are possible. One way would be to further
modify the catalyst surface to increase the range of
wavelengths at which the catalyst is active. Another
would be to increase the irradiation energy.

BET measurement showed that the surface areas
of Bi2MNbO7 (M3+ = Fe3+, In3+) are about 1% of
that of TiO2 photocatalyst. Since an efficient photo-
catalytic reaction process occurs on the photocatalyst
surface, the smaller surface area of the Bi2MNbO7
(M3+ = Fe3+, In3+) photocatalysts might lead to low
activity of the photocatalytic reaction. The study for
effects of surface area on effective photocatalytic re-
action and on range of responding wavelength is in
progress, which is believed to further understand the
new photocatalysts.

4.2. Photooxidation/photodissolution of
photocatalysts and photoadsorption of oxygen

It is known that the photooxidation/photodissolution
of catalyst might consume oxygen. However, such a
kind of reaction generally leads to the changes in crys-
tal structure and the chemical composition of photo-
catalyst. We examined the atomic ratio and the crystal
structure of Bi2MNbO7 (M3+ = Fe3+, In3+) before
and after photocatalytic reactions.

The chemical composition of these photocatalysts
was determined by SEM–EDS analysis. The compo-
sition content was decided using the ZAF (Z: element
number(“Z” number) correction;A: absorption cor-
rection; F: fluorescence correction) quantification
method. SEM–EDS analysis revealed that the chem-
ical component of the Bi2MNbO7 (M3+ = Fe3+,
In3+) compounds is close to stoichiometry. These
photocatalysts have a homogenous atomic distribu-
tion with no other additional elements. The atomic
ratio of these photocatalysts was confirmed by X-ray
fluorescence spectrometer (XRFS) measurement. The
observation is in agreement with results of SEM–EDS
analysis. Oxygen content was calculated from the
EDS results [13].

The crystal structure of the photocatalysts before
and after photocatalytic reactions was investigated us-
ing X-ray powder diffraction. The result is shown in
Fig. 1. From these experimental results we confirmed
that these samples before and after reactions have not
changed in both the crystal structure and the chemical
composition.

Oxygen evolution was not observed from pure
water in this experiment using both the Bi2MNbO7
(M3+ = Fe3+, In3+) and the TiO2 photocatalysts. It
is commonly accepted that free holes in TiO2 parti-
cles can generate OH radicals either on the surface
or even at the aqueous interface [20,21]. Extensive
research found that there are both the physisorbed
and chemisorbed oxygen molecules on TiO2 sur-
face by low-energy photon irradiation [22,23]. The
physisorbed O2 molecules are produced through
the neutralization of chemisorbed O2

− species by
photo-generated holes. Amy et al. found also similar
result in TiO2 photocatalyst that the produced oxygen
can be photoadsorbed on the surface of photocatalyst
[24]. Very recently, Ishibashi et al. found that under
UV light illumination O2

− was formed on the order of
1014 cm−2 at the TiO2 surface during photocatalytic
reaction. This indicates photogenerated electron is
mainly trapped by adsorbed oxygen resulting in the
formation of O2

− [25].
The photoadsorption of oxygen on the photo-

catalysts after photocatalytic reaction in pure water
was investigated by measurements of magnetic sus-
ceptibility (χ /T). The magnetic susceptibility of
oxygen adsorbed on solid surface was studied by
many authors and it was shown that adsorbed oxygen
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Fig. 7. A comparison of magnetic susceptibility for Bi2InNbO7

before and after photocatalytic reactions: (d) before photocatalytic
reactions; (s) after photocatalytic reactions; (n) sintered; inset:
the variation ofχ as a function of magnetic filed at 300 K (χ /H).

undergoes an antiferromagntic transition around 50 K
[26,27]. Fig. 7 shows a comparison of magnetic
susceptibility for Bi2InNbO7 before and after photo-
catalytic reactions. The inset shows the variation of
χ as a function of magnetic filed at 300 K (χ /H). The
susceptibility at low temperature is different between
two samples before and after reactions. The mag-
netic susceptibility of photocatalyst before reaction
in the temperature range could be fit to a modified
Curie–Weiss relation according to the equation,χ =
χ0+C/(T +Θ), whereχ0 is temperature-independent
contributions such as Van Vleck and Pauli magnetism,
C the Curie constant, andΘ denotes the Curie–Weiss
temperature [28]. The sample after reaction shows
an obvious broad peak around 50 K. Measurements
under zero field and field cooled conditions revealed
that the susceptibility is independent to the applied
magnetic field. The fact suggests that the origin of
this anomaly is unlikely from a spin-glass-like behav-
ior. To understand further the origin of this anomaly,
the sample after reaction was sintered at 600◦C us-
ing an electric furnace to deoxidation. The sintered
sample showed the same result as that of sample be-
fore reaction(see Fig. 9), the broad peak around 50 K
disappeared after sintering. The anomaly seen around
50 K might arises from the antiferromagnetic ordering

of adsorbed oxygen in the sample. The similar result
was also observed in other compounds of containing
niobium, such as in K7Nb14.13P8.87O60 and BaNb2S5
[29–31]. Although it is not clear whether the O2
molecule photoadsorbed on surface of the photocat-
alysts is physisorbed and/or chemisorbed molecule
states, we speculate that the phenomenon observed
in TiO2 also takes place on the surface of our pho-
tocatalysts. Further study of the photoadsorption of
oxygen on these samples under UV irradiation is in
progress, which is believed to supply more concrete
information.

5. Conclusions

The photocatalysts, Bi2MNbO7 (M3+ = Fe3+,
In3+), were synthesized by the solid-state reac-
tion. The experimental results show that Bi2MNbO7
(M3+ = Fe3+, In3+) are sensitive to UV irradia-
tion and that it is possible to obtain H2 from both
CH3OH/H2O solution and pure water, and to ob-
tain O2 from an aqueous cerium sulfate solution.
Although Bi2MNbO7 (M3+ = Fe3+, In3+) have a
suitable band, the photocatalysts do not work under
visible light irradiation to directly decompose pure
water, even CH3OH/H2O solution. Modification of
the surface of the photocatalysts may be needed to
increase responding wavelength range.

The lattice parameters decreased with decrease
of M3+ ionic radii. However, the activity of the
Bi2MNbO7 (M3+ = Fe3+, In3+) photocatalysts
strongly increased with decrease of the M3+ ionic
radii. Attempts to increase surface area of Bi2MNbO7
(M3+ = Fe3+, In3+) might increase activity of
photocatalysts and increase responding wavelength
range.

Although we could only demonstrate that there are
some O2 molecule photoadsorbed on surface of the
photocatalysts and it is not clear whether the oxygen
molecules are physisorbed and/or chemisorbed, we
have shown that the localization of holes at the sur-
face results in the formation of photoadsorbed oxygen
molecules. The study of modification of structure by
controlling the ionic radius in photocatalysts for im-
proving the activity will provide useful information on
the mechanism of photocatalysts and also on making
the photocatalysts with high activity.
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