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Dramatic Activity of C;N,/BiPO, Photocatalyst with Core/
Shell Structure Formed by Self-Assembly

Chengsi Pan, Jing Xu, Yajun Wang, Di Li, and Yongfa Zhu*

Core/shell structured C;N,/BiPO, photocatalyst is fabricated via a facile
ultrasonic dispersion method. The thickness of the shell may be controlled by
tuning the amount of C;N, in the dispersion, which determines the enhanced
level of photocatalytic activity. The optimum photocatalytic activity of C3N,/
BiPO, at a weight ratio of 4% (C;N,/BiPO,) under UV irradiation is almost
4.5 times as high as that of reference P25 (TiO,) and 2.5 times of BiPO,.
More attractively, the dramatic visible light photocatalytic activity is generated
due to the C;N, loaded. The enhancement in performance is demonstrated

to be the match of lattice and energy level between the C;N, and BiPO,. This
match facilitates the separation and transfer of photogenerated electron—

In the past five years, a series of
m-conjugated material/photocatalyst core/
shell structures such as graphite/TiO,,
Cgo/ZnO, and polyaniline(PANI)/ZnO
have been demonstrated to improve photo-
catalytic properties.”! These m-conjugated
materials have also been regarded as able
to increase separation efficiency of photo-
generated electron-hole pairs through the
formation of electronic interactions with
photocatalysts during the catalytic reaction.
The graphite-like carbon nitride (g-C3N,),
as one of the m-conjugated materials, has
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hole pairs at the heterojunction interfaces and may be important for other
core/shell structured materials. In addition, this method is expected to be

extended for other C;N, loaded materials.

1. Introduction

The photocatalytic technology has attracted much attention due
to its potential use in organic wastewater treatment for envi-
ronmental remediation.l'! Nevertheless, the most widely used
photocatalyst, TiO,, suffers from two main problems, which
include the low solar energy conversion efficiency and the
high recombination of photogenerated electron-hole pairs.?
Therefore, the performance of TiO, does not meet the needs of
industrial applications and, as a result, the development of new
efficient photocatalytic systems is still in progress.

Among all photocatalysts, hetero-nanostructured catalysts
become increasingly attractive and include Ag/TiO,, Graphite/
ZnO and Ag/AgCl.3d For this type of photocatalysts, different
materials can be integrated within the same structure so that
multiple functionalities may be incorporated.’d In spite of
extensive research in the past, efficient hetero-nanostructured
photocatalysts with high photocatalytic activity (compared to
the commercial TiO,, P25), good stability, and low cost are still
rare. There are two important factors to be considered: one
is the suitable conduction and valance band levels promoting
charge separation at the heterojunction interfaces; the other is
the lattice match between the two components so that the core/
shell structures remain stable during the catalytic reaction.
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recently been reported to possess the per-
formance of hydrogen or oxygen produc-
tion from water splitting and organic deg-
radation under visible light irradiation.?
Different from the inorganic n-conjugated
materials (e.g., graphite and Cg), g-C3N,
is a soft polymer so that it can easily coat on other compounds’
surface. On the other hand, different from organic zn-conjugated
materials such as PANI, g-C3N, is often well-crystallized due to
the nature of the lamellar structure, which facilitates the charge
transfer.’ As a result, this conjugated material may be an excel-
lent coating for the transport of the photogenerated carriers.
Some photocatalysts loaded with this CN polymer like TiO,
and N-Doped H,Ta,04 has exhibited superior photocatalytic
activity.”l However, the microstructure control of these compos-
ites has not been achieved, and thus the carrier transfer between
heterojunction interfaces is far from efficiency. Therefore, from
this point of view, the design of core/shell structures between
C3N, and an appropriate photocatalyst remains a challenge. In
addition, understanding this system is important for the future
development of photocatalysts and photoelectric devices.

BiPO,, an oxoacid salt photocatalyst, was discovered by our
group and exhibits more attractive activity than that of P25.18!
To the best of our knowledge, few efforts have been made to
electronically combine conjugated materials such as g-C3N,
with this type of photocatalyst. Here, the C3N,/BiPO, core/shell
structure is synthesized through a self-assembly method. The
interaction between BiPO, and g-C3N, as well as the resulting
effect on photocatalytic activity is investigated systematically.

2. Results and Discussion

2.1. Structure and Morphology of C;N,/BiPO,

The formation of g-C3N,/BiPO, core/shell structures involves
a two step process (Scheme 1). First, g-C3N, is exfoliated into
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Scheme 1. Schematic illustration of the preparation of the C3N4/BiPO,
core/shell structure.

sheet structures through an ultrasonic method in CH30H sol-
vent. Second, the as-prepared BiPO, nanorodsl®¥ are added
into the suspension, and then these g-C3N, sheets will spon-
taneously coat on the nanorods to achieve a minimum surface
energy. The shell thickness can be tuned by simply increasing
or decreasing the g-C;N, content.

An estimate of the g-C3N, content in the C;N,/BiPO, core/
shell nanostrucutres (CNBP) was obtained by thermogravi-
metric analysis (TGA). For example, the C;N, content of sample
CNBP-10 is calculated to be approximately 9.0 wt% (Supporting
Information Figure S1). For C3N,/BiPO, samples, two weight
loss regions can be seen in the TG curve. A slight weight loss
(=0.5%) is observed before 290 °C, indicating the desorption of
water. Major weight loss commences at 300 °C and lasts until
650 °C, which can be attributed to the burning of g-C;N, The
g-C3N, content of the samples is more or less the same as the
one calculated from the experimental charge, and is therefore
increasing with the mass ratio of g-C;N, (Table 1). Also, as
reported in Table 1, the g-C3Ny shell becomes thicker with an
increase in the g-C3N,:BiPO, mass ratio.

The Xray diffraction (XRD) patterns of C;N,/BiPO, pre-
pared with different mass ratios of C3N, to BiPO, is shown in
the Supporting Information (Figure S2). The C;N,/BiPO, sam-
ples present a two-phase composition: C3N, and BiPO, (JCPDS
No. 08-0209). No impurity phase is emerged in the C;N,/BiPO,
samples. Two pronounced peaks are found in Figure S2b (Sup-
porting Information) at 27.4° and 13.2°, corresponding to the
characteristic interplanar staking peak of aromatic systems and
the interlayer structural packing, respectively, which is con-
sistent with the XRD pattern reported in the literature.”) With
increasing the C3N, content, the (002) peak of C;N, becomes
sharper, which implies the crystallization of the coating layers
becomes better.

Figure 1 shows transmission electron microscopy (TEM)
images of CNBP composites prepared with different mass

Table 1. Physicochemical characterization of C3N4/BiPO, (CNBP)
samples.

Sample C3N,4/BiPO, C3N, content Thickness of Sget
[wi%s] wigs] Ny [nm] (m? g
BiPO, 0 0 0 3.0
CNBP-1 1% 1.0% 0-5 3.1
CNBP-2 2% 1.9% 3-5 3.2
CNBP-3 3% 2.9% 5-8 3.2
CNBP-4 4% 3.8% 7-10 3.2
CNBP-5 5% 4.7% 10-15 33
CNBP-10 10% 9.0% 15-30 35
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Figure 1. TEM images of a) C3N, sheets after ultrasonic treatment and
the CNBP samples: b) CNBP-1, c) CNBP-4, and d) CNBP-10.

ratios of C;N, to BiPO,. As can be seen from the images, the
BiPO, nanorods are surrounded by C;N, shells. Figure la
shows that after ultrasonic treatment C;N, is exfoliated into
sheet structures with rolled edges. Figure 1b shows the mor-
phology of CNBP-1, which is prepared with 1% mass ratio of
C3N, to BiPO,. The C3N, shell is very thin at this resolution and
some places are not completely coated. As shown in Figure 1c,
for CNBP-4, the C;N, shell is thicker, =8 nm, while for CNBP-
10, it is about 15-30 nm thick (Figure 1d). Hence, the thickness
of the C;3Ny shells increases with increasing the mass ratio of
C;N, to BiPOy. This is because C;N, can be exfoliated into thin
sheets under experimental conditions. These soft sheets then
coat on BiPO, cores to achieve a minimum surface energy.

Figure 2 shows the scanning electron microscopy (SEM)
images of CNBP-10 core/shell nanostructures in comparison
with pre-synthesized BiPO, and pure C;N,. It can be seen that at
the beginning C3N, samples are irregular particles consisting of
lamellar structures, while BiPO, nanorods have obvious edges
(Figure 2a,b). After coated with C3N4, no obvious uncoated
C3N, nanoparticles are observed (Figure 2c), which implies that
the coating behavior of C;N, is general, and not only occurring
on some special nanorods. Additionally, all trunks of the final
nanorods become round and therefore the diameter increases
significantly compared to the size of the initially coated mate-
rials (Figure 2d).

Figure 3a,b shows the dark and bright field TEM images of
sample CNBP-10. It can be seen clearly that there is a smooth
coating layer on the surface of BiPO,. Figure 3c,d shows high-
resolution TEM images of sample CNBP-10, which was used
to estimate C3N, shell thickness and to show details of the
coating structures. The thickness of the C;Ny layer coated on
the CNBP-10 is about 18 nm, and the interpart boundary of
the as-prepared sample was distinctly different from the BiPO,
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Figure 2. SEM images of a) C3N4 without ultrasonic treatment, b) BiPO,
nanorods before coating, c) CNBP-10, and d) the magnified image of (c).

core. As can be seen from Figure 3, the lattice structure of C;N,
was very orderly and also different from the BiPO, lattice. The
BiPO, nanorods contain (100) planes perpendicular to the axis
while (011) planes along the axis as shown in Figure 3d and
previously reported.®d On the other hand, for C;N, layers, the
measured interplanar spacing is 0.325 nm which corresponds
to the C3;N4 (002) plane. HRTEM images for CNBP-1 and

30nm

X: CsNs

‘(011)\ \

BiPO: \0 .326nm
(200)

0.32 8nm Snm
——

Figure 3. Bright field TEM (a), dark field TEM (b), and HRTEM images
(c,d) of CNBP-10.
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CNBP-4 are also supplied in Supporting Information Figure S3.
In Figure S3, the interface can be easily indentified from
the terminated defects across the nanorods. In addition, C3N,
shows an obviously improved crystallinity with increasing its
content.

The optical properties of the CNBP samples were examined
with UV-vis diffuse reflectance spectroscopy (Supporting Infor-
mation Figure S4). As expected, BiPO, shows its fundamental
absorption sharp edge rising at 320 nm. Meanwhile the CNBP
samples absorb in the visible light region due to the presence
of C3N, on the BiPO, surface. It is notable that compared with
BiPO,, the absorption edge of CNBP experiences a red-shift of
about 100 nm. Additionally, it is noteworthy that there is an
obvious positive correlation between C;N, content and inten-
sity changes observed for all the CNBP samples in the UV-vis
spectra. This may be due to the reason that introduction of the
C3N, can possibly cause modifications of the fundamental for-
mation process of electron-hole pairs during irradiation.[*?l

Figure 4 shows the X-ray photoelectron spectroscopy (XPS)
data for CNBP-4 and CNBP-10 core/shell nanostructures com-
pared to that of pure BiPO,. The wide spectra (Figure 4a) of
CNBP samples reveal the predominant presence of phosphate,
bismuth, oxygen, nitrogen, and carbon. The content of phos-
phate and bismuth decreases from BiPO, to CNBP-10, while
the content of nitrogen increases at the same time due to the
C3N, coating as shown in Figure 4a and Table 2. These results
indicate a thicker and more homogeneous coverage of C3N,
forms onto BiPO, with increasing the C3N, content. It is also
noted that when compared CNBP-4 and CNBP-10 with the
reported C3N, 1% the binding energy of N1s shows a negative
shift (Figure 4b). On the contrary, for Bi6s it exhibits a positive
one (Figure 4c) as compared to the pure BiPO, or the records in
the literature.l'] Meanwhile the binding energy of P2p remains
unchanged (Figure 4d). These results show that the interaction
between Bi and N atoms results in the coating of the C3N,, not
the simply physical adsorption. To further confirm this inter-
action, IR spectra were recorded for CNBP-4, CNBP-10, C;N,,
and BiPO, (Supporting Information Figure S5). One new peak
for CNBP-4 and CNBP-10 appears at around 445 nm, which
can be assigned to the stretching vibrations of Bi-N bond.'
This interaction can be strengthened due to the lattice match
between the C;N, and BiPO, according to the TEM and X-ray
diffraction (XRD) results, which are detailed in Scheme 2, and
may induce the formation of the core/shell structure.

2.2. Photocatalytic Properties of C3N,/BiPO,

The photoactivity of CNBP samples were evaluated by degra-
dation of methylene blue (MB), a hazardous dye as well as a
common model to test the photodegradation capability.**!
Supporting Information Figure S6a shows the MB photodeg-
radation on the CNBP with different C;N, content under UV
light irradiation. The uncoated BiPO, and C;N, are listed as
references. All of the C;N,/BiPO, photocatalysts exhibit higher
photocatalytic activity than the pure BiPO, under UV light
irradiation. The activity of CNBP-4 is obviously superior to the
others. After 5 min irradiation with UV light about 90% of MB
is degraded in the presence of CNBP-4, while approximately

Adv. Funct. Mater. 2012, 22, 1518-1524
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Figure 4. XPS spectra for CNBP samples: a) wide spectra, b) N1s, ) Bi4f, and d) P2p.

20 min is required to reach the same degradation level for P25
as reported by us beforel® and 15min for pure BiPO,. It is also
noted that C;N, shows a negligible MB degradation within
15 min of UV irradiation. To further depict the photocatalytic
reaction, the photocatalytic degradation process was also fitted
to pseudo-first-order kinetics, and the value of the rate constant
k is equal to the corresponding slope of the fitting line, as can
be seen in Figure 5a. The photocatalytic rate constant is sharply
enhanced with increasing the C3N, content. When the ratio of
C3N4:BiPO, reaches 4% (CNBP-4), it exhibits the highest photo-

catalytic activity. The apparent rate constant k is 0.4701 min,

which is almost 4.5 times as high as that of P2564 and 2.5 times
that of pure BiPO,. However, as the proportion of C;N, further
increases, the degradation rate decreases gradually though it
remains higher than that of BiPO,. This change in UV activity
of CNBP samples may be attributed to the excitation of BiPO,.
Although C;N, shells are beneficial for charge transfer at het-
erojunction interfaces, they will shield UV light off of BiPO,.
Therefore, due to the demands of both the charge transfer and

Table 2. Atom concentration for N, Bi and P derived from XPS spectra.

Sample N Bi P
[at%] [at%] [at%]
BiPO, 0 11.72 10.54
CNBP-4 3.22 9.54 8.93
CNBP-10 8.25 3.83 3.26

BiPO4 (011)

Scheme 2. Schematic illustration of the lattice match between (011) sur-
face of BiPO, (a) and (002) surface of C3N, (b).
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Figure 5. Apparent rate constants for the photodegradation of MB with
UV irradiation (a) and with visible light (1 > 420 nm) irradiation (b) on
CNBP samples with different weight ratio of C3N,4 to BiPO,. BiPO,4, C3Ny,
and P25 are shown as references.

light harvesting, our photocatalytic activity first increases and
then decreases with the increasing thickness of C3N,, which
results in the best photocatalytic activity of CNBP-4. The sta-
bility of the catalyst is also evaluated in the Supporting Infor-
mation (Figure S7). It can be seen that after three cycles no
obvious activity decrease for CNBP-4 occurs, and also no appre-
ciable change in their overall morphologies has been observed
after the catalytic reaction, which implies that the coating layers
are rather stable.

The visible light photocatalytic activity of the C3N,/BiPO,
photocatalysts was also evaluated by degradation of MB
(Supporting Information Figure S6b) and k, calculated from
the fitted curve, is shown in Figure 5b. Under visible light irra-
diation (A > 420 nm), uncoated BiPO, has no notable effect on
MB degradation, while the C3N,/BiPO, samples exhibit excel-
lent visible light photocatalytic activity. Different from the UV
activity, the visible light photocatalytic activity is enhanced grad-
ually with the proportion of C;N, increasing. When the ratio
reaches to 10:100, the as-prepared photocatalyst has an optimal
activity that can degrade MB by 85% in 6 h. It is noteworthy
that the visible activities for CNBP samples are due to the exci-
tation of C3N,. Increasing the thickness of C3N, shell will not
only benefit for charge transfer at the heterojunction interfaces,

wileyonlinelibrary.com
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Figure 6. MB degradation on CNBP-10 at different cutoff wavelength. Xe
lamp (A > 290 nm) was used to simulate the sunlight. The MB degrada-
tion on BiPO4 under Xe lamp irradiation is listed as a reference.

but also enhance the visible light absorption (Supporting Infor-
mation Figure S4). As a result, the activity order for CNBP sam-
ples under visible light is different from that under UV light. It
is interesting that the apparent k of CNBP-10 is 0.31 h~%, which
is also higher than that of C;N, (k = 0.06 h™!). This is probably
because core/shell structures will not only decrease the charge
recombination at heterojunction interfaces, but also suppress
the aggregation of the C;N, particles!' and thus increase the
surface area of C3Ny.

The influence of photosensitivity was also studied for
CNBP-10 (Figure 6). The cutoff wavelength (A > 510 nm) was
used to evaluate the influence of photosensitivity. This cutoff
wavelength ensures that only the MB, and not the CNBP,
absorbs light. As shown in Figure 6, negligible degradation can
be found on CNBP-10 when the cutoff wavelength is 510 nm.
This suggests that the excitation of MB dye cannot sensitize
the catalysts. The photocatalytic performances of CNBP-10 and
pure BiPO, under simulated solar irradiation are also shown in
Figure 6. In this work, a xenon lamp was used to simulate the
solar irradiation. It shows that CNBP-10 has an obviously supe-
rior activity to the pure BiPO, under simulated solar irradiation
and to itself under the visible light irradiation. The apparent k is
0.183 h™!, which is comparable to that of Bi,WOg (0.228 h1),1]
one of the best visible light photocatalysts we reported before.

The above results show that the loading amount of C3N, has
a great influence on the photocatalytic activity of the as-prepared
catalysts. It may influence not only the separation of photogen-
erated electron-hole pairs discussed below, but also the light
absorption. The photocatalytic activities with UV light, visible
light, and simulated sunlight irradiation suggest the CNBP is
an excellent photocatalyst candidate.

2.3. Mechanism of Photocatalytic Activity Enhancement

The above results show that the coating of C;N, can enhance
both UV and visible activity of BiPO,. As is well known, this may
be due to the high separation and transfer of photogenerated

Adv. Funct. Mater. 2012, 22, 1518-1524
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electron-hole pairs at the heterojunction interfaces. CNBP
samples under UV illumination were chosen as an example to
demonstrate this. In the case of visible light illumination, the
situation may be similar except that it is C3N, that absorbs light
instead of BiPO,.

As previous studies, the photocatalytic reactions could be
regarded as an electrochemical process.'® Supporting Infor-
mation Figure S8a shows electrochemical impedance spectra
(EIS) Nyquist plots of BiPO, and CNBP-4 electrodes before
and after UV irradiation. The diameter of the arc radius on the
EIS Nyquist plot of the CNBP-4 electrode is smaller than that
of the BiPO, electrode regardless of whether with or without
UV irradiation. This smaller the arc radius implies the higher
the efficiency of charge transfer. Figure S8b (Supporting Infor-
mation) shows the transient photocurrent responses via two
on-off cycles of irradiation of C3N,4, BiPO,, and CNBP-4 elec-
trodes, which may directly correlate with recombination effi-
ciency of photogenerated carriers.l'® As shown in Figure S8b,
a generation of photocurrent with good reproducibility for all
samples is observed when samples are irradiated by UV light.
This indicates that our electrode is stable and photoresponsive
phenomenon is entirely reversible. The photocurrent densities
of CNBP-4, BiPO,, and C;N, are 21.0, 8.1, and 2.2 uA cm™2,
respectively. This order is consistent with their photocatalytic
activities. Thus, in the case of CNBP-4, the separation and
transfer of photoinduced electron-hole pairs are more efficient
through an interfacial interaction between C;N, and BiPO,.

The recombination of electron-hole pairs is also character-
ized by the lifetime of carriers. It can be reflected by the decays
of PL transition centered on 550 nm excited at 254 nm as shown
in Figure 7a. Moreover, the PL lifetime of three samples cal-
culated by the exponential analysis is also shown in Figure 7a
(inset). The PL lifetime decreases in the following order:
CNBP-4 > BiPO, > C3N,. A longer PL lifetime means lower
recombination rate of the electron-hole pairs, and thus higher
photocatalytic activity.

This high separation efficiency may be due to the energy level
match between C;N, and BiPO,. Theoretical calculations®
suggested that the highest occupied molecular orbital (HOMO)
and lowest unoccupied molecular orbital (LUMO) potentials of
g-C3N, were —1.12 and 1.57 V, respectively. While the conduc-
tion band (CB) and valence band (VB) edge potentials of BiPO,
were estimated to be —0.65 and 3.2 V, respectively, as reported
previously.® A scheme for the separation and transport of
photogenerated electron-hole pairs at the C;N,/BiPO, inter-
face is shown in Figure 7b. BiPO, can be excited by UV light
and produce photogenerated electron-hole pairs. Since the VB
position of BiPOy is lower than the HOMO of C3N,, the photo-
generated holes on BiPO, can directly transfer to C3N,, making
charge separation more efficient and reducing the probability
of photogenerated electron-hole recombination, resulting in
an enhanced photocatalytic activity. This effective separation of
photogenerated electron-hole pairs driven by band potentials
between two semiconductors, is also reported in other systems,
such as C;N,/TaON.[17]

Furthermore, this high separation efficiency may be not only
due to the heterojunction interfaces, but also due to the core/
shell structure induced by the lattice match. This core/shell
structure is supposed to favor the transport of both electrons

Adv. Funct. Mater. 2012, 22, 1518-1524

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.afm-journal.de

—— 1 (CNBP-4)=72 ps
t (BiPO,)=58 us

500 + --- 1(C,N,)=37 us

Intensity

250+

0 200 400 600

800
Decay Time (us)
b
V (vs. NHE) .
| 4
3 L _ CsNs
1 )— Lumo
r 0:+& CcBM
CO2+H20

| UV .
\I h
\, k. /HOMO

! VBM Organic Pollutants

A WODN~aO

Figure 7. a) PL decay curves measured at A, = 254 nm and A, =
550 nm for CNBP-4, BiPOy, and C3Ny. Inset shows the lifetime of carriers.
b) Proposed energy levels of BiPO, and C3N,

and holes across individual BiPO, particle driven by strong
dipolar fields arising from charged surface domains, as dem-
onstrated in other core/shell structures, such as TiO,/Ag and
BiFeO;/SrTiO;.l"® These charged surface domains of BiPO,
would, in effect, electrostatically drive the photoexcited elec-
trons or holes from the core solids into the conduction and
valence bands of shells.

3. Conclusions

A C3N,/BiPO, photocatalyst has been successfully synthesized
via a facile ultrasonic dispersion method. After introduction
of C3N,, the C3N,/BiPO, photocatalyst possessed significantly
enhanced UV light photocatalytic activity and visible light
photocatalytic activity. This enhancement has been demon-
strated to be due to the high separation and easy transfer of
photogenerated electron—hole pairs at the heterojunction inter-
faces derived from the match of lattice and energy level between
the C3N, and BiPO,. This may be important for other core/
shell structured photocatalysts and the method is expected to be
extended for other C;N, loaded materials.
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4. Experimental Section

Synthesis: Melamine (C3HgNg) was purchased from Sinopharm
Chemical Reagent Corp, P. R. China; BiPO, (average particle size 400 nm x
80 nm) was synthesized according previously reported methods.al All
other reagents used in this research were analytically pure and used without
further purification. The C3N, used in this study was prepared by heating
melamine to 550 °C for 2 h in N, atmosphere according to the literature.['”]
The typical preparation of C3N,/BiPO, photocatalysts (CNBP) was as
follows: first, an appropriate amount of C3N, was added into methanol and
then the beaker was placed in an ultrasonic bath for 30 min to completely
disperse the C3Ny4. The BiPO, powder was added into the above solution
and stirred in a fume hood for 24 h. After volatilization of the methanol,
an opaque powder was obtained after drying at 100 °C. According to this
method, different mass ratios of C3N,/BiPO, photocatalysts at 1%, 2%,
3%, 4%, 5%, and 10% were synthesized and named as CNBP-1, CNBP-2,
CNBP-3,CNBP-4, CNBP-5, and CNBP-10, respectively.

Characterization: The products were characterized by powder XRD
on a Bruker D8-advance X-ray diffractometer at 40 kV and 40mA for
monochromatized Cu K_,1 (A = 1.5406 A) radiation. Morphologies and
structures of the prepared samples were further examined with a JSM 6301
electron scanning microscope and using TEM with a JEM 1010 electron
microscope operated at an accelerating voltage of 100 kV. High-resolution
TEM (HRTEM) images were obtained with a JEM 2010F field emission
gun transmission electron microscope operated at an accelerating voltage
of 200 kV. UV-vis diffuse reflectance spectra (DRS) of the samples
were measured using Hitachi U-3010 UV-vis spectrophotometer. The
Brunauer—-Emmett-Teller (BET) specific surface area of the samples was
characterized by nitrogen adsorption at 77 K with Micromeritics 3020.
PL spectra were obtained using an Edinburgh Analytical Instruments
FL/FSTCSPC920 coupled with a time correlated single-photon counting
system. XPS spectra were measured in a PHI 5300 ESCA system. An Al
K, X-ray source with a power of 250 W was used. The pass energy of
the analyzer was set at 37.25 eV, and the base pressure of the analysis
chamber was better than 4 x 107 Torr (1 Torr = 133.3 Pa). The charge
effect was calibrated using the binding energy of Cls.

Photocatalytic  Evaluation: Photocatalytic activities of BiPO, were
evaluated by degradation of MB under UV light irradiation of an 11 W low-
pressure lamp at 254 nm. The average light intensity was 1.5 mW cm™.
The visible light system for the photocatalytic reactions was composed of
a 500 W xenon arc lamp and a cutoff filter (A > 420 nm). The average light
intensity during the visible light experiments was 31 mW c¢m2. The radiant
flux was measured with a power meter from Institute of Electric Light
Source (Beijing). MB solutions (100 mL, 10> mol L") containing 0.050 g
of samples were put in a glass beaker. Before the light was turned on, the
solution was ultrasonicated for 10 min and then stirred for 30 min to ensure
equilibrium between the catalysts. Three milliliters of sample solution
were taken at given time intervals and separated through centrifugation
(4000 rpm, 10 min). The supernatants were analyzed by recording variations
of the absorption band maximum (664 nm) in the UV-vis spectra of MB
using a U-3010 spectrophotometer (Hitachi).
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