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Photocatalytic Degradation and Mechanism of BiOl/Bi,WO, toward Methyl
Orange and Phenol
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Abstract: BiOI/Bi,WOg photocatalysts with various BiOl amounts were prepared by a simple deposition method and
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), high-resolution transmission electron
microscopy (HR-TEM), UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS) and low temperature nitrogen
adsorption. The photocatalytic performance of BiOl/Bi,WOy catalysts was evaluated using the photodegradation of
methyl orange (MO) and phenol in an aqueous solution under UV and visible light irradiation. The results indicate
that compared with commercial Degussa P25 and pure Bi,WOg, the 13.2% BiOI/Bi,WO¢ photocatalyst shows much
higher UV and visible light photocatalytic performance. The obviously increased photocatalytic activity could be
mainly attributed to the effective transfer of the photogenerated electrons and holes at the interface of Bi,WOg and
BiOI, which reduces the recombination of electron-hole pairs. A transfer process of photogenerated carriers is
proposed based on the band structures of BiOl and Bi,WOs. Radical scavengers experiments demonstrate that -OH,

h*, O, and H,0,, especially h*, together dominate the photodegradation process of MO and phenol.
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0 Introduction (SEM), high-resolution transmission electron
microscopy (HR-TEM), UV-Vis diffuse reflectance
The photocatalytic  technology has attracted spectroscopy  (UVVis DRS),and low temperature

extensive attention due to its applications in
wastewater treatment and purification of air . The
semiconductor TiO, has been considered as one of the
best photocatalysts owing to its nontoxicity, chemical
stability, good photoactivity and low cost™®. However,
only a small UV fraction of solar light (3%~5%) can
be utilized due to the wide band-gap energy of TiO,.
Therefore, it is urgent to develop highly efficient
photocatalysts for pollutants degradation under visible
light irradiation. Recently, as one of the new non-
titania photocatalysts, Bi,WOs has been widely used
for degradation of pollutants under visible light

®4 However, pure Bi,WOg has shown

irradiation
photoabsorption property with wavelength shorter than
~450 nm and high recombination of photo-generated

9 These two main drawbacks

electronhole pairs !
considerably limit the application of Bi,WOs. In order
to overcome the two drawbacks, combining Bi,WOq

with narrow band gap semiconductor has been

explored in recent years!'>'%.

BiOI has strong photoabsorption ability in 400~
700 nm light region, and it has a narrow band-gap
energy (~1.8 eV)!". In 2012, Chen et al™. reported
that  Bi,0,COyBiOl
obviously higher visible light photocatalytic activity
than that of BiOI or Bi,0,CO; and the enhanced
Bi,0,CO04/Bi0l

heterostructures could be attributed to its strong

heterostructures presented

photocatalytic property of
absorption in the visible light region and low
recombination rate of the electron-hole pairs owing to
the heterojunction formed between Bi,0,CO; and BiOI.
Therefore, BiOl/Bi,WOs composite may be an ideal
system to increase the photoabsorption property in the
visible light region and to improve the separation
efficiency of photogenerated charge carriers, and thus
achieving a high photocatalytic performance.

In this work, BiOl/Bi,WOs photocatalysts with
different contents of BiOl were synthesized by a
simple deposition method and characterized by X-ray
(XRD),

diffraction scanning electron microscopy

nitrogen adsorption. As the representative of organic
pollutants, methyl orange and phenol were used to
evaluate the photocatalytic activity and mechanism of
BiOI/Bi,WOs catalysts under UV and visible light irr

adiation.
1 Experimental

1.1 Catalyst preparation
The pure Bi,WOg sample was synthesized by a

hydrothermal method according to previous studies!*%!.,

The BiOI/Bi,WOq with different BiOl
contents were prepared by a deposition method. In a
Bi,WOs (1.0 g) was
ultrasonically dispersed into deionized water to form a
homogeneous Different
amounts of Bi(NO;);-5H,0 (AR) and 0.03 g KI (AR)
(AR) to

obtain a clear solution II. Then the solution II was

catalysts

typical preparation, pure

mixture [. stoichiometric

were dissolved in 20 mL ethylene glycol

added dropwise into the mixture | under strong
stirring for 5.0 h. The products were separated
centrifugally, washed with absolute ethanol and
deionized water, and dried at 353 K in air. The final
BiOI/Bi,WOgsamples with various contents of BiOl are
listed in Table 1.
1.2 Catalyst characterization

X-ray diffraction (XRD) were carried out on a
Philips X’ pert diffractometer equipped with Ni-
filtered Cu Ka radiation source at a scanning speed of
2°+min™" from 20° to 70° (A=0.154 18 nm). The X-ray
tube was operated at 40 kV and 40 mA. X“ pert
and double

goniometer system for point and line focus. The

diffractometer with stationary tube
intensity was measured by a gas filled proportional
detector. Scanning electron microscopy (SEM) images
were recorded on an X-650 microscope operated at
25.0 kV. The BrunauerEmmetiTeller (BET) surface
area of catalysts was determined from N, adsorption
isotherms at 77 K by a Micromeritics ASAP 2020
instrument. electron

High-resolution  transmission

(HR-TEM) images and selected area

microscopy
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(SAED) were taken by a JEM-

2100 electron microscope. The photoluminescence

electron diffraction

(PL) spectra with an excitation wavelength of 365 nm
CARY Eclipse (America)
UV-Vis diffuse
reflectance spectra of the samples were taken on a
Shimadzu UV-3600 spectrophotometer (Japan).

1.3 Photoactivity measuement

were recorded on a

fluorescence  spectrophotometer.

of  BiOI/Bi,WO,
catalysts was evaluated by the degradation of methyl

The photocatalytic — activity

orange (MO) and phenol in an aqueous solution. The
UV light was obtained by a 300 W high-pressure
mercury lamp (A,,=365 nm). The visible light source
was a 400 W metal halide lamp (A, = 588 nm) with
(A >400 nm) to

visible  light

the combination of a cut-off filter

eliminate UV radiation  during
experiments. For each UV or visible light test, 45 mL
MO (3.06x107° mol-L™) or phenol (1.06x10~ mol-L™)
aqueous solution and 0.06 g catalyst samples were
used. A general procedure was as follows. First, MO
or phenol aqueous solution was placed into a water-
jacketed reactor maintained at 298 K, and then the
catalyst samples were suspended in the solution. The
suspension was stirred vigorously for 90 minutes in
the dark to establish the
equilibrium of MO or phenol, then irradiated under

UV or visible light. About 3.0 mL solution was

adsorptiondesorption

withdrawn  from the reactor periodically and
centrifuged and analyzed for the degradation of MO
and phenol using a TU-1901 spectrophotometer.

In order to study the effect of relevant reactive
species, a quantity of different appropriate species
quenchers was introduced into the photocatalytic
degradation process of MO and phenol in a manner
similar to the photodegradation experiment. The
dosages of these species quenchers were adopted by
reference to the previous literatures® .,

1.4 Recyle of the 13.2% BiOI/Bi,WOQO,catalyst

The cleaned 13.2% BiOI/Bi,WOs catalyst was
immersed in ethanol for 5.0 h and rinsed with
deionized water, and then dried at 353 K. After this,
the cleaned 13.2% BiOI/Bi,WOg catalyst was reused

for the degradation of MO and phenol in an aqueous

solution, and the recycle experiment was performed

for five times.
2 Results and discussion

2.1 Catalyst structure

The crystal quality and structure of BiOI/Bi,WOq
samples were examined by XRD, and the results are
shown in Fig.1. All diffraction peaks can be indexed
to BiOI with a tetragonal crystal structure or Bi,WOs
with an orthorhombic crystal structure, which is
agreed well with that of BiOI (PDF card No. 73-2062)
and Bi,WOs (PDF card No. 39-0256). When the
amount of BiOl is lower than 7.10%, no significant
diffraction peak of BiOl can be detected, which could
be ascribed to its lower content and high dispersion
on the surface of Bi,WOs particles. The sharp and
narrow diffraction peaks indicate that the samples are
well crystallized. The average crystalline sizes of
Bi,WOs in the BiOI/Bi,WOg composites are calculated
from the (131) peaks, respectively, according to the
Scherrer formula !, and the results are listed Table 1.

The HR-TEM image of the 13.2% BiOI/Bi,WOq
sample is shown in Fig.2A. Clear fringe with an
interval of 0.301 nm could be indexed to (012) lattice
plane of tetragonal BiOl and that of 0.320 nm
agreeing with the (131) lattice plane of orthorhombic
Bi,WOs, which are in agreement with those of the
XRD patterns in Fig.1. As shown in the corresponding
SAED pattern (Fig.2B), diffraction spots with d values

A: Bi,WOq

B: BiOI
L g

A A d

2\ A C

A60) (202)
A(133) (331)

A(262)
A(400)

A(200) (002)
-

:

A N b
J - J \ A a
20 30 40 50 60 70

20/ (°)
() 0.00; (b) 1.80; (¢) 3.74; (d) 7.10; (e) 13.2; (f) 18.5; (g) 24.2

Fig.1 XRD patterns of BiOl/Bi,WO4 samples with
different BiOI contents (wt%)
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Table 1 The properties of BiOI/Bi,WO, samples with different BiOI contents

BiOI content /

Element (atomic composition %)

Average crystalline  BET surface area /

wt% Bi 0 I w size / nm (m?-g™)
0.00 14.31 35.92 - 6.04 27.2 34
0.18 14.27 35.87 0.16 5.98 25.1 39
3.74 14.08 35.68 0.88 5.64 244 42
7.10 13.82 35.47 1.50 545 23.9 41
13.2 13.67 35.32 1.98 5.31 21.4 46
18.5 13.57 35.23 2.21 5.23 22.0 43
24.2 13.45 35.11 2.67 5.04 20.9 49
0.320 nm
Fig.2 HR-TEM image (A) and SAED pattern (B) of the 13.2% BiOl/Bi,WO4 sample
of 0316 and 0.304 nm are observed, which longer wavelength as compared to pure Bi,WO.

correspond to the (131) lattice plane of orthorhombic
Bi,WO¢ and
respectively. This could also be regarded as a proof
for the coexistence of BiOl and Bi,WOx.

As revealed from Fig.3, with increasing BiOl

(012) lattice plane of tetragonal BiOl,

content, the absorption intensity of BiOI/Bi,WOs
photocatalysts increases in the 380 ~600 nm light

region and the absorption edge shifts significantly to

T N T T ] T T T T T
250 300 350 400 450 500 550 600 650 700 750
Wavelength / nm

(a) 0.00; (b) 1.80; (c) 3.74; (d) 7.10; (e) 13.2; (f) 18.5; (g) 24.2; (h) 100

Fig.3 UV-Vis DRS of BiOl/Bi,WO, samples with

different BiOI contents (wt%)

As
absorption near the band edge follows the formula
ahv =A (hv -E,)"*, where «, v, E, and A are the
light

energy, and a constant, respectively®. For BiOI and

a crystalline semiconductor, the optical

absorption  coefficient, frequency, band-gap

Bi,WOq, the value of n is 4*%. The band-gap energies
(E, values) of pure BiOl and Bi,WOg could be thus

"2 yersus photon energy

estimated from a plot of (ahv)
(hv). The intercept of the tangent to the x-axis will

give a good approximation of the band-gap energies

14

MO uptake / (N Eeyuatys )

0 T y T T T
0 15 30 45 60 75

Time / min

90

MO adsorptivity plot for (a) Bi,WOg and (b) 13.2%
BiOI/Bi,W Oy catalysts

Fig.4
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for the pure BiOl and Bi,WOs powders. The estimated
E, values are about 1.76 and 2.88 eV for pure BiOl
and Bi,WO, respectively, which are very close to the
(VB) edge
(CB) edge position

values reported "% The valence band
position and the conduction band
of pure BiOl and Bi,WOs at the point of zero charge

were calculated by the formulas in the literatures!s%,

(Evp) of BiOl and
Bi,WOgs are 2.32 and 3.30 eV, respectively, and the
(E) of BiOl and Bi,WOs
are 0.56 and 0.42 eV, respectively.

and the valence band potential
conduction band potential

2.2 Adsorption studies

The activity of photocatalyst is related to its
adsorbability . Hence, the research of MO
adsorption was performed on Bi,WO4 and 13.2% BiOl/
Bi,WOq catalysts using 0.012 g of catalyst at room
temperature in the dark. The adsorption capacity of
Bi,WOs and 13.2% BiOI/Bi,WOg catalysts is shown in
Fig.4. The adsorption behaviors of MO on Bi,WOg and
13.2% BiOl/Bi,WO¢ catalysts follow the Langmuir
model.

It could be seen that MO wuptake capacity
moderately increases in the presence of the 13.2%
BiOI/Bi,WOs catalyst compared with that of Bi,WOq
catalyst. The adsorbed quantities of MO, ¢, (mg -
Sy ), al time t are calculated by equation (1):

¢, = [(C—C)x1 000xMyXV ol/10 catya 1)

where C, and C,

concentration and concentration (g+mol™) at time ¢ of

(mol L ™) are the initial

MO, respectively; My is the molecular weight of MO;

Vo is the volume of MO aqueous solution (L); and

1.0 rs
09 @ —===f=fblank-
08 ] ——— \
0.7

067 ‘=.\ \

8 0.5 1 Light off “\v

© 041 AR
0.3 5 ‘\c\
0.2 P25 \ \K
0.1 Light on

0.0 —TTr—T T T T
-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30
Time / min

Weaays 18 the mass of the catalyst (g). The equilibrium
adsorption capacity (q.) is usually estimated by the
pseudo-first-order and pseudo-second-order model,
and the correct values are chosen by the higher
B9 Here, the
equilibrium adsorption capacity (g.) of Bi,WOs and
13.2% BiOI/Bi,WOg catalysts is 10.95 and 12.60 mg-
Sy > Tespectively. Clearly, the adsorption ability of
Bi,WOs is enhanced by introduction of BiOl, which

is of Dbenefit to

coefficient of determination R>

increase the photocatalytic

performance??,
2.3 Photocatalytic activity

The effect of BiOl content on the UV and visible
light photocatalytic activities of BiOI/Bi,WOs was
investigated by MO degradation in an aqueous
solution, and the results are shown in Fig.5. Under
UV and visible light irradiation, the self-degradation
of MO is negligible in the absence of catalyst,
indicating that the photolysis could be ignored.
However, in the presence of catalysts, the irradiation
of UV and visible light could result in the obvious
degradation of MO. The BiOI content in the Bi,WOs
exerts great influences on the UV and visible light
photocatalytic activity of BiOl/Bi,WOq catalyst. With
BiOl content increasing, the UV and visible light
photocatalytic activity of BiOl/Bi,WOs first increases,
reaching a maximum at BiOl content of 13.2% , and
then decreases with further increasing BiOl content,
which could be attributed to the fact that the
excessive BiOl with narrow band gap would be acted

as the recombination center of electrons and holes™!,

Light off

c/C,
o
W

0.2 A P25

Time / min

(a) 0.00; (b) 1.80; (c) 3.74; (d) 7.10; (e) 13.2; (f) 18.5; (g) 24.2

Fig.5 Effect of the BiOI content (wt%) in the BiOl/Bi,WOjy catalysts on the degradation of MO under UV
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impeding negative effect on the photocatalytic activity. 40

The 13.2% BiOI/Bi,WOs catalyst has obviously higher ~ 351

UV (98.7%) and visible (87.0%) light photocatalytic ED 30 -

activity than P25 (UV: 93.7%, Vis: 36%) and Bi,WO, = 2y

(UV: 50.1%, Vis: 21.5%), indicating that introduction g 2q B

of BiOl in the Bi,WOg¢ with optimum BiOI content ?.: 254

remarkably enhances the UV and visible light § Ly a
photocatalytic activity of Bi,WO. =

0 T T

(COD) refers to the

oxidative decomposition of the oxidizable substances

Chemical Oxygen Demand

(such as organics, nitrite, ferrous salts, sulfides, etc.)
in the water through chemical oxidants such as
potassium permanganate, the oxygen consumption is
then calculated according to the amount of the
residual oxidant.

In order to confirm that the decolorization of MO
is really originated from the photocatalysis, the
percentage change of COD which reflects the extent of
degradation or mineralization of organic species is
studied as a function of irradiation time in the photo-
degradation of MO under UV (a) and visible (b) light
irradiation, as shown in Fig.6. If the MO dye is not
degraded completely, the residual colorless organic
molecules could be oxidized by K,Cr,07; thus, the
oxygen demand will be higher. The initial COD
concentration of the MO solution is 38.5 mg-L™". After
120 min UV and visible light irradiation, the COD
concentration decreases to 5.4 and 18.6 mg -L ',
respectively. The reduction of COD value further
confirms that MO is truly photodegraded by the 13.2%

Light off

P25

Light on

0.0 —T—TTTTTT
-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30
Time / min

0 15 30 45 60 75 90 105 120
Irradiation time / min

(A) (An=365 nm) and visible (B) (A,.=588 nm) light irradiation
Fig.6  Variation of COD of MO aqueous solutions treated
with 13.2% BiOI/Bi,WOg under UV (a) and visible
(b) lLight irradiation
BiOlI/Bi,WOs photocatalyst.

Fig.7 shows the photocatalytic degradation of
phenol as a function of irradiation time with BiOl/
Bi,WOg samples under UV (A) and visible (B) light
irradiation. It could be seen that the decrease of
phenol concentration with blank and pure Bi,WOg is
very small.

Obviously, the BiOI/Bi,WOs composite exhibits
much higher photodegradation efficiency than pure
Bi,WOs. The reduction of phenol is about 61.0% and
19.0% after 30 min UV and 120 min visible light
irradiation in  the of P25
respectively. In our result, the 13.2% BiOl/Bi,WOs

sample presents the best photocatalytic activity, with

presence sample,

the reduction of phenol concentration as much as

71.0% and 57.0% , respectively, under the same

Light off

0.4 1 Light on

290 -60 30 0 30 60 90 120

Time / min

(a) 0.00; (b) 1.80; (c) 3.74; (d) 7.10; (¢) 13.2; (f) 18.5; (g) 24.2

Fig.7 Effect of BiOI content (wt%) in the BiOl/Bi,WOy catalysts on the degradation of phenol under UV (A)
(A4=365 nm) and visible (B) (A,.,=588 nm) light irradiation
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experimental conditions.

In order to confirm the
13.2%
BiOI/Bi,WOs was compared with the mechanical
of BiOI and Bi,WO¢ with the
composition under identical experimental conditions.

The results have shown that the 13.2% BiOI/Bi,WO,
catalyst

heterojunction between BiOl and Bi,WO,

mixture similar

(deposition method) has obviously higher UV
(MO: 98.7% ; phenol: 71.0% ) and visible (87.0% ;
phenol: 57.0% ) light photocatalytic activity than
13.2% BiOI/Bi,WOs  (Mechanically mixed) (MO:
88.7% ; phenol: 56.6%) and (MO: 68.9% ; phenol:
45.3%), respectively. Clearly, the UV and visible light
photocatalytic activities of mechanically mixed 13.2%
BiOI/Bi,WO4 are lower than that of 13.2% BiOl/
Bi,WO;s synthesized by deposition method. This is

200

advantage  of

110 4

®»)

100 { st

MO degradation / %

100

2nd

3rd

4th

Sth

mainly because BiOl and Bi,WOs behave as
independent catalysts rather than a coupled system in
the mechanical mixture of BiOI and Bi,WOs, which is
unfavorable to the transfer of charge carriers from one
phase to another. The results exhibit that the BiOI
and Bi,WOg heterojunction fabricated in the BiOl/
Bi,WO¢ sample could improve the UV and visible
light photocatalytic activities obviously.

Fig.8 shows the recycling activity of the 13.2%
BiOI/Bi,WO4

degradation of MO and phenol. It can be seen that the

catalyst  for  the  photocatalytic
photocatalytic activity of the sample shows a certain
extent decrease with increasing recycling times, which
may be due to the mass loss during the sedimentation
and transferring processes and the gradually decline

in adsorptive capacity of the catalyst™.
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Fig.8 Photocatalytic degradation of MO and phenol in the presence of 13.2% BiOl/Bi,WOy catalyst by reuse
under UV (A, B) and visible (C, D) light irradiation

2.4 Discussion of photocatalytic mechanism
The photocatalytic results have shown that BiOl/
Bi,WOq

activities on the degradation of MO and phenol.

catalysts have excellent photocatalytic
Therefore, it is necessary to discuss the photocatalytic
mechanism for MO and phenol over the title catalyst.
2.4.1 Reactive species involved in the photocatalytic
process

The effect of various radical scavengers on the

degradation of MO and phenol under UV and visible
light

irradiation were performed to study the

underlying photodegradation mechanism of

pure
Bi,WOgand 13.2% BiOI/Bi,WOg catalysts. Isopropanol
(TPA) P as an -OH scavenger, was added to the
(BQ) P was

introduced as the scavenger of +0,". To investigate the

reaction system, and benzoquinone

role of H,0, and h*radical species, catalase (CAT)?" and

ammonium oxalate (AO) " were also added to the
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reaction system, respectively. The results are shown in
Fig.9. When the radical species play a major role in the
degradation of MO or phenol, the degradation efficiency
(ko) of pure Bi,WOg and 13.2% BiOI/Bi,WOs catalysts
will be expected to decrease obviously.

It can be seen from Fig.9 that the degradation
efficiency for MO and phenol over pure Bi,WOg and

0.026
0.024{ @A
0.022 ]
0.020
0.018 ]
0.016
0.014 ]
0.012
0.010
0.008
0.006
0.004
0.002
0.000

EmMO Bi,WOq

[ phenol

kypp/ min!

1o scavenger [PA AO CAT BQ
Scavenger

0.003 2

0.003 04(C)
0.002 8
0.002 6 1
0.002 4
0.002 2
0.002 0 1
0.001 8 1
0.001 61
0.001 44

==MO Bi,WO,

[ phenol

kypp/ min’!

no scavenger [pPA AO CAT BQ
Scavenger

13.2% BiOl/Bi,WOs catalysts under UV and visible
light irradiation decreases significantly after the
addition of TPA, BQ, AO and CAT, respectively,
compared with no scavenger under the identical cond-
itions, i.e. under UV and visible light irradiation, +OH,
0,7, h* and H,0,, especially h*, together dominate the
photodegradation process of MO and phenol.

0.14
(®) = Mo 13:2% BiOUBL,WO,
0.12-

(] phenol
0.10-

no scavenger [PA AO CAT BQ
Scavenger

0.020
(D) MO | 13.2% BiOI/Bi, WO,

[—_Jphenol
0.0154 P

‘g 0.0104

kypp/ min’!

0.005

0.000-
no scavenger [pPA AO CAT BQ

Scavenger

Fig.9 Effects of different scavengers on the degradation of MO and phenol over Bi,WOq and 13.2% BiOI/Bi,WO,

under UV (A, B) and visible (C, D) light irradiation

2.4.2  Origin of reactive species for MO and phenol
degradation
Taking into account the kinds of reactive species
in the MO and phenol degradation, the photocatalytic
process of pure Bi,WOg and 13.2% BiOI/Bi,WOq
catalysts could be described as follows (Egs.(2)~(11)):

Catalyst+hv — e +h* (2)
e+0, = 0y 3)
e +0,+2H* — H,0, @)
H,0x+e” — -OH+OH" 5)
H,O+h* — -OH+H* (6)
OH+h* — -OH (7)
MO and phenol++0,” — products (8)
MO and phenol+H,0, — products )
MO and phenol+ +OH — products (10
MO and phenol+h* — products (11

In the above process, electronhole pairs are
directly produced by photocatalyst after UV or visible
light illumination. Then, the photogenerated electrons
transfer to CB bottom of the catalyst and react with
the adsorbed O, on the surface of catalyst to form
-0, , H,0, and -OH that could oxidize MO and
phenol. At the same time, the holes are left on the VB
top, reacting with the adsorbed H,O or OH~ on the
surface of catalyst to form -OH that could also oxidize

MO and phenol, or the holes react directly with MO

and phenol.
2.4.3  Photocatalytic activity enhancement mechanism
of BiOI/Bi,WOs
Using two semiconductors in contact with

different redox energy levels of conduction band and

valence  band could be used to improve
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photogenerated carriers separation and to enhance the
efficiency of the interfacial charge transfer ¥, The
valence band (VB) edge position and the conduction
band (CB) edge position of BiOl and Bi,WOg are
estimated by the following formulas'"”*":

Evy = X-E+0.5E,

Eg = E\‘B—Eg

where Eyy and Ec are the valence band (VB)
potential and conduction band  (CB) potential,
respectively. X is the electronegativity of BiOl or
Bi,WO¢, and the X values of BiOI and Bi,WO, are
5.943 and 6.363 eV, respectively. E° is the energy of
free electrons on the hydrogen scale (~4.5 eV) and E,
is the band gap energy of BiOl or Bi,WOs Here, the
Evy values of BiOI and Bi,WOg are 2.32 and 3.30 eV,
respectively. The Ecy values of BiOl and Bi,WOq are
0.56 and 0.42 eV, respectively. As shown in Fig.10,
when p-type BiOl and n-type Bi,WOg are contacted,
the Fermi level of p-type BiOl moves up, at the same
time, that of n-type Bi,WOs moves down until the
equilibrium state is formed ™. Consistent with the
moving of the Fermi level, the whole energy band of
p-type BiOI raises up, while that of n-type Bi,WOq
descends. An inner electric field from n-type Bi,WOq
to p-type BiOl is thus formed. Under UV or visible-
light irradiation, both BiOl and Bi,WOs could be
excited to generate electron-hole pairs. According to
the energy-band schematic diagram shown in Fig.10,
the photogenerated electrons on the conduction band
of p-type BiOl could transfer to that of n-type Bi,WO,

while

migrate from the valence band of n-type Bi,WOs to

simultaneously photogenerated holes could

CB

VB
p-type BiOI

VB

Electiric field i
p-n kimcton p-type Bi,WOs

Fig.10  Diagram of photoinduced e/h* pairs transfer of
Bi,WO and BiOI

BiOL
photogenerated carriers could be promoted by the
field. Therefore, the

photogenerated electrons and holes could be separated

that of p-type Such migrations of the

internally  formed electric

effectively owing to formation of the p -n junction
between p-type BiOI and n-type Bi,WOq interfaces™.
The better separation of electrons and holes in the
BiOI/Bi,WOs catalysts could be also confirmed by
photoluminescence (PL) emission spectra of Bi,WOs
and 13.2% BiOI/Bi,WOg samples (Fig.11).

PL. emission spectra have been widely used to
efficiency  of  the

photogenerated charge carriers in a semiconductor™®*.

investigate  the  separation
The comparison of PL spectra (excited at 365 nm) of
Bi,WOs and 13.2% BiOI/Bi,WOs samples at room
temperature is shown in Fig.11. It can be seen that
Bi,WOs and 13.2% BiOl/Bi,WO, have a broad
emission peak, and the strongest emitting peaks
around 469 nm are similar, while PL emission
intensity of the 13.2% BiOI/Bi,WOs sample was
dramatically weakened compared with that of Bi,WO,
indicating that the recombination of photogenerated
charge carriers is greatly inhibited by the BiOI
introduction. In other words, an appropriate amount of
BiOl in the Bi,WO¢ is helpful to separate the
photogenerated charge carriers, and then improve the
UV and visible light photocatalytic activity of BiOl/
Bi,WOg samples.

Bi,WO,

13.2% BiOV/Bi,WO,

400 450 500 550 600 650 700
Wavelength / nm

PL spectra of Bi,WO, and 13.2% BiOI/Bi,WOq

samples recorded at room temperature

Fig.11

3 Conclusions

In summary, the BiOl/Bi,WO4 photocatalysts with
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different BiOl contents were prepared by a simple
deposition method. Under UV and visible light
irradiation, the photocatalytic activity of 13.2% BiOl/
Bi,WO¢ is much higher than those of commercial
Degussa P25 and pure Bi;WOg toward MO and
phenol. The obviously improved properties could be
mainly attributed to the enhancement of electron-hole
separations at the interface of Bi,WOs and BiOI.
Radical scavengers experiments demonstrate that +OH,
h*, -+0,"and H,0,, especially h*, together dominate the
photodegradation process of MO and phenol.
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