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Graphical Abstract for
The Enhanced Photocatalytic Properties of BiOCI/BiVO, p-n

Heterojunctions via Plasmon Resonance of Metal Bi

Chenchen Feng,"” Dahui Wang, " Bingjun Jin*’ and Zhengbo Jiao™”

A novel p-n heterojunctions of BiOCI/BiVO,4 nanosheets have been firstly fabricated via one
step method and the photocatalytic and photoelectrochemical activities can be further improved by
depositing metallic Bi owing to its plasmon resonance and the improved charge separation.
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A novel p-n heterojunctions of BiOC1/BiVO, nanosheets have been firstly fabricated via

one step method, which becomes a unified integration due to the substation process and exhibit
higher photocatalytic performance than each pure component. Moreover, the photocatalytic
and photoelectrochemical activities of BiOCI/BiVO, hybrids can be further improved by
depositing metallic Bi owing to its plasmon resonance. Metallic Bi can not only furnish extra
electrons to enhance the photocurrent but also supply an oxidation position to degrade organic
contaminants. In addition, although BiOCI could not be excited by visible light, it could
capture holes from the valance band of BiVO,, which would effectively facilitate the
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separation of photogenerated

electron-hole pairs and thus significantly improve the

photocatalytic properties of BiVO,.

Introduction

Over the past decades, there is considerable interest in the
application of semiconductor photocatalysts for its virtue of
their property of environmental cleaning and solar energy
utilization.!” It is well-know that BiVO, exists in three main
crystalline phases, monoclinic scheelite, with a band gap energy
of 2.4 eV, and the tetragonal zircon and tetragonal scheelite
structures, both of which are currently under a band gap energy
of 3.1 eV.*> However, only monoclinic scheelite BiVO, (m-
BiVO,) was seen as an outstanding photocatalyst because of its
applications in pigments, ionic conductivity, and ferro-
elasticity.® Moreover, m-BiVO, 1is also an important
semiconductor photocatalysts and has been of great interest for
the photocatalytic water splitting and the photocatalytic
degradation of organic pollutants wunder visible light
illumination because of its narrow band gap (£,~2.4 e¢V) and
feasible site of conduction band and valence band.”’ Beyond
that, it is also nontoxic and chemically stable in aqueous
solution wunder irradiation. Nonetheless, low separation
efficiency of photogenerated electron-hole pairs, poor electrical
conductivity and adsorptive performance, limiting wide
application of pristine m-BiVOy, in the fields of environmental
protection and solar conversion.'®!'" More recently, numerous
attempts have been made to enhance the photocatalytic activity

of m-BiVO,, including heterojunction structure formation,'*"”
loading co-catalysts,”**'and impurity doping.>*2®
BiOCl is a layer-structured semiconductor with a

tetragonal structure with lattice constants of a=b=3.883 A and
c=7.347 A, consisting of tetragonal [Bi,O,] positively charged
slabs which are interleaved by double slabs of chloride to form
[Cl-Bi-O-Bi-Cl] layers along the c-axis, which forming a two
dimensional nanoplate morphology, favoring the transfer of

This journal is © The Royal Society of Chemistry 2013

electrons and holes generated inside the crystal surface and
promoting electron-hole separation.?” It is unfortunate that
BiOCl is a wide-band-gap (£,~=3.5 ¢V) semiconductor and can
only absorb ultraviolet light, which accounts for less than 5% of
solar energies, leading to poor photocatalytic performance
under visible light irradiation.’**' Good news is monoclinic
scheelite BiVO, is normally an intrinsic n-type semiconductor,
BiOCl is a p-type semiconductor, respectively.’*3*** Theo-
retically, n-type BiVO, and p-type BiOCl can generate a p—n
type heterojunction after being integrated with each other.*

Heterojunction  structure, that is, contains two
semiconducting oxides with variable band gap have proved to
be a feasible approach.'® Composite semiconductors produce
dramatic changes in their electrical properties by increasing
separation probability of photogenerated electrons and holes
pairs. Thus heterojunction structure has been widely employed
to improve the photocatalytic activity. For instance,
BiOCl/BiVO,, CuCr,04/TiO,, BiVO,/Bi,S;, BiVO,/C030,,
BiVO,/CuCr,0, forming the p-n heterojunction structure have
been demonstrated as effectual in separating electron and hole
pairs. | 21418

Lately, another approach to promote the separation of
photogenerated charge carriers is adding metal nanoparticles,
such as Ag, Au, and Pt, forming surface plutonic metallic
nanostructures. From the related literature, the applications of
excited plasmonic nanostructures in the field of photon-driven
chemical conversion contains: (a) Plasmonic-metal-induced
enhancements in the rates of photocatalytic water splitting on
composite plasmonic-metal/semiconductor photocatalysts; and
(b) direct, energetic electron-driven photocatalysis on
plasmonic nanostructures.”’> Among reports of surface
plasmonic metallic nanostructures, Ag/BiVO,; hollow and
porous composites were successfully synthesized via solvo-
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thermal methods.?® Besides, work devoted to bismuth metal
deposited on BiOCI has been attempted.**>!

Herein, in the present work, we firstly developed the
BiOCl1/BiVO, nanosheets photocatalysts using a hydrothermal
substitution method. Then, metallic Bi was in situ deposited on
the BiOCI/BiVO, nanosheets by a poloalchohol reduction
method and the ternary Bi/BiOCl/BiVO, nanosheets were
obtained finally. More importantly, ternary nanosheets exhibits
greatly enhanced activities in the visible-light driven
photocatalytic degradation of RhB and photoelectrochemical
characterization due to the plasmon resonance and the
improved electron-hole pair separation.

Experimental Section

Materials

Bismuth nitrate pentahydrate (Bi(NO;);-5H,0), bismuth
trichloride(BiCls), ammonium metavanadate(NH;VO3), ethan-
olamine(H,NCH,CH,OH), ammonium hydroxide (NH,;OH),
ethylene glycol ((CH,OH),), nitric acid (HNO;), N,N-Dime-
thylformamide. All reagents used were analytically pure, and
were purchased from Sinopharm Chemical Reagent Co. Ltd,
and were utilized without further purification. Absolute ethanol
and deionized water was used throughout this study.

Preparation of photocatalysts

The pure BiVO, was synthesized via a typical procedure, 1
mmol of Bi(NO3);-sH,O and Immol of NH,;VO; was added to
30 mL of 2M nitric acid solution at room temperature and
remained continuous stirring for 30 minutes. Then, an
appropriate amount of NH,OH (25~28%) was also added into
the prepared solution to fit the pH value to 8. After stirring for
30 minutes to obtain a clear orange solution. This solution was
poured into a 50 mL Teflon-lined autoclave and maintained at
180°C for 24 h under autogenous pressure, and then naturally
cooled to room temperature. The resulting precipitates were
collected and washed with ethanol and deionized water
thoroughly and dried at 80°C in air. The as-obtained products
were denoted m-BiVO,.

The BiOCl/BiVO, nanosheets were synthesized by a
similar method. In a typical procedure, lmmol of BiCl; were
added into 50 mL of deionized water under mild stir to form a
white suspension due to the hydrolysis of BiCl;. This solution
was denoted solution A. At the same time, Immol of NH;VO;
was added into 30 mL of deionized water under continuous stir,
this solution was denoted solution B. After two solutions were
stirred for 10 minutes, solution B was added to solution A
dropwise. Afterwards, the pH value of the mixture solution
quickly reached 5.5, and the suspension changed into yellow
when an appropriate amount of 1M aqueous ethanolamine was
inserted. The mixture solution was maintained under mild stir
for 30 minutes and then moved to 100 mL Teflon-lined
autoclave. Finally underwent a hydrothermal treatment for 12 h
at 160°C. The resulting precipitates were collected and washed
with ethanol and deionized water thoroughly and dried at 80°C
in air. The as-obtained products were denoted BiOCI/BiVO,.

Finally, the ternary Bi/BiOCl/BiVO, ternary nanosheets
were synthesized via a typical reflux synthesis process, 0.5 g of
BiOCI/BiVO, was added into 100 mL of ethylene glycol and
underwent a reflux treatment for X h at 200°C. The resulting
precipitates were collected and washed with ethanol and
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deionized water thoroughly and dried at 80°C in air. The as-
obtained products were denoted X-Bi/BiOCl/BiVOy,.

Characterization

The X-ray diffraction spectra (XRD) measurements were
made on a Rigaku RINT-2000 instrument utilizing Cu Ka
radiation (40 KV). The XRD patterns were recorded from 10°
to 90° with a scanning rate of 0.067°/s. Scanning electron
microscopy (SEM) measurements were carried out on a field-
emission scanning electron microscope (JSM-6701F.JEOL)
used at an accelerating voltage of 5 KV. Transmission electron
microscopy (TEM) measurements were performed by using a
FEI Tecnai TF20 microscope operated at 200 kV. UV-vis
diffuse reflectance spectra were made on an UV-2550
(Shimadzu) spectrometer by using BaSO, as the reference. The
element composition was observed by X-ray photoelectron
spectroscope (XPS. Kratos Axis Ultra DLD).

Photocatalytic activity measurements

In all photocatalytic degradation of RhB, 0.2 g of the
samples were added into a solution of RhB dyes (100 mL,
8mg/L), Prior to irradiation, the solution was stirred in the dark
for 0.5 h to ensure the adsorption-desorption equilibrium had
been reached. Then, this solution was irradiated with a 300 W
Xe arc lamps equipped with an ultraviolet cutoff filter to
provide visible light with A =420 nm. During the degradation
of organic dyes, the solution with the samples was continuously
stirred with a magnetic stirrer and the concentration of RhB was
monitored by UV/Vis spectroscopy (UV-2550PC. Shimadzu).
The photocatalysts were removed from the photocatalytic
reaction systems by a dialyzer before the spectroscopy
measurement.

Photoelectrochemical measurements

The photoelectrical was prepared by drop-casting method
on FTO substrate (1.5x2.5 cm?), as the working electrode, were
cleaned by ultrasonication in distilled water, acetone and
ethanol for 20 min sequentially. 20 mg of photocatalyst
powders were dispersed in 0.2 mL of N, N-Dimethylformamide
under sonication for 1 h to produce a slurry. The as-prepared
slurry was dispersed onto the conductive surface of the FTO
glass to form a photocatalyst film. Subsequently, the
photoelectrodes were dried in an oven at 200°C for 60 min.

The photocurrents were calculated by an electrochemical
analyzer (CHI660D) in a standard three-electrode system with a
working electrode, a Pt foil as the counter electrode, and a
saturated calomel electrode (SCE) as a reference electrode. A
300 W Xe arc lamps (HSX-F/UV 300) was utilized as a light
source. Illumination through the FTO side (back-side
illumination) was utilized. A 0.25 M Na,SO, and 0.25 M
Na,SO; mixture solution was invoked as the electrolyte.

Results and discussion

The X-ray diffraction (XRD) pattern of the products
displayed in Figure 1 and Fig. S1. All of the sharp diffraction
peaks in the XRD pattern are perfectly in good agreement with
standard data of monoclinic BiVO, (JCPDS, No. 83-1699),
BiOCl1 (JCPDS, No. 73-2060) and Bi (JCPDS, No. 85-1329).
No peaks of additional phases were identified in the as-
synthesized samples. Moreover, according to the intensity of
peaks in Fig. 1, the m-BiVO, phase is the main phase in the 1-

This journal is © The Royal Society of Chemistry 2012
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Bi/BiOCl/BiVO,. Moreover, compared with the relative
strength showed in the standard patterns, it can be seen that the
peaks indexed as (001), (002), (003) of BiOCI and (004) of
BiVO, show the obvious enhancement of intensity. It is
inferred that the BiOCl/ BiVO, prefers orientated growth along
the {001} facet, which is vertical to the nanosheets. Therefore,
we can say that the as-synthesized products have a preferred
orientation along the (001) planes, it is the evidence that the
morphologies of the ternary Bi/BiOCl/BiVO, composite is
nanosheets. In some previous reports, for BiOCl or BiVO,
nanosheets, the superior hydrophilic ability or higher surface
energy of (001) planes might result in high photocatalytic
actiVity.m’32 In addition, we can see that the contents of Bi

continuously increase when prolonging reaction time (Fig. S1b).

v Bi
g = BiOCl
S e m-BiVO,
L]

Intensity(a.u.)

BiOCI(JCPDS, No. 73-2060)

A M,

m-BiVO (JCPDS, No. 83-1699)

10 20 30 40 50 60 70 80
2Theta(degree)
Fig. 1 XRD patterns of the as-synthesized Bi/ BiOCl/BiVOy,,

standard XRD pattern of Bi (JCPDS, No. 85-1329), BiOCl
(JCPDS, No. 73-2060), and m-BiVO, (JCPDS, No. 83-1699).

Fig. 2 Low and high-magnification SEM images of (a, b)
BiOCl/BiVO, and (c, d) Bi/BiOCl/BiVO,.

The morphologies of all samples were examined by SEM.
It can be seen in Fig. 2 that the as-synthesized BiOCl/BiVO,
and Bi/BiOCl/BiVO, are composed of nanosheets with 500-
1000 nm in width and 10-100 nm in thickness. Likewises, Fig.
S2 shows the morphologies of pure BiVO,, 0.5, 2 and 3-
Bi/BiOCl/BiVO,. The SEM results suggest that the morphology

This journal is © The Royal Society of Chemistry 2012
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or particle size of the ternary Bi/BiOCI/BiVO, composites
shows slight changes.

Transmission electron microscopy (TEM) images (Fig. 3a,
3b) analysis further showed the nanosheets structure of the as-
synthesized ternary Bi/BiOCI/BiVO, composite. In order to
reveal the spatial distribution of the Bi, BiOCl and BiVO,
phases in the nanosheets structure, the EDS elemental mapping
was performed on a ternary Bi/BiOCI/BiVO, nanosheets. It can
be seen from Fig. 3c-3f, the mapping results shows uniform
distribution of Bi, V, O, Cl elements throughout the ternary
Bi/BiOCl/BiVO, nanosheets. Otherwise, EDX elemental line
mapping of the Bi/BiOCl/BiVO, nanosheets was showed in the
Fig. S3, it can also confirm the homogeneous distribution of the
four elements. These results demonstrate that BiOCI and BiVO,
are uniformly distributed in the whole nanosheets and the metal
Bi nanoparticles deposited on the external surface of the
nanosheets.

BiOCI(110)

d=0.275

*

BiV04«(220)

d=0.181

Fig. 3 (a, b) TEM images of the as-obtained Bi/BiOCl/BiVO,
and the corresponding elemental mapping images of (c) Bi, (d)
V, (e) Cl, and (f) O elements.

o
on

—Bi/BIOCIBIVO,
—BiVO,
——BiOCIBiVO,
——BiOCI

——Bi/BIOCUBIVO,
—BiVO,
—BIOCUBIVO,
—BioCI

Absorbance(a.u.)
(ahv)/(eV em™)

T T T T T T T
200 300 400 500 600 700 800 1.6 24 32

‘Wavelength(nm) hvleV

Fig. 4 (a) UV-vis diffuse reflectance spectra (DRS) of
Bi/BiOCl/BiVO,, BiOCI/BiVO,, m-BiVO, and BiOCI. (b) Plot
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of the transformed Kubelka—Munk functions vs. the energy of
light.

Additionally, the photocatalytic performance of samples
was strongly connected with the optical absorption property.*
Therefore, UV-vis diffuse reflectance spectra (DRS) was
utilized to further investigate the absorption band the band gap
energy (E,) values of the crystals. It can be seen from Fig. 4a
that all of the four samples showed absorption bands in the
visible light region, and the absorption edges of the samples
exhibit a slight red shift when the presence of Bi. The optical
band gap energies of the four samples were estimated from the
absorption spectra by using the following relationship:
ahv:A(hv—Eg)”/z where a, hv, A, and E, are the absorption
coefficient, the photon energy, constant, and the optical band
gap energy, respectively. The value of n depends on whether
the transition is direct (n=1) or indirect (n=4), and it was
determined to be unity on the absorption spectra. The band gap
energy was determined by extrapolating the linear part of (ahv)’
vs. hv plot of the energy axis at a=0 as showed in Fig. 4b.
According to the Tauc plot, the estimated E, values of the
samples were similar, around 2.37 to 2.42 eV, corresponding to
Bi/BiOCl/BiVO, composite and pure m-BiVO,, respectively.
The 2.42 eV value for pure m-BiVO, is in agreement with the
literature.” Thereby, it can be known that the ternary
Bi/BiOCI/BiVO, nanocomposites possess narrower band gap
than pure BiVO, nanoparticls.

on

0 15 —— original curve

a 01s Bi 417 &
0" in BiOCI

—— fitting currve
——0"inBiVO,

~——— adsorbed oxygen baseline

531.8 eV

529.5 eV

Intensity(a.u.)
Intensity(a.u.)

1000 8(;0 660 m'm 260 0 536 535 534 533 532 531 530 529 528 527 526

B.E.(eV)

159 eV d Bi'

original curve
——fitting currve
baseline
——Bi 41 5/2

B.E.(eV)

C | siar

153 eV

164.2 ¢V

Intensity(a.u.)
Intensity(a.u.)

162 160 158 156 154 1545 154.0 153.5 153.0 152.5

B.E.(eV)

166 164
B.E.(eV)

V2p czp
5164 ¢V

197.8 eV

1994 eV

Intensity(a.u.)

524.0 eV

526 524 522 520 518 516 514 512 510 508 202 200 200 199 198 197 196

B.E.(eV) B.E(eV)

Fig. 5 XPS spectra of the as-prepared 1-Bi/BiOCl/BiVO,
composite: (a) typical XPS survey, (b) O 1s spectra, (c) Bi 4f
spectra, (d) partial enlarged detail of (c), (¢) V 2p and (f) CI 2p
spectra.

Owing to the elementary composition of the
Bi/BiOCl/BiVO, composite was investigated by XPS spectrum,
the results of which were shown in Fig. 5. It can be seen that
only C, Bi, O, V and Cl were detected in the composite from
the XPS survey (Fig. 5a), and the C 1s peak at around 284.6 eV
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can be attributed to the signal that was used for calibration.
XPS signals for O 1s at binding energy of 529.5 eV, 531.8 eV,
533.2 eV, corresponding to -O” in BiVO,, BiOCl and adsorbed
oxygen in the surface of the composites. Two strong peaks in
the Fig. S5c, at 164.28 eV and 159 eV, are indexed to Bi 4f5/2
and Bi 4f7/2, besides, a weak peak (Fig. 5d) at 153 eV, are
indexed to Bi’, which demonstrates that the bismuth species in
the 1-Bi/BiOCI/BiVO, composite is Bi*" cations and metallic
Bi particles. The characteristic Spin—Orbit splitting of V 2p1/2
and V 2p3/2 signals is observed at approximately 524.0 and
516.4 eV, respectively, corresponding to V" in BiVO, (Fig. 5¢).
In addition, binding energy of 199.4 eV and 197.8 eV are
indexed to Cl 2p1/2 and Cl 2p3/2, which suggests that chlorin
species in the BiOCl are CI” anions (Fig. 5f). Apparently, the
XPS results are in agreement with those of the XRD results and
TEM results, further demonstrating the co-existence of Bi,
BiOCl and BiVOQ, in the composite.

The photocatalytic activity of the samples was evaluated
by the photodegradation of rhodamine B (RhB) dye in aqueous
solution (8 mg/L) (Fig. 6) under visible light (A>420 nm)
irradiation. For comparison, photocatalytic performances of m-
BiVO,, BiOCl and BiOCIl/BiVO, nanosheets have also been
investigated. As showed in Fig. 6a, it can be clearly seen that
the ternary Bi/BiOCI/BiVO, nanosheets show better
photocatalytic performance than the other samples. RhB was
almost completely degraded after 40 min of visible light
irradiation. Such superior photocatalytic activities could be
attributed to the good crystallization with fewer structural
defects and preferred crystal facets for surface-controlled
photocatalysis. These results clearly demonstrate that the
photocatalytic activity of BiOCl/BiVO, nanosheets can be
further enhanced by depositing Bi on the BiOCl/BiVO,
nanosheets surface in situ. In addition, comparison of
photocatalytic performances for the ternary BiOCl/BiVO,
nanosheets with different reaction time (Fig. S4).

a 104 b "

adsorption
—— 10 min
20 min

°

30 min
—40 min

1 —=—BiBIOCUBIVO,
—e—BIOCUBIVO,
21 ——BiVO,

——BiOCl

Absorbance (a.u.)
[
n

T T T T 0.0 T T T
0 10 20 30 40 450 500 550 600 650

Time (min) Wavelength (nm)

Fig. 6 (a) The photocatalytic degradation of RhB over various
photocatalysts under visible-light illumination, (b) temporal
UV-visible absorption spectral changes of RhB dye over
Bi/BiOCl1/BiVOy at different irradiation time.

Furthermore, the photocurrent transient response mea-
surement of m-BiVO,, BiOCl and BiOCIl/BiVO, nanosheets
and the ternary Bi/BiOCI/BiVO, nanosheets was performed.
Fig. 7 shows the rapid and consistent photocurrent responses
for each light-on and off event in multiple 20 s on-off cycles
under visible light illumination. It is worth to note that the
photocurrent density of the ternary Bi/BiOCl/BiVO, nanosheets
electrode (ca. 130 pA/cm?) is about thrice and twice that of the
m-BiVO, (ca. 43 pA/cm?) and BiOCl/BiVO, nanosheets (ca. 63
pA/em?) electrodes, respectively. It is well known that the
photocurrent response is produced mainly by the diffusion of
the photogenerated electrons to the FTO, and meanwhile the
photogenerated holes are captured by the hole acceptor in the

This journal is © The Royal Society of Chemistry 2012
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electrolyte.’® So the enhanced photocurrent response of the as-
prepared ternary Bi/BiOCI/BiVO, nanosheets demonstrates
higher separation efficiency of the photogenerated electron—
hole pairs and a lower recombination rate in such hybrid
structures under visible-light illumination.*> Meanwhile, the
order of the photocurrent strengths is in keeping with the
photocatalytic performances. In addition, the comparison of the
photocurrent transient response for the ternary BiOCI/BiVO,
nanosheets with different reaction time (Fig. S5).

200

- —Bi/BIOCUBiVO, —BiVO,

- —BiOCUBIVO, —BiOCl

< 1607

=

= — e - —

£ 1204

=

o

-]

804

= L1

-] o i N Bl |

=}

S 40

g i8aBafdRaRa

& Q K g g q &
0 T T T L. o

L A
0 20 40 60 80 100 120

Time (s)

Fig. 7 Photocurrent response of the Bi/BiOCl/BiVO,, m-BiVOy,,
BiOCI/BiVO,4 and BiOCl in a 0.25 M Na,SO, and 0.25 M
Na,SO; mixture solution at a bias of 0.8V vs. SCE under
visible light illumination.

A possible photocatalytic mechanism has been proposed in
schematic given below (Fig. 8). On the one hand, m-BiVOy, is
normally an intrinsic n-type semiconductor, and BiOCl is a p-
type semiconductor. When n-type BiVO, and p-type BiOCI
generate a p-n type heterojunction after integrated with each
other. At the same time, an internal static electric field (£}, /erna1)
is formed at the interface between them, with electric field
direction from BiVO, to BiOCl. Due to the Fermi level of
BiVO, close to its’ conduction band, but the Fermi level of
BiOCI close to its’ valence band, so the Fermi level of BiVOy, is
higher than that of BiOCl. When the heterostructure is
generated, electrons will transfer from the side with the higher
Fermi level to the side with the lower Fermi level and holes will
flow from the side with the lower Fermi level to the side with
the higher Fermi level. This leads to the Fermi levels on both
sides become the same.'® This type of p-n heterojunction has
been used to reduce the recombination probability of
photogenerated electrons and holes. However, the separation of
photogenerated charge carriers strongly depends on the band-
edge positions of the two semiconductors.

Depending on the previous reports, the positions of the
valence band and the conduction band of BiVO, and BiOCI are
approximately 2.75, 0.33 eV and 2.4, -1.1 eV, respectively.’®
In addition, it has been reported that the BiOCl is a potential
photocatalyst in decomposing organics under UV light
irradiation.”” Thus it is seen in the BiVO,/BiOCI that BiOCI
work as a main photocatalyst, while the role of BiVO, is a
sensitizer absorbing visible light. Under visible-light irradiation
(A > 420 nm), the photogenerated electrons would be excited
from the VB to CB of BiVO, and the VB of BiVO, becomes
partially vacant, and the holes from the VB of BiVO, can be
transferred to VB of BiOCI. As a result, holes are generated in
the VB of BiOCl, and initiate photocatalytic oxidation reactions.

This journal is © The Royal Society of Chemistry 2012

Interestingly, due to the plasma effect of metal Bi on
BiOCI/BiVO, nanosheets surface, the photogenerated electrons
would transfer to CB of BiVO, from metal Bi. We can see from
Fig. 8 that the existence of Bi not only provides extra active
sites for oxidation reaction, but also promotes the transfer of
photogenerated electrons for photocurrent responds. On the
basis of above analysis, the photogenerated electrons and holes
could be effectively separated in this hybrid structure.

; * Visible light

Products ¢,
’ o Products

\ Dye

Dye

BiOCl

Bi BiVO,

Fig. 8 A proposed schematic mechanism for photocatalytic reactions
happened on Bi/BiOCI/BiVO;,.

Conclusions
In summary, we have investigated novel ternary
Bi/BiOClI/BiVO, hybrid nanosheets including a p-n

heterojunction and a plasmonic metal. Compared with pure
photocatalyst, the as-obtained Bi/BiOCl/BiVO, nanosheets
showed the best photocatalytic activity for reduction of RhB
and photocurrent response under visible-light illumination. All
of the results indicate that the enhancement of the
photocatalytic activity and photocurrent response is attributed
to the formation of hybrid structures, leading to an effective
separation of photogenerated electrons and holes. These
findings may open up a new avenue for the morphology control
and structural design of BiVO, photocatalyst.
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