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Abstract; Bi,S,/BiOCI composite photocatalysts with various mass fractions of Bi,S, were successfully synthesized
by a facile hydrothermal process at 433 K, characterized by various techniques, and evaluated by the photo-degrada-
tion of methyl orange (MO) in an aqueous solution under the irradiation of ultraviolet (UV) light. The results
showed that the photocatalytic activity of Bi,S;/BiOCl catalysts was greatly enhanced, compared with that of pure
Bi,S; and BiOCl. Especially, the photocatalytic activity of the 26. 5% Bi,S;/BiOCl sample is very close to that of
commercial Degussa P-25 (TiO, ), which has been generally recognized as an efficient photocatalyst under UV light
irradiation. The remarkably enhanced photocatalytic activity could be mainly attributed to the effective transfer of the
photo-generated electrons and holes at the heterojunction interface of Bi,S; and BiOCl, which reduced the recombina-

tion of electron-hole pairs.
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1 Introduction

The photocatalytic material has been an exciting
and rapidly growing research area owing to its great
potential applications in solar energy utilization,
photocatalytic hydrogen evolution, organic wastewater

“81 - Bismuth oxychlo-

treatment and air purification
ride (BiOCl) , as one of the best nanomaterials, has
recently attracted intensive attention in the degrada-
tion of environmental pollutants due to its interesting

P such as elec-

chemical and physical properties
trical and optical performances, band gaps, and
special micro/nanostructures. However, the low
quantum efficiency of photocatalytic reactions resul-
ting from the high rate of electron-hole recombina-
tion, impair its applications to great extent. As a re-
sult, in order to overcome this disadvantage, many
attempts have been done, including doping or com-
position tuning, controlling the morphologies, and
forming heterojunctions or composite structures '™
Bi,S, has a narrow band-gap energy of ~ 1.3
eV'") | therefore, it may be a potential sensitizer to
sensitize BiOCl with a wide band-gap energy (3.19 —
3.60 V)"
that the production of hydrogen of Bi,S;-loaded TiO,
(Bi,S,/TiO,) was higher than that of pure TiO, and

Bi,S,under identical experiment conditions. The im-

In 2012, Kang et al. " reported

proved performance could be attributed to the fact
that Bi,S;-loaded TiO, facilitated the separation of
photo-generated carriers. Hence, Bi,S,/BiOCl com-
posite may be an ideal system to enhance the separa-
tion efficiency of photo-generated charge carriers,
and then achieve a high photocatalytic activity. Re-
cent studies have also showed that Bi,S;-sensitized
BiOCl photocatalyst'”’, Bi,S,/BiOCl composites' "’
and Bi,S, nanocrystals/BiOCl hybrid architectures' "’
synthesized by an ion exchange method had higher
visible light photocatalytic activities than single
Bi,S, and BiOCI.

knowledge, the researches on the UV light photocat-

However, to the best of our

alytic activity and mechanism in the Bi,S;/BiOCl
system prepared by a hydrothermal method have not
been reported.

In this work, Bi,S;/BiOCl composite photocat-

alysts with different mass fraction of Bi,S; were suc-

cessfully synthesized by a facile hydrothermal
process at 433 K, and the obtained samples were
characterized by various techniques. As a represent-
ative of organic dyes released in the textile effluents
methyl orange (MO) was used to evaluate the photo-
catalytic activity of Bi,S;/BiOCl catalysts under UV
light irradiation, and the photocatalytic mechanism
of Bi,S,/BiOCl catalysts was discussed. The facile
preparation of Bi,S,/BiOCl with high activity could

be hopefully applied in the near future.

2 Experiments

2.1 Materials

All of the reagents were provided by Sinopharm
Chemical Reagent Co., Ltd. ( China) except that
TiO, powder ( Degussa P-25) was purchased from
Degussa Co. ( Frankfurt, Germany), and P25 was
used as the reference. Bismuth nitrate pentahydrate
[Bi(NO,), « 5H,0], thiourea (CH,N,S), sodium
hydroxide (NaOH) , absolute ethanol (CH,CH,OH),
nitric acid (HNO, ), potassium chloride (KCl) and
ethylene glycol (OH-CH,CH,-OH) were of analyti-
cal grade.
2.2 Catalyst Preparation

The Bi,S;/BiOCl catalysts were synthesized by
a hydrothermal method. In a typical preparation,
different stoichiometric amounts of Bi (NO, ), + 5H,0
and 0. 27 g thiourea were dissolved in 20 mL of 0. 10
mol/L. HNO, solution. The mixture was stirred and
sonicated until the Bi (NO,); - 5SH,0 was dis-
solved, and the pH value of mixed solution was ad-
justed to 7. 0 with a certain concentration of NaOH
solution, followed by the addition of 0. 15 g KCI and
30 mL ethylene glycol solution. Then the mixture
was transferred to a Teflon-lined stainless steel auto-
clave to perform hydrothermal process at 433 K for
24 h. After cooling down to room temperature, the
centrifugally,

obtained products were separated

washed with absolute ethanol and de-ionized water
and dried at 373 K in air. The final Bi,S,/BiOCIl
samples with various mass fractions of Bi,S; of 0,
13.3% , 26. 5% and 39. 8% , respectively, were
denoted as 0, 13.3% , 26.5% and 39.8% Bi,S,/
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BiOCl, respectively. For comparison, pure Bi,S,
sample was also synthesized by adopting the same
method at the absence of KCl and ethylene glycol.
2.3 Catalyst Characterization

X-ray diffraction ( XRD) was performed on a
Philips X’pert diffractometer equipped with Ni-fil-
tered Cu Ko radiation source (A =0.154 18 nm).
X-ray photoelectron spectroscopy ( XPS) measure-
ments were carried out by using Multilab 2000 XPS
system with a monochromatic Mg Ka source and a
charge neutralizer. All binding energies were cali-
brated using C 1s peak at 284.6 eV. The Brunauer-
Emmett-Teller ( BET) surface areas and pore vol-
ume of samples were determined from N, adsorption
isotherms at 77 K using a Micromeritics ASAP 2020
instrument with a computer-controlled measurement
system. High-resolution transmission electron mi-
croscopy ( HR-TEM ) images were taken using a
JEM-2100 electron microscope. The photolumines-
cence (PL) spectra, obtained at room temperature
with an excitation wavelength of 280 nm, were re-
corded on a CARY Eclipse ( America) fluorescence
spectrophotometer. UV-Vis diffuse reflection spec-
troscopy of the catalysts was determined with a Shi-
madzu UV-3600 spectrophotometer ( Japan).
2.4 Photocatalytic Reaction

The photocatalytic activities of Bi,S,/BiOCl
catalysts were evaluated by the degradation of MO in
an aqueous solution. UV light was obtained by a 300
bae =365 nm).
For each UV light test, 40 mL MO (6. 11 x 10’
mol/L.) aqueous solution and 0. 05 g catalyst sample

W high-pressure mercury lamp (A

were used. A general procedure was carried out as
follows. First, MO aqueous solution was placed into
a water-jacketed reactor maintained at 298 K, and
then the catalyst samples were suspended in the solu-
tion. The suspension was stirred vigorously for 60 min
in the dark to establish the adsorption-desorption
equilibrium of MO, then irradiated under UV light.
About 2.5 mL solution was withdrawn from the reac-
tor periodically and centrifuged and analyzed for the
degradation of MO using a TU-1901 spectrophotometer.

For the detection of *OH, catalyst samples
(0.05 g) were dispersed in a 10 mL of terephthalic

acid (TA) solution whose concentration was set at
5 x10 *mol/L in 2 x 10 > mol/L. NaOH solution.
At a fixed time intervals, the suspension solution
was sampled, centrifuged and measured on a Varian
Cary Eclipse type fluorescence spectrophotometer.
The excitation wavelength was 315 nm.

In order to study the effect of *«OH, isopro-
panol (IPA) quencher (5.0 pL), as an ¢ OH scav-
enger, was introduced into the photocatalytic degra-
dation process of MO in a manner similar to the pho-

to-degradation experiment.

3 Results and Discussion

3.1 Catalyst Structure

Fig. 1 shows the XRD patterns of Bi,S,/BiOCl
samples with different Bi,S; mass fraction. Five
main diffraction peaks of Bi,S; were found and could
be respectively indexed to the (130), (211),
(221), (431) and (351) planes of orthorhombic
Bi,S, (JCPDS card No. 17-0320). The characteris-
tic diffraction peaks of BiOCl including (101 ),
(110), (112), (200), (211) and (212) are in
good accordance with the standard card of tetragonal
BiOCl (JCPDS card No. 06-0249). For the Bi,S,/
BiOCl samples, the intensities of corresponding dif-
fraction peaks of Bi,S; strengthened gradually along
with the increase of the Bi,S; contents in the Bi,S;/
BiOCl composites, while those of BiOCl weakened
simultaneously for its depletion. No other character-
istic peaks of impurity were detected, indicating that
Bi,S,/BiOCl composites are only composed of Bi,S;
and BiOClI phases at the same time.

A:BisS;
B:BiOCl

B(110)
= AQ221)

B(101)

A1)

- A(130)

Intensity/a. u.

20 30 40 50 60 70 80
20/ (°)
Fig.1 XRD patterns of Bi,S;/BiOCl samples with different
Bi,S; mass fraction; (a) 0.00, (b) 13.3, (¢) 26.5,
(d) 39.8, (e) 100.
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The average crystallite sizes of Bi,S; and BiOCl
in the Bi,S,/BiOCl samples were calculated by the
Scherrer formula ( Eq.(1))"™', respectively, as
shown in Table 1.

L = KA/ (Bcosh) , (1)

Where L is taken as average crystallite size, K is a
constant equalling to 0.89, A is 0. 154 nm, B is the
full-width of half-maximum measured in radians on
the 20 scale, 6 is the Bragg angle for the diffraction
peaks.

Table 1 Average crystallite size (L), BET surface areas ( Sy, ), pore volumes ( Vy;,) and photocatalytic activity of

different catalyst ( reaction for the first one hour)

L/nm Sper/ Vim MO degradation/
Sample 5 ] , ]
Bi,S, BiOCl (m* - g™") (em® - g™") %

Bi, S, 16.9 — 19.7 0.123 10.8
13.3% Bi, S;/BiOCI 14.8 18.2 43.1 0.258 77.0
26.5% Bi, S;/Bi0OCl 11.7 16.7 49.3 0.306 94.0
39.8% Bi1,S;/Bi0Cl 15.3 18.6 41.4 0.189 52.2

BiOCI — 20.3 7.70 0.016 65.7

Fig. 2 presents the HR-TEM image of 26. 5%
Bi,S,/BiOCl sample, in which the interface of Bi,S,
and BiOCl can be observed. Moreover, clear fringe
with an interval of 0. 360 nm can be indexed to
(130) lattice plane of orthorhombic Bi,S; and that
of 0.275 nm agreed with the (110) lattice plane of
tetragonal BiOCl, which further demonstrates the ex-

istence of the heterojunction formed between Bi,S;

and BiOCl.

Fig.2 HR-TEM image of 26.5% Bi,S;/BiOCl sample

The chemical state of as-prepared 26. 5% Bi,S,/
BiOCl sample was investigated by using X-ray photo-
electron spectroscopy ( XPS), and the results are
shown in Fig. 3. The typical XPS survey spectrum in
Fig.3(a) shows that 26. 5% Bi,S,/BiOCl was com-
posed of Bi, Cl, S and O elements (C 1s peak can
be ascribed to the adventitious hydrocarbon from
XPS instrument itself). The Bi 4f peaks of the sam-
ple appeared at 164.5 and 159.2 eV in Fig.3(b),
and the Cl 2p peaks of the sample appeared at 198.0
and 199.4 eV in Fig.3(c¢). The binding energies of

both Bi 4f and Cl 2p were in agreement with the re-
ported values in the literature "', In Fig.3(d), the
O 1s binding energy of 530.1 €V could be attributed
to the lattice oxygen in crystalline BiOC1'*.
Fig.4(a), (b) and (c) display the UV-Vis
diffuse reflectances spectroscopy of Bi,S,, BiOCI
and 26.5%Bi,S,/BiOCl samples. It can be seen
that the absorption edge of BiOCl is located at about
378 nm, while Bi,S; has strong absorption over the
As for 26.5% Bi,S,/
BiOCl sample, its absorption edge ( ~ 370 nm)

whole visible light region.

shifts to shorter wavelengths compared to that of
BiOCl, which may be attributed to small particle si-
zes of 26. 5% Bi,S,/BiOCl.

As a crystalline semiconductor, the optical ab-
sorption near the band edge follows the formula ahv =
A(hv—Eg)”/Z, where o, v, E,, and A are the ab-
sorption coefficient, light frequency, band-gap ener-

]

gy, and a constant, respectively'®’. As reported

previously, the n values of Bi,S,'"”' and BiOC1"*"
are 1 and 4, respectively. The band-gap energies
(E,) of BiOCl and Bi,S; can be thus estimated from
a plot of (ahw)'”? and (ahv)® vs. photon energy
(hv), respectively. As shown in Fig.4(d), the in-
tercept of the tangent to the x-axis will give a good
approximation of the band-gap energies for the BiOCl
and Bi,S; powders, respectively. The estimated E,
values are about 3. 28 and 1.28 eV for pure BiOCI

and Bi,S;, respectively, which are very close to the
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Fig.3 XPS survey spectra of 26.5% Bi,S,/BiOCl (a) and the corresponding high-resolution XPS spectra of Bi 4f (b), CI 2p
(¢) and O 1s (d).

(a) Bi>S; (b) BIOC1
378 nm
=] =]
< B
3 3
g g
= =
z 26.5%Bi,Sy/BiOCI Z
= =
1 | | 1 | | | |
200 300 400 500 600 700 200 300 400 500 600 700
A/nm A/nm
(c) 26.5%Bi,SyBiOCI
3 Q
3 X =
8 370 nm Ni" =~
5 = T
= < s
z /2 3
2 3
| L | 1
200 300 400 500 600 700
A/nm hv/eV

Fig.4 UV-Vis diffuse reflectance spectra of Bi,S;, BiOCI and 26.5% Bi,S,/BiOCl samples (a —c¢), and plot of (oahw)>" vs.
energy (hv) for the band-gap energy of Bi,S; and BiOCl (d).

values reported in the literatures' ">’ . seen that with Bi,S; content increasing, the BET
The data related to BET surface areas and pore surface areas and pore volumes of Bi,S,/BiOCI cata-
volumes obtained from N, adsorption-desorption lysts first increase, reaching the maximums at Bi, S,

analysis are also summarized in Table 1. It can be mass fraction of 26. 5% , respectively, and then
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decrease with further increasing Bi,S, contents. The
BET surface areas and pore volumes of Bi,S;/BiOCl
catalysts are obviously higher than those of pure Bi,S,
and BiOCl, but the corresponding BET surface areas
of 13.3% , 26.5% and 39.8% Bi,S,/BiOCl cata-
lysts did not have obvious difference, which demon-
strates that the BET surface area is not the main in-
fluencing factor for the photocatalytic activity of dif-
ferent Bi,S,/BiOCl catalysts.

3.2 Photocatalytic Activity

The effect of Bi,S; mass fraction on the photo-
catalytic activity of Bi,S;/BiOCl catalysts has been
investigated by MO degradation in an aqueous solu-
tion under UV light irradiation. Fig.5(a) shows the
UV light photocatalytic activity of Bi,S;/BiOCl cata-
lysts with different Bi,S; content. It can be seen that
the self-degradation of MO is very low under UV
light irradiation, indicating that the photolysis can
be ignored. While Bi,S;, BiOCl and Bi,S,/BiOCl
catalysts exhibit obviously the photo-degradation of
MO, and Bi,S; content in BiOCl exerts great influ-
ences on the photocatalytic activity of Bi,S;/BiOCl
catalysts. With the increasing of Bi,S; mass frac-
tion, the photocatalytic activity of Bi,S;/BiOCI cata-
lysts first increases, reaching a maximum at Bi,S,
mass fraction of 26.5% , then decreases, and under
60 min UV light irradiation, the maximum MO deg-
radation ratio reaches to 94.0% , being very close to
that of commercial Degussa P-25, which has been
generally recognized as an efficient photocatalyst un-
der UV light irradiation.

In generally, the photocatalytic activity of com-
posite catalyst is related to its BET surface areas, com-
ponent contents, band structure matching and hetero-
junction interface, etc. But the corresponding BET sur-
face areas (Table 1) of 13. 3%, 26. 5%, 39. 8%
Bi,S,/BiOCl catalysts do not have obvious differ-
ence, which demonstrates that the main influencing
factor for the enhanced photocatalytic performance of
Bi,S;/BiOCl catalysts is more likely to be the het-
erojunction structure rather than both BET surface
areas. With the increasing of Bi,S; mass fraction
from 13.3% to 26.5% , the more Bi,S,-BiOCl het-

erojunction interface will be formed, which facilitates

() Light off ! Light on
0.8+ | Black
1
1
0.6 1-BiOCI ,
5] 2-13.3%Bi,SyBiOCl
3 3-26.5%Bi,Sy/Bi0Cl
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4-39.8%Bi,SyBi0Cl
0.2 5-BisS;
Hydrothermal method(1~5)
0 Mechapically mixed(3) . P25
-60 -40 =20 0 20 40 60
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s 0
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=
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Fig.5 Effects of Bi,S; mass fraction in the Bi,S;/BiOCI cat-
alysts on the degradation of MO under UV light irra-
diation (a), and UV-Vis spectra of the MO aqueous
solution under UV light irradiation in the presence of

BiOCI (b) and 26.5% Bi,S,/BiOCl (c¢) catalysts.

the efficient separation of photo-induced electrons
and holes, leading to the enhanced photocatalytic
performance. However, if the mass fraction of Bi,S,
increases continuously to excess, more Bi,S; and
Bi, S, contacts will be established, which dominates
the Bi,S; and BiOCI contacts. The Bi,S; and Bi,S,
contacts are not as effective as Bi,S; and BiOCI con-
tacts for an effective charge separation. Moreover,
the excessive Bi,S; with narrow band gap can act as
the recombination center of electrons and holes, im-
peding the photocatalytic activity on the contra-
ry! 5102020 Thus | 26. 5% Bi,S,/BiOCI exhibits the
highest photocatalytic activity.
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In order to confirm the advantage of heterojunc-
tion between Bi,S, and BiOCl, 26. 5% Bi,S,/BiOCl
is compared with the mechanical mixture of Bi,S,
and BiOCl with the similar composition under identi-
cal photocatalytic degradation conditions, as shown
in Fig. 5(a). Obviously, the UV light photocatalytic
activity of mechanically mixed 26. 5% Bi,S,/BiOCl
are lower than that of 26. 5% Bi,S,/BiOCl prepared
by hydrothermal method. This is mainly because
Bi,S,; and BiOCl behave as independent photocata-
lysts rather than a coupled system in the mechanical
mixture of Bi,S; and BiOCIl, which is unfavorable to
the transfer of charge carriers from one phase to an-
other. However, the photocatalytic activity of me-
chanical mixture of Bi,S; and BiOCl is enhanced
compared with that of pure Bi,S; and BiOCl, even
the mathematical sum of them. This might be owing
to the inevitable partial contact between Bi,S; and
BiOCl in the mechanical mixture of Bi,S; and
BiOCl, which is in favor of the photocatalytic activi-
ty to some extent but is still far inferior to the effect
of Bi,S,/BiOCI heterostructure ' The results show
that the Bi,S; and BiOCI heterojunction fabricated in
the Bi,S;/Bi0Cl catalysts can improve the photocat-
alytic activity greatly.

UV-Vis spectra of MO aqueous solution as a
function of UV light irradiation time in the presence
of pure BiOCl and 26.5% Bi,S,/BiOCI catalysts are
illustrated in Fig. 5(b) and Fig. 5(c), respective-
ly. It can be seen that the visible region peak inten-
sities in the photo-degradation of MO by the 26.5%
Bi,S;/BiOCl catalyst decrease more obviously than
those of pure BiOCl catalyst after 60 min UV light ir-
radiation, which is in agreement with the results of
Fig.5(a). Since no new peak appears, the loss of
absorbance can be mainly attributed to the degrada-
tion reaction.

3.3 Discussion of The Photocatalytic Mechanism
3.3.1 Hydroxyl Radical ( *OH) Involved in The
Photocatalytic Process

Hydroxyl radical ( *OH) has been considered
to be an important species in the photocatalytic deg-
radation of many hazardous chemical compounds ow-

ing to its high reaction ability to attack organic mole-

cule. The formation of ¢« OH on the surface of Bi,S,,
BiOCl and 26. 5% Bi,S,/BiOCl catalysts was detec-
ted by a photoluminescence (PL) technique with te-
rephthalic acid as a probe molecule. Terephthalic
acid reacted with ¢ OH readily to produce a highly
fluorescent product, 2-hydroxy terephthalic acid,
whose PL peak intensity was in proportion to the
amount of *OH radicals produced in water, which
was reported in the literature [ 26 ]. After UV light
irradiation for a fixed time, the reaction solution was
filtrated to measure the PL intensity at 425 nm of 2-
hydroxyterephthalic acid.

(a)  26.5%Bi,SyBiOC]

Intensity/a. u.

330 360 390 420 450 480 510 540 570
A/nm

(b)

26.5%B1,54/Bi0Cl

Intensity/a. u.

Bi,S;
4 A A T T
0 10 20 30 40 50 60

TIrradiation time/min

(c) 26.5%B1,SyBi0Cl

In(Cy/C)

| |
0 10 20 30 40 50 60

0 L

Irradiation time/min
Fig. 6  Changes of PL spectra over 26.5% Bi,S,/BiOCl
(a), linear transform of PL spectra over different
catalyst recorded during UV light illumination in
terephthalic acid solution (5 x 10* mol/L, excita-
tion at 315 nm) (b), and the kinetics of photocat-
alytic degradation of MO using different catalyst
under UV light illumination (¢).
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Fig.6(a) indicates the changes of PL spectra
of 26. 5% Bi,S,/BiOCI catalyst in a 5 x 10* mol/L
terephthalic acid solution with UV irradiation time.
It can be seen that no PL signal is observed in the
absence of irradiation. The fluorescence intensity at
425 nm gradually increase with the irradiation time,
which elucidates that « OH on 26. 5% Bi,S;/BiOCl
have been really produced under UV light irradiation.

As shown in Fig. 6(b) , the PL peak of 26. 5%
Bi,S,/BiOCl is higher than that of pure BiOCl and
Bi,S; under UV light irradiation, and it suggests that
the formation rate of OH radicals on its surface is
much higher than that of pure BiOCl and Bi,S;,
which implies the photocatalytic activity of the 26. 5%
Bi,S,/BiOCl catalyst is much higher than that of
pure BiOCl and Bi,S,. This result is also verified in
the Fig.5(a).

In order to identify the role of ¢« OH in the MO
degradation, IPA, an efficient *OH quencher '
was added into BiOCl and 26. 5% Bi,S,/BiOClI reac-
tion systems. The results are shown in Fig.6(c). It
of
MO decreases significantly after the addition of IPA

can be seen that the degradation efficiency (k,,,)
under UV light irradiation. That is to say, the ¢ OH
species plays an important role in the degradation of
MO under UV light irradiation.
3.3.2 Origin of «OH

Taking the kinds of ¢OH species involved in
the photocatalysis into account, the photocatalytic
process of Bi,S;/BiOCl catalysts can be described as
the following Eqs. (2) - (6) .

Bi,S,/BiOCl + hv — e~ + A", (2)
3¢+ 0, +2H — *OH + OH",  (3)
H,0 + h* — *OH + H", (4)
OH™ + " — *OH, (5)

MO + *OH — products. (6)

In the above process, electron-hole pairs are
directly produced by catalyst after UV light illumina-
tion. Then, the photo-generated electrons transfer to
CB bottom of the catalyst and react with the ad-
sorbed O, and H" on the surface of catalyst to form
*«OH. Meanwhile, the holes are left on the VB top,
reacting with the adsorbed H,O or OH™ on the sur-
face of catalyst to form ¢ OH. After that, the «OH

species oxidized MO.
3.3.3 Mechanism of Photocatalytic Activity En-
hancement of Bi,S,/BiOCl

It is well known that the energy level and the
band gap of semiconductors play important roles in
determining their photocatalytic activities. Using two
semiconductors in contact with different redox energy
levels of conduction band ( CB) and valence band
(VB) can be used to improve photo-generated carri-
ers separation and enhance the efficiency of the in-

]

terfacial charge transfer ™. In the light of the ex-

periment results and by referring to the litera-

[13-17,25
tures” ]

, the transfer behaviors of the photo-
generated electrons and holes in Bi,S;/BiOCl cata-
lysts are illustrated in Fig. 7. As shown, the CB and
VB of Bi,S; lie above those of BiOCl. Clearly, the
difference between energy bands of BiOCl and Bi, S,
(Fig.7) allows the efficient transfer of electron and
hole between them. When the Bi,S,/BiOCl catalyst
is irradiated by UV light, BiOCl and Bi,S, are both
excited ; then, a large number of electrons and holes
are produced in the system. Electrons will transfer
from Bi,S; to CB of BiOCl and holes shift from
BiOCl to VB of Bi,S; at the same time. In this way,
the photo-generated electron-hole pairs are effectively
separated, and the better separation of electrons and
holes in the Bi,S,/BiOCl catalysts can be confirmed
by photoluminescence ( PL) emission spectra in
Fig. 8.

PL emission spectra have been widely used to
investigate the separation efficiency of the photo-gen-
erated charge carriers in a semiconductor' . The
comparison of PL spectra (excited by 280 nm) of pure
BiOClI and 26. 5% Bi,S,/BiOCl at room temperature

Fig.7 Diagrams of photo-generated electron-hole pairs trans-

fer of Bi,S; and BiOCl
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carriers, and then enhance the photocatalytic activity
BiOCI of Bi,S,/BiOCl catalysts.
E

E 4 Conclusion
:E 26.50Bi.S/BIOCI In summary, we have successfully synthesized
=~ the Bi,S;/BiOCl composite photocatalysts with dif-
‘ ‘ ‘ ferent Bi,S; mas fraction by a facile hydrothermal
300 400 300 600 700 process at 433 K. The photocatalytic activity of

A
" Bi,S;/BiOCl catalyst is greatly enhanced, compared
Fig.8  Photoluminescence (PL) spectra of pure Bi,S; and

with that of pure Bi,S; and BiOCl. Especially, the
UV light photocatalytic activity of 26. 5% Bi,S,/BiOCl

catalyst is very close to that of commercial Degussa

26.5% Bi,S,/BiOCl samples recorded at room tem-

perature with the excitation wavelength of 280 nm

is shown in Fig. 8. It can be seen that the two cata- P-25. The remarkably enhanced photocatalytic per-

lysts have a broad emission peak, and the strongest formance can be mainly attributed to the effective
emitting peaks are similar, while PL, emission inten-

sity of the 26. 5% Bi,S,/BiOCl sample isdramatically
weakened compared with that of pure BiOCl, indica-

transfer of the photo-generated electrons and holes at
the heterojunction interface of Bi,S; and BiOCI,

which can reduce the recombination of electron-hole

ting that the recombination of photo-generated charge pairs. In this study, the simple and low-cost prepa-

carriers is greatly inhibited by the Bi,S, introduc- ration route can not only reduce the energy consump-

tion. In other words, a proper content of Bi,S; in
the BiOCl is helpful to separate the photo-generated

charge carriers and increase the lifetime of charge

tion for the fabrication of Bi,S;/BiOCI catalysts but
also might extend the utilization of Bi,S;/BiOCl at

low temperature in the near future.
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