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Introduction

Over the past decades, photocatalysis with high oxi-
dation ability and broad compound applicability has
attracted extensive scientific interests in environmen-
tal remediation [1-3]. Seeking visible light-driven
photocatalyst has been paid a lot of attentions due to
the intention of utilizing the solar energy. Bismuth-
containing materials, such as Bismuth oxyhalides
[4-6], Bi;WO, [7-9], BiVO, [10, 11], are of great
importance because of their high chemical stabilities
and visible light absorption capacity. Bismuth oxy-
halides, BiOX (X = Cl, Br, I), with excellent optical
properties and unique layer structure have promising
application in photocatalysis [4, 5]. Among them, BiOI
(Eg = 1.8 eV) has the optimal visible light absorption
capacity, which makes it become a more attractive
photocatalyst [12, 13]. BiOI is a layered compound
crystallize in the tetragonal matlockite structure,
which has a crystal structure of [Bi,O,]*" slabs inter-
leaved by double slabs of I atoms [12, 14, 15]. BiOI has
been applied as good photocatalyst in the degradation
of organic compounds, such as dye [16], phenolic
compounds [17, 18], and antibiotics [19]. However, the
photocatalytic performance of pure BiOI has been
limited by the high recombination rate of photogen-
erated charge carriers, and it is still necessary to find an
effective way to improve its photocatalytic perfor-
mance for practical applications. Therefore, many
efforts have been devoted to further enhance the
photocatalytic activity of BiOl, such as coupling with
other semiconductor [20-23], noble metal deposition
[24, 25] and synthesis of different morphologies [12].
Formation of semiconductor heterostructure is an
effective way to enhance the photoinduced charge
separation efficiency and the photocatalytic perfor-
mance of BiOl, such as the fabrication of Agl/BiOI [26],
graphene/BiOl [27]. Though these heterostructures
can partly enhance the photocatalytic activity of BiOI,
some key problems are still unsolved. For example,
Agl usually suffer from instability during the reaction.
Therefore, fabrication of BiOI heterostructure with
intimately contact, good stability and excellent charge
separation ability is still a challenge.

Materials composed with delocalized conjugated =
structures have been demonstrated that they can
induce rapid photogenerated charge separation and
transfer, which can effectively enhance the photocat-
alytic performance in a conjugated =n structure
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materials-semiconductor heterostructure [28-31]. As a
conjugated m structure material, carbon dots (CDs) are
nanosized carbon materials composed of sp®/sp®
hybridized carbon atoms [32]. CDs have attracted a
great deal of scientific interest in many research fields
due to their unique photoluminescence, outstanding
photostability and optical properties [32-34]. Recently,
CDs have emerged as a star material in photocatalysis
field due to their nontoxicity, easy fabrication and
excellent electron transfer rates [32, 35, 36]. Combined
CDs with photocatalysts can form intimately contacted
interface with uniform distribution due to the small
size and rich functional groups of CDs, which is ben-
eficial to the photogenerated charge separation and the
enhancement of photocatalytic activity. It has been
reported by Kang and coworkers that a CDs-C3N,
nanocomposite exhibited an excellent performance for
photocatalytic overall water splitting [37]. They also
synthesized several CDs/semiconductor composites
as excellent photocatalysts in organic pollutants
degradation and H, production [38-42], such as CDs/
BiVO, [38], CDs/AgsPO; [39], CDs/Cu,O [40] and
CDs/ZnO [42]. Zhang et al. [43] also found that CDs
modified TiO, composites presented a higher photo-
catalytic activity than pure TiO, under UV-Vis and
visible light irradiation. The conjugated 7 structure of
CDs can facilitate the photogenerated charge transfer,
and CDs can also act as electron acceptors after pho-
toexcitation. Recently, doping heteroatoms in CDs to
further optimize the performance of CDs has attracted
a lot of scientific interests [32]. It has been proved that
doping sulfur to CDs can induce new pronounced
activities, and the electron transfer capability of CDs
can be further improved [32, 44]. However, up to now,
developing S-doped CDs (S-CDs) modified semicon-
ductor composite for efficient photocatalyst is still rare.

Herein, we reported the first example of S-CDs-
modified BiOI nanosheets (S-CDs/BiOl) and explor-
ing the application of these composites in the dye
degradation. BiOI nanosheets can deliver a relative
fast charge transfer, and S-CDs can work as an elec-
tron acceptor to further promote the charge separa-
tion and transfer. The dye degradation results
indicate that the S-doped CDs modification can
effectively improve the photocatalytic performance of
BiOL. Moreover, the S-CDs/BiOl composite shows
much higher photocatalytic activity than undoped
CDs/BiOI composite. The type of active species in
the dye degradation can also be manipulated by
5-CDs  modification. =~ The  chemical/physical
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properties and synergic effect between S-doped CDs
and BiOI were also systematically investigated.

Experimental

All chemicals with analytical purity were obtained
from Sinopharm Chemical Reagent Co., Ltd and were
used without further purification.

Preparation
Preparation of BiOI

BiOI was synthesized via a hydrothermal method
according to the literature [15]. 20 ml KI aqueous
solution was dropped into 20 ml Bi(NO3);-5H,O
ethanol solution under continuously magnetic stir-
ring (all the solution were 0.5 mol/L). The solution
stirred at room temperature for 1 h; then, the solution
was transferred to 50 mL autoclave and maintained
at 180 °C for 12 h. The precipitates were collected by
centrifugation and then washed with ethanol and
distilled water three times. Finally, the precipitates
were dried at 80 °C.

Preparation of S-CDs/BiOI

S5-CDs were synthesized via a hydrothermal method
according to the literature [45]. 9 mL sodium citrate
solution (0.1 M) and 27 mL sodium thiosulfate were
added into a 50 mL autoclave, and the autoclave was
maintained at 200 °C for 6 h. After cooling down to
room temperature, the S-CDs were filtered with
cylinder filtration membrane filter (0.22 pm) and dried
by a vacuum freeze drier. The S-CDs were dispersed
in DI water to obtain a 1 mg/mL S-CDs solution. 1 g
BiOI was dispersed in S-CDs solution and kept stirring
for 12 h to prepare the S-CDs/BiOl nanocomposites.
5-CDs/BiOl nanocomposites prepared by changing
the amount of S-CDs solution of 3, 10, 20 and 30 mL
were labeled as S-CDs/BiOI-0.3%, S-CDs/BiOI-1%,
5-CDs/BiOI-2%, S-CDs/BiOI-3%, respectively. The
obtained samples were washed with water and then
dried in an oven at 80 °C overnight.

Characterization

X-ray diffraction patterns (XRD) were measured on a
BRUKER D8 ADVANCE X-ray powder diffractome-
ter by using Cu-Ko (A = 1.5406 A) radiation with a
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Nickel filter operating at 40 kV and 10 mA in the 20
range of 20°-80° at a scanning rate of 4° min~'. The
patterns for phase identification were compared with
JCPDS reference data. The UV-Vis diffused reflec-
tance spectra (DRS) were characterized on a UV-Vis
spectrophotometer (Hitachi U-4100) with the inte-
gration sphere diffuse reflectance attachment. It was
referenced with BaSO, as the background. The N,
adsorption and desorption was performed on a
Micromeritics ASAP2010 analyzer to measure the
Brunauer-Emmett-Teller (BET) surface areas and
pore size distribution. The morphologies of the as-
prepared samples were obtained on a scanning
electron microscopy (SEM, Hitachi SU8010) at an
accelerating voltage of 30 kV. And the images of
high-resolution transmission electron microscopy
(HRTEM) were used to further analyze the mor-
phology of the as-prepared samples by a FEI Tecnai
F20 field emission source electron microscope. Scan-
ning transmission electron microscopy (STEM) and
energy-dispersive X-ray spectroscopy (EDS) elemen-
tal mapping images were also obtained by the FEI
F20 electron microscope. The photoluminescence
(PL) spectra of the samples were analyzed on a
Hitachi F-4500 fluorescence spectrophotometer. X-ray
photoelectron spectroscopy (XPS) measurements
were taken on a Thermo Fisher K-Alpha instrument,
and binding energies were calibrated using the
Cls peak at 284.6 eV. The electrochemical experi-
mental results were tested on a CHI 660E electro-
chemical system with a three electrode system, the
as-prepared samples worked as a working electrode,
a Pt wire served as the counter electrode, and Ag/
Ag(l electrode (saturates KCl) worked as a reference
electrode. A NaySO, (0.1 mol/L) aqueous solution
was used as the electrolyte. Electrochemical impe-
dance spectra (EIS) were recorded at 0.0 V (with
reference to the Ag/AgCl electrode). A sinusoidal ac
perturbation of 5 mV was applied to the electrode in
the frequency range of 0.005-10° Hz.

Photocatalytic activity measurements

The photocatalytic activities of the samples were
measured by the degradation of methylene blue (MB)
in an aqueous solution (1.5 x 107> mol/L). A 500 W
xenon lamp (Shanghai Bilon Co. Ltd) with a 420-nm
cutoff filter was used as the visible light source, and
the average light intensity was 50 mW/cm?® The
photocatalyst (50 mg) was suspended in 100 mL
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aqueous solution of MB. Prior to light illumination,
the suspension was stirred for 30 min under the dark
to reach adsorption—desorption equilibrium. At given
time intervals, 5 ml of suspension was collected and
centrifuged using a centrifuge (TGL-18C, Flying
Pigeon Centrifuge) at 6000 r/min for 10 min to
remove the catalysts. Then, the catalyst-free MB
solution was analyzed by recording the absorption
band (663 nm for MB) using a UV-Vis spectropho-
tometer (T6 new century, Beijing PERSEE Co. Ltd).
The active species in the photocatalytic degradation
process could be investigated by trapping experi-
ment. Ammonium oxalate (AO), isopropyl alcohol
(IPA), KBrO; and N, were used as hole scavenger,
hydroxyl radical scavenger, electron and superoxide
radical scavenger, respectively.

Results and discussion
Catalyst characterization

5-CDs/BiOl  composites were prepared by
hydrothermal method and followed by a
chemisorption. The XRD patterns of BiOI and various
5-CDs/BiOI composites are shown in Fig. 1. All the
diffraction peaks of the pure BiOl nanosheet can be
exactly indexed to the tetragonal structure (space
group: P4/nmmm (129), unit cell parameters:
a=b=23984, and c = 9.128 A, JCPDS No.01-073-
2062) [15]. No impurity peaks can be observed, con-
firming the high purity of the BiOl. As can be seen
from the XRD patterns of S-CDs/BiOI composites,
the crystal phase of BiOI was not changed after S-CDs
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Figure 1 XRD patterns of BiOI and various S-CDs/BiOl
composites.
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modification. And no characteristic diffraction peaks
of 5-CDs can be observed in all S-CDs/BiOI com-
posites, which may be ascribed to the low amount
and well dispersion of S-CDs in the composites.

The morphology of BiOl and various S-CDs/BiOIl
composites is shown in Fig. 2. As can be seen from
Fig. 2a, the BiOI nanosheets were successfully synthe-
sized by the hydrothermal method. Figure 2b—d shows
the SEM images of S-CDs/BiOl composites with dif-
ferent S-CDs loading amount, after deposited with
5-CDs, the morphologies of BiOl nanosheets do not
obviously change, which may be due to the small size of
S5-CDs and the low resolution of SEM characterization.

To further investigate the morphologies of BiOl
and S-CDs/BiOl composites, TEM and HRTEM
characterizations were performed and the results are
shown in Fig. 3. As can be seen, the morphology of
BiOl is nanosheet, and the near transparency of the
sheets also indicates the ultrathin structure. The
measured interplanar spacing is 0.28 nm which cor-
responds to the BiOI (110) plane. Figure 2c—f shows
the HRTEM images of various S-CDs/BiOI compos-
ites. It can be seen that the S-CDs are well dispersed
on the BiOI nanosheet, indicating the formation of an
intimate S-CDs/BiOI heterojunction, which is bene-
ficial to charge separation and transfer. The S-CDs are
uniform spherical shape, and the average sizes of
S-CDs are around 5 nm. In the enlarged HRTEM
image (Fig. 3e), the measured lattice fringe spacing of
0.32 nm is corresponded to the (002) plane of S-CDs,
which can also be observed in similar systems [46].
The component of S-CDs/BiOI composite was fur-
ther studied by the EDS spectroscopy (Fig. S1). Uni-
form Bi, O, I elements can be observed, which
corresponds to the BiOI nanosheet. The C element
cannot be investigated due to the carbon background
of the carbon support film used in the STEM char-
acterization. The S signal can be found in the S-CDs
deposition area, indicating the successful deposition
of S-CDs and the doping of S element.

Figure 4 shows the UV-Vis DRS spectra of BiOI
and various S-CDs/BiOI nanocomposites. As can be
seen, BiOI nanosheet and S-CDs/BiOI composites all
exhibit absorption in the visible light range. Pure
BiOI presents an absorption edge rise at around
660 nm, corresponding to a band gap of 1.8 eV. After
modified with S-CDs, BiOI nanosheets show slightly
enhanced light absorption in both UV and visible
light range. The band gap energy of all samples can
be evaluated by the following equation:
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Figure 2 SEM images of (a) BiOl, (b) S-CDs/BiOI-1%, (c¢) S-CDs/BiOI-2% and (d) S-CDs/BiOI-3%.

oho = A(hv — Eg)"* (1)

where o, 1, v, A and Eg are the absorption coefficient,
Planck constant, light frequency, constant and band
gap. And the value of n is 4 for BiOI due to the
indirect transition. Therefore, the band gap (EQ) can
be calculated from a plot of (¢hv)!/? versus the pho-
toenergy (hv) (inset in Fig. 4). The band gap of BiOI
and various S-CDs/BiOl nanocomposites were cal-
culated and are shown in Table S1.

The N, adsorption-desorption experiment was
performed to investigate the porosity and surface
area of the BiOI and S-CDs/BiOI composite, and the
results are shown in Fig. 52. As can be seen, the
adsorption—desorption isotherms of BiOI and S-CDs/
BiOI-1% almost show no difference. The values of
BET-specific surface area and average pore diameter
of all samples are listed in Table S1. The BET-specific
surface areas of BiOI, S-CDs/BiOI-0.3%, S-CDs/BiOI-
1% and S-CDs/BiOI-2% are 9.77, 9.59, 9.09 and
8.89 m?/g, respectively. The specific surface area and
average pore diameter of BiOI and various S-CDs/
BiOI composites almost show no difference, sug-
gesting that the S-CDs modification would not obvi-
ously change the specific surface area and porosity.
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The XPS measurement was taken to investigate the
chemical states and interaction between BiOl and
S-CDs. Figure 5 shows the XPS survey spectra and
magnified spectra of Bi 4f, I 3d, O 1s and C 1s. As can
be seen, the BiOI and S-CDs/BiOl samples contain Bi,
O, I and C. The characteristic peak of S cannot be
observed because the peak of S overlaps with that of
Bi. In the Bi 4f spectra of BiOI (Fig. 5b), the peaks
centered at 159.4 and 164.6 eV are attributed to Bi 4f;,
» and Bi 4fs,, of [Bi,O,]*T, indicating that the Bi atom
in BiOI is Bi** [15]. Two satellite peaks nearby the Bi
4f;,> and Bi 4f5,, main peaks can be observed, which
are consistent with the previous reports [14]. The Bi
4f peak in the S-CDs/BiOI composite presents a slight
shift when compared to that of pure BiOl. This result
implies that the chemical environment of Bi has
changed after S-CDs modification and a chemical
interaction between the S-CDs and BiOI has formed
[47]. As shown in Fig. 5¢c, in the I 3d spectra of BiO],
two peaks located at 619.2 and 630.6 eV are related to
the I 3ds,, and I 3d;,,. Compared with that of pure
BiOl, the I 3d peaks of S-CDs/BiOI shift to 618.8 and
630.2 eV, which may arises from the coupling of BiOI
with S-CDs. In the magnified O 1s spectra of BiOI
(Fig. 5d), a broad peak extending from 527.0 to
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Figure 3 TEM images of (a, b) BiOlI, (c) S-CDs/BiOI-1%, (d) S-CDs/BiOI-2%, (e) partial enlarged HRTEM image of S-CDs/BiOI-2%

and (f) S-CDs/BiOI-3%.

535.0 eV can be observed. Two peaks centered at
530.2 and 531.5 eV can be distinguished, which are
assigned to the oxygen in BiOlI crystals and hydroxyl
groups on the surface of the sample [12], respectively.
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Figure 4 UV-Vis DRS spectra of BiOI and various S-CDs/BiOl
composites.

After modified with 5-CDs, the O 3d peaks of the
BiOlI shift to 529.8 and 531.3 eV, respectively. The C
1s spectra show two different peaks at 284.6 and
288.7 eV, corresponding to sp”> carbon and C=O
[44, 45]. These results imply that there is a chemical
interaction between BiOI and S-CDs, which is bene-
ficial to the charge separation and transfer. Moreover,
the magnified spectra of S 2p of S-CDs are shown in
Fig. 53 to further investigate the chemical states of S.
The peak centered at 168.0 and 162.0 eV is corre-
sponded to the S 2p; ,, and S 2p;,, [45], indicating the
existence of S in the S-CDs. Figure 54 shows the
Raman spectra of the BiOl and S-CDs/BiOI-1%
composite. Pure BiOI shows one characteristic peak
at 150.5 cmfl, which attributed to the Eg internal Bi-I
stretching mode [48]. The peak of 5-CDs/BiOl com-
posite shifts to 152.3 cm ™', which further suggests an
intensive chemical interaction between BiOI and
5-CDs.

@ Springer



7288

] Mater Sci (2017) 52:7282-7293

Figure 5 XPS survey spectra
of BiOI and S-CDs/BiOl
composites (a), magnified
spectra of (b) Bi 4f peaks, () I
3d peaks, (d) O 1 s peaks and
(e) C 1 s peaks.
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Enhancement of photocatalytic activity

The photocatalytic activity of BiOI, CDs/BiOI and
various S-CDs/BiOI composites was investigated by
the degradation of MB under visible light irradiation
(A > 420 nm), and the results are shown in Fig. 6. As
is well known, the photocatalytic degradation pro-
cesses follow pseudo-first-order kinetics, and the
apparent rate constant k of MB degradation over BiOI
and various S-CDs/BiOI was calculated and is shown
in the insert graph in Fig. 6. The apparent rate con-
stant k of all samples is also shown in Table S2. The
visible light photolysis (in the absence of the photo-
catalyst) of MB was investigated as reference. As can
be seen, the visible light photolysis shows a slight
degradation of MB. Compared with pure BiOl, all
5-CDs/BiOI composites exhibit enhanced photocat-
alytic activity. The photocatalytic activity of S-CDs/
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Binding Energy (eV)

BiOl first increases then decreases with the increasing
amount of the S-CDs. When the proportion of S-CDs
reaches 1%, S-CDs/BiOI displays highest photocat-
alytic activity for the MB degradation. The apparent
rate constant k of S-CDs/BiOI is 0.178 h™!, which is
76.2% higher than that of pure BiOl. When the pro-
portion of S-CDs exceeds 1%, the photocatalytic
activity of S-CDs/BiOl decreases gradually though it
still maintains higher than that of pure BiOl. These
results imply that the S-CDs modification can effec-
tively enhance the photocatalytic performance of
BiOI and there is an optimal modification amount of
S5-CDs in this composite. Moreover, the pure CDs-
modified BiOI was synthesized, and the photocat-
alytic activity was investigated as reference. The
S-CDs/BiOI-1% (k = 0.178 h™") exhibits much higher
photocatalytic activity  than  CDs/BiOI-1%
(k = 0.123 h™"), suggesting that doping S element
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Figure 6 Photocatalytic activities of pure BiOI, CDs/BiOI and
various S-CDs/BiOl composites in the degradation of MB under
visible light irradiation (A > 420 nm), insert the apparent rate
constant k of MB degradation over BiOI, CDs/BiOI and S-CDs/
BiOL.

into CDs can further improve the performance of CDs
and enhance the photocatalytic activity of BiOl. The
recycling experiment was performed to investigate the
stability of S-CDs/BiOI composite on MB degradation
under visible light irradiation, and the results are
shown in Fig. 7. The photocatalytic activity of S-CDs/
BiOI could be well maintained after three cycles of MB
degradation, revealing that the as-prepared S-CDs/
BiOI composite has good photostability.

Mechanism of enhancement
of photocatalytic activity

According to previous reports, organic pollutant
adsorption ability, crystal phase structure and sepa-
ration efficiency of photogenerated charge carriers
are crucial factors which affect the photocatalytic
activity of photocatalysts [29, 49]. A adsorption
equilibrium experiment of pure BiOl and various
5-CDs/BiOl composites was performed, and the
results are shown in Fig. S5. As can be seen, the
adsorption equilibrium could be achieved in 20 min
in both the BiOI and S-CDs/BiOIl systems. After
adsorption equilibrium, 70, 68, 67, 66 and 65% of MB
remained in the solution of pure BiOl, S-CDs/BiOI-
0.3%, S-CDs/BiOI-1%, S-CDs/BiOI-2% and S-CDs/
BiOI-3% composite, respectively. It can be inferred
that the pollutant adsorption ability of BiOl was not
changed after S-CDs modification. Moreover, based
on the XRD patterns (Fig. 1), the crystal structure of
BiOlI also was not changed after S-CDs modification.

7289

Therefore, the improved charge separation efficiency
may be the main factor for the enhancement of pho-
tocatalytic activity of S-CDs/BiOI nanocomposite.
Electrochemical impedance spectra (EIS) were
obtained to investigate the charge separation effi-
ciency at the interface of BiOI and S-CDs/BiOI com-
posite. Figure S6 shows the EIS Nyquist plots of BiOI
and S-CDs/BiOI-1% photocatalysts without and with
irradiation. The radius of the arc on the EIS spectra
indicates the transfer resistance of charge carriers at
the surface of the electrode [7, 50]. As can be seen, the
radius of the arc on the EIS spectra of S-CDs/BiOI-1%
is smaller than that of pure BiOIl under visible light
irradiation, revealing that the S-CDs/BiOI-1% has a
more effective charge separation and transfer effi-
ciency. Moreover, the S-CDs/BiOI-1% also presents a
smaller arc radius on the EIS Nyquist plot than pure
BiOI without light irradiation, which indicates that
5-CDs modification can change the charge distribu-
tion of BiOl and make the charge transfer easier.
These results corroborate that the charge separation
and transfer efficiency can be improved by forming
the 5-CDs/BiOl heterojunction. PL measurement is
also taken to investigate the charge separation effi-
ciency of BiOI and S-CDs/BiOl composites. The
result is shown in Fig. S7. The BiOI shows an emis-
sion peak centered at 635 nm, which may corre-
sponds to the near band edge emission of BiOl. After
modified by S-CDs, the intensity of emission peak of
BiOI decreased obviously, suggesting higher charge
separation efficiency of the S-CDs/BiOI-1% sample.
Trapping experiments of radicals and holes were
performed to detect the main active species in the
photocatalytic process. AO, IPA, KBrO; and N, were
used as hole scavenger [18], hydroxyl radical scav-
enger [18], electron and superoxide radical scavenger
[51, 52], respectively. As shown in Fig. 8a, a scav-
enger for superoxide radicals (N) causes a significant
negative influence on the photocatalytic performance,
suggesting that the superoxide radicals are main
active species of the BiOI system. The addition of AO
and IPA both reduce the photocatalytic activity of
S-CDs/BiOl in a certain extent, which indicates that
hole and hydroxyl radical are part of active species.
And the addition of KBrO; (electron scavenger) only
causes a very small change in the photodegradation
of MB, indicating that electrons almost do not par-
ticipate in the reaction. In the S-CDs/BiOl system
(Fig. 8b), the photocatalytic activity was greatly pre-
vented by the addition of N, suggesting that the
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superoxide radicals are main active species of this
system. Interestingly and different from pure BiOl, in
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degradation of MB in a certain extent. From the above
analysis, it can be inferred that the type of active
species in the MB degradation can be manipulated by
5-CDs modification in BiOI system and the manipu-
lation of active species may achieve different effects
in different application.

Based on the aforementioned discussion, the crys-
tal phase structure and the adsorption ability of BiOI
were not evidently changed after S-CDs modification.
The enhanced photocatalytic performance of S-CDs/
BiOl composite may be attributed to the improved
charge separation and transfer. A possible photocat-
alytic mechanism of S-CDs/BiOI composite is pre-
sented in Fig. 9. Under the visible light irradiation,
BiOI can be excited and generated electron-hole
pairs. And S-CDs are good electron acceptor and
transporter due to their conjugated n structure, and
the excited electrons of BiOI would transfer to the
S-CDs [47]. Therefore, an enhanced photocatalytic
activity can be achieved by spatial separation of the

(b)
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0 1 2 3 4 5 6 7 8
Irradition Time/h

-
-

Figure 8 Ttrapping experiment of active species during the photocatalytic degradation of MB over BiOI (a) and S-CDs/BiOI-1%

composite (b) under visible light irradiation.

m

Figure 9 Schematic
illustration of the proposed
mechanism of S-CDs/BiOl
composite.

S-CDs/BiOI
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electron and hole pairs. The electrons would react
with oxygen to produce superoxide radicals, and the
superoxide radicals play an important role in the
degradation of MB in S-CDs/BiOl composite. The
holes could oxidize OH™ to yield hydroxyl radical,
and the holes and hydroxyl radical also can degrade
MB due to their high oxidative capacity. Therefore,
the improved photocatalytic performance of BiOI
after S-CDs modification can be ascribed to the
enhanced charge separation efficiency and transfer.

Conclusions

A novel S5-CDs/BiOI composite has been prepared
via a facile hydrothermal method and followed by a
chemisorption. S-doped CDs were used to modify
BiOI nanosheet for the first time and show promising
results. The S-CDs were uniformly dispersed on the
surface of BiOI nanosheets, and the intimate S-CDs/
BiOI heterojunction is beneficial to the charge sepa-
ration and transfer. After modified with S-CDs, the
photocatalytic activity of BiOI is obviously enhanced.
The S-CDs/BiOI-1% presents the optimal photocat-
alytic activity which is 76.2% higher than that of pure
BiOlL. The S-CDs/BiOl nanocomposite also exhibits
much higher photocatalytic activity than undoped
CDs/BiOl. The enhancement of photocatalytic activ-
ity of BiOl after S-CDs modification can be ascribed to
the improved charge separation and transfer induced
by S-CDs. Moreover, the type of active species in the
MB degradation can be manipulated by S-CDs
modification in BiOL Our results may provide a
promising way to fabricate highly efficient carbon
dots-based photocatalyst.
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