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ABSTRACT

CdS/rGO nanocomposites with different mass ratio of rGO were fabricated via
a facile one-pot hydrothermal method. The influences of different ratios on the
microstructure, photo-electrochemical, and photocatalytic properties of the as-
prepared samples were investigated. The experimental results show that CdS/
rGO nanocomposites are hexagonal structure, one-dimensional CdS nanorods
decorated on the surface of graphene. CdS/rGO nanocomposites show excellent
visible light absorption and the band gap smaller than that of pure CdS and
occur red shift. The photoluminescence spectra, transient photocurrent response
and electrochemical impedance spectra indicate this nanostructure can accel-
erate the separation and migration efficiency of photogenerated electron-hole
pairs, inhibit the recombination of photogenerated carries and and enhance
electron transportation in the photocatalytic reactions. CdS/rGO nanocompos-
ites display enhanced photocatalytic activity in degradation of MO under the
simulated sunlight irradiation than that of pure CdS. In addition, in the pho-
tocatalytic degradation process -O,” and -OH play the key role.
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natural surroundings with difficulty, and brings great
harm to human survival and ecological balance
[4, 5].Various treatment technologies have been
expanded to remove pollutants, such as chemical
oxidation, adsorption, flocculation precipitation,
microbial decomposition, ozone oxidation and pho-

1 Introduction

In recent decades, A particularly serious water pol-
lution problem in the world due to the continuous
improvement of people’s living standard and the
rapid industrial development [1-3]. Among them,

organic dye wastewaters possess biological toxicity,
high concentration and chroma, it is degrade under
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tocatalytic degradation, et al. [6-8]. Photocatalytic
technology is considered to have unlimited prospects
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in the degradation of harmful water pollutants due to
its highly active, cheap cost and environmental
friendliness. Especially the degradation of organic
compounds into non-toxic products under mild
reaction conditions without additional additives and
equipment [9, 10].

There are many methods for preparing and syn-
thesizing photocatalysts, such as hydrothermal,
solvothermal, sol-gel, chemical precipitation, and
microwave. This paper adopts the hydrothermal
method because of its simple operation, satisfactory
crystallinity, high purity, low water pollution and
low cost, and it can be used for large-scale produc-
tion. However, the hydrothermal method is carried
out in a reactor, and the crystallization process cannot
be directly observed, and its morphology cannot be
precisely controlled [11-13].

CdS is an ideal semiconductor photocatalys with
narrow band gap (242 eV) and good visible light
response, the absorption spectrum is very close to the
solar spectrum [14-16]. It is widely used in field-ef-
fect transistors, solar cells, photosensitive sensors,
nonlinear optical materials and photocatalysis
[17-20]. However, the high recombination rates of
photogenerated electron-hole pairs leads to ineffi-
cient photocatalytic activity, and the photocorrosion
problem obstruct its industrial application. Therefore,
it is essential to enhance its photocatalytic perfor-
mance by doping, compounding, precious metal
deposition and other surface modification method
[21-23]. rGO possess unique two-dimensional
hexagonal honeycomb lattice structure of sp2-hy-
bridized carbon atoms with greatly specific surface
area, outstanding conductive properties and high
electron mobility [24-26]. rGO as a catalyst support
combined with semiconductors can promote the
abruption of photogenerated carriers, suppress the
recombination of photogenerated carriers and
enhance its photocatalytic performance and stability
[27-31]. Ma et al. [32] used a new synthesis strategy
to develop high graphene oxide-CdS quantum dot
nanocomposites, found rGO layers play a significant
role due to availably prevent the regroup of photo-
generated carrier pairs. Singh et al. [33] synthesized
an active CdS/rGO photocatalyst through a high-
temperature gas—solid reaction. The study of hydro-
gen production by water splitting found that the high
electron mobility of rGO resulted in more robust
photocatalytic performance. Ranjan et al. [34] repor-
ted that CdS supported electrochemically reduced
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rGO for photoreduction of water to hydrogen and
found that heterojunction formation is the key to a
better activity hydrogen formation from photochem-
ical reducing water.

In this work, CdS/rGO nano-semiconductor com-
posites with different mass specific values of rGO
were successfully manufactured through a handy
one-step hydrothermal method by controlling the
quality of the GO compound. And microstructure,
photo-electrochemical and photocatalytic characteri-
zation of the samples by X-ray diffraction (XRD),
high-resolution transmission electron microscopy
(HRTEM), X-ray energy dispersive spectroscopy
(XEDS), X-ray photoelectron spectrometer (XPS). and
N2 adsorption-desorption technique, photolumines-
cence spectroscopy (PL) and UV-vis diffuse reflec-
tion spectrum. Electrochemical impedance spectra
(EIS) and transient photocurrent response were tes-
ted to estimate photo-generated charge recombina-
tion and electron convey ability. The effects of the
composite ratio estimate the photocatalytic perfor-
mance of samples by starting now methods simulat-
ing the photodegradation of samples added to an
aqueous solution containing methyl orange (MO)
under sunlight. The mechanism of enhancing visible
light catalytic activity was proposed. As far as we
know, there are some reports on the photocatalytic
performance of CdS/rGO nano-semiconductor com-
posites in the literature. We base our research on the
effects of different composite ratios on the
microstructure, optical properties, photoelectro-
chemical and photocatalytic properties. In addition,
the composite catalyst showed better photocatalytic
activity than the original CdS. A possible mechanism
for enhancing the photocatalytic performance of
CdS/rGO nano-semiconductor composites is also
proposed.

2 Experimental

21 composites of CdS/rGO
nanocomposites

CdS/rGO nanocomposites with diverse proportions
of rGO (0-2.5%) were prepared via one-step
hydrothermal method. The typical synthesis process
of CdS/rGO nanocomposites is as follows: Similar to
our previous report, graphene oxide (GO) is made by
oxidation of graphite flakes using a modified
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Hummers method [25]. According to the molar ratio
of cadmium source and sulfur source at 1:6, weighed
0.0025 mol Cd (CH3CO,); and 0.015 mol CH4N,S
used as precursors, then dissolved in 40 mL deion-
ized water and 40 ml ethylenediamine to obtain a
mixed solution. Meanwhile, a certain amount of
graphene oxide is weighed in the above mixed
solution. The resultant mixture was firstly ultrasonic
treatment for 30 min, then magnetic stirred for
30 min to mix completely. Subsequently, the obtained
transferred the mixed solution to a 100 mL stainless
steel autoclave lined with polytetrafluoroethylene.
Keep the sealed autoclave at 185 °C under the
hydrothermal strip for 12 h. After the reaction was
completed, the autoclave was naturally cool down to
room temperature. Centrifuge the solution and wash
3 times alternately with absolute ethanol and deion-
ized water, dry under vacuum at 60 °C for 12 h to
obtain CdS/rGO samples. CdS/rGO composites with
different GO mass ratio of 0.5%, 1%, 1.5% and 2.5%
were prepared the sample following the same steps
as above, and the samples were denoted as recorded
as: GCS-05 GCS-1.0, GCS-1.5 and GCS-2.5,
respectively.

2.2 Characterization

The crystalline powder product was recorded on an
X-ray diffractometer (Rigaku, Japan, D/Max-2400),
and recorded with Cu Ka radiation (A = 0.15406 nm)
at 40 kV and 80 mA, scanning rate 0.2°/s and step
size 0.02°. Scanning electron microscope (SEM, JEOL
JSM-6701F) and high-resolution transmission electron
microscopy (HRTEM, JEM-2010) were performed to
observe the morphology and microstructure of the
samples. The chemical composition of the product is
measured by X-ray energy dispersive spectroscopy
(XEDS). The surface chemical composition and
chemical state of elements were studied by X-ray
photoelectron spectrometer (XPS, PHI-5702). The
specific surface area and pore parameters were
measured by nitrogen adsorption—-desorption ana-
lyzer Micromeritics, ASAP2020. Ultraviolet-visible
(UV-Vis) spectrophotometer (PERSEE TU-1901) was
performed to characterize the samples’ optical
absorption and bandgap energy. The photolumines-
cence (PL) spectra were recorded by luminescence
spectrophotometer (LS-55).
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2.3 Photo-electrochemical measurement

Electrochemical impedance spectra (EIS), Mott-
Schottky curves and transient photocurrent response
were Tested using an electrochemical workstation
(CS350, Wuhan CorrTest, China) with a standard
three-electrode battery cell in NaySO4 (0.1 M) elec-
trolyte. Prepare working electrode by dropping CdS/
rGO samples onto the surface of the Indium Tin
Oxide (ITO) conductive glass, the reference electrode
is a saturated calomel electrode (SCE), and the
counter electrode is a Platinum foil. The photocur-
rent-time (I-t) curves were obtained under fixed bias
potential of 0.5 V. The EIS Nyquist plot was recorded
in the frequency extent of 0.01 Hz to 100 kHz with a
vibration amplitude of 5 mV, and a 500 W xenon
lamp was used as the aroused light source.

2.4 Photocatalytic experiment

The photocatalytic activity of CdS/rGO nano-scale
semiconductor materials was evaluated in VS-GCH-
XE-300 photochemical reaction apparatus. In the
experiment, methyl orange (MO) solutions were used
to simulate dye wastewater, and 500 W xenon lamp
was used to simulate visible light for degradation
within 120 min at room temperature. In the degra-
dation experiment, a certain amount of samples were
scattered in 100 ml MO solution (20 mg/L). The
photocatalytic efficiency was defined as (Cy — Cy)/
Cop x 100%, where Cy and C, stand for the initial
concentration of MO solution and the concentration
of dye after 30 min illumination, respectively.
Meanwhile, sonicated the suspension for 30 min in
the dark before illumination to striked a balance
between adsorption and desorption. Subsequently,
the photocatalytic degradation reaction was in pro-
gress for 150 min under the irradiation of a 300 W
xenon lamp. After a certain time interval (30 min),
3 mL of the reaction solution was taken out. The
concentration of the MO dye was determined by
measuring the absorbance of the solution using a
UV-vis spectrophotometer. And then collect the
dispersed photocatalyst after the photocatalytic
reaction, and repeat the photocatalytic degradation
experiment under the same conditions. 15 ml iso-
propyl alcohol (IPA), 0.15 mM p-benzoquinone (BQ)
and 15 ml ethanol (EA) were added to capture -OH,
-O?” and HY, respectively.

@ Springer



22096

3 Results and discussion

3.1 Structure and morphology
characterization

Figure 1 shows the typical XRD patterns of pure CdS
and CdS/rGO nanomaterials are at 20 = 24.8°, 26.5°,
28.18°, 36.62°, 43.68°, 47.84° and 51.82°, which exactly
indexed to the (100), (002), (101), (102), (110), (103) and
(112) crystal planes of the hexagonal structure conform
to the CdS standard spectrum JCPDS (No. 41-1049),
respectively. In addition, the diffraction peak of the
CdS (101) plane is stronger than any other peaks,
which indicates that the as-prepared pure CdS possess
good crystallization and grows along the crystal sur-
face (101) Compared with pure CdS, as the number of
rGO increases, the peak shape of CdS/rGO
nanocomposites does not change significantly, and the
peak intensity gradually decreases. the evident typical
carbon diffraction peaks cannot be observed due to the
low amount of rGO and beyond the detection range of
the instrument. For pure CdS, GCS-0.5, GCS-1.0, GCS-
1.5 and GCS-2.5 nanocomposites, the crystallite size
are estimated by using the Debye-Scherer equation to
be 60, 34, 33, 38 and 31 nm, respectively.

Figure 2a shows the emblematical HRTEM likeness
of GCS-1.0, it proves self-evident that the shape of
CdS mainly show regular one-dimensional nano-
sized clubbed rod structure with smooth surface and
irregular clear edge, the width of the nanorod struc-
ture is basically distributed in the extent of 40-80 nm,

J Mater Sci: Mater Electron (2021) 32:22093-22105

and the length is distributed between 100 and
300 nm, and the aspect ratio of nano-rod is very
small. One-dimensional CdS nano-sized rod struc-
ture partially wrapped by graphene and partially
embedded on the graphene surface, which are ben-
eficial to transfer light carrier and improve photo-
catalytic activity. Figure 2b is the locally amplified
HRTEM image of GCS-1.0 sample, which showing
clear lattice fringe without defect structure. The sta-
tistical measurement reveal that the interplanar
spacing of about 0.316 nm can be attributed to the
(101) plane of the hexagonal structure of CdS. Which
indicating that CdS nanocrystals grow selectively
along the (101) crystal planes.

Figure 3 shows the XEDS spectra of GCS-1.0
nanocomposites. It can be seen GCS-1.0 nanocom-
posites only contain S, Cd and C elements charac-
teristic peaks. The atomic and weight percentage of
the related elements for GCS-1.0 nanocomposites are
found to be almost close to the nominal stoichiometry
used in their respective precursors, without any
impurity elements from the reactants.

XPS analysis was performed to study the surface
elemental composition and element electronic states.
The survey spectrum of GCS-1.0 nanocomposites
depict the photoemission signatures of C 1 s, Cd 3d
and S 2p, as described in Fig. 4a. C1 s spectrum can be
deconvoluted into three characteristic peaks at 284.8,
286.2 and 287.7 eV as shown in Fig. 4b, assigned to
C-O, C-O and C = C/C—C bonds of rGO, respectively

Fig. 1 XRD patterns of pure
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Fig. 2 a-b HRTEM images of GCS-1.0 samples
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Fig. 3 XEDS spectra of GCS-1.0 samples

[35]. Figure 4c shows Cd 3d two characteristic peaks at
404.9 and 411.7 eV, which corresponding to the elec-
tron binding energies of Cd 3ds,, and Cd 3dj,,
respectively, indicating that Cd exists in the form of
Cd*" state [36]. In addition, Fig. 2c displays the S2p
characteristic peaks, which can be fitted into two peaks
at 161.3 and 162.4 eV, belong to S 2ps,, and S 2py 2,
respectively. Indicating that S exists in the form of S*~
[37] and the existence of CdS in the composite.

Figure 5 presents the typical nitrogen adsorption-
desorptions isotherms and the corresponding pore
size distribution curves (inset of Fig. 5) of pure CdS
and GCS-1.0. It can be seen that the isotherms are
relatively flat in the low-pressure region (P/
Py <0.8), the adsorption—desorption is almost
overlapped due to the adsorption mainly occurs,
while the isotherm increases rapidly in the high-
pressure region (P/Py>0.8) and form Hj type

hysteresis loop owing to capillary agglomeration
phenomena, indicating that the isotherms exhibit
type IV and the catalysts are characteristic of
mesoporous (2-50 nm) structures [25]. The average
pore diameter of pure CdS is 41.67 nm with a
narrow pore size distribution. The BET surface area
is 16 0.88 m®g~'. Compared with pure CdS, CdS/
rGO nanocomposites exhibit similar N, sorption
characteristic, but the specific surface area and
average pore diameter for GCS-1.0 is about 57.24
m” g~' and 28.36 nm, respectively.It is easy to find
that the specific surface area of GCS-1.0 is more
larger than that of the pure CdS sample. The pore
size of the catalyst is significantly reduced after the
composite, which is mainly due to the coexisting
graphene nanosheet structure and well-dispersed
nanorods. The larger specific surface area of the
composite has more active sites conducive to the
adsorption of pollutants and improves the photo-
catalytic deactivation of organic dyes.

Figure 6a depicts the UV-Vis absorption spectrum
of pure CdS and CdS/rGO nanocomposites. From
Fig. 6a, it is clear all samples display have absorption
in the visible light region, it is worth mentioning that
the light absorption of CdS/rGO nanocomposites
obviously enhanced and exhibit better light response
in the region of 550-800 nm than pure CdS. The
absorbance of CdS/rGO nanocomposites increases in
pace with the increase of rGO content from 0 to 2.5%,
and absorption edge redshift, which may be due to
the chemical bonding between CdS and rGO and the
charge delimitation between CdS and rGO [33, 34].

The optical band gap (Eg) of CdS/rGO nanocom-
posites are calculated by using the Kubelka-Munk

@ Springer
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Fig. 6 a UV-vis absorption spectra and b—f the (athv)* versus hv curve of pure CdS and CdS/rGO samples

relation [32], as displayed in Fig. 6b—f, the band gap
energy of pure CdS, GCS-0.5, GCS-1.0, GCS-1.5 and
GCS-2.5 are calculated to be 2.42, 2.36, 2.32, 2.35 and
2.37 eV, separately. The band gap of CdS/rGO
nanocomposites is significantly smaller than that of
pure CdS, with the increase of GO content, the band
gap decreases and occurs red shift. This result prob-
ably attributed to the fact that CdS nanoparticles are
enclosed in graphene and confined in a small space.
The surface effects of nanocrystals cause electronic
transitions towards the long wave direction.

3.2 Optical and photo-electrochemical
properties analysis

Figure 7 shows the PL spectra of pure CdS and CdS/
rGO nanocomposites. It is obviously that all samples
exhibit two luminescence centers at 550 nm and

580 nm, respectively, the peak located at 550 nm of
CdS/rGO nanocomposites decreased clearly contrast
to pure CdS, and the luminescence intensity of GCS-
1.0 is the weakest, which reflecting the recombination
efficiency of photogenerated e~ and h* is low. The
peak centered at 550 nm may be related to the
emission from structural defects. The peak centered
at 580 nm may be due to the holes in the CdS valence
band recombine with electrons trapped in sulfur
vacancies. Figure 7 shows that pure CdS shows the
strongest PL emission signal and the shortest lifetime
of carriers due to the high recombination of photo-
genic carriers. The PL intensity of CdS/rGO
nanocomposites is significantly reduced and the
carrier lifetime is obviously extended, indicating that
CdS nanoparticles are modified on the surface of two-
dimensional layered rGO nanostructure can
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Fig. 7 PL spectra of pure CdS and CdS/rGO samples

effectively suppress the recombination of photogenic
carriers, and improve the quantum efficiency of CdS/
rGO nanoparticles, which is beneficial to the ame-
lioration of photocatalytic reaction.

For the sake of further discuss the effects of the
rGO mass ratio on the photo-electrochemical prop-
erties, the generation, separation and migration abil-
ity of photogenic carriers were carried out for CdS/
rGO nanocomposite material. In the Fig. 8a, EIS
Nyquist plots of pure CdS and CdS/rGO electrodes
and the inset show the high frequency region of the
spectrum expands. Obviously, the Nyquist diagram
of the sample is composed of an approximate similar
straight line in the low frequency area and the
approximate semicircle in the high frequency area.
The diameter of the arc of CdS/rGO nanocomposites
smaller than pure CdS, indicating that the
nanocomposites possess lower charge transfer resis-
tance due to the higher electronic conductivity of rGO
and the synergism between rGO and CdS, therefore,
the catalysts can significantly improve the transfer
productiveness of photo-generated carriers.

The transient photocurrent response of pure CdS
and CdS/rGO nanocomposites for five on/off cycles
were performed under simulated solar radiationas
shown in Fig. 8b. Under the visible light raying, the
photocurrent density of pure CdS, GCS-0.5, GCS-1.0,
GCS-1.5 and GCS-2.5 rapidly increased to 0.0004,
0.0006, 0.11, 0.045, 0.014 mA cm*2, respectively,
while the light is turned off, the photocurrent drops
rapidly to zero. Compared with pure CdS, the light
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current density of CdS/rGO nanocomposites is sig-
nificantly improved, and the photocurrent density
increases with the amount of rGO compound
increases. The I-t curves of CdS/rGO nanocomposites
are highly accordant with the results of PL spec-
troscopy. The enhanced photocurrent density and
weakened PL intensity of CdS/rGO nanocomposites
indicates that rGO nanostructure can validly restrain
the recombination of photo-generated carriers and
enhance electron transfer ability in the photocatalytic
reactions. GCS-1.0 exhibits the largest photocurrent
density, which is most conducive to the improvement
of photocatalytic performance.

Mott-Schottky analysis of CdS/rGO nanocompos-
ites under different frequencies in 0.1 M Na,SO4
aqueous solutions were used for evaluate the flat-
band potential position and the intrinsic carrier
density of photocatalyst, as shown in Fig. 9a—e.

According to the formula: Ny =

(L> [d(1/C?)/dV] ! [38] calculate the carrier den-

€0€0Er
sity, where ¢, is the relative dielectric constant, g, is
the vacuity dielectric constant, e, is the electron
charge, Ny is the carrier denseness, C is the space
charge capacitance. From Fig. 9a—e we can know that
all samples exhibit n-type semiconductors character-
istics due to the positive slope in the linear region of
the Mott — Schottky plots [39]. According to
V(NHE) = V(SCE) + 0.059pH + 0.242(pH =7), the
relative standard calomel electrode (vs SCE) potential
is converted to the standard hydrogen electrode (vs
NHE) potential. It can be seen from Fig. 9a that
V(SCE) = — 1.115 V. Since CdS is an n-type semi-
conductor, the conduction band potential of CdS is
VCB = VINHE) = — 0.51 V. According to UV-Vis
absorption spectrum analysis, the band gap of pure
CdS is 2.42 eV, and the corresponding valence band
is deduced to be 1.91 eV. The carrier densities of pure
CdS, GCS-0.5, GCS-1.0, GCS-1.5 and GCS-2.5 are
6.11 x 10'%, 621 x 10'%, 447 x 10", 2.11 x 10",
1.49 x 10" ecm™, respectively. It can be seen the
carrier density of CdS/rGO nanocomposites is
greater than that of pure CdS, and the carrier density
increases with the increase of the GO composite
content.

3.3 Photocatalytic activity

As can be seen in Fig. 10a the degradation rates of
MO for pure CdS and CdS/rGO composite material.
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In the blank experiment without photocatalyst, the
self-degradation of MO can be disregard, which
indicates that MO shows good stability. Under the
combined action of simulated solar irradiation and
catalyst, the degradation rate of pure CdS, GCS-0.5,
GCS-1.0, GCS-1.5 and GCS-2.5 are: 21.6%, 33.4%,
85.6%, 55.2% and 43.8%, respectively. Apparently, the

photocatalytic efficiency of CdS/rGO nanocompos-
ites is superior to that of pure CdS and GCS-1.0 dis-
play the highest photocatalytic activity within
120 min, which is 4 times that of pure samples.

The plots of Ln(C;/Cy) vs time of irradiation of the
photocatalytic degradation MO for CdS/rGO
nanocomposites as present in Fig. 10b. The kinetic

@ Springer



22102

@ 1.0

0.8 4

0

= 0.6

v
&
&)
0.4 4 —8—GCS-0.5
—A—GCS-1.0
—y—(GCS-1.5
- (GCS-2.5
0.2 1 — 7xc]l;-du_urudulim\
i
indark | irradiation
0.0 -1 T T T T T
-30 0 30 60 90 120

Irradiation (min)

J Mater Sci: Mater Electron (2021) 32:22093-22105

Ln(C¢/Cy)

T 1 1
0 30 60 90 120
Irradiation (min)

Fig. 10 a The photocatalytic degradation of MO over time and b plots of In (Ct/C0) vs irradiation time for pure CdS and CdS/rGO

samples

characteristics of photocatalytic degradation MO in
line with first-order kinetic model equations, the rate
constant for pure CdS, GCS-0.5, GCS-1.0, GCS-1.5
and GCS-2.5 samples are 0.00166, 0.00245, 0.01409,
0.00461and 0.00289 min~', respectively. It is clear the
rate constant of CdS/rGO nanocomposites is greater
than that of pure CdS, and GCS-1.0 display the
highest photocatalytic activity within 120 min, which
is 8.5 times that of pure samples. GCS-1.0 sample
exhibits the largest rate constant, indicating that GCS-
1.0 has the optimal photocatalytic performance.

To evaluate the stability and repeatability of pho-
tocatalytic degradation of MO for CdS/rGO
nanocomposites, the cyclical stability and durability
of GCS-1.0 photocatalysts were carried out for 5
successive cycles under the same conditions. As
shown in Fig. 11a, the degradation efficiency
decreases slightly as the number of cycles increases,
after 5 cycles, the degradation efficiency reduced
from the initial 85.6% to 77.8%. CdS/rGO photocat-
alysts exhibit excellent recyclability due to lead into
the rGO on the surface of CdS, which protects CdS
from photo-corrosion and enhances its photostability.
As shown in Fig. 11b, the characteristic peak of the
photocatalyst GCS still exists after the photocatalytic
reaction. It was proved that the crystal structure of
the composite material GCS did not change before
and after photocatalysis, indicating that it has satis-
factory structural stability. It also proved that GCS
could effectively carry out long-term photocatalytic
reactions.

@ Springer

3.4 Photocatalytic mechanism

In order to grope for the contribution of reactive
species on the photocatalytic degradation process of
dye by adding isopropyl alcohol (IPA, used to cap-
ture hydroxyl radical -OH), Ethanol (EA, used to
capture hole h*) and benzoquinone (BQ, used to
capture superoxide radical -O,7). Figure 12 shows
the photocatalytic degradation rate of MO by GCS-1.0
photocatalysts under the presence of different cap-
ture agents. It is clear that the degradation rate
reduced from the initial 81.8% to 73.1%, 38.8% and
21.2% after adding EA, IPA and BQ as scavengers,
respectively. Which illustrating that -O,” and -OH
play outstanding roles in the photocatalytic degra-
dation process, while h* plays a secondary role.

Based on the above experimental results, the rea-
sonable photocatalytic degradation mechanism of the
photocatalyst under simulated visible light irradia-
tion is proposed as follows. The bandgap of CdS is
2.42 eV, and the conduction band (CB) potential and
valence band (VB)potential are -0.52 and 1.90 eV,
respectively. Under visible light irradiation, electrons
(e7) of CdS semiconductor are excited from VB to CB
and generate holes(h™) in VB.

Based on the above analysis, the photocatalytic
mechanism of the degradation of MO by CdS/rGO is
proposed (Fig. 13). With the introduction of rGO, this
new nanostructure can significantly reduce the
probability of charge recombination and extend the
lifetime of photogenic electron hole pairs due to the
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Fig. 12 Effects of EA, IPA and BQ on the photocatalytic
degradation of MO over GCS-1.0 composites

chemical bonding of CdS/rGO interface and the
excellent rGO’s electron on account of the foregoing
experimental results, the reasonable photocatalytic
degradation mechanism of the photocatalyst under
simulated visible light irradiation is proposed as
follows. Under visible light irradiation, the electrons
of the CdS semiconductor are excited from VB to CB,
and holes are generated in VB. The electrons are
immediately shifted to the surface of the catalyst and
take part in the redox reactions. Photoelectrons can
react with oxygen (O,) to emerge superoxide free

eV vs NHE
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:é ( CO,, H,0 and Other small molecules
— 1 - . N . 02_
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0 I
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Fig. 13 The schematic diagram of photocatalytic mechanism of
the CdS/rGO composites under simulated sunlight

radical(-O,7), while holes can react form hydroxyl
radicals ((OH) with water. Both -O,” and -OH have
strong oxidation ability and can react with the pol-
lutants to produce CO,, H,O and other inorganic
small molecule materials. rGO plays a momentous
effect in the process of photodegradation. On the one
hand, rGO is utend to an electron carrier and trans-
porter to receive and transfer photoelectrons gener-
ated on the surface of CdS and restrain the speedy
recombination of electron holes. On the other hand,
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rGO has a great ability to adsorb organic dye
molecules.

4 Conclusions

CdS/rGO nanocomposites with enhanced photocat-
alytic activity were successfully fabricated via a facile
one-step hydrothermal method by controlling the
quality of the GO compound. Pure CdS and CdS/
rGO nanoparticles are hexagonal structure with uni-
form particle size and good dispersion. One-dimen-
sional CdS nanorods with smooth surface, partly
decorated on the surface of graphene and partly
wrapped in graphene.

The band gap of CdS/rGO nanocomposites is
smaller than that of pure CdS and occurs red shift
phenomenon. The photoluminescence spectra, tran-
sient photocurrent response and electrochemical
impedance spectra of CdS/rGO indicate that indi-
cating nanocomposites accelerate the separation and
migration efficiency of photogenerated carriers, and
inhibit the recombination of photogenerated carries,
there by accelerating the redox reaction and
improving its photocatalytic efficiency.

CdS/rGO nanocomposites display superior pho-
tocatalytic activity to degrade MO under the simu-
lated sunlight irradiation than that of pure CdS, the
degradation efficiency of GCS-1.0 photocatalysts
remained at 77.8% after 5 cycles with excellent recy-
clability property. The active species capture tests
demonstrate that -O,” and -OH play a crucial role in
the photocatalytic degradation of MO for CdS/rGO
nanocomposites.
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