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ABSTRACT

A series of reduced graphene oxide and CdS nanocomposites (RGO/CdS) with different weight
ratios of RGO have been synthesized by a facile microwave-assisted solvothermal method, in
which the room temperature ionic-liquid 1-butyl-3-methylimidazolium thiocyanate

([BMIM]*SCN) served as sulfur source as well as stabilizing agent. RGO sheets were uniformly
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decorated by CdS nanospheres in the as-prepared samples. Only the aggregates of CdS particles
over 100 nm were obtained, when graphene oxides were not employed. The existence of RGO
could effectively enhance the photocatalytic activity for the degradation of rhodamine B (RhB)
under visible light irradiation and the RGO/CdS-10% sample possessed the highest activity and
excellent stability. The improved photocatalytic efficiency of RGO/CdS nanocomposites could be
attributed to the enhanced adsorbability of RhB molecules, a broadened light response range in the
visible spectrum and improved separation efficiency of electron-hole pairs, all of which are
resulted from the introduction of RGO. It is hoped that this facile and efficient synthesis route can
promote the exploration and utilization of graphene-based semiconductor nanocomposites as

visible-light photocatalysts.

Keywords: room temperature ionic-liquid precursors, CdS nanospheres, reduced graphene oxide,

nanocomposites, photocatalysts

1. Introduction
With mild reaction conditions, high efficiency and the inexhaustible solar energy source,
photocatalysis technology has been considered as an ideal “green” approach to solve
environmental pollution and energy shortages. Extensive research on high efficiency
photocatalytic materials has been carried out. As well known, ultraviolet (UV) light contributes
only about 4% of solar radiation energy, while visible light accounts for about 43%, so most of the
studies have been focused on the development of visible-light responsive photocatalysts' ™.

In the last decades, the binary II - VI chalcogenide nanomaterials, especially CdS
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nanoparticles, have become the material of high interest for photocatalytic research. CdS has a
narrow band gap (2.42 eV) that responds to visible light4. However, there are several issues that
still limit the photocatalytic activity of CdS, such as the low separation efficiency of electron-hole
pairs, severe aggregation to large particle size and serious photocorrosion™ ®. In order to solve
these problems, several approaches have been tried, including the synthesis of CdS quantum dots”

9, 10

8 deposition of noble metals and preparation of heterogencous semiconductors with other

components1 14,

Recently, graphene based materials have been explored to improve the efficiency of
photocatalysis due to the excellent electrical characteristics of graphene. Specifically, composites
of graphene with CdS have been paid close attention with the goal of combining these two

promising components. Liu et al'*

produced a graphene-CdS composite to improve the
photocatalytic reduction of Cr(VI); Xu et al'>'® synthesized graphene-CdS nanocomposites with
enhanced efficiency for photocatalytic selective organic transformation by different methods.
These reports focused attention on the enhancement of photocatalytic activity. The study of the
influence of graphene on the morphology and other properties of the nanocomposite has been less
concerned and remains to be evaluated.

In the previous reports, hydrazine hydrate or other reductants were always used to convert
lamellar solid graphene oxides (GO) into graphene through complex processes. However, most of
the reductants have strong reducibility which may cause extra damage. In this work, we prepared a

composite of reduced graphene oxide (RGO) sheets and CdS nanoparticles (RGO/CdS) by means

of a microwave-assisted process using room temperature ionic-liquids (ILs) as precursor.
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Compared with organic solvents, ILs own unique properties such as very low vapor pressure, wide
liquid temperature range, good ionic conductivity, good thermal stability, good dissolving ability,
excellent microwave absorbing ability!’. To date, a variety of inorganic nanomaterials such as
metal oxides (Fe,O; hollow microspheres and nanorods, CuO peachstone-like architectures, etc.),
metal salts (AgBr, AgCl microspheres, SmVO4 nanosheets, MnCO3 hollow microspheres, etc.) and
metal chalcogenides (MoS, microspheres, ZnS nanoparticles, In,S; microspheres, various Bi,Ss3
nanostructures, Bi;Sesnanodiscs, etc.)18'27, have been fabricated using suitable IL-related reaction
routes. In these previous reports, ILs acted not only as solvents but also as soft templates or
capping agents even reactants for the fabrication of nanostructures.

In this article, the room temperature ionic-liquid 1-butyl-3-methylimidazolium thiocyanate
([BMIM]*SCN) were used as the sulfur source as well as stabilizing agent and cadmium
thiocyanate (Cd(SCN),) used as the cadmium source. A series of RGO /CdS nanocomposites with
different RGO weight ratios were synthesized by a facile microwave-assisted solvothermal
method. The as-prepared RGO/CdS nanocomposite displayed high efficiency in the
photodegradation of rhodamine B (RhB) as a visible-light-driven photocatalyst. Moreover, the
influences of RGO on the properties of the nanocomposites were systematically investigated, and a
tentative mechanism for the photocatalytic reaction in this system is proposed.

2. Experimental Section
2.1 Preparation of the RGQ/CdS Nanocomposites
Materials. Cadmium nitrate (Cd(NOs), - 4H,0), potassium thiocyanate (KSCN), absolute

ethanol, methanol, ethylene glycol (EG) and rhodamine B (RhB) were analytical grade. The room
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temperature ionic liquid, 1-butyl-3-methylimidazolium thiocyanate ((BMIM]*SCN) was purchased
from Shanghai Chengjie Chemical Co. Ltd. All materials were used without further purification.

Graphene oxide (GO) was obtained from the oxidation of graphite powder according to the
modified Hummers’ method®®. Cadmium thiocyanate (Cd(SCN),) was obtained by the
coprecipitation of Cd(NO3),*4H,0 in methanol with KSCN. Then the precipitate was filtered and
evaporated to form powders at room temperature. A typical synthesis of RGO/CdS
nanocomposites involved the following process. 0.3426 g Cd(SCN), and 1.5 mmol of
[BMIM]*SCN were dissolved in 10 mL of ethylene glycol. Concomitantly, the as-prepared GO
with the desired weight ratio was dispersed in 10 mL of ethylene glycol by ultrasound for 10 min.
After that, the two solutions were mixed under constant stirring for 10 min, and then transferred
into a microwave reactor with a capacity of 80 mL. The reactor was heated and maintained at 180
C for 20 min using a microwave system (MDS-8, Shanghai Xinyi Co, Ltd) and then cooled to
room temperature naturally. The product was collected by centrifugation, washed several times
with deionized water and absolute ethanol, and then dried in vacuum at 80 °C for 10 h. Pure CdS
particles were prepared following the same procedure of the RGO/CdS nanocomposites without
addition of GO.

2.2 Characterization

Powder X-ray diffraction ( XRD ) patterns were recorded on a Bruker D8-Avance X-ray powder
diffractometer with a Cu-Ka radiation tube over the range of 20°< 20 <70° (A=0.154056 nm, the
accelerating voltage and the applied current were 40 kV and 35 mA, respectively). Scanning

electron microscopy (SEM) images were collected using a Hitachi S-4800 microscope equipped
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with an energy-dispersive X-ray analyzer (EDS, Horiba EMAX Energy EX-350). The transmission
electron microscope (TEM) analyses were carried out with a JEM-100CX field emission electron
microscope. UV-vis diffuse reflectance spectra (DRS) were obtained with a Shimadzu UV2550
recording spectrophotometer equipped with an integrating sphere from 200 to 800 nm. BaSO,4 was
used as a reference. Nitrogen adsorption-desorption measurements were conducted at 423 K on a
Micromeritics ASAP-2020 analyzer. The multipoint BET surface area was calculated from the
adsorption data. Raman spectra were obtained by the Lab RAM HR system of Horiba JobinYvon
at room temperature using a 532 nm solid state laser as excitation source. Fourier transform
infrared spectroscopy (FTIR) measurements were carried out using a Nicolet FTIR760 infrared
spectrometer. X-ray photoelectron spectroscopy (XPS, Thermo ESCALAB 250) was performed
using monochromated Al Ka radiation (1486.8 eV).

2.3 Photocatalytic Activity Test

The photocatalytic activity of the samples was evaluated by monitoring the degradation of RhB
under light from a 50 W Xe lamp (PLS-SXE300C) equipped with cutoff filters to provide visible
light (A > 420 nm). Typically, a mounted 20 mg photocatalyst was suspended in a 40 mL RhB
solution (1 x 10 molsL™") under constant stirring. Prior to irradiation, the suspension was
magnetically stirred in the dark for 30 min to ensure adsorption equilibrium of the dyes on the
catalyst surface. After that, the lamp was turned on and the distance between the suspension and
light source was fixed at 10 cm. At specific time intervals, 4 mL aliquots were sampled and
centrifuged to remove the catalyst. The degraded solutions were examined spectrophotometrically

by measuring the absorbance at 553 nm on a UV-vis spectrometer (Shimadzu UV-2500). The
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degree of degradation was expressed by C/Cy, which is the ratio of the temporal RhB concentration
to the initial RhB concentration after absorption equilibrium. The normalized temporal
concentration changes (C/Cy) of RhB were found to be proportional to the normalized maximum
absorbance (A/Ay).

2.4 Electrochemical Activity Test

Electrochemical test systems were composed of a CHI660B workstation with a three-electrode
configuration using the prepared samples as the working electrodes, a Pt wire as the counter
electrode, and Ag/AgCl as the reference electrode. A 50 W Xe lamp with a cutoff filter (A > 420
nm) served as the visible-light source and 1M Na,SO, aqueous solution was used as the
electrolyte. Working electrodes were prepared as follows: 10 mg RGO/CdS nanocomposites were
dispersed in absolute ethanol, and then the suspension was directly deposited onto an indium-tin
oxide (ITO) glass plate and then dried at 80°C in an vacuum oven. Electrochemical impedance
measurements (EIS) were performed over the frequency range from 0.05 to 100 kHz at
open-circuit potential, and the amplitude of the applied sinusoidal voltage was 10 mV.

3 Results and Discussion

3.1 Structure and Morphology of the RGO/CdS Nanocomposites

Fig. 1 shows the XRD patterns of GO, CdS and the RGO/CdS with different RGO weight

ratios. In Fig. la, the sharp (002) peak of GO is located at 26=10.69°, corresponding to an
interlayer distance of 0.827 nm. This indicates a well-ordered, lamellar GO structure, as a result of
the presence of intercalated H,O molecules and various oxygen-containing functional groupszg’ 30,

It is obvious that the pure CdS and the RGO/CdS nanocomposites possess similar XRD pattern as
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shown in Fig. 1b-f. The peaks at 20 values of 24.8 °, 26.5 ©, 28.2 °, 43.7 °, 47.8 °and 51.8 ° can be
ascribed to the (100), (002), (101), (110), (103) and (112) crystal planes of hexagonal CdS (JCPDS
41-1049), respectively. The broadened peaks indicate that the crystallite size of the CdS
nanoparticles is relatively small. While no typical diffraction peaks for the carbon species are
observed in the composites, because the relatively low diffraction intensity of the expected RGO
peak at 26° is most likely shielded by the main hexagonal CdS peak at 26.5° ®. Clearly, the
RGO/CdS composite is of high crystallinity just like the pure CdS sample. It is well known that the
CdS particles are apt to aggregate together during the nucleation process and microwave radiation
provides a quite rapid heating rate, which are not ideal conditions for the crystallization of CdS.
However, RGO offers a better platform for the nucleation of the CdS nanoparticles during the
microwave heating process'”, so that the crystallinity of the CdS nanoparticles in the composite is

kept.

Intensity (a.u.)

——1—— "
10 20 30 40 50 60 70
20(degree)

Fig. 1 XRD patterns of (a) GO, (b) CdS and (c-f) RGO /CdS-1%, 5%, 10%, 15% (weight ratios of

RGO).
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Furthermore, the morphology of the CdS and the RGO/CdS-10% samples was analyzed by
SEM and TEM measurements, the results directly depict the morphology change of CdS in the
presence of RGO sheets. Fig. 2a, b show a significant aggregation of CdS nanoparticles with an
average diameter 200 ~ 400 nm in the absence of RGO. However, when GO was added during the
microwave process, the morphology of the CdS became quite different. Fig. 2¢ shows a picture of
the composite at low magnification. There are many small CdS nanospheres uniformly spread on
the surface of the lamellar solid. As the magnification increases (Fig. 2d), it is clearly observed that
the curled RGO sheets are tightly and evenly decorated by CdS nanospheres, indicating that strong
interaction between RGO and CdS. The TEM and EDS results of the RGO/CdS-10% composites
are displayed in Fig. 2e-f. Clearly, the RGO sheets are curled and corrugated and the CdS particles
exhibit spherical morphology with less aggregation and a smaller diameter, which results in a
larger specific surface area (see Table S1 in Supporting Information). It is obvious that the specific
surface area of the nanocomposites is much larger than that of the pure CdS, and it increases with
the increasing of the GO addition. The CdS spheres present a crumbly structure composed of
smaller particles, which is beneficial for promoting its adsorbability as a photocatalyst’’. At the
same time, the EDS results in Fig. 2g reveal an elemental composition of C, Cd, S and Al (Al

comes from the Al foil substrate), and the molar ratio of Cd to S is of nearly 1:1.
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Fig. 2 SEM images of (a-b) CdS, and (c-d) SEM images, (e-f) TEM images, (g) EDS of the
RGO/CdS-10% nanocomposite.
3.2 Chemical Composition of the RGO/CdS Nanocomposites
FTIR was used to measure the reduction degree of the GO sheets. The FTIR spectra of GO and
the RGO/CdS samples over the range of 800-4000 cm™ are shown in Fig. 3. In Fig. 3a, the
characteristic GO bands are observed at 1042 cm™ ( C-O stretching vibrations of epoxy groups),

1224 cm™ ( C-O stretching vibrations of phenolic C-OH), 1402 cm™ ( O-H deformation
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vibrations of tertiary C-OH) and 1734 cm™ ( C=0 stretching vibrations of COOH groups ). The
peak at 1620 cm” is related to the H-O-H bending band of adsorbed H,O molecules or to the
skeletal vibrations of unoxidized C-C bonding® ***. All of these bands, which are related to the
oxygen-containing functional groups almost vanished in the FTIR spectrum of the RGO/CdS
composite as shown in Fig. 3b, thus indicating the reduction of GO. Simultaneously, the RGO/CdS
composite shows a new peak around 1570 cm™ due to the skeletal vibration absorption peak of the
graphene sheets®**. In order to further demonstrate the reduction level of GO, the above results

were verified by Raman and XPS data as follows.

skeletal vibration:
of graphene

Transmission (a.u.)

4000 3500 30'0(‘le a;eﬁg?}er' (ciqlgo " 1500 1000
Fig. 3 FTIR spectra of (a) GO and (b) RGO/CdS-10%.

The Raman spectra also confirm the reduction of GO. As shown in Fig. 4b, there are two peaks
around 294.8 cm™ and 592 cm™, individually corresponding to the longitudinal optical photon
mode (1-LO) and overtone (2-LO) of the CdS nanoparticles assembled on the RGO sheets™.
Compared to the pure CdS, they slightly shift to the low frequency, which is caused by the small

size effect. In addition, GO exhibits two prominent peaks at about 1369.4 cm™ and 1593.6 cm’™

in Fig. 4c, which correspond to the D and G bands, respectively’’. The RGO/CdS-10% sample also
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contains both the D band (1364.9 cm™) and the G band (1584.6 cm™) which shift to the lower
wavenumber due to the reduction of GO. Furthermore, compared with the pristine GO, a
significant increase in the relative intensity of D/G is observed in the RGO/CdS-10%

nanocomposite, which further proves the reduction of GO .

1593.6
1369.4

c

294.8 1584.6

1364.9
299,

T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000
Raman shift (cm™)

Intensity (a.u.)

Fig. 4 Raman spectra of (a) CdS, (b) RGO/CdS-10% and (c) GO.

Other evidences come from the XPS spectra. The binding energies obtained in the XPS
analysis are calibrated by referring to graphitic carbon at a binding energy of 284.7 eV. Fig. 5a and
¢ show the full XPS spectra taken from the surface of GO and the RGO/CdS nanocomposites,
respectively. As shown in Fig. 5b, four peaks located at 284.7 eV, 286.7 eV, 287.9 ¢V and 288.6
eV for the Cls deconvolution spectrum of GO correspond to C-C (sp” bonded carbon), C-OH
(hydroxyls), C-O (carbonyls) and O-C=0 (carboxyl), respectively. After microwave processing, as
shown in Fig. 5d, only the C-C (sp” bonded carbon) peak is clearly observed at about 284.7 ¢V and
the other peaks of the oxygenated groups are not detected, which means the GO was reduced. The
calculated integral area ratio of O to C decreases from 1.36 for the GO to 1.16 for the RGO/CdS
nanocomposites, which further proves the GO was partially reduced. In Fig. 5e-f, the peaks due to

the Cd3d doublet are located at 404.4 ¢V and 411.1 eV, with a peak separation of 6.7 eV.
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Similarly, the binding energy of the S2p peak is located at 161.5 eV. There are slight shifts in the
Cd3d (from 405.5 eV to 404.4 eV, 412.2 eV to 411.1 eV) and S2p (from 165 eV to 161.5 eV)
peaks to lower binding energies when compared to the standard values reported in the literature for
CdS*™ *!. The possible reason is that Cd atoms accept electrons from RGO, which causes the
electron density around the Cd atoms to increase and thus for the Cd-S bond length to decrease™.
Hence, the binding energies of Cd 3d and S 2p are reduced. The XPS data are consistent with the
FTIR and Raman results, and all these outcomes further identify the reduction of GO and the
formation of composites in the microwave process. It can be inferred that EG acts as a solvent as

well as a reducing agent, resulting in the partial reduction of GO to RGO.

a b
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Fig. 5 XPS survey spectra of (a) GO and (b) peak deconvolution of C 1s, (¢) XPS survey

spectrum of RGO/CdS-10% and peak deconvolution of (d) C 1s, (e) Cd 3d, (f) S 2p.
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3.3 Influence of RGO on the Properties of the RGO/CdS Nanocomposites

The comprehensive influence of RGO on the properties of the RGO/CdS nanocomposites has
three major aspects: the increase in the response range to visible light, the improvement in
electron-hole pair separation efficiency and the enhancement of the adsorbability for RhB
molecules.

First of all, the adsorption range of light plays an important role in photocatalytic activity. On
the macro level, the introduction of graphene deepens the color of the composites from lemon
yellow to olive green, which indicates the absorption of visible light is enhanced. A comparison of
the DRS spectra for a series of the RGO/CdS nanocomposites is shown in Fig. 6a. It is clear that
RGO has a considerable influence on the absorbance of the samples in the visible-light region
(A>420 nm). Compared with the pure CdS, the RGO/CdS nanocomposites exhibit a significantly
enhanced absorbance with increasing the GO content that is consistent with the color change. In
addition, the absorption edge of the RGO/CdS nanocomposites shows a gradual red shift compared
with that of the pure CdS. As a result, the band gap of the RGO/CdS becomes narrower than the
pure CdS as shown in Fig. 6b. A narrow band gap is an excellent property for a photocatalyst,
because it results in a wider photoresponse range. The reduction of band gap can be ascribed to
two reasons, one reason is the absorption contribution from RGO, and the other is the electrostatic

binding or charge transfer interaction between CdS and the specific sites of carbon® *,
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Fig. 6 (a) DRS and photos of series powder samples, and (b) band gap energies estimated by
(ahv)"? versus the photo energy of the pure CdS and the RGO/CdS nanocomposites.

Secondly, it is widely accepted that the photocurrent is mainly determined by the electron-hole
pair separation efficiency within the photoelectrodes®. Fig. 7a shows the photocurrent curves for
the pure CdS and the RGO/CdS nanocomposites over several on-off cycles under intermittent
visible light illumination. Apparently the photocurrent value returns back to almost the same value
from zero as soon as the light is turned on, which suggests that the photocurrent behavior is
reproducible. Notably, the RGO/CdS composites exhibit a much higher photocurrent value than
the pure CdS. The improved photoresponse phenomenon can be attributed to the addition of RGO
which serves as an excellent electron acceptor and mediator, prolonging the electron lifetime of the
excited electrons and leading to minimal recombination of electron-hole pairs'®.

To further support the above proposition, electrochemical impedance spectroscopy (EIS)
Nyquist plots were recorded for photo-electrodes consisting of the pure CdS and the RGO/CdS
nanocomposites. In Fig. 7b, all samples show semicircles at high frequency which is related to the
electrode resistance and also reflect the charge transfer resistance at the electrode/electrolyte

solution interface. Clearly, the arc radii of the RGO/CdS samples decrease when compared with
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the pure CdS, indicating that the RGO facilitates the interfacial charge transfer.
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Fig. 7 (a) Transient photocurrent response and (b) Nyquist impedance plots of the pure CdS and
the RGO/CdS nanocomposites with different RGO weight ratios.

Thirdly, another crucial factor for the photocatalytic process is the absorptive capacity of the
photocatalyst. In comparison with the pure CdS, the RGO/CdS nanocomposites show better
absorption ability due to its larger specific surface area. This improvement can be demonstrated by
plotting the variation of absorbance after adsorption-desorption equilibrium (Figure S1, Supporting
Information). Clearly, the adsorptive ability of the RGO/CdS is enhanced with increasing the GO
content. When the GO content reaches a value of 10%, the adsorptive ability of the RGO/CdS
reaches a maximum, which is consistent with the BET specific area data (Table S1, Supporting
Information). The reason for the diversity in adsorptive activity is that a much higher content of
RGO, such as 15%, limits the diffusion of the dye to the catalytical active site, shielding the
incident light and thus reducing the photo-absorption of CdS.

3.4 Photocatalytic Activity of the RGO/CdS Nanocomposites

Fig. 8a shows a profile of the photocatalytic degradation efficiency of RhB for the pure CdS and

the RGO/CdS nanocomposites under visible-light irradiation (A > 420 nm). Clearly, there is little
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decrease in the RhB concentration after irradiation in the absence of catalysts, which suggests that
RhB is quite stable under visible light. It is also observed that the RGO/CdS nanocomposites (1%,
5%, 10% and 15%) exhibit better photocatalytic performance than the pure CdS, which implies
that RGO can improve the photodegradation ability of CdS. Obviously, the optimum weight ratio
is 10%, as this sample shows the highest photodegradation efficiency of 99.82% in 60 min. Too
much RGO can shield the light from reaching the surface of the CdS photocatalysts. RGO may
absorb some visible light and thus cause a light harvesting competition between CdS and RGO
with the increase of the RGO content, which leads to the decrease of the photocatalytic
performance. The excessive GR also can act as a kind of recombination center instead of providing
an electron pathway and promote the recombination of electron—hole pairs in RGO.

From Fig. 8b, as the exposure time is extended, the intensity of the characteristic peak at 553 nm
decreases dramatically and the absorption peaks become blue-shifted. After 60 min, the

characteristic peak at 553 nm disappeared completely.
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Fig. 8 (a) Variation of normalized C/Cy concentration of RhB with irradiation time under visible
light irradiation, and (b) time dependent UV-vis absorption spectrum of RhB in the presence of

RGO/CdS-10%.
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The stability of catalyst is a key factor for its practical applications. In order to characterize the
stability of the pure CdS and the RGO/CdS-10% composites, a three-cycle photodegradation
sequence for RhB (at the same initial concentration) was carried out with each cycle lasting for 80
min as shown in Fig. 9. There is no obvious deactivation for RGO/CdS-10% and the
photodegradation efficiency after each run was 100%, 97.4% and 96%, while that for the pure CdS
was 95.91%, 78.32% and 61.43%. The results imply that RGO can also enhance the stability of the
nanocomposites in the photocatalytic role. The high electron conductivity of RGO can accept and
shuttle photogenerated electrons from semiconductor CdS under visible light irradiation, which

can effectively prevent CdS from photocorrosion and thus enhance the stability of CdS.

1st 2nd 3rd
1.0
0.8
0.6
o
o .
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a
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"0 2040 60 0 Z0 4o 60 0 20 40 60 80
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Fig. 9 Three-cycle photodegradation test of (a) CdS and (b) RGO/CdS-10% for RhB.
3.5 Tentative Mechanism of Photocatalytic Activity for the RGO/CdS Nanocomposites
According to our previously reported method*, trapping experiments of hydroxyl radicals and
holes were carried out to explore the main oxidants in the photodegradation process with the
RGO/CdS-10% nanocomposites. Tert-butanol (TBA) and ethylenediaminetetraacetic acid

disodium salt (EDTA-Na) were used as hydroxyl radical scavengers and holes scavengers,

respectively. The photodegradation rates of RhB changes with the different addition amount of
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TBA and EDTA-Na. These results indicate that both the radicals and the holes are the active
oxidative species in the photodegradation of RhB with the RGO/CdS-10% nanocomposites.

On the basis of the above analysis, a schematic illustration of the possible process for
photocatalytic degradation is shown in Fig. 10. Under visible light irradiation, charge separation in
the CdS spheres is initiated and electron-hole pairs are generated. For the high carrier mobility in
graphene, RGO can act as an electron acceptor and transporter to efficiently hinder the
recombination of the photogenerated electron-hole pairsé’ " The negative charge then activates
dissolved oxygen to form the superoxide anion radical (O+)". At the same time, the holes can
react with the adsorbed water to produce the hydroxyl radical (*OH)"". Finally, the active species
such as holes, superoxide anion radicals and hydroxyl radicals, all with strong oxidizing ability
mineralize the RhB molecule to CO,, H,O or some other small molecule compound®®. The
proposed reaction chain is follows:

CdS+ hv—CdS (e+h")

CdS (e) + RGO—CdS + RGO (¢)
e +0,—0,*

OH+h'—+OH

RhB+0,*+*OH +h"'—CO,+H,0+...
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Fig. 10 Schematic illustration of the proposed mechanism for photodegradation process with the
RGO/CdS nanocomposites under visible-light-irradiation.

4. Conclusions

In summary, a series of RGO/CdS nanocomposites with different GO weight ratios were
synthesized via a microwave-assisted method, in which the room temperature ionic-liquid
[BMIM]*SCN served both as the sulfur source and the stabilizing agent. The utilization of
ionic-liquid simplified the fabrication procedure of the RGO/CdS nanocomposites. During the
process, GO was partially reduced to RGO, which provided an important substrate for uniformed
CdS nanoparticles to grow on. As compared to the pure CdS, the RGO/CdS nanocomposites
possess excellent stability and improved photodegradation efficiency for the RhB solution under
visible light irradiation. The improvement of the photocatalytic efficient for the CdS nanomaterials
can be attributed to the existence of the RGO, which reinforces the adsorbability of the catalysts,
extends the light absorption range and suppresses the electron-hole pair recombination,
simultaneously. These findings may present new possibilities for the design and controlling

synthesis of visible-light-sensitive, stable and efficient photocatalytic nanocomposites.
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BET specific area of CdS and RGO/CdS (Table S1) and the variation of absorbance after
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(Figure S1) .
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