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Abstract: 
Zn0.4Cd0.6S/TiO2/Reduced graphene oxide (Zn0.4Cd0.6S/TiO2/RGO) nano-photocatalyst was synthe-sized by a facile solvothermal method. During 
the reaction, TiO2 and Zn0.8Cd0.2S nanoparticles were evenly dispersed across the surface of RGO, which enhanced response to visible light. The 
photocatalytic activity of as-synthesized Zn0.4Cd0.6S/TiO2/RGO nanocomposite was studied by means of degrading methylene blue (MB) through 
the irradiation of visible light. Compared with other nanocomposites, the Zn0.4Cd0.6S/TiO2/RGO nanocomposite showed the highest photocata-
lytic degradation efficiency (96%) and high stability, which was 5.4 times of photodegradation efficiency of pure TiO2.
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1. Introduction

Semiconductor nanomaterial photocatalysts have attracted ex-
tensive attention in recent years due to its potential applications 
in hydrogen production and environment pollutant degradation 
[1,2]. Among them, oxide semiconductors have been mainly fo-
cused in photocatalysis. However, most oxide semiconductors 
such as TiO2 (Eg>3.0 eV) mainly absorb ultraviolet light due to 
wide band gaps, which leads to low light utilization efficiency, 
and even the overall process being impractical [3-5]. As we all 
know, ultraviolet light only occupies about 4% of the solar spec-
trum, while visible light possesses 43% [6-9]. Therefore, increas-
ing the availability of visible light for the practical application 
of photocatalyst still is now a challenge. ZnxCd1-xS, as a typical 
alloyed chalcogenide semiconductor, is a promising materi-
al due to its remarkable properties such as excellent electrical 
conductivity, valence bands at relatively negative potentials [10-13]. 
Therefore, it can be applied in photocatalysis, particularly in the 
visible light driven photocatalytic degradation of dyes. Further-
more, the rapid recombination of the excited electron-hole pairs 
is also an obstacle limiting the photocatalytic activity of catalysts. 
To solve the problem, various investigations have been carried 
out to improve the efficiency of the photocatalytic activity for 
single semiconductor [14-18].

Two-dimensional graphene as a promising material is 
widely used in the field of photocatalysis because of large specif-

ic surface area, and high carrier mobility [9]. The researchers have 
actively used different experimental methods or techniques to 
combine various semiconductor nanocomposites with graphene 
or reduced graphene oxide (RGO) to effectively improve their 
photocatalytic properties [19-21].

Therefore, TiO2, Zn0.4Cd0.6S/TiO2, Zn0.4Cd0.6S/TiO2/RGO 
nanocomposites are synthesized via a facile solvothermal pro-
cess. And these synthesized nanocomposites as typical photo-
catalysts is studied for their photodegradation activity, in which 
methylene blue (MB) is selected as probe material to determine 
the photocatalytic properties of synthesized nanocomposites 
under visible light irradiation.

2. Experimental 

Photocatalysts synthesis: Since preliminary studies showed that 
the ZnxCd1-xS nanoparticles (x=0.4) without graphite oxide (GO), 
namely, Zn0.4Cd0.6S exhibited highest photodegradation activity 
[19]. GO was synthesized by classical modified Hummers exper-
imental methods by natural graphite powder as carbon source 
[14]. The a typical synthesis process of the Zn0.4Cd0.6S/TiO2/RGO 
nanocomposites is as follows: firstly, 329 mg Zn(Ac)2·2H2O (as 
Zn source), 100 mg Cd(Ac)2·2H2O (as Cd source), and 150 mg 
TiCl3 (as Ti source) were added to 100 mL DMSO solution (as 
S source).Then, the suspension solution was vigorously stirred, 
and the 100 mg GO was put in it for 3 h. Afterward, the suspen-
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sion solution was transferred into a Teflon-lined autoclave (200 
mL) to react 12 h at 180℃. The reaction products were cleaned 
in turn by ethanol and deionized water, and then dried at 60℃ 
under vacuum. In addition, pure TiO2 (or Zn0.4Cd0.6S/TiO2) was 
also synthesized by the above method in the absence of GO (or 
Zn0.4Cd0.6S).

Characterization: X-ray diffraction (XRD) patterns of the 
powders were carried out by means of a Bruker D8 Advance 
X-ray diffractometer. To exhibt the morphologies and structures 
of samples, transmission electron microscope (TEM) (JOEL 
TEM-2010) with a field emission gun operating at 200 kV were 
employed. UV-vis spectrophotometer (Shimadzu, UV3600) was 
used to test UV-vis diffuse reflectance spectra and the concen-
tration changes of MB of the samples.

Photocatalytic experiment: To evaluate photocatalytic ac-
tivities of as-prepared samples, the degradation experiment for 
MB solution was carried out under visible light irradiation (λ 
> 420 nm). First, as-prepared samples (50 mg) was completely 
dispersed into 0.01 mM/100 mL MB solution. Then dispersed 
solution was continuously stirred with the help of 300W Xe 
lamp with light filter (420nm). And, the suspension was stirred 
in dark for 1 h to reach adsorption-desorption equilibrium. The 
reusability experiments of the sample were also tested by reusing 
the photocatalyst with the same experimental conditions.

3. Results and Discussion

Figure 1a shows the XRD patterns of TiO2, Zn0.4Cd0.6S, and 
Zn0.4Cd0.6S/TiO2/RGO nanocomposites. Zn0.4Cd0.6S and TiO2 ex-
hibite sphalerite phase [JCPDS No. 05-0566] and anatase phase 
[JCPDS No.71-1166], respectively. Zn0.4Cd0.6S/TiO2/RGO shows 
mixed crystal phase in which include correlative characteristic 
peaks of Zn0.4Cd0.6S and TiO2. Otherwise, no apparent peaks of 
RGO are observed in Zn0.4Cd0.6S/TiO2/RGO nanocomposite be-
cause of its lower loading content and weak crystallization. 

Figure 1. X-ray diffraction patterns of TiO2, Zn0.4Cd0.6S, and 
Zn0.4Cd0.6S/TiO2/RGO nanocomposites.

Figure 2 shows TEM image of Zn0.4Cd0.6S/TiO2/RGO nano-
composite. From the image, we can see that Zn0.4Cd0.6S and TiO2 
are nanospheres composing of smaller nanoparticles (Figure 2). 
Furthermore, these nanospheres are homogeneously scattered 
on RGO, indicating a strong interaction between these nano-
spheres of Zn0.4Cd0.6S,  TiO2 and RGO support to be propitious 
to catalytic activity.

Figure 2. TEM image of Zn0.4Cd0.6S/TiO2/RGO nanocomposite.

The UV-vis diffused reflectance spectra of TiO2, Zn0.4Cd0.6S/
TiO2, and Zn0.4Cd0.6S/TiO2/RGO nanocomposites are also 
shown in Figure 3. As can be seen, the onset wavelength for 
TiO2, Zn0.4Cd0.6S/TiO2, and Zn0.4Cd0.6S/TiO2/RGO are ca.375 
nm, 480 nm, and 550 nm respectively, corresponding to a band-
gap of 3.31 eV, 2.58 eV, and 2.25 eV. We have estimated the band-
gap energy of synthesized samples via extrapolating the straight 
portion of the (ahv)2 versus photon energy (h) curve to a=0, in 
which a is absorption coefficient, h is Planck’s constant, and v is 
frequency from the Kubelka-Munk function [15,16]. In addition, 
the absorbance intensity and region of Zn0.4Cd0.6S/TiO2/RGO 
nanocomposite obviously enhance and broaden with the induc-
tion of RGO in the rang of visible light (>500 nm), which can be 
attributed to the full absorption of RGO for visible light. There-
fore, we can infer that the prepared nanocomposites are suitable 
for visible-light response.

Figure 3. UV-vis diffuse reflectance spectra of TiO2, Zn0.4Cd0.6S/
TiO2, and Zn0.4Cd0.6S/TiO2/RGO nanocomposites.

The photocatalytic activities of Zn0.4Cd0.6S, Zn0.4Cd0.6S/
TiO2, and Zn0.4Cd0.6S/TiO2/RGO nanocomposite are measured 
by the photodegradation of MB in aqueous solution under visi-
ble light irradiation (λ > 420 nm). The results are shown in Fig-
ure 4a and b, respectively. It is clear that the photocatalytic ac-
tivity of pure Zn0.4Cd0.6S is low, only 18% of MB is degraded. The 
photodegradation activities of Zn0.4Cd0.6S/TiO2, and Zn0.4Cd0.6S/
TiO2/RGO nanocomposite are significantly enhanced compared 
with Zn0.4Cd0.6S. This indicate that higher photocatalytic activity 
is achieved due to intimate contact between Zn0.4Cd0.6S, TiO2, 
and RGO, which is beneficial to interelectron transfer at the in-
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terface. Notably, the photocatalytic activity of Zn0.4Cd0.6S/TiO2/
RGO nanocomposite increases quickly with induction of RGO, 
and which reaches the optimum activity, namely, the highest 
photodegradation efficiency 98 % after 120 min, which is 5.4 
times that of pure Zn0.4Cd0.6S. Their photodegradation efficiency 
show as follows (Figure4a): Zn0.4Cd0.6S/TiO2/RGO > Zn0.4Cd0.6S/
TiO2> Zn0.4Cd0.6S. In addition, to effectively demonstrate the 
degradation efficiency, the photodegradation kinetic process of 
Zn0.4Cd0.6S/TiO2/RGO was also investigated for MB. The kinetic 
reacting process are fitted to a pseudo first-order reaction at low 
dye concentrations. This reaction follows the following formula:

ln(C0/C) = kt
C0 is the initial concentration and C is the measured con-

centration, while k correspond to the photodegradation rate 
constant for the MB solution at reaction time t. As can be 
seen in Figure4b, the order of the k values is summarized as 
follows: Zn0.4Cd0.6S/TiO2/RGO (k=0.0309)> Zn0.4Cd0.6S/TiO2 
(k=0.0295)> Zn0.4Cd0.6S (k=0.0178). It is well coincident with the 
results presented in Figure4b. The photocatalytic enhancement 
of the Zn0.4Cd0.6S/TiO2/RGO nanocomposite may be attributed 
to the introduction of both TiO2 and RGO can simultaneously 
promote the migration of photogenerated electrons and holes 
from Zn0.4Cd0.6S to space separated active sites on RGO and 

TiO2, respectively, thus greatly suppressing their recombination 
and increasing their lifetime. Among them, TiO2 nanoparticles 
can not only assemble the photogenerated holes from Zn0.4Cd0.6S 
but also act as oxidation active sites to facillitate the irrevers-
ible consumption of the holes by sacrificial reagents, while the 
photogenerated electrons can be further enriched in the con-
duction band of Zn0.4Cd0.6S. In addition, the unique features of 
RGO nanosheets can effectively collect the photogenerated elec-
trons from the conduction band of Zn0.4Cd0.6S, prolong the life-
time of the photogenerated electrons and enlarge the reduction 
reaction space, thus enhacing the photocatalytic activity of the 
Zn0.4Cd0.6S/TiO2/RGO nanocomposite[22].

Furthermore, to evaluate the photostability, We have per-
formed three cyclic photocatalytic degradation experiments 
for the Zn0.4Cd0.6S/TiO2/RGO nanocomposite under the same 
experimental conditions (Figure 5). After 3 consecutive cycles, 
the photocatalytic degradation efficiency of Zn0.4Cd0.6S/TiO2/
RGO nanocomposite did not decrease significantly for the pho-
todegradation of MB, which fully indicates that the structure of 
the Zn0.4Cd0.6S/TiO2/RGO is optical stability and does not suffer 
from photocorrosion in the process of photodegradation.

                                                                                    Y.J. Shi, et al.
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Figure 4. Photodegradation of MB (a) and the kinetics of photodegradation of MB (b) by different photocatalysts under visible 
light.

Figure 5. Recycling runs in the photodegradation of MB with 
Zn0.4Cd0.6S/TiO2/RGO under the visible-light irradiation

4. Conclusions

we have developed a solvothermal method for the synthesis of 
Zn0.4Cd0.6S/TiO2/RGO nano-photocatalysts, which showed that 
Zn0.4Cd0.6S and TiO2 nanoparticles can be distributed homoge-
neously on RGO surface. Besides, Zn0.4Cd0.6S/TiO2 nanocom-
posite had much higher photocatalytic activity than pure TiO2 
nanoparticles for MB degradation. Among them, the Zn0.4Cd0.6S/
TiO2/RGO exhibited the highest photocatalytic activity, which is 
5.4 times of pure TiO2 nanoparticles.
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