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a b s t r a c t
g-C3N4@CdS nanocomposites with different mass ratios were successfully fabricated by the 
precipitation method. Different ratios were investigated for their influence on the microstructure, 
photoelectrochemical, and photocatalytic properties of the as-prepared samples. The experimental 
results show that g-C3N4@CdS nanocomposites are hexagonal structures with good crystallization, 
and g-C3N4 wraps one-dimensional CdS nanorods. g-C3N4@CdS nanocomposites exhibit excellent 
visible-light absorption. The PL spectra, transient photocurrent response, and EIS measurements 
of g-C3N4@CdS composites indicate that heterojunctions accelerate the separation and migration 
of photo-generated electron-hole pairs and inhibit the recombination of photo-generated carriers. 
Under simulated sunlight irradiation, the g-C3N4@CdS photocatalyst accelerates the redox reaction 
and improves photocatalytic efficiency to degrade MO, compared to pure photocatalysts. g-C3N4@
CdS photocatalysts exhibit good degradation efficiency and excellent recyclability. In addition, 
•O2

− and •OH play a key role in the photocatalytic degradation process.
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1. Introduction

In recent years, with the continuous progress of sci-
ence and technology and the rapid development of society, 
environmental pollution has become a serious problem in 
the world, and water security is an urgent issue that needs 
to be solved [1,2]. Organic dye wastewater is difficult to 
degrade under natural conditions due to its biological tox-
icity, high concentration, high chroma, causing great harm 
to human survival and ecological balance [3,4]. Various 
methods have been developed to remove the pollutant, 
including chemical oxidation, adsorption, flocculation 
precipitation, biodegradation, ozone oxidation, and pho-
tocatalytic degradation [5–7]. Among them, photocatalysis 

is a very effective technology method in degrading toxic 
water pollutants because the photocatalytic degradation 
process does not require additional additives or appara-
tus other than light under mild reaction conditions [8]. 
Furthermore, this process is high efficiency, low cost, and 
a friendly environment. Graphitic carbon nitride (g-C3N4) 
is one of the most suitable photocatalysts owing to its nar-
row band gap (2.85 eV), visible-light response, and good 
thermal and chemical stability [9,10]. Nevertheless, the 
low-quantum efficiency and fast recombination rate of 
photo-generated carriers result in pure g-C3N4, limiting 
its industrial application [11–13]. Therefore, many meth-
ods have been utilized to enhance photocatalytic activity, 
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such as metal doping, defect generation, morphological 
adjustment, noble metal deposition, and heterojunction 
construction [14–16]. Among them, constructing hetero-
junction with low-band gap semiconductors is regarded as 
one of the most promising methods due to it can not only 
reduce the band gap and enhance visible-light absorp-
tion, but also can accelerate the separation and migration 
efficiency of photo-generated carriers, and inhibit the 
recombination of electron-hole pairs [17,18]. In the past 
several years, CdS as a narrow band gap (2.42  eV) II–IV 
semiconductor has attracted much attention due to good 
visible-light response, which can be used to modify other 
semiconductors with a wide band gap to tunable the band 
gap and improve photocatalytic activity [19–21]. However, 
as far as we know, few studies on the effects of the com-
posite ratio on the microstructure, photoelectrochemical 
and photocatalytic properties of g-C3N4@CdS heterojunc-
tions. The CdS and g-C3N4 composite successfully, light 
absorbance may also be extended to the visible region 
[22]. The RhB degradation in synergistic photocatalysis 
inhibits the reverse reaction of Cr(VI) reduction and val-
idly supplies the photo-generated electrons by the pho-
tosensitization effect, which may be helpful for rationally 
designing photocatalysts and providing illuminating 
insights into the photocatalytic mechanism [23].

In this work, g-C3N4@CdS heterojunctions with dif-
ferent mass ratios were successfully fabricated using the 
precipitation method for advanced photoelectrochem-
ical performance and degradation efficiency. And the 
microstructure, morphology, photoelectrochemical, and 
photocatalytic properties of the samples were characterized 
by X-ray diffraction (XRD), scanning electron microscopy 
(SEM), high-resolution transmission electron microscopy 
(HRTEM), X-ray photoelectron spectrometer (XPS), photo-
luminescence spectroscopy (PL), and UV-Vis diffuse reflec-
tion spectroscopy (UV-Vis DRS). Electrochemical impedance 
spectra (EIS) and transient photocurrent response were 
tested to evaluate the photo-generated charges’ recombina-
tion and electron transportation performance. The effects 
of the composite ratio on the photocatalytic performance 
of the samples were evaluated by the photodegradation of 
methylene orange (MO) in an aqueous solution under the 
simulated sunlight and the possible enhanced visible 
photocatalytic activity mechanism was also proposed.

2. Experimental

2.1. Synthesis of CdS samples

CdS nanomaterials were prepared via hydrother-
mal method as follows: cadmium and sulfur sources 
were weighed at 0.0025  mol Cd (CH3CO2)2 and 0.015  mol 
CH4N2S, respectively, and then dissolved in 40 mL deion-
ized water and 40 mL ethylenediamine to obtain a mixed 
solution. The resulting mixture was sonicated for 30  min 
before being magnetically stirred for another 30  min to 
make thorough mixing. Subsequently, the obtained sus-
pension was then transferred to a 100  mL Teflon-lined 
stainless-steel autoclave and heated at 185°C for 12 h under 
the hydrothermal strip after the autoclaves were naturally 
cooled to room temperature. The precipitation was washed 

with ethanol and deionized water for three times, repeat-
edly, and finally CdS samples were collected after vacuum 
drying at 60°C for 12 h.

2.2. Preparation of g-C3N4 samples

g-C3N4 powders were synthesized by the calcination 
method. Certain amounts of melamine (analytically pure) 
have been weighed, grind it, and put in a crucible that was 
heated in a tubular furnace with a temperature rise rate of 
10°C/min. And the tubular furnace was further heated at 
550°C for 2  h. After the reaction, the sample was naturally 
cooled to room temperature.

2.3. Preparation of g-C3N4@CdS nanocomposites

In a typical synthesis of the g-C3N4@CdS nanocom-
posites, weighed different amounts of g-C3N4 and CdS 
samples according to the mass ratio (1:1, 2:1, and 3:1) then 
mixed in 80  mL deionized water. The resulting mixture 
was ultrasonic treatment for 60  min, then magnetically 
stirred for 12  h. Subsequently, the obtained mixed solu-
tion was transferred into the oven and kept at 60°C for 
12 h. Finally, the mixture was calcined at 300°C for 1 h in 
a tube furnace to obtain g-C3N4@CdS nanocomposites. 
With the above method, a series of g-C3N4@CdS composites 
with different mass ratios (1:1, 2:1, and 3:1) were obtained 
via a similar method, and the samples were denoted as 
CNCS-1, CNCS-2, and CNCS-3, respectively.

2.4. Characterization

The crystal phase composition of the products was 
recorded on a powder X-ray diffractometer (Rigaku, 
Japan, D/Max-2400) with Cu Kα radiation in an angle 
range of 10°–80°, scanning rate 0.2°/s and step size 0.02°. 
The morphology of the as-prepared samples was observed 
by field emission scanning electron microscope (FESEM, 
Hitachi S4800) and high-resolution transmission electron 
microscopy (HRTEM, JEM-2010). The surface chemical 
composition and chemical state of elements were studied 
by an X-ray photoelectron spectrometer (XPS, PHI-5702). 
The optical absorption spectra were measured by an 
ultraviolet-visible (UV-vis) spectrophotometer (PERSEE 
TU-1901). The photoluminescence spectra (PL) were 
recorded by a PerkinElmer spectrophotometer (LS-55) with 
an excitation wavelength of 500 nm.

2.5. Photoelectrochemical measurement

Electrochemical impedance spectra (EIS), Mott-Schottky 
curves, and transient photocurrent response were recorded 
by an electrochemical workstation (CS350, Wuhan CorrTest, 
China) with a conventional three-electrode system. The 
working electrodes were prepared by dropping g-C3N4@CdS 
samples onto the surface of the Indium Tin Oxide (ITO) con-
ductive glass; the reference electrode is a saturated calomel 
electrode (SCE) and a platinum plate as the counter elec-
trode. The electrolyte was 0.1 mol L–1 Na2SO4, and the 500 W 
xenon lamp was used as excitation. The photocurrent-time 
(I-t) curves were tested under 0.5 V bias. EIS Nyquist plots 
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were performed in the frequency range from 0.01  Hz to 
100 kHz with an amplitude of 5 mV. The flat band potential 
of the photocatalyst was estimated from the Mott-Schottky 
curves under different frequencies.

2.6 Photocatalytic experiment

The photocatalytic activity of the as-prepared samples 
was evaluated by the degradation of methyl orange (MO) 
under visible-light illumination by the VS-GCH-XE-300 
photochemical reaction apparatus. In the degradation 
experiment, 50  mg photocatalyst were dispersed in the 
100 mL MO solution (10 mg L–1). Meanwhile, the suspen-
sion was ultrasonicated in the dark for 30  min to ensure 
the adsorption-desorption equilibrium between the pho-
tocatalyst and reactant before illumination. Subsequently, 
the photocatalytic degradation reaction was carried out 
for 120  min under 500  W xenon lamp irradiation. After 
each time intervals (30  min), 4  mL of the reaction solu-
tion was taken out. The concentration of MO solution was 
analyzed by the UV-Vis spectrophotometer in a differ-
ent time period. After the photocatalytic reaction, collect 
the dispersed photocatalyst and repeat the photocatalytic 
degradation experiment under the same conditions.

3. Results and discussion

3.1. Structure and morphology analysis

The typical XRD patterns of pure CdS, pure g-C3N4, and 
g-C3N4@CdS nanocomposites with different mass ratios are 
shown in Fig. 1. It is obvious that pure g-C3N4 displays 
two characteristic peaks at 2θ = 12.9° and 27.5°, which are 
associated with the (100) and (002) diffraction planes of 
g-C3N4, respectively. The former is related to the in-plane 
structure stacking pattern, and the latter corresponds to 
the long-distance inter planar stacking of aromatic sys-
tems [24]. For pure CdS, the diffraction peaks appear at 
2θ, 24.86°, 26.52°, 28.22°, 36.66°, 43.76°, 47.90°, 51.00°, 
51.86°, and 52.86°, which exactly assigned to the crystal 
planes (100), (002), (101), (102), (110), (103), (200), (112), and 
(201) of the hexagonal structure of CdS with JPCDS (No. 
41–1049), respectively. In addition, the diffraction peaks 
of g-C3N4@CdS nanocomposites with different mass ratios 
are basically consistent with pure CdS; however, with the 
introduction of g-C3N4, there is not obviously observed 

g-C3N4 diffraction peak, which may be attributed to the 
strong interaction between CdS and g-C3N4, resulting in the 
predominant (002) diffraction peak of g-C3N4 (2θ =  27.5°) 
coincides with the peak at 28.22° of CdS. Compared with 
pure CdS and g-C3N4, no other peaks are observed for 
g-C3N4@CdS composites, indicating that the g-C3N4@CdS 
samples have been successfully synthesized.

The features of the as-synthesized photocatalysts were 
examined using the SEM and HRTEM. Fig. 2 illustrates 
the respective SEM images of pure CdS, pure g-C3N4, and 
g-C3N4@CdS samples. From Fig. 2a, it is clear that the shape 
of pure CdS mainly exhibits a nano-sized rod structure; the 
average diameter of the nanorod structure is about 100 nm 
with an average length ranging from 200 to 400  nm, and 
there are also some slight agglomerations. From Fig. 2b, 
pure g-C3N4 exhibits significantly aggregated morpholo-
gies, composed of small lumpy particles with a diameter of 
about 100 nm. Fig. 2c shows SEM images of CNCS-2 nano-
composites, which indicate that g-C3N4 blocky particles 
are uniformly aggregated in the CdS nanorods to form the 
composite structure. The lattice constants, half-width and 
other data of pure CdS and g-C3N4@CdS compounded with 
different mass ratios are shown in Table 1.

To further investigate the microstructure information of 
g-C3N4@CdS nanocomposites, HRTEM images of CNCS-2 

10 20 30 40 50 60 70 80

(1
01

)

g-C3N4

CNCS-1 

CNCS-2 

CNCS-1

CdS

(1
00

)
(0

02
)

(1
02

)

(1
10

)

(1
03

)
(2

20
) (1
12

)
(2

01
)

(0
02

)

(1
00

)

In
te

n
si

ty
(a

.u
.)

2θ/(degree)

Fig. 1. XRD patterns of CdS, g-C3N4, and g-C3N4@CdS samples.

 
Fig. 2. SEM images of (a) pure CdS, (b) pure g-C3N4, and (c) CNCS-2.
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were measured as displayed in Fig. 3. It can be seen that 
CdS nanorod structures are partially wrapped by g-C3N4. 
The locally amplified HRTEM image of the CNCS-2 sample 
displays clear lattice fringe as explored in Fig. 3b, the lat-
tice spacing of 0.329 nm corresponding to hexagonal struc-
ture CdS (101) crystal planes. This is consistent with the 
results of CNCS-2 samples obtained by XRD patterns.

To further study the surface chemical composition and 
electronic element states, high-resolution XPS spectra were 
performed, as described in Fig. 4a depicts the Cd 3d, S 2p, 
C 1s, and N 1s XPS spectra of CNCS-2 samples. Fig. 4b dis-
plays Cd 3d two characteristic peaks at binding energies 
of 404.9 and 411.7  eV, corresponding to Cd 3d5/2 and Cd 
3d3/2 states [25,26], respectively, which shows that the Cd 
element exists in the Cd2+ state [27,28]. S 2p can be fitted 
with S 2p3/2 and S 2p1/2 as shown in Fig. 4c; two characteris-
tic peaks appear at 161.3 and 162.4 eV, which indicate that 
the S-element is the S2– state present in the samples [29]. As 
shown in Fig. 4(d), the C 1s spectrum can be deconvoluted 
into three peaks with the binding energies of 284.8, 286.4, 
and 288.3  eV, corresponding to the characteristic peaks 
C–C, C=C/C≡C, and C–N3 bonds, respectively. In addition, 
N 1s spectrum (Fig. 4e) is resolved into three characteris-
tic peaks at 398.6, 399.4, and 401.1 eV, which are assigned 
to C–N=C, N–(C)3, and C–N–H bonds, respectively [30,31].

The UV-vis DRS and the corresponding first deriva-
tive curves of pure CdS, pure g-C3N4, and g-C3N4@CdS 
samples are displayed in Fig. 5. The band gap energy 

of the samples related to the electron transition from 
the VB to the CB can be calculated from the position of 
the absorption edges. Pure CdS displays the absorp-
tion edge at approximately 514  nm (2.42  eV), while pure 
g-C3N4 samples are observed at 434  nm (2.85  eV), which 
corresponds to the characteristic band edge emission 
[32,33]. For binary g-C3N4@CdS composites display vis-
ible-range absorption features, the absorption edges of 
g-C3N4@CdS composites exhibit a slight red shift trend 
compared with that of pure CdS, the estimated band gap 
values for g-C3N4  >  CdS  >  CNCS-3  >  CNCS-1  >  CNCS-
2, and CNCS-2 exhibit the smallest band gap (2.42  eV). 
The visible-light absorbance of g-C3N4@CdS hetero-
junction is ascribed to the chemical bonding interaction 
between CdS and g-C3N4, which will allow more pho-
tons to be captured, thus forming more carrying and 
enhancing the photocatalytic reaction [34].

3.2. PL analysis

The PL emission intensity is related to the recombi-
nation efficiency of photo-generated electron-hole pairs 
in the photocatalytic system. In order to prove the effec-
tive separation of photo-generated charges, PL spectra of 
pure g-C3N4 and g-C3N4@CdS samples were performed 
to verify the charge transfer mechanism. As shown in 
Fig. 6, it is obvious that pure g-C3N4 exhibits the strongest 
PL emission signal in the range of 630–700 nm, implying 

Fig. 3. HRTEM images of CNCS-2.

Table 1
Lattice parameters of pure CdS and g-C3N4@CdS samples

Sample 2θ (°) Grain size 
(nm)

Unit cell 
volume (Å3)

Half 
width (°)

a (Å) c (Å) Interplanar 
Spacing (Å)

Bond length 
(nm)

ε (10–3) δ (10–3)

CdS 26.52 51.1 99.3 0.158 4.132 6.716 3.358 0.1093 0.615 41.9
CNCS-1 26.54 72.1 99.2 0.112 4.131 6.711 3.356 0.1092 0.436 52.5
CNCS-2 26.54 69.6 99.3 0.116 4.134 6.712 3.356 0.1092 0.452 51.2
CNCS-3 26.56 71.4 98.9 0.113 4.127 6.706 3.353 0.1090 0.440 52.2
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the shortest carrier life and higher photogenic carriers 
recombination, which may be related to the emission 
of structural defects [35]. However, the PL intensity of 
g-C3N4@CdS nanocomposites is obviously reduced com-
pared with that of pure g-C3N4 and the emission peak 
of CNCS-2 is the weakest. This indicates that g-C3N4@
CdS nanocomposites can effectively decrease the recom-
bination of photo-generated electron-hole pairs. The PL 
spectra of the samples are in good agreement with the 
results of photocurrent response and EIS measurements.

3.3. Photoelectrochemical analysis

Photoelectrochemical catalytic properties were char-
acterized under simulated sunlight to study photogenic 
carriers’ separation and migration ability for g-C3N4@CdS 
nanocomposites. Fig. 7a shows the transient photocurrent 
responses and the local magnification of pure CdS, pure 
g-C3N4, and g-C3N4@CdS samples for five on/off cycles 
under a potential of 0 V. It can be discovered that the photo-
current density for CdS, g-C3N4, CNCS-1, CNCS-2, CNCS-3 
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Fig. 4. XPS spectrogram of CNCS-2: (a) survey spectrum, (b) Cd 3d, (c) S 2p, (d) C 1s, and (e) N 1s.
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are 0.0004, 0.003, 0.008, 0.217, and 0.005  mA  cm–2, respec-
tively, while the photocurrent response decreased to zero 
for all the samples in the dark. The photocurrent rises and 
falls rapidly with the switching of the light, indicating that 
the samples possess a fast light response. The photocurrent 
density of CNCS-2 composites is significantly enhanced 
and compared with that of pure CdS and g-C3N4 samples. 
Furthermore, it is worth noting that the value of CNCS-2 
samples is maximal, which is approximately 542  times as 
much as pure CdS and about 72  times larger than that of 
pure g-C3N4, indicating that the composites exhibit a higher 
electron-hole pairs separation, and the charge carriers have 
long lifetimes. This may be due to the intense visible-light 
absorption of g-C3N4@CdS heterojunctions. This result is 
consistent with the interpretation of the PL spectra.

To further study the charge transfer characteris-
tics of the samples, EIS Nyquist plots of pure CdS, pure 
g-C3N4, and CNCS-2 samples were conducted; as shown 
in Fig. 7b, the Nyquist plots of the samples exhibit an 
approximate semicircle-like shape. The semicircle diam-
eter of the Nyquist plots indicates the interfacial carriers 

transfer resistance between the electrolyte and electrode 
[36,37]. The diameter of the arc for CNCS-2 heterojunction 
is smaller than that of pure CdS and g-C3N4, indicating 
that the nanocomposites possess lower charge transfer 
resistance due to the faster interface charge transfer at 
the CNCS-2 electrolyte interface. Therefore, the catalysts 
can significantly improve the transfer efficiency of pho-
to-generated carriers, which is beneficial to improve their 
photoelectrochemical performance.

The Mott-Schottky measurement of pure CdS, pure 
g-C3N4, and CNCS-2 samples was carried out to estimate 
the carrier density, the conduction band, and valence band 
position of a photocatalyst. According to Mott-Schottky 
formula [38]:

1 2
2

0C e N A
V V kT

er d

=






− −





ε ε FB

	 (1)

where V is the applied potential, VFB is the flat band poten-
tial, e is the electron charge, εr is the relative dielectric 
constant, ε0 is the vacuum dielectric constant, Nd is the 
majority carrier density, A is the electrode surface area, 
k is the Boltzmann constant, T is the absolute temperature, 
and C is the space charge capacitance. At room tempera-
ture, kT/e is too small to be ignored, the variation of 1/C2 to 
V of Mott-Schottky plots at different frequencies for pure 
CdS, pure g-C3N4, and CNCS-2 sample as shown in Fig. 8. 
It can be seen from Fig. 8a–c that all samples display n-type 
semiconductors properties because of the positive slope in 
the linear region of the Mott-Schottky plots. The flat band 
potential (VFB) obtained from the Mott-Schottky plot by 
extrapolating the linear portion to the V-axis, the VFB val-
ues for pure CdS, pure g-C3N4, and CNCS-2 samples are 
–0.52, –1.03, and –1.48  eV vs SCE, respectively. For n-type 
semiconductors, the CB edge potential is approximately 
equal to the flat band potential [38]. According to UV-vis 
absorption spectrum analysis, Eg  =  2.41  eV for pure CdS 
and 2.86  eV for g-C3N4, the corresponding VB potential 
is estimated to be 1.90 and 1.82 eV by EVB = Eg + ECB.
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3.4. Photocatalytic activity

Fig. 9a shows the photocatalytic activities of pure 
CdS, pure g-C3N4, and g-C3N4@CdS photocatalysts as a 
function of irradiation time with the degradation of MO 
under simulated solar irradiation. In blank experiments 
without photocatalyst, the self-degradation of MO can be 
ignored, indicating that MO has good stability. After irra-
diation for 120 min, the degradation rates of pure CdS and 
g-C3N4 are 22% and 28.4%, respectively. The photocatalytic 
degradation activity of g-C3N4@CdS composites, on the 
other hand, is significantly enhanced; further, the CNCS-2 
composite displays the highest photocatalytic activity, 
and the degradation rate is about 74.3% after 120  min of  
illumination.

Fig. 9b displays ln(Ct/C0) plots vs irradiation time of 
the photocatalytic degradation MO. The kinetic char-
acteristics for all samples follow the pseudo-first-order 
kinetic equation [39]: ln(Ct/C0)  =  –kappt, the reaction rate 
constants kapp of pure CdS, pure g-C3N4, CNCS-1, CNCS-
2, CNCS-3 are 0.00166, 0.0023, 0.00609, 0.01116, and 
0.00311  min–1, respectively. The rate constant of g-C3N4@
CdS composites is greater than that of pure CdS and 
g-C3N4, and CNCS-2 displays the highest rate constant, 
which is 6.72  times that of pure CdS. The relatively high 
degradation efficiency of g-C3N4@CdS composites is due to 
effective separation of electron-hole pairs and better r visi-
ble-light capture capability, ascribed to the electron trans-
fer between CdS and g-C3N4. The photocatalytic activities 
measurements are consistent with the result of PL spectra, 
transient photocurrent response, and EIS tests.

In order to study the main role of active species in the 
photocatalytic degradation of dyes, isopropanol (IPA), 
ethanol (EA), and benzoquinone (BQ) were added as free 
radical capture experiments for scavenging hydroxyl rad-
ical (•OH), holes (h+), and superoxide radical (•O2

–), respec-
tively [40,41]. As shown in Fig. 9c, after adding EA, IPA, 
and BQ as scavenging agents, the degradation rate of 
MO for CNCS-2 decreased from 74.3% to 66.9%, 40%, and 
21.2%, respectively. This reveals that •O2

− and •OH are the 
dominant reaction species in the photocatalytic system.

In Fig. 9a, in blank experiments without photocatalyst, 
the self-degradation of MO can be ignored, indicating that 
MO has good stability but the MO concentration decreased 

obviously after the addition of photocatalyst; there is charge 
transfer between MO excited in visible light and semi-
conductor photocatalyst. Fig. 9c, which reveals •O2

− and 
•OH are the dominant reaction species in the photocata-
lytic system, indicates that the catalyst can photosensitize 
dyes and broaden the range of light responses.

Fig. 9d shows the reusability and durability of CNCS-2 
photocatalysts for photocatalytic degradation of MO was 
investigated for five successive cycles under the same con-
ditions. It is clear that in the fifth cycle, the degradation 
rate decreases slightly and maintains 65.4% after 600  min 
of reaction. Therefore, g-C3N4@CdS photojunctions photo-
catalyst possess good catalytic stability and broad appli-
cation prospects in wastewater treatment. This result also 
proves that CNCS-2 has good photostability.

3.5. Photocatalytic mechanism

Since the separation, transfer, migration of photo-
generated carriers, and the band position of semiconduc-
tors determine the photoelectricity catalytic activity, the 
possible photocatalytic mechanism of g-C3N4@CdS compos-
ites under simulated visible-light irradiation is illustrated 
in Fig. 10. Based on the UV-vis absorption spectrum and 
Mott-Schottky measurement, the Eg, CB, and VB of pure 
CdS are 2.42, –0.52, and +1.88 eV, and the Eg, CB, and VB of 
pure g-C3N4 are 2.85, –1.03, and +1.82 eV, respectively. For 
g-C3N4@CdS heterojunctions, the photo-generated electrons 
are simultaneously excited from the VB to the CB of pure 
g-C3N4 and CdS semiconductors under the simulated vis-
ible-light irradiation while the holes are left in the valence 
band of g-C3N4 and CdS, respectively. Since the conduc-
tion band potential of CdS is higher than that of g-C3N4, the 
photoelectrons produced in CdS will spontaneously trans-
fer to the conduction band of g-C3N4 [42]. Moreover, the 
EVB of g-C3N4 is more positive than that of CdS; the holes of 
the g-C3N4 valence band can rapidly transfer to the valence 
band of CdS [36,37]. Since the conduction band poten-
tial of CdS is higher than that of g-C3N4, the photoexcited 
electrons in the CB of g-C3N4 will spontaneously transfer 
to the CB of CdS, while the photoexcited holes in the VB 
of CdS can directly move to the VB of g-C3N4 due to the 
EVB of g-C3N4 is more positive than that of CdS. The photo-
generated electron-hole pairs play a vital role in the redox 
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Fig. 8. Mott-Schottky plots for (a) pure CdS, (b) pure g-C3N4, and (c) CNCS-2.
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coupling process. Photo-generated electron-hole pairs 
are effectively separated and the light absorption range is 
expanded, which can significantly improve the photoelec-
tric catalytic performance of g-C3N4@CdS heterojunctions. 
The photo-generated electrons react with O2 in the water 
to form superoxide radicals (•O2

−) and the holes react with 
water to form hydroxyl radicals (•OH), which participate 
in the degradation of MO dye molecules.

4. Conclusions

A high-efficiency g-C3N4@CdS photojunctions photo-
catalyst driven by visible light was successfully prepared. 
g-C3N4@CdS nanocomposites are hexagonal structures, 
CdS nanorod structures are partially wrapped by g-C3N4. 
g-C3N4@CdS composites exhibit good visible-range absorp-
tion features and CNCS-2 exhibits the smallest band gap. 
Heterojunctions accelerate the separation and migration 
of photo-generated electron–hole pairs and inhibit the 
recombination of photo-generated carriers, which can show 
from the PL spectra, transient photocurrent response, and 
EIS measurements of g–C3N4@CdS composites. g-C3N4@
CdS heterojunctions photocatalysts exhibit enhanced pho-
tocatalytic activity and excellent recyclability property 
to degrade MO than the pure photocatalysts under visi-
ble-light illumination. •O2

− and •OH play a crucial role in the 
photocatalytic degradation of MO.
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Fig. 9. (a) The photocatalytic degradation of MO over time, (b) polts of (ln(Ct/C0)) vs. irradiation time for pure CdS, 
g-C3N4, and g-C3N4@CdS samples, (c) the radical species capture experiment, and (d) recyclability of CNCS-2.

Fig. 10. The schematic diagram of photocatalytic mechanism of 
the g-C3N4@CdS composites under simulated sunlight.
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