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Abstract: CdS is one of the best semiconductor photocatalysts. However, photocorrosion will occur when CdS takes 
part in the photocatalytic system. The general solution is to add sacrificial reagents to inhibit this phenomenon. Even so, 
it can not maintain the stability of CdS. In order to improve the stability and efficiency of CdS in pure water, Ga-P 
electron exchange membrane was designed to modify its surface. Under radiation of visible light, a significant increase 
can be observed in hydrogen production activity. In the absence of Pt as electron transfer agent, the modification of Ga-
P realizes decomposition of pure water from zero to one. At the same time, the hydrogen production rate is increased 
about 5 times with Pt and catalytic life is greatly extended. Through proof of controlled experiment, Ga-P electron 
exchange membrane can not only prolong the lifetime of photogenerated electrons, but also change the direction of 
electrons. The formation of a protective membrane makes composite photocatalyst improve the stability and enhance 
the photocatalytic activity. Based on the analysis of TEM, fluorescence lifetime, UV-Vis diffuse reflection and 
photocurrent response, the mechanism is analyzed from atomic radius, nuclear orbit and energy level. For 
homogeneous electronic band structure and XPS analysis, we determined that the binary catalyst formed an S-scheme 
heterojunction. The work provides a potential way to design a more efficient and stable composite photocatalyst in the 
future. And contributed to the development of S-scheme heterojunctions. 
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1. INTRODUCTION 

The massive use of fossil fuel has caused ever-
worsening environmental problems. It is urgent to 
effectively develop technologies for obtaining clean 
energy [1]. Semiconductor photocatalysis technology 
emerges as the times require [2]. Ideally, water will be 
directly resolved into hydrogen and oxygen under the 
condition of photocatalyst under the irradiation of 
sunlight [3]. However, the seemingly simple process is 
not so easy to achieve. Therefore, the selection of 
highly efficient and stable photocatalysts has become 
the primary condition in the field of research. For 
example, TiO2 and CdS have always been the focus of 
research [4]. But there has been no substantial 
progress because of different shortcomings. Due to its 
wide bandgap, TiO2 can only use the ultraviolet band 
which is 5% of the total solar radiation. The efficiency 
can not be greatly improved. Some related studies 
have used semiconductor doping to form intermediate 
energy levels to enhance the absorption range of TiO2. 
but the doped part is still unstable in pure water [5]. 
CdS is an ideal photocatalytic material because of its 
2.3 eV bandgap and thermodynamic requirement of 
water splitting. However, photoetching near anions 
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caused by photogenerated holes reduces its stability 
[6]. In order to solve these problems, electron sacrificial 
agents are often added to the reaction system to 
consume photogenerated holes, thus increasing the 
lifetime of photogenerated electrons and inhibiting 
photoinduced corrosion. But this method consumes 
sacrificial reagents, more like sacrificial reagents, and 
catalysts react with water instead of directly using solar 
photocatalysis to decompose water [7]. Hydrogen 
precipitation is at the expense of electronic sacrificial 
agents. Therefore, we start with CdS to improve its 
photocatalytic performance and stability in pure water. 

To solve the photocorrosion of CdS without 
sacrificing reagents providing electrons for holes, the 
idea is to coat the surface of CdS with a layer of 
membrane that allowed electrons to selectively 
penetrate [8]. Because of the formation of CdS, S and 
Cd shared electron pair. In order to achieve the 
protection function of the membrane, it is required to 
select more stable membrane material with more share 
electrons but could not hinder the reaction [9]. 
Considering the radius of cluster atoms, it required to 
select the atoms with smaller size and smaller relative 
atomic mass as the coating. The difference between 
size and mass could form another power source of 
electron exchange under the action of gravity. After 
careful consideration, the element gallium and 
phosphorus were chosed to be membrane material. 
The electronic arrangement of was 4s24p1, which was 
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located in the group ⅢA and the fourth period. Ga often 
showed as +3 in its compounds and P just matched it. 
The combination of these two elements might lead to 
form more stable protective membrane, which could 
serve as a bridge for electronic exchange [10]. 

In this work, CdS nanorods was synthesized by a 
simple hydrothermal method [11]. Next, Ga-P was 
coated on the surface of CdS nanorods for inhibit 
photocorrosion and form an S-scheme heterojunction 
to promote hydrogen production. Under the condition of 
adding Pt as electron transfer agent on the surface of 
composite photocatalyst, the electrons of CdS were 
excited by visible-light energy and transferred from 
valence band to conduction band. After passing 
through the Ga-P electron exchange membrane (EEM), 
they contacted with water by the active site of Pt. This 
process could reduce H+ in water to H2 [12]. The 
electrons of the remaining oxidized radicals also return 
to the holes in CdS through the Ga-P EEM. Sacrificial 
reagents were not suitable for the whole process and 
the system showed a good stability. Through controlled 
experiment and characterization analysis, we gave out a 
deeper understanding of the internal mechanism. It 
provided a reference for improving the life of 
photocatalyst. 

2. EXPERIMENTAL SECTION 

2.1. Sample Preparation Procedure 

All chemicals were Analytical Reagent and 
Chemically Pure without further purification. Cadmium 
nitrate tetrahydrate (CdN2O6·4H2O, Tianjin Kermel 
Chemical Reagent Co., Ltd, AR, ≥99.0%), Thiourea 
(CH4N2S, Tianjin Fengyue Chemical Co., Ltd, AR, 
≥99.0%), Gallium nitrate (Ga(NO3)3·xH2O, BEIJING 
HUAGONGCHANG, CP, ≥99.0%), Red Phosphorus, 
(P, BEIJING HONGXINGHUAGONGCHANG, AR, 
≥99.0%), Ethylenediamine (H2NCH2CH2NH2, Xilong 
Scientific Chemical Co., Ltd., AR, ≥99.0%), Potassium 
Chloroplatinate (K2PtCl6, SHENYANG 
KEDASHIJICHANG Co., Ltd, AR, ≥99.0%), Sodium 

sulfate (Na2SO4, Xilong Scientific Co., Ltd., AR, > 99%) 
were used as provided. 

2.1.1. Preparation of CdS Nanorod 

CdS nanorod was prepared by traditional 
hydrothermal synthesis [13]. CdN2O6·4H2O (3.86 g) 
and CH4N2S (2.85 g) were dissolved in 50 mL 
ethylenediamine solution. After stirring for 15 min, the 
mixed solution was transferred into a 100 mL PTFE 
(Polytetrafluoroethylene) lining of reaction caldron. 
Then, the reactor was placed in oven at 160 °C for 24 
h. The product needed to be separated by centrifuge 
and washed with acetone,ethanol and deionized water. 
After washing, the CdS nanorod was put into oven at 
80 °C for drying for 10 h. 

2.1.2. Synthesis of Ga-P@CdS 

CdS, P and Ga(NO3)3·xH2O were put into a mortar 
and ground evenly. The ratio of material dosage was 
shown in Table 1. The grinding uniform powder was 
added to the ethylenediamine solution. After stirring 
evenly, the solution was put in the reactor which was 
also placed in oven at 160°C for 12 h. Similarly, the 
product was washed and dried according to the above 
washing method. Finally, all the photocatalysts were 
grinded and collected. 

2.1.2. Synthesis of Pt/Ga-P@CdS 

Pt was deposited on the surface of composite 
photocatalyst by photodeposition [14]. The specific 
steps are as follows: Ga-P@CdS photocatalyst (50 mg) 
was added into 150 mL quartz reaction bottle. After 
adding 90 mL of water, the bottle was placed into the 
ultrasonic machine until the photocatalyst was evenly 
dispersed in the water. 200 µL of K2PtCl6 solution (2.5 
g/L) was dropped in the bottle. And Pt was deposited 
on the Ga-P@CdS photocatalyst after the condition of 
stirring and illumination for 1 h. 

2.2. Characterization 

The photocatalyst samples were characterized by 
means of transmission electron microscopy (Tecnai-

Table 1: Composition of Composite Photocatalysts with Different Proportions 

Sample Material CdS Nanorod (g) Ga(NO3)3·xH2O (g) P (g) 

Ga-P@CdS-1 
Ga-P@CdS-2 
Ga-P@CdS-3 
Ga-P@CdS-4 

0.2 
0.2 
0.2 
0.2 

0.5 
0.5 
0.5 
0.5 

0.02 
0.04 
0.06 
0.08 
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G2-F30) field emission transmission electron 
microscope operating at accelerating voltage of 300 kV 
for the morphologies and microstructures. The 
spectrum of chemical composition and elemental state 
were collected on VG Scientific ESCALAB 250Xi-XPS 
photoelectron spectrometer with an Al Kα X-ray 
resource. Fluorescence spectra was characterized by 
FluoroMAX-4 spectrometer (HORIBA Scientific, 
France) at room temperature. X-ray diffraction (XRD) 
was recorded on a Rigaku B/Max-RB X-ray 
diffractometer with a nickel-filtrated Cu Kα radiation in 
the 2θ ranging from 10 to 80°. The UV-Vis DRS of the 
catalyst was performed on a UV-2550 (Shimadzu) 
spectrometer which BaSO4 powder was used as the 
internal standard to obtain the optical properties of the 
samples. The photoelectrochemical experiments were 
carried out on a Princeton electrochemical workstation 
(PAR Versa STAT 4). The saturated calomel electrode 
(SCE) and the Pt electrode were worked as the 
reference electrode and the counter electrode. The 
prepared photocatalysts were adhered to working 
electrode on the surface of the FTO through Nation 
solution. In order to simulate electron transfer in a 
photocatalytic reaction system, the electrolyte was 
made of 0.2 mol/L Na2SO4 solution. The soaking area 
of the working electrode was controlled in 1 cm2. A 
300-W Xe lamp with cut-off filter(λ ≥ 420 nm) was used 
as light source. Photocurrent-time curves was tested 
under open circuit voltage. LSV was tested from -0.6 V 
to 0 V. The electrochemical impedance spectroscopy 
(PEIS) was fitted by ZSimDemo [15-17]. 

2.3. Photocatalytic Hydrogen Evolution 
Experiments  

The hydrogen evolution experiment was taken in 
quartz reaction bottle (180 mL). The rated power of the 
irradiation source was 300 W, which was simulated 
sunlight (λ≥ 420 nm). The illumination area was 5 cm2. 
In experiment, 50 mg photocatalyst and 120 mL 
deionized water were added and evenly stirred. The air 
in the quartz reactor was replaced by argon. Extract 0.5 
mL of gas from bottle each hour. Gas generated by the 
reaction was detected by gas chromatography (Agilent 
6820, TCD, 13× columns, Ar carrier). The hydrogen 
content was calculated by standard curve [18]. The 
apparent quantum efficiency (AQE) was measured 
under the 300 W Xe lamps. The light source was 
changed by using different fillets of 430, 460, 490, 520 
and 550 nm. Photon flflux of the incident light was 
determined using a Ray virtual radiation actinometer 
(FU 100, silicon ray detector, light spectrum, 400~700 
nm; sensitivity, 10–50 µVµmol−1m−2s −1). The AQE was 
measured through the equation below (1) [19, 20]: 

AQE(%) = number of reacted electrons
number of incident photons

!100%

                = number of evolved H 2  molecules ! 2
number of incident photons

!100%

             (1) 

3. RESULTS AND DISCUSSION 

3.1. Structure and Composition of Photocatalysts 

TEM was used to observe the morphology and 
structure of the composite photocatalyst. As shown in 
Figure 1, different multiples TEM images of Ga-
P@CdS composite photocatalyst with different 
multiples were listed. It can be seen from the low power 
electron micrograph in Figure 1A that the composite 
photocatalyst was uniformly distributed in the form of 
nanorod with some stacking. With the increase of 
electron microscope power in Figure 1B, the 
membrane of Ga-P became more and more obvious, 
just like pocky. Furthermore, the change of lattice 
fringes can be observed by HRTEM. Due to the poor 
crystallinity of Ga-P films and the analysis of GaP as an 
amorphous material in the above XRD characterization, 
GaP does not have lattice fringes similar to fingerprints 
and is irregularly distributed. However, the lattice fringe 
of CdS nanorods was clear. SAED image can only 
observe the star distribution map of CdS, The SAED 
image can only observe the stellar distribution map of 
CdS, which also proves that GaP is an amorphous 
catalyst. So for further observation, the element 
mapping was added to show the distribution of various 
elements. As shown in the Figure 1E, the area in the 
yellow box was selected for area scanning. The results 
were shown in the right figures that elements of Ga and 
P were wrapped around Cd and S. It can be seen that, 
as mentioned above, CdS nanorod was indeed 
wrapped by Ga-P EEM [21-23]. 

In order to further confirm crystal structure of the 
photocatalyst, XRD test was carried out for analysis. 
The following Figure 2 showed the X-ray diffraction of 
the photocatalyst components. It can be clearly seen 
that pure CdS nanorods had better crystalline state, 
which corresponded well with PDF#41-1049. The 
diffraction peaks correspond to the crystal planes of 
CdS, respectively. Meanwhile, it can be clearly seen 
that the intensity of the diffraction peak of CdS 
decreased obviously when CdS was covered by Ga-P. 
It can also be proved that amorphous Ga-P membrane 
was coated on the surface of CdS. Meanwhile, it can 
be clearly seen that the intensity of the diffraction peak 
of CdS decreased obviously when CdS was covered by 
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Ga-P. It can also be proved that amorphous Ga-P 
membrane was coated on the surface of CdS [24-26]. 

 
Figure 2: XRD pattern of CdS, Ga-P, Ga-P@CdS. 

XPS was used to further investigate the chemical 
composition and elemental state of the internal 
elements of the composite photocatalyst. The results of 
XPS in Figure 3 were analyzed in depth, especially the 
Ga-P membrane. As can be seen from Figure 3A and 
3D, CdS was definitely synthesized. In Figure 3C, there 
were signal peaks with the binding energy of large 
spacing in Ga. It illustrated that there were two different 
gallium compounds in the Ga-P EEM. Compared with 
energy spectrum of P 2p, Ga-P electron exchange 
membrane mainly contained both GaP and GaPO4. 
GaP, as a semiconductor with a band gap of 2.2 eV, 
can exchange electrons with CdS by forming 
heterojunction. According to the previous literature, we 
can also observe that the Binding energy of Cd and S 
in CdS moves in the direction where the Binding 
energy is effective, and the Binding energy of Ga and P 
in GaP moves in the direction where the Binding 

 

 

Figure 1: TEM images (A) (B), HRTEM images (C) (D) and element mapping (E) of Ga-P@CdS. 
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energy is reduced. Furthermore, as a transparent and 
stable insoluble phosphate, GaPO4 provided protection 
for the whole photocatalyst system and prevented the 
photocatalyst from contacting strong oxidized free 
radical. Only when they combined together can 
improve the efficiency of electronic transmission and 
inhibit the effect of light corrosion [27-29]. We also 
used XPS valence band spectroscopy to analyze the 
valence band positions of various elemental catalysts, 
and the results will be presented in the mechanism. 

3.2. Optical Properties of Photocatalysts 

Then the optical properties of the composite 
photocatalyst were tested. It can be seen from Figure 
4A of UV-Vis DRS that the absorption edge of the pure 
phase CdS was 520 nm. But the absorbance of 
composite photocatalysts were improved after 520 nm 
when the surface of CdS nanorods was covered with 
Ga-P electron exchange membrane. It proved that the 
coating of Ga-P membrane did not weaken the 

 

Figure 3: XPS spectra of Ga-P@CdS sample: (A) Cd 3d, (B)Ga 2p, (C) P 2p, (D) S 2p. 

 

Figure 4: The UV–vis absorption spectra (A) and the width of bandgap of CdS, Ga-P@CdS (B). 
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absorption range of CdS. And with the increase of Ga-
P content, the increase of absorption was more 
obvious. At the same time, band-gap of photocatalyst 
was calculated and compared in Figure 4B by the Tauc 
plot method (2). It can be seen that the band-gap was 
shortened from 2.40 eV to 2.35 eV after coverd with 
Ga-P EES. The shortening of the band-gap indicated 
that the transition of electrons from valence band to 
conduction band became easier under exposure to 
visible light. This was helpful to enhance the reaction 
activity of photocatalyst in water [30-32]. 

)()( /1
g

n EhvAhv !="           (2) 

Where α is absorbance, h is Planck constant, v is 
frequency, A is constant and Eg is bandgap width. 

Hydrogen production activity test was the most 
intuitive explanation for photocatalyst activity test. 
Under 420 nm visible light, the activity of the Ga-
P@CdS composite photocatalyst in pure water was 
shown in the Figure 5. Figure 5A showed the 
comparison between CdS and Ga-P@CdS. It can be 
seen that CdS cannot generate hydrogen in pure 
water. But the activity of Ga-P@CdS composite 

photocatalyst increased significantly when CdS was 
covered with Ga-P EEM. At the same time, At the 
same time, Pt particles were added to photocatalysts 
as electron transfer sites by photoreduction. After 
adding Pt particles, as shown in Figure B, CdS can 
decompose water and had strong activity. However, it 
can be seen that its photocatalytic activity can only be 
maintained for 20 h. This was due to the influence of 
light corrosion, which led to the denaturation of the 
outer photocatalyst and stopped the reaction. While the 
photocatalytic rate of the Ga-P@CdS did not decrease 
significantly in 50 h under the protection of Ga-P EEM. 
At the same time, the cycle stability test was also 
carried out. The catalyst was tested in a 5-hour cycle. 
The gas in the reaction vessel was replaced with Ar 
after each cycle. The results was shown in Figure 5C. 
There was no change of activity rate in 25 h, which 
proved the photocatalyst was stable. Due to the low 
amount of oxygen produced, it was speculated that the 
reason was dissolved oxygen or free radical combined 
oxygen in water to corrode the photocatalyst. 
Therefore, 2 mL PFDL was added to the reaction 
system for adsorbing O2. It can be seen in Figure 5d 
that the hydrogen production activity of the composite 

 

Figure 5: Hydrogen production trend of the photocatalysts (A), hydrogen production of photocatalysts with Pt (B), cycle stability 
test of Pt/Ga-P@CdS (C) and hydrogen production after adding 2 mL PFDL in the reaction system. 
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photocatalyst was significantly improved. It not only 
showed that the reaction went forward after removing 
dissolved oxygen, but also proved that the composite 
photocatalyst can decompose water [33-35].  

Finally, the AQE of the composite photocatalyst was 
measured under different wavelengths. It can be seen 
in Figure 6 that the highest AQE was 0.18% at 430 nm. 
As the wavelength of the light source became longer, 
the AQE became lower and lower. It was because the 
longer the wavelength of light, the smaller the energy it 
can provide [36]. 

 

Figure 6: The AQE of Pt/Ga-P@CdS composite 
photocatalyst at different wavelengths. 

In order to further explore the Promoting effect of 
Ga-P EEM on CdS, time-resolved PL measurements 
were exhibited. As a function of time, the TRPL are fit 
using a dbl-exponential decay model using the 
following Equation (3) [37]. 

As shown in Figure 7, the time-resolved 
photoluminescence (TRPL) spectra of Ga-P@CdS 
exhibited a slower PL decay compared with CdS. It 
revealed that Ga-P@CdS can keep the charges 
separation for long time. In addition, we investigated 
steady-state fluorescence, with the composite binary 
photocatalyst having the lowest fluorescence intensity 
and the lowest recombination efficiency. The fitting 

parameters were given in Table 5. Table 5 listed the 
lifetime of photocatalysts and pointed out their 
percentage. To better evaluate the influence of Ga-P 
on CdS emission decay, we calculate the average 
lifetimes according to Equation (4) [38]. 

Compared with the CdS, the average lifetime of Ga-
P@CdS was increased to 1.92 ns. These results 
indicated that Ga-P EEM on the surface of CdS 
provided a path for photogenerated charge transfer. 
Thus PL lifetime was increased and photogenerated 
charge was separated effectively, thereby 
photocatalytic activity was enhanced [39]. 

 ! =
"=

3,2,1
)/exp()(

i
ii ôtBtI

          (3) 

Where I is normalised emission intensity, τi is 
respectively decay lifetime of luminescence; Bi is the 
corresponding weight factors. 
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Where <τ> is the average lifetime,
 
τi is respectively 

decay time of the individual components; Bi is the 
corresponding weight factors. 

 

Figure 7: Time-resolved photoluminescence (TRPL) spectra 
of CdS and Ga-P@CdS. 

Table 2:  Kinetic Analysis of Emission Decay 

 Parameters 

Samples 

A1 

(%) 

τ1 

(ns) 

A2 

(%) 

τ2 

(ns) 

A3 

(%) 

Τ3 

(ns) 

<τ> 

(ns) 
χ2 

CdS 44.29 1.85 30.37 0.30 25.34 6.67 0.76  1.32 

Ga-P@CdS 33.65 3.47 28.09 0.71 38.26 13.83 1.92 1.06 
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3.3. The Electrochemical Characterization Test of 
Photocatalysts 

In order to further explore the role of the Ga-P EEM, 
the photoelectrochemical performance of the 
photocatalyst were tested in 0.2 mol/L Na2SO4 solution. 
Figure 8A showed comparison of photocurrent-time 
curves between pure CdS and composite 
photocatalysts with different content of Ga-P EEM. It 
was easy to observe that the photocurrent response of 
the composite photocatalysts would be greatly affected 
when the content of Ga-P EEM changed. The optical 
response of FTO/Ga-P@CdS-1 electrode was the 
strongest, but photo corrosion happened obviously. 
This causes the photocurrent to gradually decrease 
accordingly. It was because the formation of GaPO4 in 
Ga-P EEM was not enough to play a protective role. 
FTO/ Ga-P@CdS-2 the photocurrent response is the 
most stable and photocurrent was as strong as 
FTO/Ga-P@CdS-1 after 250 s. However, if there were 
too many GaPO4 in Ga-P EEM, the electron transfer 
would be hindered. It was reflected in the decrease of 
photocurrent, which was even lower than that of pure 
CdS. The results further illustrated that Ga-P EEM with 
appropriate element ratio can effectively transfer 
electrons and inhibit photocorrosion [40, 41]. 

The same thing happened in Electrochemical 
impedance spectroscopy (EIS). EIS test was an 
effective method to reflect the resistance of charge 
transfer in catalyst electrode. Figure 8B showed EIS 
Nyquist plots of CdS, Ga-P@CdS-1, Ga-P@CdS-2 and 
Ga-P@CdS-4. It was well known that the radius of 
curvature in the EIS Nyquist plots corresponded to the 
impedance of the electrode. The larger the curvature 
radius of the curve, the greater the resistance of the 
catalyst, which also leads to a greater resistance to 

electron transfer. The results also correspond to the 
photocurrent results analyzed above, not that a larger 
proportion is better. Only a suitable proportion of 
catalysts can effectively improve the performance of 
composite catalysts. Ga-P@CdS-1 The smallest 
curvature radius indicates that it has the smallest 
resistance, and it also indirectly indicates that the GaP 
protective film can wrap around the surface of CdS, 
effectively suppressing its photo corrosion. [42]. We 
also carried out Motto characterization of the catalyst, 
and the results were explained by our electronic band 
structure in the hydrogen production mechanism. 

3.4. Reaction Mechanism of Photocatalyst 

The mechanism of the entire photocatalytic reaction 
process is shown in Figure 9. Upon careful 
observation, it can be observed that two catalysts form 
an S-scheme heterojunction. When the two catalysts 
first come into contact, they undergo band bending, 
and ultimately CdS and GaP reach an equilibrium 
state. Under visible light irradiation, electrons in the 
valence band of CdS are excited and transferred to the 
conduction band. Then, when transferred to the 
valence band of GaP, the holes in the valence band of 
GaP are consumed, so that more Electron transfer are 
transferred to the conduction band. A large part of the 
electrons combine with H+ at the Pt site, and a small 
part of the electrons produce hydrogen at the GAPS 
quilting cotton. At the same time as the reaction 
proceeds, due to the absence of electrons, the holes 
on CdS have the attraction of capturing electrons in 
water through Ga-P EEM. This is the entire process of 
electron acquisition and loss. The electron changes in 
Ga-P EEM are shown in the enlarged section of Figure 
9. The GaP in Ga-P EEM is used to receive and 
transfer transition electrons from CdS. Due to its 

 

Figure 8: Photocurrent response of photocatalysts (A) and electrochemical impedance spectroscopy (B) pattern. 
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semiconductor properties, it can form heterojunction 
structures with CdS. When CdS wants to capture 
electrons, GaPO4 in Ga-P EEM separates strong 
oxidizing radicals from the surface of the photocatalyst 
to achieve overall stability. Therefore, the electron 
recycling in the whole system is always stable under 
the protection of Ga-P EEM [43]. 

CONCLUSION 

In brief, we designed and successfully synthesized 
Ga-P@CdS composite photocatalyst. In the 
performance test, the Ga-P@CdS composite 
photocatalyst can effectively decompose water. 
Through various characterizations, we have proved the 
existence of Ga-P EEM and verified its performance. 
The CdS nanorods covered with Ga-P EEM can be 
seen clearly under HRTEM. The AQE of composite 
photocatalyst in pure water can reach 0.18% and it can 
keep stable under cyclic test and long time irradiation. 
All the results showed that it had the effect of 
accelerating electron exchange and inhibiting light 
corrosion. Finally, we vividly described the reaction 
mechanism in the whole system. These works not only 
provided a reference for improving the efficiency of 
photocatalyst, but also provided an effective method for 
enhancing the stability of photocatalyst. 
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