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The formation of an effective heterojunction electric field at the interface between g-C3N4 and 

Ag@AgCl significantly strengthens the separation efficiency of the photogenerated electrons and 

holes, leading to a dramatic promotion of the photocatalytic degradation performance. 
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The Ag@AgCl/g-C3N4 composite was prepared by in situ fabricating Ag@AgCl on the surface 

of g-C3N4 using deposition-precipitation and subsequently photo-assisted reduction. Both the 

photocatalytic degradation performance and the photocatalytic degradation stability of the 

Ag@AgCl/g-C3N4 composite are significantly improved compared with that of g-C3N4 and 

Ag@AgCl composite. The Ag@AgCl/g-C3N4 composite can completely degrade RhB in 20 

min under the illumination of visible light (λ＞420 nm). The Ag@AgCl/g-C3N4 composite can 

increase the light absorption intensity in visible light region due to the surface plasmon 

resonance effect of Ag, resulting in a significant increase of the yields of the photogenerated 

electrons and holes. An effective heterojunction electric field was formed on the interface 

between g-C3N4 and Ag@AgCl, which significantly strengthened the separation efficiency of 

the photogenerated electrons and holes, leading to a significant promotion of the photocatalytic 

degradation performance. 

 

 

Introduction 

Photocatalytic technology is one of the key 

technologies to solve the issues of energy shortage and 

environmental pollution. So far, this technology has 

experienced more than 40 years of development and 

has made considerable progress. However, the narrow 

photoresponse range and the low photo quantum yield 

of the photocatalysts are the two key factors which 

restrict their practical application. Related studies
1-4

 

indicated that the methods to extend the light 

absorption range of photocatalysts mainly include: (1) 

preparing novel photocatalysts with visible light 

absorption capability;
5-8

 (2) doping with metallic or 

nonmetallic elements;
9-11

 (3) sensitizing or 

compositing with narrow bandgap semiconductor.
12,13

 

The methods to improve the photo quantum yield of 

photocatalysts mainly include: (1) constructing 

heterojunction system by compositing with other 

semiconductor materials to improve the separation 

efficiency of photogenerated electrons and holes 

through the heterojunction electric field;
14-16

 (2) 

increasing the specific surface areas of semiconductor 

materials to increase the reactive sites of 

photocatalytic reactions;
17-18

 (3) fabricating special 

topographies of semiconductor materials to promote 

the migration efficiency of the photogenerated 

electrons and therefore to effectively restrain the 

secondary recombination of the photogenerated 

electrons and holes.
19-22

 

In recent years, g-C3N4, acted as a photocatalyst, 

has attracted widespread concern. In 2009, Wang et 

al.
5
, for the first time, reported that g-C3N4 can 

generate hydrogen by splitting water under visible 

light and the bandgap of g-C3N4 is 2.7 eV. 

Subsequently, Yan et al
23

 reported that g-C3N4 can 

degrade organic pollutants under visible light. And, 
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Zhang et al
24 

confirmed that g-C3N4 has the 

characteristics of n-type semiconductor using Mott-

Schottky method. The conduction band potential of g-

C3N4 is -1.42 V (vs Ag/AgCl) and its valence band 

potential is 1.25 V (vs Ag/AgCl). However, further 

studies found that the less photocatalytic 

reaction active sites, the lower separation efficiency 

and migration rates of the photogenerated electrons, 

and the more negative valence band potential restrict 

the further promotion of the photocatalytic 

performance of g-C3N4. In order to solve the above 

issues, mesporous g-C3N4 was prepared using hard 

template method
17

 and soft template method
25

. 

Investigations showed that the number of the active 

photocatalytic reaction sites of mesporous g-C3N4 was 

significantly enhanced, resulting in the dramatic 

increase of its photocatalytic performance. Recently, 

Zhang et al
26

 reported that two-dimensional ultrathin 

C3N4 nanosheet (2D-C3N4) can be fabricated by 

ultrasonically dispersing g-C3N4. The specific surface 

area and electron mobility of this 2D-C3N4 are greatly 

improved comparing with those of g-C3N4, resulting in 

a significant increase of the photocatalytic 

performance of 2D-C3N4. Zhang et al
27

 reported that 

the conductivity of g-C3N4 was greatly improved by 

doping with proton acid. Zhang et al
28

 found that 

doping g-C3N4 with P can significantly enhance its 

conductivity through simulated calculation. Zhang et 

al
29 

prepared S-doped g-C3N4 and they found that the 

introducing of S can positively shift the valence band 

potential of g-C3N4, thereby enhancing the oxidation 

capability of the photogenerated holes. Subsequently, 

Ma et al
30

 reported that doping S into g-C3N4 can 

move the valence band to a more positive potential 

according to the first-principles density functional 

theory. To further enhance the separation efficiency of 

the photogenerated electrons and holes, g-C3N4 was 

composited with noble metal or other semiconductor 

materials to build a heterojunction system.
31-37

 The 

heterojunction electric field formed on the interface 

between them restrained the secondary recombination 

of the photogenerated electrons and holes, thus 

effectively enhancing the photocatalytic performance 

of g-C3N4. 

The Ag@AgX (Cl, Br, I) composites with surface 

plasmon resonance (SPR) effect have been gradually 

becoming the focus of research in the field of 

photocatalysis in recent years. These materials can 

absorb light nearly over the entire visible light region, 

and they can convert photons into separated 

photogenerated electrons and holes through the 

collective oscillations of the surface electrons.
38-41

 

However, the photoinduced electrons and holes 

generated by these composites are prone to secondary 

recombination, resulting in the decrease of 

photocatalytic performance. Furthermore, the high 

price of Ag@AgX restricts its practical application. 

Compositing Ag@AgX with other materials, such as 

TiO2,
42

 ZnO,
43

 Ag3PO4,
44

 Bi2WO3,
45

 and graphene
46

 

etc., could build a heterojunction electric field. With 

the aid of this heterojunction electric field, the 

photoinduced electrons and holes generated by 

Ag@AgX could be effectively separated, leading to a 

significant increase of the photocatalytic performance 

of Ag@AgX.
47,48

 Meanwhile, the introducing of these 

low-cost semiconductor materials could decrease the 

usage of Ag@AgX, which can reduce the cost and 

enhance the practical application potential of such 

photocatalyst. 

Based on the above descriptions, the photocatalytic 

performance of the Ag@AgCl/g-C3N4 composite was 

expected to be very good; therefore, it is necessary to 

study the photocatalytic properties of this composite. 

In this paper, the authors prepared the Ag@AgCl/g-
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C3N4 composite and investigated the photocatalytic 

degradation performance and photocatalytic stability 

of this composite. And, the promotion mechanism of 

the photocatalytic performance of the Ag@AgCl/g-

C3N4 composite was also studied using 

electrochemical /photoelectrochemical test methods. 

 

Results and discussion 

  Figure 1 shows the SEM images of the prepared g-

C3N4, Ag/g-C3N4, AgCl/g-C3N4 and Ag@AgCl/g-C3N4, 

and the TEM morphologies of the prepared 

Ag@AgCl/g-C3N4 composite. Figure 1a shows the 

SEM image of the prepared g-C3N4, and a layered 

stacking structure is clearly identified, which has the 

basic characteristics of the substance of a graphite-like 

structure. Figure 1b shows the SEM image of the 

prepared Ag/g-C3N4 composite, which shows that Ag 

nanoparticles are successfully modified onto g-C3N4 

by photo-assisted reduction. And, a large number of 

Ag nanoparticles distributed on the surface of the g-

C3N4 are of approximately 10~50 nm in diameter. 

Figure 1c shows the SEM image of the prepared 

AgCl/g-C3N4 composite, and a lot of lumps are 

observed on the surface of g-C3N4, which could be 

AgCl. Figure 1d shows the SEM image of the 

prepared Ag@AgCl/g-C3N4 composite. As shown in 

Figure 1d, a lot of nanoparticles with diameter of 

approximately 50 nm were formed on the surface of 

the lumps as observed in Figure 1c. These 

nanoparticles could be Ag particles reduced from 

AgCl deposited on the surface of g-C3N4 by photo-

assisted reduction. TEM was used to further 

characterize the distribution of Ag@AgCl on the 

surface of g-C3N4 and the results are shown in Figures 

1e and 1f. Figure 1e shows the microscopic 

morphology under low magnification. As shown in 

Figure 1e, a large number of Ag@AgCl nanoparticles 

distribute uniformly and densely on the surface of g-

C3N4. Under high magnification (Figure 1f), the 

nanoparticles with diameter of approximately 50 nm 

can be clearly observed. 

 

  

(a) (b) 
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Figure 1. SEM of (a) g-C3N4; (b) Ag/g-C3N4; (c) AgCl/g-C3N4; (d) Ag@AgCl/g-C3N4; TEM of Ag@AgCl/g-C3N4 at  

low (e) and high (f) resolution. 

  Figure 2 shows the XRD patterns of the series of the 

prepared samples. Curve 2a is the XRD pattern of the 

g-C3N4 powder prepared in the present work. A high-

intensity diffraction peak is observed in 2θ = 27.4°, 

which is the characteristic index of the interlayer 

stacking of aromatic series. The calculated interplanar 

distance of the aromatic series is d = 0.324 nm. This 

observation shows that the material has a layered 

structure, similar to that of graphite. Curve 2b is the 

XRD pattern of the Ag@AgCl powder prepared in the 

present work. The diffraction peaks at 2θ = 27.82°, 

32.24°, 46.25°, 54.81°, and 57.56°, marked with “□” 

in Figure 2, are assigned to the (111), (200), (220), 

(311), and (222) crystal planes of AgCl (JCPDS cards 

nos. 31-1238). The characteristic diffraction peaks of 

Ag at 2θ = 38.1° and 44.3°, which are assigned to 

(111) and (200) crystal planes of Ag (JCPDS cards 

nos. 04-0783), are not observed. This could be caused 

by the low yield or low crystallinity of Ag formed on 

AgCl. Curve 2c is the XRD pattern of the prepared 

Ag/g-C3N4 powder. Except for a weak peak at 2θ = 

27.4°, the characteristic diffraction peaks of Ag 

(c) (d) 

(e) (f) 
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observed at 2θ = 38.1° and 44.3° are marked with “○” 

in Figure 2. Curve 2d is XRD pattern of AgCl/g-C3N4, 

from which the characteristic diffraction peaks of 

AgCl were observed at 27.82°, 32.24°, 46.25°, 54.81°, 

and 57.56°, which are the same as those observed in 

Curve 2b. Curve 2e is the XRD pattern of 

Ag@AgCl/g-C3N4. Except for the diffraction peaks 

from AgCl, two very weak diffraction peaks from Ag 

were observed at 2θ = 38.1° and 44.3°, which 

demonstrates that Ag is grown on the surface of AgCl. 
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Figure 2. XRD patterns of (a) g-C3N4; (b) Ag@AgCl; 

(c) Ag/g-C3N4; (d) AgCl/g-C3N4; (e) Ag@AgCl/g-C3N4. 

Figure 3 shows the XPS spectra of the Ag@AgCl/g-

C3N4 composite. Figures 3a, 3b, 3c and 3d show the 

C1s, N1s, Ag3d and Cl2p XPS core level spectra, 

respectively. Binding energy peaks at 284.6 and 288.1 

eV in Figure 3a can be ascribed to carbon and defect-

containing sp
2
-bonded carbon (C=N). Binding energy 

peak at 398.8 eV in Figure 3b can be ascribed to the 

sp
2
-hybridized C=N-C.

31,49
 Binding energy peaks at 

367.6 and 373.6 eV in Figure 3c are assigned to the 

electron orbits of Ag 3d5/2 and Ag 3d3/2, which is 

attributed to Ag
+
 from AgCl.

50
 Binding energy peaks 

at 198.1 and 199.6 eV in Figure 3d represent the 

characteristic ones of Cl 2p5/2 and Cl 2p3/2, 

respectively, which demonstrates that Cl is existed as 

Cl
-
. The results obtained in this work are in good 

agreement with those from literature.
 31,47,50
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Figure 3. XPS spectra of Ag@AgCl/g-C3N4 (a) C 1s; (b) 

N 1s; (c) Ag 3d; (d) Cl 2p. 

Figure 4 shows the UV/Vis diffuse reflectance 

spectra of the series of the prepared samples. The 

absorption bandedge of g-C3N4 is approximately 460 

nm (Curve 4a), which is in agreement with that from 

Wang et al.
5
 The absorption of the Ag/g-C3N4 

composite is very strong in the whole wavelength 

range, as shown in Curve 4b. This can be caused by 

the adsorption of Ag on this composite. The Ag 

nanoparticles distributed on the surface of g-C3N4 will 
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darken the Ag/g-C3N4 composite, leading to a strong 

absorption of the incident light. However, this 

absorption cannot change to the energy for generating 

the electron-hole pairs and it is just converted to heat 

dissipation. The absorption bandedge of the AgCl/g-

C3N4 composite is approximately 450 nm (Curve 4c). 

The slight blue shift of the absorption bandedge of the 

AgCl/g-C3N4 composite is attributed to the 

introducing of AgCl into the composite. AgCl is a 

semiconductor with a large bandgap, whose bandedge 

is approximately 380 nm. The absorption intensity of 

the AgCl/g-C3N4 composite is slightly higher than that 

of g-C3N4 in the wavelength of <450 nm. Curve 4d 

shows the UV/Vis diffuse reflectance spectrum of the 

Ag@AgCl/g-C3N4 composite, from which it represents 

the strongest absorption capacity in the wavelength 

range of 250-700 nm. Meanwhile, a broad absorption 

peak at around of 500 nm is observed, which is caused 

by the SPR effect of Ag@AgCl. The UV/Vis results 

of the Ag@AgCl/g-C3N4 composite indicate that this 

composite has very strong light absorption capability 

in the visible light region. 
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Figure 4. UV/Vis diffuse reflectance spectra of  (a) g-

C3N4; (b) Ag/g-C3N4; (c) AgCl/g-C3N4; (d) Ag@AgCl/g-

C3N4. 

Figure 5 shows the RhB degradation curves of the 

series of the prepared photocatalysts. Before the light 

was switched on, the photocatalysts were mixed with 

the RhB under dark conditions and stirred for 30 min. 

According to the data obtained for the 30 min 

adsorption under dark conditions, Ag/AgCl shows the 

lowest adsorption capacity, and Ag/g-C3N4 shows the 

highest adsorption capacity. The adsorption capacity 

of g-C3N4, AgCl/g-C3N4 and Ag@AgCl/g-C3N4 are 

similar, and all of them are located between 

Ag@AgCl and Ag/g-C3N4. And, g-C3N4 demonstrated 

a quite good capacity for the photocatalytic 

degradation of RhB. About 55.5% RhB was degraded 

by g-C3N4 after 50 min of illumination under visible 

light (Curve 5a). The photocatalytic degradation 

ability of Ag@AgCl is better than that of g-C3N4. 

And, 64.1% RhB can be degraded by Ag@AgCl in 50 

min under visible light, as shown in Curve 5b. After 

loading Ag on the surface of g-C3N4, its adsorption 

capability was dramatically strengthened, as shown in 

Curve 5c; however, its photocatalytic degradation 

capability was significantly decreased. The excessive 

Ag on the surface of g-C3N4 can act as the 

recombination centers of the photogenerated electrons 

and holes, resulting in the decreasing of the 

photocatalytic degradation performance. For AgCl/g-

C3N4 composite, 72% RhB was degraded by it after 

50 min of illumination under visible light (Curve 5d), 

indicating that loading AgCl with g-C3N4 can 
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significantly increase the photocatalytic degradation 

performance of both g-C3N4 and AgCl. For the 

Ag@AgCl/g-C3N4 composite, all of RhB can be 

completely degraded after only 20 min of illumination 

by visible light, exhibiting a very strong photocatalytic 

degradation performance.  
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Figure 5. Visible light photocatalytic degradation RhB 

by (a) g-C3N4; (b) Ag@AgCl; (c) Ag/g-C3N4; (d) 

AgCl/g-C3N4; and (e) Ag@AgCl/g-C3N4. 

As shown in Figure 5, Ag/g-C3N4 possesses the 

strongest RhB adsorption capacity although it cannot 

degrade RhB dye. In order to obtain the causes of the 

phenomenon, the specific surface areas of g-C3N4, 

Ag/g-C3N4 and Ag@AgCl/g-C3N4 were measured 

using BET method and the relevant results are shown 

in Figure S1. As shown in Figure S1, the specific 

surface areas of g-C3N4, Ag/g-C3N4 and Ag@AgCl/g-

C3N4 are 9.2425, 1.3123 and 14.4307 m
2
⋅g

-1
, 

respectively. Apparently Ag/g-C3N4 has the minimum 

specific surface area. Based on the shapes of the 

Nitrogen adsorption-desorption curves in Figure S1, all of 

these three materials can be classified as IV-type 

adsorption-desorption characteristic, demonstrating that 

these materials have the mesoporous structures, which are 

formed mainly by the stacking of C3N4 materials. As 

shown in Curve b of Figure S1, negative values were 

observed on the Y axis in the adsorption-desorption curve 

of Ag/g-C3N4, illustrating that there exist large amounts 

of non-porous structures in Ag/g-C3N4. A large amount of 

Ag particles is loaded on the surface of g-C3N4 which 

blocks most of the mesopores formed by the stacking 

of C3N4 materials, leading to the formation of a large 

amount of non-porous structures in Ag/g-C3N4 and thus 

deceasing the specific surface area of Ag/g-C3N4. 

Although it has the minimum specific surface area, 

Ag/g-C3N4 possesses the strongest adsorption capacity 

for RhB. As we may know, RhB is azo dyes in which 

the N atom in the molecular chain has outer lone pair 

electrons. While the unoccupied orbit of the outmost 

shell of Ag is easy to combine with the lone pair 

electrons of the N atoms of RhB dye, resulting in the 

dramatic increase of the adsorption capacity of this 

material. 

In order to investigate the stability of the 

Ag@AgCl/g-C3N4 composite in the process of 

photocatalysis, six successive cyclic RhB degradation 

tests were performed and the relevant experimental 

results are shown in Figure 6. From the results shown 

in Figure 6, the photocatalytic RhB degradation 

efficiency of this composite material does not show 

noticeable decline after six successive cyclic RhB 

degradation tests and this composite can still degrade 

90% RhB after 60 min of illumination by visible light 
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at the 6
th

 degradation cycle, demonstrating that this 

composite possesses very high photocatalytic 

degradation stability.  
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Figure 6. Stability study for the photocatalytic RhB 

degradation by the Ag@AgCl/g-C3N4 composite under 

visible light. 

To further study the significant promotion 

mechanism of the photocatalytic degradation 

efficiency of the Ag@AgCl/g-C3N4 composite, the 

photoinduced current densities of the photoelectrodes 

prepared using g-C3N4 and the Ag@AgCl/g-C3N4 

composite were measured at a 0 V (vs Ag/AgCl) bias 

potential under visible light and the results are shown 

in Figure 7. As shown in Figure 7, the photoinduced 

current density of the g-C3N4 thin-film photoelectrode 

is approximately -2 µA·cm
-2

 under visible light 

illumination. However, the photo-induced current 

density of the Ag@AgCl/g-C3N4 thin-film 

photoelectrode is approximately -560 µA·cm
-2

 under 

visible light illumination, which is 280 times of that of 

g-C3N4. This result indicates that the photo quantum 

yields of the Ag@AgCl/g-C3N4 composite are 

significantly improved, which could be based on the 

following two reasons: On one hand, more 

photoinduced electrons and holes are generated due to 

the strong light absorption and visible light responsive 

capability of Ag@AgCl based on the results shown in 

Figure 4; on the other hand, the interfacial electric 

field formed on the interface between g-C3N4 and 

Ag@AgCl increases the separation efficiency of the 

photogenerated electrons and holes, and hence 

increases the photoinduced current. These two reasons 

mentioned above result in the significant promotion of 

the photocatalytic degradation performance of 

the Ag@AgCl/g-C3N4 composite. As the results 

shown in Figure 7, the photoinduced current of both g-

C3N4 and Ag@AgCl/g-C3N4 photoelectrodes are 

cathodic current, reflecting the characteristics of a p-

type semiconductor. This result indicates that the 

photogenerated electrons will participate in the 

reduction reactions occurred on the surface of the 

photoelectrode, while, the photogenerated holes will 

capture the electrons from the counter electrode. 
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Figure 7. Photoinduced i-t curve of (a) g-C3N4 and (b) 

Ag@AgCl/g-C3N4 (0 V vs Ag/AgCl). 

The Mott–Schottky method was employed to 

determine whether the heterojunction electric field 

was formed on the interface between g-C3N4 and 

Ag@AgCl. As we know, different semiconductor 

materials have different Fermi level potentials.
51

 

When a composite is formed by two different 

semiconductor materials, a new balance of the Fermi 

level will eventually reach due to the opposite 

movement of the Fermi levels of these two 

semiconductors. With the shift of the Fermi level, 

electrons and holes will exchange on the interface 

between them and an interfacial electric field will be 

built. Meanwhile, the conduction band and the valence 

band will shift with the movement of the Fermi levels. 

Band bending will be formed on the interface and the 

flat band potential of the semiconductors will be 

subsequently changed. Therefore, the formation of the 

heterojunction electric field could be detected by 

measuring the changes of the flat band potential using 

the Mott–Schottky method. Figure 8 shows the Mott–

Schottky plots of g-C3N4 and the Ag@AgCl/g-C3N4 

composite thin-film photoelectrodes in 0.1 M Na2SO4 

under dark condition. The flatband potential of a 

semiconductor material can be determined by 

extrapolating to C
-2

 = 0. The flatband potential of g-

C3N4 was approximately −1.33 V (vs Ag/AgCl) 

(Figure 8), while, that of the Ag@AgCl/g-C3N4 

composite positively shifts to 0.067 V. The difference 

in their flatband potential demonstrates that a 

heterojunction electric field was formed on the 

interface between g-C3N4 and Ag@AgCl. And, the 

existence of this electric field significantly increases 

the separation efficiency of the photogenerated 

electrons and holes and therefore dramatically 

enhances the photocatalytic degradation performance 

of the Ag@AgCl/g-C3N4 composite.  
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Figure 8. Mott-Schottky plots of g-C3N4 and 

Ag@AgCl/g-C3N4 composite photoelectrodes in 0.1 M 

Na2SO4 solution under dark. 

According to the Mott-Schottky plots shown in 

Figure 8, both g-C3N4 and the Ag@AgCl/g-C3N4 

composite exhibit the characteristics of an n-type 

semiconductor. This result is different from that 

shown in Figure 7, in which a cathodic photoinduced 

current is observed. It is well known that the Fermi 

level of a semiconductor will change with the applied 

bias potential. If an n-type semiconductor is loaded on 

a conductive substrate, the semiconductor would 

gather positive charges and the conductive substrate 

would gather negative charges when the applied bias 

potential increases from negative direction. At this 
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time, the Fermi level of this semiconductor will 

positively shift and move close to the valence band of 

the semiconductor, and the semiconductor type was 

converted from n type into p type. In Figure 7, with 

the bias potential of 0 V (vs Ag/AgCl), the Fermi 

levels of g-C3N4 and Ag@AgCl/g-C3N4 were positive 

shifted and the characteristics of them exhibited as p-

types. 

Figure S2 shows the photoluminescence spectroscopy of 

g-C3N4 and Ag@AgCl/g-C3N4. For g-C3N4, a strong, 

luminous broad peak emerged from 400 nm to 650 nm. 

However, for Ag@AgCl/g-C3N4, this light-emitting 

broad peak was absent, indicating that the presence of 

Ag@AgCl can effectively inhibit the annihilation of the 

photogenerated electrons and holes and effectively 

improve their separation efficiency and increase the 

lifetime of the photogenerated electrons, thereby enhance 

the RhB photocatalytic degradation efficiency and 

photoelectrochemical properties of the Ag@AgCl/g-C3N4 

composite. 

The scavengers of the photogenerated holes and 

electrons were added into the RhB dye solution to further 

study the promotion mechanism of the photocatalytic 

degradation performance of the Ag@AgCl/g-C3N4 

composite. Figure S3 shows the photocatalytic RhB 

degradation curves of Ag@AgCl/g-C3N4 composite in 

the RhB solution containing with the scavenger of the 

photogenerated holes (EDTA-2Na) or the photogenerated 

electrons (tert-butanol, BuOH).
51

 As shown in Figure S3, 

adding of 2 mM BuOH into the RhB dye does not 

significantly affect the photocatalytic RhB degradation rate 

of the Ag@AgCl/g-C3N4 composite. As we know, BuOH 

can capture the photogenerated electrons, leading to the 

swift consumption of the photogenerated electrons 

produced by the Ag@AgCl/g-C3N4 composite, therefore 

the photogenerated electrons by the Ag@AgCl/g-C3N4 

composite cannot contribute to the photocatalytic RhB 

degradation in the BuOH-containing RhB solution based 

on the results shown in Figure S3. However, the 

photocatalytic degradation performance of the 

Ag@AgCl/g-C3N4 composite significantly decreased by 

adding 2 mM EDTA-2Na in the RhB solution as compared 

with that in the RhB solution in the absence of EDTA-2Na 

(Figure 5) under visible light, revealing that the high 

photocatalytic degradation performance of the 

Ag@AgCl/g-C3N4 composite mainly comes from the 

strong oxidizing capability of the photogenerated holes. 

Figure 9 schematically shows the proposed 

mechanism for the promotion of the photocatalytic 

RhB degradation performance of the Ag@AgCl/g-

C3N4 composite. When Ag@AgCl is loaded on the 

surface of g-C3N4, their Fermi levels will shift and 

finally get a balance which locates between the 

original Fermi levels of them. And, an efficient 

heterojunction electric field is established on the 

interface between Ag@AgCl and g-C3N4, which 

significantly improves the separation efficiency of the 

photogenerated electron-hole pairs. The 

photogenerated electrons by g-C3N4 can transfer to the 

conduction band of AgCl under the interfacial electric 

field and finally transfer to Ag nanoparticles. Ag can 

lower down the energy barriers of reduction reactions 

and it can be used as the catalytic center for such 
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reactions when the photogenerated electrons are 

transferred to Ag.
50

 Meanwhile, the Ag nanoparticles 

on the surface of AgCl can absorb photons due to the 

SPR effect and generate separated electrons and holes. 

The electrons can participate in further dye reduction 

reactions. While, the holes can transfer to the valence 

band of AgCl and finally transfer to that of g-C3N4. 

The holes can then participate in the oxidation 

reactions there. 

 

Figure 9. Schematic illustration of the significant 

promotion principles of the photocatalytic performance 

of the Ag@AgCl /g-C3N4 composite. 

Through the processes mentioned above, the 

photogenerated electrons and holes can be effectively 

separated and transferred to different materials, 

leading to an effective inhibition of the recombination 

of them. Therefore, the photocatalytic degradation 

performance of g-C3N4 is dramatically increased after 

loading Ag@AgCl on the surface of g-C3N4.  

Experimental 

1 Preparation of g-C3N4 and the Ag@AgCl/g-C3N4 

composite 

g-C3N4 was prepared by directly heating 

dicyandiamine, which was placed in a semiclosed 

ceramic crucible with a cover, at 520 °C in a muffle 

furnace for 4 h at a heating rate of 10 °C·min
-1

. The 

preparation of the Ag@AgCl/g-C3N4 composite was 

based on the method used by Wang et al.
38

 0.3 g of 

prepared g-C3N4 was dispersed in 20 mL deionized 

water, and the resulting mixture was ultrasonically 

vibrated for 30 min. Subsequently, silver nitrate 

ammonia (SNA) solution, which was prepared by 

dissolving 0.4 g of AgNO3 into 2.3 mL NH4OH 

solution (25 wt% NH3), was then slowly added drop 

by drop into the dispersed liquid mixture of g-C3N4 

and stirred for 10 min. After that, HCl solution, 

prepared by diluting 1.5 mL concentrated hydrochloric 

acid to 30 mL deionized water, was slowly added drop 

by drop into the liquid mixture of g-C3N4 and SNA 

solution under stirring. After 24 h of stirring at room 

temperature, 10 mL of methanol was added into the 

liquid mixture and subsequently this liquid mixture 

was transferred into a beaker with the temperature 

controlled at 25 °C by a water cooling system and 

irradiated for 30 min using a 300 W Xenon lamp 

under vigorous stirring. Some of the AgCl formed on 

the surface of g-C3N4 will reduced to elemental Ag 

under light illumination. The Ag@AgCl/g-C3N4 

composite was obtained by suction filtration and was 

then rinsed with deionized water and ethanol, and the 

Ag@AgCl/g-C3N4 powder was obtained after 6 h of 

vacuum drying at 60 °C.  

In this work, the AgCl/g-C3N4 and Ag/g-C3N4 

composites were used for comparative study on 

photocatalytic degradation performance of the 

Ag@AgCl/g-C3N4 composite. The AgCl/g-C3N4 

composite was prepared following the same steps 
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mentioned above but removing the photo-reduction 

process, while, the Ag/g-C3N4 composite was prepared 

following the same steps mentioned above but 

removing the HCl solution adding steps. 

2 Characterizations of the prepared composites 

The morphologies and the microstructures of the 

synthetic composites were analyzed using a field 

emission scanning electron microscope (FESEM) 

(NoVa
TM

 Nano SEM 430, FEI Company, USA) and a 

high-resolution transmission electron microscope 

(HRTEM, FEI Tecnai G20, FEI Company, USA). The 

crystalline structures and bonding information of the 

synthetic composites were analyzed using X-ray 

diffraction (XRD, D/MAX-2500/PC; Rigaku Co., 

Tokyo, Japan) and X-ray photoelectron spectroscopy 

(XPS, Axis Ultra, Kratos Analytical Ltd., England). 

The optical absorption properties were investigated 

using a UV/Vis diffuse reflectance spectrophotometer 

(U-41000; HITACHI, Tokyo, Japan). The 

photoluminescence intensity of the prepared samples 

was characterized using a fluorescence spectrometer 

(PL, Fluoro Max-4, HORIBA Jobin Yvon, France). 

The Brunauer−Emmett−Teller specific surface area 

was determined by a multipoint BET method (BET, 

3Flex, Micromeritics, USA). 

 

3 Photocatalytic degradation of Rhodamine B (RhB) 

0.1 g prepared photocatalysts was added to 100 mL 

RhB with a concentration of 10 mg⋅L
-1

 and stirred for 

30 min in the dark. The light source was a 300 W 

Xenon lamp (PLS-SXE300, Beijing Changtuo Co. 

Ltd., Beijing, China). A 420-nm cutoff filter was used 

to remove light with wavelengths less than 420 nm 

and ultimately generate visible light (power energy 

density is 150 mW⋅cm
-2

). All of the photocatalytic 

degradation measurements were performed under 

visible light. The distance between the light source 

and the dye liquid level is 10 cm. The temperature of 

the dye liquid was maintained at 25 °C using 

circulating water. The photocatalytic degradation 

stability of the Ag@AgCl/g-C3N4 composite was 

studied in this work. The concentration of RhB 

increased to 30 mg⋅L
-1

. The photocatalyst was 

recycled by the centrifugation of the solution after dye 

degradation and the centrifugate was used for the next 

cycle of RhB degradation after sufficiently drying. 

Photocatalyst recycling tests were performed for six 

times in this work. 

 

4 Photoelectrode preparation and 

photoelectrochemical measurements 

An FTO glass (13 × 10 mm) was first ultrasonically 

cleaned with acetone of analytical grade for 5 min, 

rinsed with deionized water, and then dried with a 

clean, dry airflow. One longitudinal edge of the 

conductive side was then carefully covered with 

insulating tape, with the exposed effective area of the 

FTO glass measuring 1 cm
2
. In total, 0.01 g of the 

prepared powder was mixed with 0.1 mL of deionized 

water in an agate mortar, and the mixture was 

carefully ground for 10 min to form a homogeneous 

suspension. Then, 0.025 mL of the as-prepared 

suspension was evenly distributed onto the exposed 

area of the conductive side of the FTO glass. The 

insulating tape on the edge of the FTO glass was 

removed after the suspension dried in the air. Finally, 

the FTO glass deposited with the as-prepared 

suspension was heated to 120 °C for 2 h under vacuum 

condition. A copper wire was connected to the 

conductive side of the FTO glass using conductive 

silver tape. The uncoated parts of the conductive side 

of the FTO glass were isolated with parafilm after the 

conductive silver tape had dried. 
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Photoelectrochemical measurements were 

performed in a three-electrode experimental system 

using CHI660D Electrochemical Workstation 

(Shanghai Chenhua Instrument Co., Ltd., Shanghai, 

China). The prepared photoelectrode, Ag/AgCl 

(saturated KCl) electrode, and Pt electrode acted as the 

working, reference, and counter electrodes, 

respectively. The potentials are reported on the 

Ag/AgCl (saturated KCl) scale. The photo, generated 

by a 300 W Xe arc lamp (PLS-SXE300, Beijing 

Changtuo Co. Ltd., Beijing, China), passed through a 

420-nm cutoff filter, which was used to remove light 

with wavelengths less than 420 nm and ultimately 

generated visible light, and then a flat circular quartz 

window, equipped on the side of the three-electrode 

cell, and illuminated on the backside of the 

photoelectrode with an optical intensity of 150 

mW⋅cm
-2

. The variations of the photoinduced current 

density with time (i-t curve) were measured at a 0 V 

bias potential (vs AgCl) under visible light off and on. 

Mott-Schottky plots were measured in 0.1 M Na2SO4 

solution at ambient temperature under dark condition. 

The potential range is -1.5 ~ 0.5 V and the frequency 

is 10 Hz with an AC voltage magnitude of 10 mV and 

a scan rate of 10 mV⋅s
-1

. 

 

Conclusions 

In this work, the Ag@AgCl/g-C3N4 composite was 

prepared by in situ fabricating Ag@AgCl on the 

surface of g-C3N4 using deposition-precipitation and 

subsequently photo-assisted reduction. Both the 

photocatalytic degradation performance and the 

photocatalytic degradation stability of the 

Ag@AgCl/g-C3N4 composite are significantly 

improved compared with that of g-C3N4 and 

Ag@AgCl. The Ag@AgCl/g-C3N4 composite can 

completely degrade RhB in 20 min under the 

illumination of visible light (λ＞420 nm). The results 

from UV/Vis diffuse reflectance spectroscopy show 

that the Ag@AgCl/g-C3N4 composite increases the 

light absorption intensity in visible light region due to 

the SPR effect, resulting in the significant increase of 

the yields of the photogenerated electrons and holes. 

The results from photoelectrochemical and 

electrochemical experiments show that an effective 

heterojunction electric field was formed on the 

interface between g-C3N4 and Ag@AgCl, which 

significantly strengthens the separation efficiency of 

the photogenerated electrons and holes, leading to a 

significant promotion of the photocatalytic 

degradation performance.  
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