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Silver phosphate – AP; (Ag3PO4)/Graphitic carbon nitride – CN; (g-C3N4) catalysts are 

successfully synthesized via a facile solid-state microwave-assisted method under various 

loadings of g-C3N4 and then characterized by XRD, FTIR, FESEM and UV-Vis DRS analysis. 

The catalytic activity towards visible-light photodegradation of rhodamine B is of the following 

order: 10wt% CNAP (95%) > 5wt% CNAP (82%) > silver phosphate (68%) > 15wt% CNAP 

(54%) > Graphitic carbon nitride (50%). The highest activity of 10wt% CNAP is due to the 

synergistic impact of C and N in the C3N4 has contributed considerably to the highest number of 

defect sites. These features lowered the band gap energy which induces the charge carrier 

recombination. Consequently, photogenerated holes play a crucial role in the degradation as 

proved by a scavenger study. It is believed that the type-II heterojunction of CNAP has 

effectively achieved and demonstrates an excellent alternative to photocatalytic degradation to 

encounter most wastewater issues. 
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Rhodamine B (RhB) is a synthetic dye that is  

commonly utilized in industries. Specifically, RhB 

dyes can pose a major ecological impact even at 

low concentrations due to the complex xanthene 

class chemical structure and lead to higher water 

solubility in the water stream [1]. Thus, the effective 

environmental treatment to remove RhB needs  

further consideration. As a consequence, wide  

alternatives have been reported such as absorption 

[2], electrocatalytic [3], and sonochemical methods 

[4]. However, most of these treatments face certain 

drawbacks, including the possibility of secondary 

products, costly, time-consuming, and less efficient 

to complete decolorization of dyes [5].  

 

Heterogeneous photocatalysis with semiconductors 

such as Ag3PO4, TiO2, CdS, ZnO, ZnS, and Fe2O3, 

leads to the mineralization of organic pollutants. 

Ag3PO4 is widely acknowledged by many researchers 

as a leading photocatalyst for organic pollutants 

due to its strong capacity to degrade most of the model 

pollutants, chemical stability, and low cost with ambient 

operating conditions. Furthermore, the appropriate band 

gap energy of Ag3PO4 towards g-C3N4 which stands 

to maintain the redox ability for the photogenerated 

electron holes [6,7]. Theoretically, Ag3PO4 has narrow 

band gap energy of approximately 2.36 – 2.45 eV. 

Notwithstanding, it has some limitation where the poor 

active sites and low surface area [8]. As a result, several 

approaches have been recognized to encounter the 

limitation by modifying the morphology and coupling 

with other semiconductors to construct heterojunctions 

which can increase the surface area, and active sites 

as well as enhance the photocatalytic activity. 

 

Recently, graphitic carbon nitride (g-C3N4), is 

considered a suitable photocatalyst due to the lower 

band gap energy around 2.7eV, high chemical stability, 

low cost, and non-toxic which is environmentally 

friendly [9-11]. The unique characteristics of g-C3N4 

help to demonstrate effective interfacial contact of the 

photocatalyst between Ag3PO4 and g-C3N4 as well as 

to have an extraordinary effect on photocatalytic 

activity. In addition, g-C3N4 has soft polymeric 

structures that can be easily coated on the core-shell 

structure of the Ag3PO4 surface [12]. At the interface 

of these two photocatalysts, it interacts with the 

electric field which reduces the recombination and 

could enhance the charge transfer efficiency of  

photogenerated electron-hole pairs [13]. 
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Hence, in this work, we report a facile solid-

state microwave-assisted method to synthesize 

g-C3N4 loaded on the Ag3PO4 for the photocatalytic 

reaction of RhB. The heating effect with microwave 

irradiation promoted the high crystallinity, improved 

the morphology, and achieved higher phase purity 

to increase the photocatalytic performance in this 

study [14]. Furthermore, the combination of these 

two photocatalysts plays dual function roles narrowing 

the band gap and mediating the type-II heterojunction 

charge separation. The photodegradation of RhB was 

conducted under the illumination of visible light. 

The kinetic and optimization study of the prepared 

photocatalyst is also being discussed. Based on the 

few characterizations study and scavenger test. The 

proposed mechanism of the photodegradation towards 

RhB dyes also was illustrated. Thus, we believe that 

this composite photocatalyst of Ag3PO4/g-C3N4 will 

allow the viable strategy for the heterojunction 

formation and encounter most of the wastewater  

problems for the industries.  

 

MATERIALS AND METHODS 

 

Chemicals and Materials 

 

Certain chemicals such as disodium hydrogen 

phosphate anhydrous (Na2HPO4), silver nitrate 

(AgNO3), urea (CO(NH2)2; with purity 99%), rhodamine 

B (RhB; with purity 99%– C.I No. 45170; M.W- 

479.02 g/mol; λmax – 555nm), and methanol were 

purchased from Malaysia (Merck Sdn Bhd), potassium 

iodide (KI), toluene, potassium chlorate was purchased 

from Malaysia (Thermo Scientific Sdn Bhd), sodium 

hydroxide (NaOH), isopropanol, and butanol were 

purchased from Malaysia (HmbG Chemicals). The 

pH solution was altered by using HCl, deionized  

water, and NaOH solution. 

 

Synthesis of g-C3N4 

 

A simple pyrolysis system was used to prepare 

g-C3N4. A certain amount of urea was calcined at 

550 ℃ for 2 h under the furnace. Once the pyrolysis 

was complete, the prepared catalysts were cooled 

down until room temperature. As a result, the yellow 

chunk of g-C3N4 was ground to form a fine further 

for further usage [15]. 

 

Synthesis of Ag3PO4 

 

The preparation of silver phosphate (Ag3PO4) was 

prepared using the precipitation method. 0.5 g of 

disodium hydrogen phosphate anhydrous (Na2HPO4) 

was dissolved in 10 mL of distilled water (solution A). 

Meanwhile, 1.5 g of silver nitrate (AgNO3) was 

dissolved in 40 mL of distilled water with continuous 

stirring for 30 min (solution B). The solution A was 

mixed with solution B and stirred for 2 h. Then, the 

yellow precipitation was collected and dry for 4 h 

at 110 ℃ [16]. 

 

Synthesis of Ag3PO4/g-C3N4 

 

The facile solid-state method under microwave 

irradiation was used to prepare the composite catalyst 

of Ag3PO4/g-C3N4 [17]. The appropriate amount of 

Ag3PO4 and g-C3N4 were mixed in 50 mL of distilled 

water. The mixed catalyst then was dried for 2 h at 

110 ℃. The dry yellow solid was placed in the 

microwave for 30 min at 450 W. The Ag3PO4 

weight loading is in the range of 1-15 wt. % was 

investigated and labeled as x- CNAP, specifically 

as 5 CNAP, 10 CNAP, and 15 CNAP. 

 

Photodegradation of RhB 

 

The photocatalytic reaction of RhB was investigated 

in the glass cell with the dimension 50 mm width × 10 

depth × 80 height and irradiated with a 20 W (LED 

lamp where λ = 200 -380 nm). An aquarium pump 

model NS 7200 was used as an aeration source for the 

supply of oxygen. For the purpose to accomplish 

the equilibrium of adsorption-desorption, the reaction 

solution was conducted in the dark conditions  

around 1 h. The pH solution is at pH=5 and initial 

concentration of RhB at 10 mg L-1. 
 

Characterization Methods 

 

The phase of the catalyst was measured using 

X-ray diffractometer (XRD) by utilizing the 

instrument of ADVANCE Bruker D8 in the range 

2θ = 3º to 90º. In addition, the morphological 

behavior of the catalyst was evaluated through 

Field-emission scanning electron microscope 

(FESEM) with instrument brand no. JEOL JSM-

6701F while the functional group and chemical 

characteristics of the synthesized photocatalyst  

was observed using Fourier transform infrared 

(FTIR) spectrometer with Agilent Cary 640 

via KBr procedure. In order to verify the band 

gap and optical absorption analysis, it was 

characterized by using Agilent Cary 60 UV-

Vis/drs spectrophotometer with plotting Kubelka 

Munk (K-M). 
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Figure 1. (a) FESEM image of C3N4;(b) Ag3PO4;(c)10 CNAP;(d) Element mapping of C and N for 10 CNAP. 

 
 

 

RESULTS AND DISCUSSION 

 

Physicochemical studies of Ag3PO4/g-C3N4 

Photocatalyst 
 

Surface Microscopic Study  
 

The surface morphology of the catayst was examined 

by FESEM as depicted in Figure 1. Noticeable, 

two-dimensional lamellar structure was clearly visible 

(Figure 1a), which is the typical characteristic structure 

of g-C3N4 as synthesized by the polymerization method 

[18]. Meanwhile, the Ag3PO4 photocatalyst (Figure 1b) 

demonstrated a uniform particle size and a well-ordered 

irregular shape morphology. The uniform microbubble 

surface of Ag3PO4 provides a high surface area that 

can increase the efficiency of photocatalytic degradation 

of model pollutants [19]. For 10CNAP composites 

illustrated in Figure 1c, a large amount of well-

defined of both catalyst between Ag3PO4 and g-C3N4 

can be found even low concentrations loaded. From 

the elemental mapping of C and N for the 10CNAP 

composites as shown in Figure 1d, it can be indicate 

that both of this element are randomly distributed in 

each of the Ag3PO4 surface. As previously studied 

by researchers, this suggests present that the  

Ag3PO4 surface is uniformly loaded with C and N 

on g-C3N4. It is anticipated that the well-dispersed 

contact of Ag3PO4 on the surface of g-C3N4 will 

increase the amount of visible light absorbed during 

photocatalysis [20]. 

 

Structural and Phase Study 

 

The XRD patterns of the g-C3N4, and as-prepared 

10wt% Ag3PO4/g-C3N4 (10CNAP) were determined 

using diffractogram of XRD in the wide range of 

angle, as can be seen in Figure 2. There is a main 

characteristic peak at 2 = 27.52° in the XRD pattern 

of g-C3N4, which correspond to the (0 0 2) planes 

that related with the conjugated aromatic system 

of the inter-planar stacking (JCPDS 87-1526). 

Meanwhile, all diffraction peaks of the as-prepared 

10CNAP at the 2 = 20.89º, 29.71º, 33.32º, 36.59º, 

42.486º, 47.81º, 52.68º, 55.02º, 57.29º, 61.64º, 65.84º, 

69.93º, 71.88º, 73.87º and 77.74º which indexed as a  

(1 1 0), (2 0 0), (2 1 0), (2 1 1), (2 2 0), (3 1 0), (2 2 2), 

(3 2 0), (3 2 1), (4 0 0), (3 3 0), (4 2 0), (4 2 1), (3 3 2), 

and (4 2 2) crystal phase of cubic Ag3PO4 (JCPDS 

06-0505), respectively [21]. Even though, the small 

portion of 10 wt% Ag3PO4 loaded on the g-C3N4, the 

peak still present and can be correlated with the well 

dispersion that is proved by FESEM which give 

the concrete evidence that both photocatalyst has 

successfully composited [22].  
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Figure 2. X-ray diffraction patterns of g-C3N4 and 10CNAP. 

 

 

 
 

Figure 3. FTIR Spectra of Ag3PO4, g-C3N4, 5 CNAP,10 CNAP and 15 CNAP. 

 

 

Vibrational Spectroscopy 

 

The FTIR spectra for the prepared photocatalyst were 

determined in the range of 2100-600 cm-1 as shown in 

Figure 3. It shown that there are two absorption bands 

that derive from the main peaks of g-C3N4 was 

observed at 1636 and 1235 cm-1. It is assigned to the 

C-N stretching vibration mode and C-N heterocycle 

of aromatic, respectively [23]. Generally, the strong 

absorption bands in the 1200~1650 cm−1 region were 

ascribed to the typical skeletal stretching vibration modes 

of the s-triazine or tri-s-triazine, which corresponded 

to the CN heterocycles [24]. Meanwhile, the sharp 

peak centered at 808 cm−1 indicated a characteristic 
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breathing mode of the triazine units. For the Ag3PO4 

shows there is a minor peak at 948 cm -1 which 

corresponding to the P-O stretching vibrations of 

PO4
3- [24]. The CNAP photocatalysts show the 

successful combination of the Ag3PO4 and g-C3N4 

using microwave irradiation method. However, the 

intensity of the peak P-O stretching vibration in the 

CNAPs was more intense as compared to its parent g-

C3N4 catalyst. This might be due to the g-C3N4 could 

increase the interaction of interlayer in the Ag3PO4 

[25]. In addition, the incorporation of Ag3PO4 with 10 

wt.% of g-C3N4 led to a drastic decline in the band 

intensity, which indicates the strong interaction. This 

outcome is aligned with the good dispersion of both 

photocatalyst as confirmed by the FESEM mapping in 

Figure 1(c) and Figure 1(d). 

 

Optical Properties 

 

The UV-Vis/DRS spectroscopy was utilized to measure 

the optical properties of prepared photocatalyst as 

depicted in Figure 4. The band gap of the catalyst was 

calculated by Kubelka Munk based on the coefficients 

of absorption defined as a purpose of incident photon 

energy as stated in the Equation (1): 

(αhv) ² = A (hv - Eg) (1) 

 

Where α is the absorption coefficient 

(cm -1), A is a constant, hv is energy excitation 

(eV) and Eg is the band gap energy [26,27]. As 

determined in Figure 4, the extrapolation slope on 

the photon energy actually contributes to the value 

of band gap energy of photocatalyst. It showed 

that the band gap of unmodified photocatalyst, 

g-C3N4 was measured approximately at 2.70 eV 

while the band gap of Ag3PO4 is 2.20eV which is 

slightly lowered compared to previous study which 

is 2.45 eV [28,29]. Meanwhile, intercepts of coupling 

semiconductor present extrapolated band gap for 

5CNAP, 10CNAP and 15CNAP which are 2.30, 

2.05 and 2.40 eV respectively. The broad absorption 

band of 10 CNAP showed a drastically shift to 

lower energies from 2.70 eV to 2.05 eV after 

additional of Ag3PO4. This implies that when introduce 

the Ag3PO4 in g-C3N4, the band gap was reduced 

and led to a good utilization rate in visible light 

with efficient generation of electron-hole pairs. 

This will improve the ability of photocatalyst to 

harvest which favors the higher photocatalytic  

performance [30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. UV-Vis diffuse reflectance spectra of the prepared photocatalyst. 
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Figure 5. Photodegradation of RhB under visible-light irradiation for g-C3N4, Ag3PO4, 5CNAP, 10CNAP and 

15CNAP. 

 
 

 

Photocatalytic Activity of the Ag3PO4/g-C3N4 

 

The photocatalytic activity of the CNAP catalyst 

was investigated on the degradation of RhB under 

visible light for 60 min and the results are  

illustrated in Figure 5. As evidence, it obviously 

proved that 10CNAP has the highest degradation 

rate (95%) followed by 5 CNAP (82%), Ag3PO4 

(68%), 15 CNAP (54%) and g-C3N4 (50%). For the 

higher performance of 10 CNAP, the synergistic 

impact of C and N in the C3N4 has contributed 

considerably to the highest number of defect sites 

and resulted in the lowest band gap. According to 

studies, a good band gap and defect location would 

enhance the visible light harvesting, hence boosting the 

oxidation of organic pollutants [31]. The same incidence 

was described for the enhanced photodegradation of 2-

CP using fibrous silica titania with g-C3N4 toward 

the efficient Z-scheme heterojunction. The strong 

interaction and well dispersion from 10 CNAP also 

could give a significant effect for the enhancement 

of photodegradation of RhB under visible light. 

Effect of scavenger for the Ag3PO4/g-C3N4  

Photocatalyst  

 

Next, the 10CNAP heterojunction was selected 

as the photocatalyst in the photodegradation  

experiment to further investigate the photocatalytic 

reaction mechanism of the Ag3PO4/C3N4 heterojunction. 

Photogenerated electrons (e-), photogenerated holes 

(h+), photogenerated hydroxyl radicals absorbed on 

the catalyst (•OHsurface), and photogenerated 

hydroxyl radicals absorbed in the bulk solution 

(•OH bulk) were each scavenged using potassium 

chlorate, methanol, potassium iodide, and isopropanol, 

respectively [31]. Noticeably, Figure 6, indicates 

that the photogenerated h+ (93%) played the most 

crucial role in the photocatalytic decomposition of 

RhB, followed by photogenerated e - (90%) •OHbulk 

(86%), and •OHsurface (73%). The above results 

verified that the interdependent interaction of C 

and N on Ag3PO4 ,(AP) effectively contributed 

also to the performance of RhB under visible 

light [32,33]. 
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Figure 6. Effects of different scavengers for the RhB photodegradation with 10CNAP under visible-light 

irradiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 7. Schematic diagram of the photoexcited electron-hole transfer. 

 
 

 

Proposed Mechanism of photocatalytic activity 

for Ag3PO4/g-C3N4 Photocatalyst 

 

Based on the above analysis and previous study, a 

potential Type II Heterojunction mechanism of the 

CNAP photocatalyst was proposed and schematically 

illustrated in Figure 7 [34]. For the Ag3PO4, the 

photogenerated e- from the valence band (VB) was 

excited and left positive hole (h+) at VB before 

reaching the conduction band (CB). The photogenerated 

h+ in Ag3PO4 can generate the strong oxidizing 

agent of hydroxyl radical (•OH) from H2O, which 

due to the VB of the Ag3PO4 is more positive than 

the potential level of H2O/•OH. On the other hand, 

the VB level of g-C3N4 is more negative than the 

potential level of H2O/•OH, and therefore, the 

oxidation of H2O to •OH by the photogenerated 

h+ in the VB of g-C3N4 is impossible. Thus, the 

photogenerated h+ in the VB g-C3N4 will directly 

migrate to the VB of the Ag 3PO4. Then, the 

photogenerated e- in g-C3N4 are trapped by the O2 

in water to form reactive species of superoxide 

anion radical (•O2
-) as goes to the photogenerated 

e- in the CB of the Ag3PO4 that possible to convert 

O2 into •O2
- and some part the e- from Ag3PO4 will 

migrate to the CB of the g-C3N4. Fundamentally, 

the type-II mode, photogenerated holes would 

accumulate on the VB of PC I with a high 

oxidation potential whereas photogenerated electrons 

will collect on the CB of PC II with a low reduction 
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potential. In this scenario, it may reduce the pushing 

force toward a certain photocatalytic process. The 

reluctance from the existing electrons in PC II will 

obstruct the ongoing flow of electrons from PC I 

from a dynamic standpoint [35,36]. This type II 

heterojunction of the photocatalyst could inhibit the 

recombination of the photogenerated electron-hole. 
 

CONCLUSION 

 

A simple thermal polymeric structure was successfully 

synthesized g-C3N4 by using urea as a precursor while 

coupling photocatalyst between Ag3PO4 and g-C3N4 

by using solid-state microwave assisted method. 

The physiochemical behavior of photocatalyst were 

examined with FESEM, XRD, FTIR and UV-Vis 

DRS. The highest photodegradation of RhB was 

demonstrated by 10CNAP (95%) followed by 5 

CNAP (82%), Ag3PO4 (68%), 15 CNAP (54%) and 

g-C3N4 (50%) under visible light illumination. Low 

loading of the Ag3PO4 was preferred as the optimum 

due to the highest photocatalytic reaction of 10CNAP. 

It is because the high interaction of C and N towards 

the Ag3PO4 led to the high number of defect structures. 

Thus, this defect structure will enhance the efficiency 

of the interfacial mediator to boost the unique 

heterojunction formation as well as provide more active 

sites in the reaction and improve the photogenerated 

electron holes in 10CNAP photocatalyst. The effect of 

scavenger proved that the photogenerated holes play 

an important role in this photocatalytic activity. 

The photocatalytic degradation of RhB aligned 

with pseudo-first order of Langmuir-Hinshelwood 

model and adsorption as controlling step. Hence, 

this work claimed that the type-II heterojunction 

between coupling semiconductor with facile solid 

state microwave irradiation to have impactful 

and significant as the alternative in the most of  

photodegradation of numerous model pollutant that 

meet toward the industrial demands. Despite that, the 

limitations of the proposed Ag₃PO₄/g-C₃N₄ composite 

photocatalyst approach primarily involve issues related 

to surface area, active sites, and recombination of 

photogenerated carriers, which impact its efficiency 

in photocatalytic degradation of Rhodamine B (RhB). 

These limitations imply if the photocatalyst’s 

effectiveness and sustainability for wastewater treatment 

was applicability without further optimization. 
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