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Abstract： The g-C3N4/AgVO3 nanowires composite were fabricated and developed 

to an efficient visible-light-induced photocatalyst for eliminating the organic 

pollutants. The phase compositions, optical properties, and morphologies of the 

composite photocatalysts were systematically characterized via powder X-ray 

diffraction, scanning electron microscopy, high-resolution transmission electron 

microscopy, UV-vis diffuse reflection spectroscopy, BET measurement, X-ray 

photoelectron spectroscopy, and photoluminescence spectroscopy. Compared with 

single-phase g-C3N4 and AgVO3 nanowires, the g-C3N4/AgVO3 nanowires composite 

photocatalysts displayed much higher photocatalytic activity for rhodamine B 

degradation under visible-light irradiation. The optimal mass ratio of g-C3N4 to 

AgVO3 content for rhodamine B photodegradation activity of the composite structures 

was determined. Particularly, the photocatalytic activity of the g-C3N4/0.2AgVO3 
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nanowires composite for the degradation of RhB was almost 3.0 and 3.5 times higher 

than those of g-C3N4 and AgVO3 nanowires, respectively. The notably increased 

photocatalytic activity of g-C3N4/AgVO3 could be attributed to the enhanced the 

photoinduced electron−hole separation efficiency in Ag/C3N4/AgVO3. 

Keywords: Graphitic carbon nitride, silver vanadate, composite photocatalyst, 

nanowires, charge transfer. 

1. Introduction 

The rapidly increasing production of toxic pollutants or organic contaminants 

with industrial development and population expansion is becoming one of the most 

stubborn issues in view of the serious environmental problems facing mankind. 

Photocatalysis technique using semiconductors and solar light, as a cost-effective and 

environmental technology, has been widely applied to the treatment of wastewater or 

gaseous contaminants due to the reduction and oxidation ability of the photoinduced 

electrons and holes in semiconductors [1–11]. Especially, the photodegradation of 

organic dyes has become one of the hot topics for environment remediation since 

biodegradation is not efficient enough to eliminate dyestuffs [12–16]. During the past 

four decades, TiO2 has been extensively investigated as a classic photocatalyst due to 

the advantages of chemical stability and nontoxic. However, the relative wide band 

gap wide limits it only active under the ultraviolet (UV) light irradiation. Thus the 

development of visible-light sensitive photocatalysts is obviously necessary for future 

applications in the view of effective utilization of sunlight or indoor artificial 

illuminations. 

Up to now, two avenues are generally applied to develop visible-light driven 
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photocatalysts. One method is the modification of TiO2 by the following strategies, 

such as metal-ion or non-metal doping, semiconductors coupling and dye sensitization 

[17–19]. Another method is the development of new and efficient visible-light 

sensitive semiconductors [20-24]. Recently, it has been shown that silver vandate 

(AgVO3) possesses excellent photocatalytic properties owing to the highly dispersed 

hydride valence band (Ag 4d + O 2p) and narrow band gap since Konta et al reported 

that AgVO3 showed a photocatalytic activity for O2 evolution from an aqueous silver 

nitrate solution[25]. Moreover, the photocatalytic activity of AgVO3 could be further 

improved through the strategies, such as morphology modulation and noble metal 

loading [26-29]. However, the activity of pure AgVO3 is still low and needs to be 

modified to improve the photocatalytic performance under visible light irradiation. 

Among the various methods to improve the photocatalytic performance, constructing 

heterostructured composites by combining two different catalysts with suitable 

conduction and valence bands is generally considered as one of the promising 

methods owing to increasing the photogenerated charge separation efficiency and 

enhancing the visible light absorption. 

Recently, a typical metal-free π-conjugated semiconductor, graphitic carbon 

nitride (g-C3N4) with high thermal and chemical stability, has obtained a great deal of 

scientific interest owing to its potential in photocatalytic splitting of water, organic 

pollutant degradation, and CO2 reduction [30-34] ever since the first discovery of its 

photocatalytic activity for hydrogen production [35]. Unfortunately, the photocatalytic 

efficiency of the pure g-C3N4 is limited due to the high recombination rate of the 

photo-generated electron–hole pairs, which is usually considered as a major barrier in 

the single-component semiconductor photocatalyst. In view of the benefits of 

constructing composite composites, several g-C3N4-based composite photocatalysts 
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have been successfully developed and displayed significantly higher photocatalytic 

activity than that of the pristine material comprising the composites, which has been 

demonstrated in the photodegradation of organic pollutants, CO2 reduction and water 

splitting [36-43]. 

It is generally acknowledged that the one-dimensional nono-materials generally 

provide larger surface-to-volume ratios available and possess more efficient ballistic 

charge transport along the single nanowires than the diffusive transport in powdered 

materials [44-46]. Now the question is whether g-C3N4 and AgVO3 nanowires are two 

appropriate candidates for constructing a nano-heterostructured photocatalyst to work 

under visible-light irradiation? The present work has given a clear and positive answer. 

In this study, we synthesized a novel heterostructured photocatalyst based on AgVO3 

nanowires and g-C3N4 via a solid calcination method. The physical characteristics of 

samples were examined by the techniques, such as XRD, UV-vis diffuse reflectance 

spectroscopy, FE-SEM, TEM, BET measurement, XPS, and photoluminescence (PL) 

spectra. Rhodamine B (RhB) was used as a model organic pollutant to evaluate the 

photocatalytic activities of samples under visible light irradiation. In contrast to 

g-C3N4 and AgVO3 nanowires, g-C3N4/AgVO3 nanowires composite exhibited a 

much higher activity of photocatalytic RhB degradation under visible-light irradiation. 

The effects of different mass ratio on photocatalytic activity were systematically 

investigated. The possible mechanism of the enhanced activity of the photocatalyst 

was proposed in view of the efficient separation and transport of charge carriers. 

2. Experimental 

2.1 Synthesis of photocatalysts 

All chemical reagents were of analytical pure grade and used as received without 
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further purification. Silver vanadate (β-AgVO3) nanowires were synthesized through a 

hydrothermal treatment method. In a typical case, 2.5 mmol ammonium metavanadate 

precursor (NH4VO3, Aldrich) precursor and 0.50 g of P123 (BASF, USA) were 

dissolved in distilled water (30 mL) containing 1 M HNO3 (2 mL). Subsequently, this 

mixture was placed at room temperature for 7 h with magnetic stirring, followed by 

addition of 2.5 mmoL of silver nitrate (AgNO3, Wako). After being constantly stirred 

for 1 h, the mixture was poured into a 50 mL Teflon-lined autoclave and then 

maintained at 170 ◦C for 24 h. After cooling to room temperature, the obtained 

precipitate was washed thoroughly with a distilled water and acetone several times 

and dried in an oven at 70 °C for 12 h. The metal-free g-C3N4 powders were 

synthesized by heating melamine in a muffle furnace. In a typical process, 10 g of 

melamine was placed in a crucible with a cover. The crucible was heated to 520 °C 

for 4 h at a heating rate of 20 °C min
−1

. The product g-C3N4 was naturally cooled to 

room temperature and ground into powders. The g-C3N4/AgVO3 nanowires 

composites were prepared as follows: firstly, the methanol solution containing g-C3N4 

powder was ultrasonicated for 30 min in order to completely disperse g-C3N4. 

Subsequently, the as-prepared AgVO3 nanowires powder was added into the above 

suspension and constantly stirred for 24 h. After that, the product was washed with 

distilled water and dried in an oven at 70 °C for 24 h. Finally, the obtained samples 

were heated to 250 °C for 1 h. The different mass ratios of g-C3N4/AgVO3 composite 

photocatalysts were synthesized according to the similar method as mentioned above. 

The weight ratios of g-C3N4 to AgVO3 were 0.9:0.1, 0.8:0.2, and 0.7:0.3, which were 

denoted as g-C3N4/0.1AgVO3, g-C3N4/0.2AgVO3, and g-C3N4/0.3AgVO3, 

respectively. 

2.2 Characterization 

Page 5 of 35 RSC Advances



C3N4/AgVO3 nanowires 

6/35 

Powder X-ray diffraction studies were characterized by an X-ray diffractometer 

(DX2700, Haoyuan Instrument Co., Ltd., Dandong, China) using Cu Kα radiation in 

the 2θ ranging from 10˚ to 80˚. The diffuse reflectance spectra of the sample were 

conducted in the range of 300-850 nm using a UV-vis spectrophotometer (UV-2600; 

Shimadzu, Japan), equipped with an integrating sphere attachment and a reference 

(BaSO4). Morphologies of samples were measured by a field-emission scanning 

electron microscope (FE-SEM; FEI Tecnai G2 F30, USA) and a high resolution 

transmission electron microscope (HRTEM, JEM-2010, JEOL, Japan). The specific 

surface areas were deduced according to Brunauer-Emmett-Teller method using a 

surface area and porosimetry analyzer (V-sorb 2800, Gold APP, China) at 77 K. 

Photoluminescence (PL) spectra were measured at room temperature on a 

fluorescence spectrophotometer (FLS920P, Edinburgh, England) with an excitation 

wavelength of 350 nm. X-ray photoelectron spectroscopy (XPS) analysis was 

conducted on a multifunctional imaging electron spectrometer 

(Thermo ESCALAB 250XI, USA) using an Al Kα monochromatic X-ray radiation. 

2.3 Photocatalytic reaction 

The photocatalytic activities of the g-C3N4/AgVO3 composite samples were 

evaluated by photodegradation of rhodamine B (RhB) dye in an aqueous solution 

under visible-light irradiation. The catalyst (0.1 g) was firstly dispersed in RhB 

aqueous solution (100 mL, 4 mg L
-1

). Prior to irradiation, the photocatalysts was 

suspended in the solution with magnetically stirring for 60 min under dark condition 

to ensure that the surface of photocatalysts was saturated with RhB. The light was 
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irradiated from a 300 W Xe-lamp with cut-off filter L42. The variation in RhB 

concentration was examined by absorbance intensity through a UV–vis 

spectrophotometer (UV 2600, Shimadzu, Japan). As references, the photocatalytic 

activity of the pure g-C3N4 and pure AgVO3 nanowires were evaluated under the same 

conditions. 

3. Results and Discussion 

3.1. Characterization of g-C3N4/AgVO3 nanowires composites. 

The phase of the as-prepared g-C3N4, AgVO3, and g-C3N4/AgVO3 composite 

photocatalysts were checked by XRD, and the typical diffraction patterns are shown 

in Fig. 1. The diffraction peaks of AgVO3 sample could be indexed to a 

monoclinic-structured AgVO3, in good agreement with those in the JCPDS Card (No. 

00-029-1154), and no other obvious peaks from possible impurities were detected. 

The strong peak at 27.4º of the g-C3N4 sample could be indexed as (100) diffraction 

planes of g-C3N4 (JCPDS 87-1526), corresponding to the characteristic interplanar 

staking peaks of aromatic systems. As for g-C3N4/AgVO3 composites, the XRD 

patterns revealed the coexistence peaks of AgVO3 and g-C3N4 phases. It was noted 

that the characteristic peaks of AgVO3 (28.4º) and g-C3N4 (27.4º) were too close to 

obviously distinguish. Nevertheless, the diffraction peaks (28.4º) corresponding to 

AgVO3 appeared and increased the peak intensity with the increasing content of 

AgVO3 from 10 wt% to 30 wt%. The XRD results implied co-existence of g-C3N4 

and AgVO3 in the g-C3N4/AgVO3 composite materials. 

Fig. 2a displays the UV–vis diffuse reflectance spectra of g-C3N4, AgVO3, and 

g-C3N4/AgVO3 composite photocatalysts. The absorption threshold of g-C3N4 was 
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approximately at 450 nm, whereas the absorption edge of AgVO3 was estimated to be 

550 nm. It was noted that the absorption spectra of g-C3N4/AgVO3 samples exhibited 

a slight red shift of the g-C3N4 and a shoulder on the adsorption edge that reached 

further out in the visible region, which were attributed to the interaction between 

g-C3N4 and AgVO3 in the composite samples. In addition, the spectral range increased 

with the increase of the AgVO3 nanowires content. As a result, this clearly 

demonstrated that the spectral response of the g-C3N4/AgVO3 had potential 

applications under visible-light irradiation. The optical band gap Eg of a 

semiconductor could be deduced according to the following equation (αhν)
 n

 = A (hν 

− Eg), where α means the absorption coefficient, hν is the incident photo energy, the 

value of the index n depends on the electronic transition of the semiconductor (ndirect = 

2; nindirect = 1/2), A is a proportionality constant related to the material, and Eg is the 

band gap energy of the semiconductor, respectively. As shown in Fig. 2b, the band 

gap energies of g-C3N4 and AgVO3 were obtained from the intercept of the tangent 

line in the plot of (αhν)
 1/2

 versus energy to be 2.7 eV and 2.2 eV, respectively. 

Fig. 3 shows the X-ray photoelectron spectroscopy (XPS) spectra of C 1s and N 

1s spectra of g-C3N4 and g-C3N4/0.2AgVO3, as well as V 2p, Ag 3d and O 1s for 

AgVO3 and g-C3N4/0.2AgVO3 heterojunctions. The XPS spectra were calibrated 

using the C-C bonds at 284.6 eV. As displayed in the high resolution XPS spectra of C 

1s (Fig. 3a), the two peaks (284.6 eV and 288.0 eV) in g-C3N4 corresponded to sp
2
 

C–C bonds and sp
2
-bonded carbon in N-containing aromatic rings (N–C=N), 

respectively [47,48]. While g-C3N4/0.2AgVO3 composite showed higher binding 

energies of C 1s (284.6 eV and 288.3 eV) compare with pure g-C3N4. The inner shift 

of C 1s peak possibly originated form hybridized effect between g-C3N4 and AgVO3 
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nanowires. The binding energy of N 1s of g-C3N4/0.2AgVO3 was located at 398.8 eV, 

while the corresponding peak of g-C3N4 was 398.9 eV [49]. As shown in Fig. 3c.d, 

the binding energies of Ag 3d5/2 (373.8 eV), Ag 3d3/2 (367.8 eV) and O 1s (529.8 eV) 

for AgVO3 were similar to those of Ag 3d5/2 (373.6 eV), Ag 3d3/2 (367.6 eV) and O 1s 

(529.7 eV) for g-C3N4/0.2AgVO3. Additionally, the binding energies of V 2p3/2 (516.6 

eV) and V 2p1/2 (524 eV) for AgVO3 were lower than those of V 2p3/2 (517 eV) and V 

2p1/2 (524.5 eV) for g-C3N4/0.2AgVO3. Hence it implied that g-C3N4 and AgVO3 

possibly had interaction in structure to form the composite [50]. Furthermore, the 

BET surface area of g-C3N4, g-C3N4/0.2AgVO3, and β-AgVO3 nanowires were 

measured to be 6.5, 7.9, and 12.8 m
2
/g using the nitrogen adsorption-desorption 

measurement, respectively. 

The morphologies and microstructures of g-C3N4, AgVO3, and 

g-C3N4/0.2AgVO3 composite samples were investigated by FE-SEM. As indicated in 

Fig. 4a, the large amount of aggregated lamellar structures with several stacking 

layers can be observed for g-C3N4. The AgVO3 sample displays a number of 

nanowires with a diameter of ~20 nm and length of up to several tens micrometers 

(Fig. 4b). As shown in Fig. 4c, after combining g-C3N4, AgVO3 nanowires (with 

slight Ag nanoparticles) not only remains the similar morphology to the pristine 

AgVO3 nanowires but also randomly distributes with g-C3N4 and thus constructs a 

composite material. Aiming at obtaining farther microstructures information of the 

g-C3N4/0.2AgVO3, the transmission electron microscopy (TEM) analysis was applied. 

Fig. 5 depicts the low- and high-magnification transmission electron microscopy 

images of the as-prepared g-C3N4/0.2AgVO3 composite. On the basis of the SEM 

image of AgVO3 nanowires, the dark parts in the TEM image (Fig. 5a) should be 
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AgVO3 nanowires while the light parts correspond to g-C3N4. The intimate interfaces 

are evidently displayed between the g-C3N4 and AgVO3, which further implies the 

formation of g-C3N4 and AgVO3 composites. From the HRTEM image of 

g-C3N4/0.2AgVO3 composite (Fig. 5b), the clear lattice fringe should be ascribed to 

AgVO3, and the d spacing value was 0.230 nm corresponding to the (312) plane of 

monoclinic-structured AgVO3, while the low crystallinity with blurry lattices is 

ascribed to g-C3N4. [38] Moreover, this result suggests that g-C3N4/AgVO3 is 

heterogeneous-composited structure rather than a simply physical mixture of two 

separate phases of g-C3N4 and AgVO3. The observed intimate interface is generally 

expected to be favorable for the photoinduced carriers rapidly transfer between 

g-C3N4 and AgVO3. 

3.2. Photocatalytic activity of g-C3N4/AgVO3 composite. 

The photocatalytic activities of samples were evaluated for the photodegradation 

of RhB solution upon visible-light irradiation. The degradation rate of RhB was 

examined by characteristic absorption peak at 554 nm. Fig. 6 displays the C/C0 vs 

irradiation time over g-C3N4, AgVO3, physically mixed g-C3N4-AgVO3, and 

g-C3N4/0.2AgVO3 nanowires composite photocatalysts under visible-light 

illumination. It can be seen that, after 60 min of visible light illumination, RhB 

removal rate over AgVO3 nanowires is ~ 65%, while g-C3N4 shows a relatively high 

photocatalytic performance with a photodegradation ratio of 73%. After combining 

g-C3N4 with AgVO3 nanowires, the photocatalytic activity of g-C3N4/0.2AgVO3 

composite photocatalysts significantly improved for the degradation of RhB 

compared with the pure g-C3N4 and AgVO3. As a reference, g-C3N4 and AgVO3 

nanowires with the same weight ratio as g-C3N4/0.2AgVO3 was physically mixed. It 
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can be seen from Fig. 6 that g-C3N4/0.2AgVO3 composited photocatalysts showed a 

higher photocatalytic activity than physically mixed g-C3N4-AgVO3, suggesting that 

the interaction between g-C3N4 and AgVO3 plays a significant role in improving the 

photocatalytic activity. In addition, when the suspension was irradiated by 

visible-light without any photocatalyst (blank), there was no apparent change in the 

concentration of RhB, suggesting that RhB was difficult to be photolysis. The stability 

of the as-synthesized photocatalyst was performed over g-C3N4/0.2AgVO3 composite 

for following recycling experiment. As shown in Fig. 7, RhB is quickly decolorized 

after each photodegradation experiment and only a slight decreasing loss of the 

photocatalytic activity of g-C3N4/0.2AgVO3 is observed after three cycles. 

Furthermore, XRD patterns of g-C3N4/0.2AgVO3 composite before and after the RhB 

degradation reaction are shown in Fig. 8. There was a new small peak appeared at ~ 

38 degree in the XRD patterns, corresponding to Ag (111) peak. This indicated that 

Ag was formed after the photodegradation reaction. Actually, the transformation of 

Ag
+
 into Ag

0
 usually takes place in some silver

 
containing semiconductors during the 

photocatalytic reaction process [51,52]. 

In order to quantitatively investigate the reaction kinetics of the RhB degradation 

(millimolar concentration), the experimental data was generally fitted by a 

pseudo-first-order model [53,54] 

 ln(C0/C) = kt                          (1)  

where k is the apparent reaction rate constant, C0 means the adsorption equilibrium 

concentration of RhB, t represents the reaction time, and C is the concentration of 

RhB at the reaction time t. As shown in Fig. 9, all of the g-C3N4/AgVO3 nanowires 

composite photocatalysts displayed higher photocatalytic degradation rates than pure 
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g-C3N4 and AgVO3 nanowires. It could also be seen from Fig. 9 that the content of 

AgVO3 influenced the photocatalytic activity of the as-prepared materials notably. 

Among the hybrid composites, g-C3N4/0.2AgVO3 exhibited the highest photocatalytic 

activity for the decolorization of RhB. According to the first-order linear fitting, the 

apparent rate constant k was obtained and displayed in the inset of Fig. 9. The 

apparent rate constant k of g-C3N4/0.2AgVO3 determined to be ~ 0.059 min
−1

, which 

was 3.5 times and 3.0 times as high as that of the pure g-C3N4 and AgVO3. At the 

same time, the k of g-C3N4/0.2AgVO3 was 2.1-folds higher than that of physically 

mixed C3N4-AgVO3. Additionally, g-C3N4/0.2AgVO3 displayed the highest apparent 

rate constant k in the composite photocatalysts. This implied that the suitable weight 

ratio between AgVO3 and g-C3N4 would create well dispersion in the composite, 

which facilitates to the transfer and separation of charge carriers and thus enhance the 

photocatalytic activity. 

3.3. Possible photocatalytic mechanism of g-C3N4/AgVO3 composite. 

It is generally acknowledged that the photocatalytic activity of a semiconductor 

is intrinsically governed by the surface area, light absorption and electronic property. 

In the present case, the photocatalytic activities in the photodegradation of RhB are 

apparently different although g-C3N4/AgVO3 and g-C3N4 have similar optical 

absorption and comparable surface areas. This suggests that there should be other 

crucial factors that greatly influence the photocatalytic activities. Actually, in addition 

to the optical absorption and surface area, the efficient charge separation of a 

semiconductor usually plays a crucial role in determining the photocatalytic 
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performance. In other words, the synergistic effect between the AgVO3 and g-C3N4 is 

important to affect the photocatalytic property. Herein, band potentials of g-C3N4 and 

AgVO3 were investigated in order to clarify the charge transport in the interfaces 

using the equation related to Mulliken electronegativity and the band gap of a 

semiconductor, which is describe by EVB =X-Ee+0.5Eg [55-57], where EVB and Eg are 

the top of valance band (VB) relative to the normal hydrogen electrode (NHE) and the 

band gap energy of the photocatalyst, respectively; Ee is the energy of free electrons 

(4.5 eV); X is the geometric mean of the Mulliken electronegativity of the constituent 

atoms in photocatalyst; and the conduction band (CB) can be obtained by ECB = 

EVB-Eg. Subsequently EVB and ECB of AgVO3 are determined to be 2.46 eV and 0.26 

eV relative to the normal hydrogen electrode (NHE), which was similar to the 

previous reports [58]. While the CB and VB edge potentials of g-C3N4 are calculated 

to be -1.13 eV and 1.57 eV, respectively.  In addition, the valence band X-ray 

photoelectron spectroscopy (VB-XPS) was further preformed to investigate the VB 

top of g-C3N4 and AgVO3. As shown in Figure 10, it could be seen that the positions 

of the valence band edge of g-C3N4 and AgVO3 were located at ~ 1.6 and 2.3 eV, 

respectively, which were consistent with the theoretical calculated results. Herein, the 

photocatalytic mechanism for g-C3N4/AgVO3 is tentatively proposed and illustrated in 

Fig. 11. Since the CB edge potential of g-C3N4 (-1.13 eV) is more negative than that 

of AgVO3 (0.26 eV), the photoexcited electrons on g-C3N4 could transfer to the CB of 

AgVO3 nanowires and Ag via the well developed interface due to the excellent 

conductivity and the electron storing capacity of the Ag nanoparticles [51]. Similarly, 
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the photoinduced holes on the AgVO3 nanowires surface move towards g-C3N4 due to 

the difference in valence band edge potentials. In addition, the photogenerated 

electron−hole pairs are formed on the surface of Ag nanoparticles under visible-light 

irradiation owing to the localized surface plasmon resonance (SPR) effect from the 

collective oscillation of the surface electrons [59-63]. The photoinduced-electrons in 

Ag nanoparticles can participate in further reduction reactions. While the 

photoinduced-holes can move to the valence band of AgVO3 and subsequently 

transfer to VB of g-C3N4, followed by oxidize the organic dyes [64,65]. In such an 

efficient way, the photoexcited electron–hole pairs could be effectively separated and 

thus enhance the photocatalytic activity. In addition, the morphologies and 

microstructures of photocatalysts could affect the performance notably. In the present 

case, the network structure of g-C3N4 generally provides an excellent electron transfer 

platform to facilitate the charge transport [66,67]. The AgVO3 nanowires with larger 

surface-to-volume ratios available generally possess more efficient ballistic charge 

transport along the single nanowires than the diffusive transport in the corresponding 

powdered materials [68]. The above results reveal that the formation of composite 

combining C3N4 with AgVO3 nanowires could enhance the photocatalytic activities 

under visible-light irradiation. 

Photoluminescence (PL) spectra are applied to investigate the process of charge 

carrier trapping, migration, transfer and separation transfer. Fig. 12 displays the 

photoluminescence spectra of g-C3N4 and g-C3N4/0.2AgVO3 composite 

photocatalysts with an excitation wavelength of 350 nm. It was observed that the main 

Page 14 of 35RSC Advances



C3N4/AgVO3 nanowires 

15/35 

emission peak of pure g-C3N4 was centered at ~ 460 nm, which was attributed to the 

band–band PL process of self-trapped excitations. It is generally acknowledged that 

the increasing recombination rate of electron hole pairs would lead to the higher 

fluorescence intensity. [1] As for the present case, the emission intensity of the 

g-C3N4/0.2AgVO3 significantly decreased at the similar emission peak in g-C3N4, 

which indicates that the recombination rate of photogenerated charge carriers is lower 

in the g-C3N4/0.2AgVO3 composite. The PL results clearly implied that the formation 

of interface between g-C3N4 and AgVO3 possibly inhibited the recombination of 

photogenerated charge carriers. 

4. Conclusions 

A novel composite photocatalyst based on g-C3N4 and AgVO3 was developed to 

efficient degradation of RhB under visible light irradiation. The transmission electron 

microscope and X-ray photo-electron spectroscopy results demonstrated that AgVO3 

nanowires well distributed with g-C3N4 and the g-C3N4/AgVO3 composites were 

formed. The g-C3N4/AgVO3 composite samples had a visible light absorption up to 

540 nm. Compared with pure g-C3N4 and AgVO3 nanowires, the g-C3N4/AgVO3 

nanowires hybrid materials displayed much higher photocatalytic activity for RhB 

degradation under visible-light irradiation. An optimal RhB photodegradation activity 

was found to be g-C3N4/0.2AgVO3, which was nearly 3.0 and 3.5 times higher than 

those of either individual C3N4 or AgVO3, respectively. This enhancement could be 

attributed to the high separation and easy transfer of photogenerated electron−hole 
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pairs at the intimate interface of composites, which can be reasonably ascribed to the 

enhanced the photoinduced electron−hole separation efficiency in Ag/C3N4/AgVO3. 

In summary, the present research provides the promising application of 

inorganic–organic composite photocatalyst in the fields of organic pollutant 

degradation. 
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Figure captions 

Fig. 1. XRD patterns of g-C3N4, AgVO3, and g-C3N4/AgVO3 composite 

photocatalysts. 

Fig. 2. (a) UV-vis diffuse reflectance spectra of g-C3N4, AgVO3, and g-C3N4/AgVO3 

composite photocatalysts and (b) plots of (αhν)
1/2

 versus energy (b) of AgVO3 and 

g-C3N4. 

Fig. 3. XPS spectra of the samples: (a) C 1s peaks of g-C3N4/0.2AgVO3 and g-C3N4; 

(b) N 1s peaks of g-C3N4/0.2AgVO3 and g-C3N4; (c) Ag 3d peaks of AgVO3 and 

g-C3N4/0.2AgVO3; (d) O 1s peaks of AgVO3 and g-C3N4/0.2AgVO3; (e) V 2p peaks 

of AgVO3 and g-C3N4/0.2AgVO3. 

Fig. 4. FE-SEM images of (a) g-C3N4, (b) AgVO3, and (c) g-C3N4/0.2AgVO3. 

Fig. 5. (a) Low- and (b) high-magnification transmission electron microscopy (TEM) 

images of g-C3N4/0.2AgVO3 composite. 

Fig. 6. Photocatalytic activities of g-C3N4, AgVO3, physically mixed C3N4-AgVO3, 

and g-C3N4/0.2AgVO3 composite photocatalysts for degrading RhB under visible 

light irradiation. 

Fig. 7. Reaction cycling runs for the photocatalytic degradation of RhB over 

g-C3N4/0.2AgVO3 composite under visible light irradiation. 

Fig. 8. XRD patterns for g-C3N4/0.2AgVO3 composite photocatalyst before and after 

photocatalytic reaction. 

Fig. 9. First-order kinetics for the photodegradation of RhB over g-C3N4, AgVO3, 

physically mixed C3N4-AgVO3, and g-C3N4/AgVO3 samples under visible light 

irradiation. The inset is the rate constant k of the photodegradation of RhB over 

g-C3N4, AgVO3, physically mixed C3N4-AgVO3, and g-C3N4/AgVO3 samples. 

Fig. 10. Valence band (VB) XPS spectra of g-C3N4 and AgVO3.  
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Fig. 11. Schematic diagram of the separation and transfer of photogenerated charges 

in the Ag/C3N4/AgVO3 composite under visible light irradiation. 

Fig. 12. Photoluminescence (PL) spectra of g-C3N4 and g-C3N4/0.2AgVO3. 
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