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Synthesis of g-C3N4/CaIn2S4 composites with enhanced photocatalytic 

activity under visible light irradiation 

Wenhui Yuana Sai Yanga   Li Lib 

A series of Graphite-like g-C3N4 hybridized CaIn2S4 photocatalysts with different g-

C3N4 content were fabricated via a facile hydrothermal synthetic method. These as-

prepared samples were characterized by X-ray diffraction (XRD), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), UV-Visible absorption 

spectra (UV-Vis) and Fourier transform infrared (FT-IR) spectra. Under visible light 

irradiation, the as-prepared g-C3N4/CaIn2S4 nanocomposites showed enhanced 

photocatalytic performance for rhodamine B (RhB)  degradation. The sample with 5 

wt% g-C3N4 hybridized CaIn2S4 exhibited the highest photocatalytic activity. The 

enhanced photocatalytic performance under visible light irradiation could be 

attributed to the high separation efficiency of the photogenerated electron-hole pairs. 

This work could provide a new insight into the fabrication of visible light driven 

photocatalysts with efficient and stable performance. 

Keywords: CaIn2S4, g-C3N4, nanocomposites, visible-light photocatalysis 

Introduction 

.           In past decades, photocatalysis has attracted a lot of attention because of its 

potential application in the field of energy conversion and pollutant degradation. 

Various researches have focused on exploiting novel and more efficient 

photocatalysts for degradation of organic contaminants in wastewater [1]. The 
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semiconductor photocatalysis technique has been regarded as a promising approach to 

address the increasing global energy and environmental crises [2]. Given the 

characteristic of low energy consumption and green, semiconductor photocatalysts are 

regarded as the environmental-friendly technologies for degradation of organic dyes 

[3-6]. What really matters in the photocatalytic degradation of dye molecules 

pollutant is how to design photocatalyst with high degradation efficiency [7]. A class 

of ‘multi metal component’ oxide semiconductors which is gaining attention from 

scientific community is ‘AIn2S4’ type metal sulfides. Most metal sulfides are 

promising candidates for visible-light-driven photocatalysts because of their narrow 

band gaps and band edge levels at relatively negative potentials compared to oxides 

[8], such as ZnIn2S4 [9-11], CdIn2S4 [12-13]. CaIn2S4 is a ternary semiconductor 

chalcogenide that belongs to the AB2X4 family of ternary compounds. Recent study 

found that ternary CaIn2S4, first synthesized using a facile hydrothermal method, can 

produce hydrogen from pure water without any cocatalysts under visible light 

irradiation [14]. However, the low separation efficiency of photogenerated charge 

carriers has limited their large-scale practical application. Among various strategies, 

the rapid separation-transfer-transformation of photo-generated charge carriers is a 

key issue which should be addressed [15]. One of the techniques for increasing the 

separation efficiency of photogenerated electron-hole pairs is to form a composite 

photocatalyst using two kinds of semiconductors [16]. Composite photocatalysts as 

the separation efficiency of photogenerated charge carriers with two or more 

components have attract extensive scientific interest. For example, Ding synthesized 

the CaIn2S4 Reduced Graphene Oxide Nanocomposites for efficient RhB degradation 

under visible light irradiation [17]. Very recently, considerable interest has been focus 

on graphite-like carbon nitride (g-C3N4) with a direct band gap and typical two 
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dimensional (2D) nanostructure, which exhibits a high visible light photocatalytic 

performance for the degradation of organic pollutants [18-20]. This material would be 

a promising photocatalyst owing to its absorption of visible light, low price, and high 

stability, along with its unique chemical and catalytic properties [21].  Up to now, 

several kinds of C3N4 based heterojunctions have been developed, such as g-

C3N4/Bi2WO6 [22-23], g-C3N4/ZnWO4 [24] and g-C3N4/Ag3VO4 [25], g-

C3N4/Ag3PO4 [26], g-C3N4/Co3O4 [27], g-C3N4/CuInS2 [28]. The key link of 

constructing a heterojunction is to seek narrow band gap semiconductors with well-

matched band-structure [29]. Considering the previous research, g-C3N4 is chosen to 

modify CaIn2S4 to form the new composites. The combination of g-C3N4 and CaIn2S4 

can be an ideal system to extend the absorption to visible light and at the same time to 

achieve a high separation efficiency of photogenerated electron-hole pairs. To the best 

of our knowledge, the effect of g-C3N4 on the photocatalytic performance of CaIn2S4 

has not been reported. Herein, we present a new example of  g-C3N4 hybridized 

CaIn2S4 photocatalyst. The synergistic effect between CaIn2S4 and g-C3N4 and the 

possible mechanisms of enhancement of photocatalytic activity were systematically 

investigated. 

Experimental 

Preparation of samples 

All of the chemical reagents were of analytical grade and used without further 

purification. The water used was deionized. The g-C3N4 powders were prepared 

according to the literature [30]. The metal-free g-C3N4 powders were synthesized by 

heating melamine in muffle furnace at different temperatures. In a typical synthesis 

run, 5 g melamine was placed into an alumina crucible with a cover. Then the crucible 
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was heated up to 550 °C and held for 2 h with a heating rate of 10 °C/min. Further 

deamination treatment was performed at 550°C for 2 h. The resulting yellow product 

was collected, and ground into powder for further use.  The typical preparation of g-

C3N4/CaIn2S4 photocatalysts was as follows: an appropriate amount of C3N4 was 

completely dispersed in 60 mL deionized water assisted by ultrasonication. In detail, 

1.18 g Ca (NO3)2·4H2O (5 mmol), 3.0 g In (NO3)3 (10 mmol), and 3.0 g CH3CSNH2 

(40 mmol, double amount) were added into the suspension. The mixture was stirred 

for 30 min and then transferred to a 200 mL Teflon-lined stainless steel autoclave. A 

hydrothermal reaction took place in the sealed autoclave at 160 °C for 16 h. Then, the 

autoclave was removed from oven and allowed to cool in air. Yellow precipitates 

were obtained by decantation followed by washing with distilled water and ethanol 

for several times. The product was then dried at 80 °C for 6 h. According to this 

method, different weight ratios of g-C3N4/CaIn2S4 from 1 wt% to 10 wt% were 

synthesized. The composite catalysts were labeled as x-g-C3N4/CaIn2S4, and x 

presented the g-C3N4 loading amount (1 wt%, 3 wt%, 5 wt%, 8 wt% and 10 wt%).  

Characterization of materials 

X-ray diffraction (XRD) patterns were obtained by Bruker D8 Advance X-ray 

diffractometer with Cu-Kα irradiation (λ = 1.54 Å) at 40 kV and 40 mA. The general 

morphology of the products was examined by scanning electron microscopy (SEM) 

on a JEOL JSM 6700F instrument operated at 20 kV. The transmission electron 

microscopy (TEM) images were measured by JEOL model JEM 2100 EX instrument 

at the accelerating voltage of 200 kV. The specific surface area and porosity of the 

samples were measured by N2 adsorption at 77K on a Micrometritics ASAP2020 

analyzer and calculate by the Brunauer-Emmett-Teller (BET) method. Fourier 
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transform infrared (FT-IR) spectra were recorded on a Nicolet Avatar 370 

spectrophotometer using the standard KBr disk method. All of the samples were 

degassed at 120 °C overnight prior to BET measurements. The UV-Vis diffuse 

reflectance spectra (DRS) were conducted with a Varian Cary 500 UV-Vis 

spectrophotometer with BaSO4 as the reference. 

Photocatalytic activity measurement 

The photocatalytic activities of all powders were evaluated by degradation of 

RhB aqueous solution. The visible light was obtained by a 250 W tungsten-halogen 

lamp with a 420 nm cut off filter. A suspension containing 100 mg of catalyst and a 

fresh RhB aqueous solution (120 mL, 30 mg/L) was magnetically stirred in the dark 

for 30 min to establish an adsorption/desorption equilibrium. At certain time intervals, 

3~4 mL of suspension was sampled and the particles were removed. The filtrate was 

analyzed by a UV-Vis spectrophotometer (UV-2450) and the absorption peaks at 

maximum absorption wavelength for RhB were monitored.  

Results and discussion 

Phase structure 

Fig.1 shows the XRD patterns of CaIn2S4 and g-C3N4/CaIn2S4 composites. In 

general, no obvious difference in XRD patterns was observed among all the samples. 

The main diffraction peaks of all the samples at 27.4°, 28.4°, 33.1°, 43.4°, and 47.7°, 

correspond to the diffractions of the (311), (222), (400), (511), and (440) planes of 

CaIn2S4 (PCPDF #310272), respectively. No other impurity peaks corresponding to 

binary sulfides or oxides related to the reactants are detected, indicating the pure 

phase of CaIn2S4. For pure g-C3N4 sample, the characteristic peaks at 27.3°  and 12.9° 
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correspond to the (002) plane arising from the stacking of the conjugated aromatic 

system, and the (100) plane diffraction arising from the in-plane repeating motifs of 

the continuous heptazine network, respectively [31]. As coupling these two 

semiconductors, in g-C3N4/CaIn2S4 heterojunction samples similar diffractions to the 

pure CaIn2S4 are observed, indicating that the heterogeneous process would not bring 

any influence on the crystal structure. Furthermore, there is not any characteristic 

diffraction peaks for g-C3N4 observed in the XRD patterns even though the content of 

g-C3N4 is as high as 10 wt%, mainly due to its relatively low diffraction intensity and 

high dispersion [32-33]. Similar results are also observed in some other C3N4 based 

heterojunctions, such as C3N4-ZnWO4 and C3N4-Bi2WO6 [24, 29, 34]. 

Morphological structure 

Fig. 2 shows the SEM images of CaIn2S4 and g-C3N4/CaIn2S4 photocatalysts. 

The pure CaIn2S4 samples appeared to be aggregated particles, which contained many 

smaller irregular CaIn2S4 crystals, as shown in Fig. 2a. From Fig. 2(b), the pure g-

C3N4 displays aggregated morphologies, which are comprised of block-based 

flakiness and particles. However, the g-C3N4/CaIn2S4 composites showed 

agglomeration structures, which were similar to pure CaIn2S4. As shown in Fig. 2c~g, 

amounts of CaIn2S4 particles are deposited on the surface of g-C3N4, resulting in the 

formation of a heterostructure. In addition, the density of CaIn2S4 particles deposited 

on the g-C3N4 surface increases step-by-step with the increase of g-C3N4 content. In 

the case of 5 wt% g-C3N4/CaIn2S4 heterojunction, the surface of g-C3N4 has been 

covered by CaIn2S4 particles well. However, further increase of g-C3N4 content results 

in a drastic overlapping of CaIn2S4 particles, which is helpless for fabrication of 

heterojunction with a close interface. This result confirmed the formation of 
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heterojunction between g-C3N4 and CaIn2S4 through the hydrothermal process and 

showed the intimate contact between g-C3N4 and CaIn2S4. 

The morphology and the dispersion state of CaIn2S4 and 5 wt% g-C3N4/CaIn2S4 

composite were analyzed by TEM and shown in Fig. 3. Fig. 3a is the morphology 

image of pure CaIn2S4, it can be seen that CaIn2S4 are granular like. The pure g-C3N4 

owns a typically layered structure, and its surface is relatively smooth and flat, as 

shown in Fig. 3b. Fig. 3c is the morphology image of 5 wt% g-C3N4/CaIn2S4 

composite. Before the TEM analysis, a typical preparation procedure was proposed by 

ultrasonic processing the as-prepared samples for 30 min. Even so, the CaIn2S4 did 

not peel off from the g-C3N4, which implies that the interaction between CaIn2S4 and 

g-C3N4 is very strong. It is suggested that a heterojunctions structure was formed, 

which is beneficial for electrons transfer between component semiconductors [35]. 

This tight coupling is favorable for the charge transfer between g-C3N4 and CaIn2S4 

and promotes the separation of photogenerated electron-hole pairs, subsequently 

improving the photocatalytic activity. Moreover, this result also suggests that the g-

C3N4/CaIn2S4 heterojunctions in structure are heterogeneous rather than a physical 

mixture of two separate phases of g-C3N4 and CaIn2S4.  

FT-IR  characterization 

The composition of g-C3N4/CaIn2S4 heterojunctions was further characterized by 

FT-IR spectroscopy, as shown in Fig. 4. It can be clearly seen that the main 

characteristic peaks of pure g-C3N4 sample. In the spectrum of g-C3N4 , the strong 

peaks at  3420 cm-1 and  3200 cm-1 could be ascribed to the absorbed water molecules 

and stretching mode of N-H resulted from incomplete condensation [36-37], 

respectively. The absorbance peak at about 810 cm-1 was originated from the 
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characteristic breathing mode of s-triazine, and the peaks at 1000-1750 cm-1 region 

were associated with either C-N or C=N stretching mode [38-40]. Naturally, all 

absorption bands of g-C3N4 also still present in g-C3N4/CaIn2S4 heterojunctions, 

obviously demonstrating that these heterojunctions contain two fundamental 

components: g-C3N4 and CaIn2S4. 

Optical properties 

It is known that the optical absorption of a semiconductor is closely related to 

its electronic structure [41]. The UV-vis diffuse reflectance spectra of g-C3N4, 

CaIn2S4 and g-C3N4/CaIn2S4 composites are shown in Fig. 5. Pure CaIn2S4 shows a 

wide absorption in visible region with an absorption edge end at about 575 nm. 

Meanwhile, g-C3N4 has an absorption edge at 470 nm. The band gap values were 

determined to be about 2.9 eV for g-C3N4 and 1.96 eV for CaIn2S4 according to the 

Tauc equation. g-C3N4/CaIn2S4 composites had only one absorption inflection point 

and kept the same absorption edge with CaIn2S4 at about 575 nm. The same 

absorption edge indicated that the band gap of CaIn2S4 was unchanged. Compared 

with pure CaIn2S4, all the hybrid composites show slight absorption red-shift, which 

indicates that the visible light response of these samples have been successfully 

extended by the hybridization with g-C3N4. However, it should be point out that the 

visible light absorption ability of hybrid samples does not significantly increase with 

increasing amount of g-C3N4. As g-C3N4 content was increased from 1 wt% to 5 wt%, 

an enhanced absorption in visible region from 575 nm to 800 nm was observed for g-

C3N4/CaIn2S4 composites. The absorbance increased with the increase of the amount 

of g-C3N4. Such an additional broad band (λ > 575 nm) could be attributed to the 

absorption of g-C3N4 phase and revealed the increase of the loading amount of g-C3N4 
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on the surface of CaIn2S4. Furthermore, the intimate contact between g-C3N4 and 

CaIn2S4 might also contribute to the greater absorption. 

BET Specific Surface Area Analyses 

The nitrogen adsorption-desorption isotherms of CaIn2S4 and g-C3N4/CaIn2S4 

composites are presented in Fig. 6. Obviously, all the samples exhibit type IV 

isotherms with type H3 hysteresis loop according to the IUPAC classification, 

indicating that the samples have a mesoporous structure [42-44]. The BET specific 

surface area and pore volume of g-C3N4/CaIn2S4 increases with the increase in the 

content of g-C3N4 up to 5 wt%. The BET specific surface area of 5 wt% g-

C3N4/CaIn2S4 was much larger than that of pure CaIn2S4, suggesting that the opposite 

amount of g-C3N4 could significantly increase the specific surface area of the final 

product. When the content of g-C3N4 is higher than 5 wt%, the BET specific surface 

area and pore volume of the samples are decreased, as listed in Table 1. Therefore, the 

incorporation of g-C3N4 has an obvious effect on the pore structure and specific 

surface area of g-C3N4/CaIn2S4 photocatalysts. As we know, larger specific surface 

area will provide more adsorptive/active sites during the photocatalytic reaction, 

which can be beneficial for the improvement of the photocatalytic activity.  

Photocatalytic activity and the stability of the catalysts 

The photocatalytic performance of all samples was evaluated by degradation of 

RhB solution under visible light irradiation and the fixed irradiation time was 60 min, 

as shown in Fig. 7. According to the literature, RhB had only about 5% self-

degradation after irradiation for 60 min, which means the self-degradation effect of 

RhB was almost negligible under visible light irradiation [17]. Before light was turned 

on, the suspensions were magnetically stirred in the dark for 30 min to ensure 
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absorption-desorption equilibrium between the photocatalyst and RhB. In the 

meantime, the as-prepared different ratios of composites exhibited markedly higher 

photocatalytic activity than that of pure CaIn2S4 under visible light irradiation. For the 

hybrid photocatalysts, the photocatalytic activity was related to g-C3N4 content of the 

composites. With the increase of g-C3N4 content from 1 to 5 wt%, the degradation rate 

of RhB was increased gradually from 91% to 96.3%. However, further increasing the 

g-C3N4 content to 8 wt% or 10 wt%, the photocatalytic ability of g-C3N4/CaIn2S4 

composites presents decreasing trend. Under the experimental conditions, the 

optimum amount of g-C3N4 in the g-C3N4/CaIn2S4 composites is 5 wt%. This result 

proves that these changes in the photocatalytic activity could be understood through 

considering the synergetic effects of light absorption and heterojunction structure of 

g-C3N4/CaIn2S4. The reason that excessive g-C3N4 in g-C3N4/CaIn2S4 composite 

decreased the photodegradation property could be concluded as follows: the joint 

effect between the excellent charge transfer capability of g-C3N4 and its detrimental 

effect on visible light absorption and the high content of g-C3N4 could significantly 

affect the particle size and distribution of CaIn2S4 nanoparticles due to the serious 

agglomeration, which was confirmed by SEM images. This fact indicated that the 

heterojunction between g-C3N4 and CaIn2S4 was indispensable for the electron 

transfer between the two components and was the key factor for the enhancement of 

photocatalytic activity. 

The stability of photocatalysts is important for its assessment and application 

[45]. The 5 wt% g-C3N4/CaIn2S4 photocatalyst was selected as a sample to ascertain 

the stability. In the cyclic experiment, the recovered photocatalyst was centrifuged 

and dried at 80 ◦C for 2 h. The repetition tests reveal that there is no obvious decrease 

in the photocatalytic efficiency of RhB after five times experiments, which indicates 
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that 5 wt% g-C3N4/CaIn2S4 has a good stability in the photocatalytic reaction process. 

The stability of 5 wt% g-C3N4/CaIn2S4 was also investigated by XRD patterns of the 

fresh and used samples. As shown in Fig. 8b, the XRD patterns of the fresh and used 

samples have no obvious change.  

Mechanisms of photocatalysis 

According to the analyses above, the excellent visible-light photocatalytic 

activity of g-C3N4/CaIn2S4 composites could be attributed to the synergetic effects 

and charge transfer between CaIn2S4 and g-C3N4. For the photocatalytic process, the 

efficient charge separation and transfer are crucial for the photocatalytic activity [46]. 

Fig. 9 shows the energy level positions of the bands of g-C3N4 and CaIn2S4. When 

CaIn2S4 was loaded on the surface of g-C3N4 with hydrothermal process, 

heterojunction between g-C3N4 and CaIn2S4 was formed, which was proved by FT-IR, 

SEM  and TEM results. The heterojunction was a key factor for the enhancement of 

photocatalytic activity. For heterojunctions, when the band positions of the material 

were appropriate, electron transfer could be realized [47]. Under the excitation of 

visible light, photo-induced electrons and holes were produced in the conduction band 

and valance band of CaIn2S4, respectively. As showed in Fig. 9, on the interface 

where heterojunction formed, the photo-induced electrons produced in CaIn2S4 

conduction band transferred to g-C3N4 conduction band. When photo-induced 

electrons generated by CaIn2S4 remained the same and transferred to g-C3N4, the 

recombination possibility of electron-hole pairs decreased. Furthermore, the 

heterojunction can efficiently separate the photo-induced electron-hole pairs and 

prevent the recombination. There were three ways to consume photo-induced 

electrons [48]: (a) recombine with holes inside the material (volume recombination); 

(b) recombine with spices on particle surface (surface recombination); (c) react with 
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O2 to produce ·O2
-. As a result, the separation efficiency of photogenerated charge 

carriers can be effectively improved at the interface of the nanocomposites. Obviously, 

the improved photocatalytic efficiency of the g-C3N4/CaIn2S4 photocatalysts can be 

attributed to the synergistic effect of the two components. Such special heterstructure 

composite composed of apposite proportion is assumed to be beneficial for 

photogenerated charge separation and therefore lead to enhanced photocatalytic 

activity. Moreover, the shift of the binding energy also indicated that through the 

hydrothermal synthesis process, an intimate contact was formed between g-C3N4 and 

CaIn2S4 through the hydrothermal synthesis process, which is consistent with the 

TEM results. 

Conclusion 

g-C3N4/CaIn2S4 composites with different g-C3N4 content were successfully 

prepared and characterized. The as-prepared g-C3N4/CaIn2S4 had strong absorption in 

the visible light region with the optical band gap of the composites unchanged. The 

BET specific surface areas of g-C3N4/CaIn2S4 composites were larger than that of 

pure CaIn2S4. Under visible light irradiation, the RhB photodegradation by the g-

C3N4/CaIn2S4 composites was greater than that for CaIn2S4 alone. The photocatalytic 

results indicated that the highest RhB degradation of 96.3% was achieved on the 5 wt% 

g-C3N4/CaIn2S4 sample. When the content of g-C3N4 is higher than 5 wt%, the RhB 

photodegradation by the g-C3N4/CaIn2S4 composites were decreased. The 

photocatalytic activity of the composite can be ascribed to the heterojunctions 

between g-C3N4 and CaIn2S4, which facilitate the separation of photogenerated 

electrons and holes. The photodegradation mechanism was proposed and discussed in 

terms of energy band positions. The present g-C3N4/CaIn2S4 composite is thought to 

Page 12 of 26Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



13 

 

be a very effective visible-light-driven photocatalyst and could be used to remove 

organic pollutants from industrial waste water. 
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and photocatalytic mechanism of g-C3N4/CaIn2S4 composites. Table 1 Surface area, 

pore volume over g-C3N4/CaIn2S4 photocatalysts 
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Figure Captions 

Fig. 1. XRD patterns of CaIn2S4, g-C3N4 and g-C3N4/CaIn2S4 composites with 

variation of g-C3N4 content (a) 0, (b) 1 wt%, (c) 3 wt%, (d) 5 wt%, (e) 8 wt%, (f) 10 

wt%. 

Fig. 2. SEM images of the g-C3N4/CaIn2S4 heterojunction composites: (a) CaIn2S4; (b) 

pure g-C3N4; (c) 1 wt% g-C3N4/CaIn2S4; (d) 3 wt% g-C3N4/CaIn2S4; (e) 5 wt% 

g-C3N4/CaIn2S4; (f) 8 wt% g-C3N4/CaIn2S4; (g) 10 wt% g-C3N4/CaIn2S4. 

Fig. 3. TEM images of (a) CaIn2S4, (b) g-C3N4, (c) 5 wt % g-C3N4/CaIn2S4. 

Fig. 4. FT-IR spectra of CaIn2S4, g-C3N4 and g-C3N4/CaIn2S4composites. 

Fig. 5. UV-vis DRS spectra of CaIn2S4, g-C3N4and g-C3N4/CaIn2S4 composites. 

Fig. 6. Nitrogen adsorption-desorption isotherms of g-C3N4/CaIn2S4 composites. 

Fig. 7. Concentration change of RhB as the function of the irradiation time. 

Fig. 8. (a) Cycling runs for the photocatalytic degradation of RhB over 5 wt% 

g-C3N4/CaIn2S4 sample under visible light irradiation；(b) XRD patterns of the 5 wt% 

g-C3N4/CaIn2S4 sample before and after the cycling photocatalytic experiments. 

Fig. 9. Energy band diagram and photocatalytic mechanism of g-C3N4/CaIn2S4 

composites. 
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Fig. 1 
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Fig. 3 
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Fig.5 
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Fig. 7 
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Table 1. Surface area, pore volume over g-C3N4/CaIn2S4 photocatalysts 

 

sample 
g-C3N4 

(wt %) 

SBET 

(m
2
 g

−1
) 

pore volume 

(cm
3
 g

−1
) 

CaIn2S4 0 75.1013 0.0929 

1% g-C3N4/CaIn2S4 1 113.5364 0.1051 

3% g-C3N4/CaIn2S4 3 115.9741 0.1094 

5% g-C3N4/CaIn2S4 5 120.6552 0.1140 

8% g-C3N4/CaIn2S4 8 88.9464 0.0969 

10% g-C3N4/CaIn2S4 10 76.8248 0.0891 
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