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A B S T R A C T   

In this study, the Cu2MoS4/WO3 supported on chitosan was prepared by precipitation method, and applied to 
photocatalyst, antibacterial agent and biosensor. The presence of WO3 and Cu2MoS4 crystals were confirmed by 
XRD analysis. The elemental information was investigated by EDS. FTIR spectra shows the presence of chitosan 
in nanocomposites. The as-synthesized Cu2MoS4/WO3/Chitosan nanocomposites has a bandgap of 2.18 eV and it 
is effective for visible light condition. The average particle size of the Cu2MoS4/WO3/Chitosan is 71 nm. The 
photocatalysis activity Cu2MoS4/WO3/Chitosan was higher than Cu2MoS4 or WO3.The Cu2MoS4/WO3/Chitosan 
nanocomposites shows the highest efficiency (100%) in photocatalysis degradation of dye under visible light 
irradiation in 80 min. The •O2− plays a main role in degradation process. The as-synthesized Cu2MoS4/WO3/ 
Chitosan nanocomposites depicted the antibacterial activity toward G+/− bacteria. Determination of entero
coccus faecalis is important for human health. The DNA template was used to the Cu2MoS4/WO3/Chitosan 
nanocomposites and applied in detection of enterococcus faecalis by H2O2 and 3,3′,5,5′ -tetramethylbenzidine in 
peroxidase like activity. The detection limit of enterococcus faecalis by DNA-Cu2MoS4/WO3/Chitosan in 
peroxidase-like catalysis was about 55 CFU/mL. Therefore, the Cu2MoS4/WO3/Chitosan can be applied in the 
photocatalysis, bactericidal and peroxidase process.   

1. Introduction 

The semiconductor nanoparticles have been studied for different 
photocatalysis efficiency such organic pollution degradation, and toxic 
metal removal [1,2]. In the photocatalysis system, nano semiconductor 
absorb light and generate e− /h+ pairs for different redox reactions [3,4]. 
The e− /h+ pair generation improves the photocatalysis efficiency. In 
degradation process, the pollutants can degrade without the reagents 
and decreased the secondary waste production [4]. 

Tungsten trioxide is the potent semiconductors (band gap: 3.6 eV) 
[5,6]. WO3 is stable for fabrication of photocatalysis system at room 
temperature [5]. However, WO3 has a poor charge transport for photo- 
generated e− /h+ pairs, due to wide band gap. Then, the best method for 
modification of photocatalysis efficiency of the semiconductor oxide is 
combining with the nano semiconductor sulfide [7–10]. Cu2MoS4 is 
semiconductor with a narrow band gap energy [11]. The Cu2MoS4 is 

extensively applicable in the photochemical and the electronic devices 
[12]. They are more potent to be fabricated as heterostructures owing to 
the generation of photoinduced charge carriers [12]. The Cu2MoS4 is 
excellent photocatalyst for contributes in the hybrid photocatalyst and 
used in the degradation and decomposition of the dyestuffs [11]. 

Previous studies have shown the activity of photocatalyst supported 
on carbon structures [13,14]. Chitosan was applied as a supporter for 
the nano semiconductor sulfide and oxides due to the substantial 
properties like biodegradability and stability. Carbon substrate presents 
more active sites for the photocatalysis reaction [13]. The various 
photocatalysts nanohybrid was studied including Ag2S/NiTiO3/Chito
san [7], Ag3PO4-FeTiO3/glycol chitosan [8], CuS/PVA-chitosan [15], 
Cr2S3/Co3O4/PEG-chitosan [16], CoS2-CeO2/cellulose-chitosan [17], 
and MnS2/chitosan [18]. 

Catalytically nanomaterials have studied as a main tool for detection 
of biological and bacterial, due to high stability, and excellent catalytic 
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performance [19]. The various type of nanomaterials such as carbon 
substrate [20], metal oxides/sulfide [21], and metal nanoparticles [22] 
were showing peroxidase activities. However, ultra-sensitive and cost- 
effective colorimetric biosensors are need for detection of bacteria 
such as enterococcus faecalis with pathogenic properties for human 
health. DNA is a template for nanomaterials in biosensors [23]. Nano
particles and DNA template with peroxidase activity have applied for the 
biological detection due to cost-efficient, and facile devices [23]. 
Colorimetric via biosensor is the best analysis for determination of 
biomolecules due to visible color change response. 

This study provides the new synthesis method of Cu2MoS4/WO3/ 
Chitosan. The nanohybrid was characterized by various analysis. The 
photocatalysis efficiency was improved by the nanohybrid supported on 
carbon frame compared to pure Cu2MoS4 and WO3. The photocatalytic 
performance was evaluated with crystal violet degradation under visible 
light. The bactericidal properties of the Cu2MoS4/WO3/Chitosan was 
tested toward G+/− bacteria. The DNA template-Cu2MoS4/WO3/Chi
tosan biosensor was applied for detection of enterococcus faecalis bac
teria by using colorimetric peroxidase method. The real samples were 
studied for sensitivity/selectivity evaluation in bacterial detection. 

2. Experimental 

2.1. Materials 

The materials and reagents with highly analytical grade were ob
tained from Merck (Germany). 

2.2. Synthesis of WO3 and Cu2MoS4/WO3/Chitosan 

WO3 was synthesized by precipitation method from ammonium 
tungstate hydrate (0.1 M) was mixed as precursor in 10%v/v, HNO3. The 
above solution is homogenized under heat for 40 min, and then 0.2 M of 
NH4OH solution was added drop by drop. Then, the solution was 
transferred to reflux system and heated at 130 ◦C for 5 h to obtain WO3. 

The Cu2MoS4/WO3/Chitosan was synthesized by using ultrasonic 
method. [NH4]2MoS4 was prepared by bubbling H2S through a sus
pension of [NH4]6[Mo7O24].4H2O in ammonia aqueous solution. Then, 
WO3 particles was dispersed in distilled water and sonicated for 60 min, 
and the (NH4)2MoS4 and CuCl solution (0.1 M) and chitosan (2%) were 
added. Then, the mixture was sonicated for 30 min. In the stirring, the 
CTAB (0.4 M) was added drop by drop to the mixture. After that, the 
mixture was transferred to reflux device and heated at 120 ◦C for 5 h. 
Precipitate was separated and washed with deionized water/ethanol. 
The product was dried at 130 ◦C for 50 min. 

2.3. Characterization Instrumental 

Crystal structural analysis of the prepared material was identified by 
XRD analysis (PANalytical diffractometer). The morphology data of the 
prepared material was studied by FESEM technique (MIRA 3 TESCAN). 
In order to identify the chemical elemental of the prepared material, EDS 
analysis was conducted. Quantachrome instruments was applied for 
determine surface area information. The optical properties of the pre
pared material was studied by UV–vis spectrophotometry (Agilent Cary 
60). The functional agents in the prepared material was investigated by 
Fourier transform infrared spectroscopy (Thermo Nicolet 380). 

2.4. Photocatalysis Setup 

The photocatalytic activity of Cu2MoS4/WO3/Chitosan was tested by 
using degradation of crystal violet (CV) dye under visible lamps 
(halogen lamp, 500 W) irradiation. The Cu2MoS4/WO3/Chitosan (1 g/L) 
were dispersed in aqueous CV solution (15 mg/L). The dark condition 
was used to attain equilibrium reaction. The samples were collected 
every 5 min and spectrophotometrically (λmax = 590 nm) tested to find 

the residual dye concentration after photocatalysis reaction. The 1 mL of 
different scavengers such as AgNO3, EDTA, p-benzoquinone, and Iso
propyl alcohol (1 mM) were applied for trapping the e− , h+, •O2− , and 
•OH, respectively, in photocatalysis system. The catalyst reusability was 
studied in four photocatalytic cycles in CV degradation reaction by the 
Cu2MoS4/WO3/Chitosan. 

2.5. Antibacterial Test 

The as-synthesized Cu2MoS4/WO3/Chitosan was applied toward 
Streptococcus pneumoniae and Pseudomonas aeruginosa to evaluation of 
bactericidal properties. The bacterial were incubated in LB broth for 10 
h and separated by the centrifugation. The different dosage of Cu2MoS4/ 
WO3/Chitosan (1, 2, 4, 8, and 20 mg/L) were used in this test. Then, the 
bacteria was interacted with Cu2MoS4/WO3/Chitosan for 4 h, and the 
viable cells left was determined by plate count methods. The reduction 
in bacterial cell number was distinguished. The experiment was carried 
out in triplicate [24–30]. 

2.6. Colorimetric Peroxidase Test 

In the first stage, Cu2MoS4/WO3/Chitosan was dispersed in phos
phate buffer (PSB) solution (pH 7.0), and the mixture was augmented to 
the template DNA solution (10 μL, 2 μM). The suspension was vigorously 
stirred at 38 ◦C for 5 h. The reactor was prepared through the 15 μL of 
H2O2 (3 mM), 15 μL of TMB (3 mM) and DNA-Cu2MoS4/WO3/Chitosan 
for 30 min and incubated at 38 ◦C. For bacterial detection, various 
concentrations of enterococcus faecalis were added to the DNA-Cu2MoS4/ 
WO3/Chitosan and incubated at 28 ◦C for 30 min. After that, the su
pernatant was separated from the solution and TMB + H2O2 were 
applied in colorimetric peroxidase test. The bacteria colonies were 
diluted in PSB and the absorbance was monitored with UV–Vis spec
troscopy technique. The human serum, milk and fruit juice samples were 
applied for detection of bacteria from real samples. Known concentra
tion (106 CFU/mL) was spiked to the real samples. The selectivity test for 
bacterial detection was conducted in the presence of the different bac
teria strains. 

3. Results and Discussion 

3.1. Characterization of Cu2MoS4/WO3/Chitosan 

FESEM image depicts an obvious structure, agglomerated particle of 
Cu2MoS4/WO3/Chitosan (Fig. 1A). The image displays the formation of 
the particle of Cu2MoS4 on WO3 surface. As can be seen that there are 
interface between WO3 and Cu2MoS4 and supported on chitosan, due to 
electron transfer between materials, and the well-defined structure in 
Cu2MoS4/WO3/Chitosan was formed. Additional, the EDS analysis was 
studied for checking the elementals information in composites. Fig. 1B 
depicts that the EDS spectra of the Cu2MoS4/WO3/Chitosan, and 
confirmed the presence of tungsten, oxygen, molybdenum, sulfur, cup
per, and carbon with weight percent about 22.51, 16.21, 15.98, 13.25, 
14.74, and 16.32%, respectively. The average particle size of the 
Cu2MoS4/WO3/Chitosan was shown in Fig. 1C, and is 71 nm. BET 
technique was conducted to measure the active surface area of the 
prepared WO3, Cu2MoS4, and Cu2MoS4/WO3/Chitosan. The active sur
face area of WO3, Cu2MoS4, and Cu2MoS4/WO3/Chitosan were deter
mined as 43.25, 61.87 and 140.36 m2/g, respectively. The presence of 
chitosan in Cu2MoS4/WO3/Chitosan can be increase active site in 
composites, and leads improvement in photocatalysis system. 

XRD technique was applied to identify the crystal phase of Cu2MoS4/ 
WO3/Chitosan and the XRD patterns of WO3, Cu2MoS4 and Cu2MoS4/ 
WO3/Chitosan are displayed in Fig. 2. The XRD pattern of WO3 shown 
peaks at 2θ value of 19.5◦,22.88◦, 23.15◦, 24.5◦, 27.0◦, 27.6◦,33.8◦, 
43.5◦, 49.7◦, 51,80◦. The XRD patterns fitted well with standard card 
PDF 83–0950 [6]. The peaks observed at 2θ angle of s 17.31, 19.00, 
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24.32, 27.42, 31.13, 36.71, 37.35, 47.52, 49.60, 53.05, and 57.21◦ de
notes Cu2MoS4 presence. The obtained peaks fitted well with standard 
card PDF 81–1159 [12]. The XRD pattern of Cu2MoS4/WO3/Chitosan 
have high intensity peaks of both Cu2MoS4 and WO3. 

Fourier transform infrared spectroscopy (FTIR) analysis was con
ducted to study the vibrational transition for various bonds in the pre
pared materials (Fig. 3A). In Cu2MoS4/WO3/Chitosan, the vibration of 
O–H bond was detected by the wide peak at 3579 cm − 1 due to moisture 
absorption. The stretching metal sulfide or oxide bonds was observed at 
526 to 629 cm− 1 [13]. The amine vibration and hydroxyl vibration of 
the chitosan were observed at 3405 cm− 1 [15]. The peak of oxygen 

stretch from chitosan was apperceived at 1088 cm− 1 [15]. 
Kubelka-Munk plot was applied to distinguish the optical behaviors 

of the as-synthesized nanomaterials and depicted in Fig. 3B. Kubelka- 
Munk plot was studied by using the UV–vis analysis. As a photon en
ergy function, the Kubelka-Munk plot shows the band gap values [31]. 
The as-synthesized Cu2MoS4/WO3/Chitosan nanocomposites was active 
in visible light region, and shows that the band gap was 2.18 eV, 
moreover, the band gap of WO3 and Cu2MoS4 were 3.27 and 2.60 eV, 
respectively. From the results, the as-synthesized Cu2MoS4/WO3/Chi
tosan nanocomposites can be highly active in visible light absorption for 
photocatalytic process [32,33]. 

Fig. 3C denotes the photocurrent properties of WO3, Cu2MoS4 and 
Cu2MoS4/WO3/Chitosan under light illumination. Specifically, the 
photocurrent response of the Cu2MoS4/WO3/Chitosan is better than the 
WO3, and Cu2MoS4, illustrating the superb light activation of the 
Cu2MoS4/WO3/Chitosan. The photocurrent response depicts that the 
presence of Cu2MoS4 nanostructure and chitosan improved the charge 
transportation and reduces the recombination rate of e− /h+. Therefore, 
the prepared Cu2MoS4/WO3/Chitosan can be presents the high activity 
under light irradiation system such as photocatalysis reaction. 

3.2. Photocatalysis Process 

The photocatalytic response of as-synthesized of the WO3, Cu2MoS4 
and Cu2MoS4/WO3/Chitosan were investigated using CV dye degrada
tion under visible light irradiation. Fig. 4A shows the photocatalysis 
properties of the prepared catalyst in different reaction time. As can be 
seen observed that the dark condition shows the removal amount range 
8–25% for three catalysts. The removal amount of Cu2MoS4/WO3/Chi
tosan was higher than the WO3, and Cu2MoS4, due to the presence of 
high active surface area in Cu2MoS4/WO3/Chitosan. From Fig. 4A, the 
photocatalysis efficiency of Cu2MoS4/WO3/Chitosan was 100% for 
degradation of CV under visible light in 80 min as reaction time. The 
photocatalysis amount of Cu2MoS4/WO3/Chitosan was higher than the 
WO3 (61.34%) and Cu2MoS4 (80.13%) due to the lowest band gap of 
Cu2MoS4/WO3/Chitosan, in compared to other catalysts. The enhanced 
photocatalysis performance shows that the high activity of Cu2MoS4/ 
WO3/Chitosan in visible light range due to the reduced e− /h+ recom
bination [33,34]. 

Photo-degradation of CV was done using the prepared Cu2MoS4/ 
WO3/Chitosan catalyst from each cycle. Degradation amount of each 

Fig. 1. FESEM image (A), and EDS spectra of Cu2MoS4/WO3/Chitosan 
nanocomposites. 

Fig. 2. XRD pattern of WO3, Cu2MoS4 and Cu2MoS4/WO3/Chitosan 
nanocomposites. 
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cycle was determined. Fig. 4B shows the photodegradation efficiency in 
sixth cycles. The degradation amount of first cycle was 100.0% and for 
4th cycle it was 98.0%. The decrease in decomposition performance was 
negligible. The results depicted that Cu2MoS4/WO3/Chitosan has superb 
photo-stability and reusability. Scavengers are utilized for capturing 
active species and decrease in photocatalysis performance [35–52]. 
Here AgNO3, EDTA, BQ, and IPA were used for quenching the e− , h+, 
•O2− , and •OH, respectively. Fig. 4C illustrates the effect of scavengers 
in degradation of CV and it was found that degradation reduces in 
presence of BQ. Therefore, the ⋅O2

− plays the main role in degradation of 
CV by Cu2MoS4/WO3/Chitosan. In the reaction, the e− /h+ pairs gen
erates from light irradiation. The e− reacts with oxygen to ⋅O2

− free 

radical. Under visible light irradiation, e− can transfer from the catholic 
CB of WO3 to the more anionic CB of Cu2MoS4. The charge carriers are 
separated and increases the performance of the interfacial charge 
transfer. The Chitosan provides more active sites and enhance charge 
separation [53,54]. 

Fig. 3. FTIR spectrum (A), Kubelka-Munk plot (B), and Transient photocurrent 
responses (C) of the prepared materials. 

Fig. 4. Photocatalysis activity in different times (A), Stability analysis (B), and 
Scavenging analysis (C) for degradation of CV by the prepared materials under 
visible light irradiation. 
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3.3. Antibacterial Properties 

Antibacterial activity of the as-synthesized particles was tested 
against Streptococcus pneumoniae and Pseudomonas aeruginosa and it is 
depicted in Fig. 5. At 20 mg/L, Cu2MoS4/WO3/Chitosan shows 100% 
toxicity against two bacterial. When nanomaterials concentration was 
reduced, the toxicity too decreased. The toxicity against P. aeruginosa 
was higher than when compared to S. pneumoniae. This is due to the thin 
cell wall of G− bacteria and that allows high Cu2MoS4/WO3/Chitosan 
penetration. Similar reports on the bactericidal influence of metal 
oxide/sulfide for cell damage by electrostatic interaction [55,56]. 

3.4. Colorimetric Peroxidase Activity for Detection of E. faecalis 

Fig. 6A depicts that the peroxidase activity of DNA-Cu2MoS4/WO3/ 
Chitosan, E. faecalis, and DNA-Cu2MoS4/WO3/Chitosan + E. faecalis 
were evaluated in the presence of TMB & H2O2. As can be seen that the 
absorbance of DNA-Cu2MoS4/WO3/Chitosan was higher than DNA- 
Cu2MoS4/WO3/Chitosan + E. faecalis and E. faecalis. The UV–vis spectra 
of E. faecalis shows no peak absorbance, due to TMB was not oxidized 
with H2O2. The result denotes that the prepared DNA-Cu2MoS4/WO3/ 
Chitosan can be utilized for colorimetric detection of E. faecalis. Fig. 6B 
depicts that the absorbance was decreased, while that the E. faecalis 

Fig. 5. The antibacterial effect of the prepared materials toward Streptococcus 
pneumoniae (A) and Pseudomonas aeruginosa (B). 

Fig. 6. The UV–vis absorption spectra of peroxidase activity (A), the absor
bance values for interaction of DNA-Cu2MoS4/WO3/Chitosan with different 
E. faecalis concentrations in peroxidase process, and (C), the selectivity 
E. faecalis detection in the presence of different bacteria (C) by DNA-Cu2MoS4/ 
WO3/Chitosan. 
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concentration was increased from 102 to 108 CFU/mL. The limit of 
detection (LOD) was determined from the calibration curve for the 
E. faecalis concentration [Y = − 0.1502 X + 0.982, R2 = 0.9971] [56]. 
The LOD was calculated as 55 CFU/mL. The colorimetric detection of 
E. faecalis by DNA-Cu2MoS4/WO3/Chitosan was studied in the presence 
of different bacteria such as E.coli, P. aeruginosa, and S. epidermidis. 
Fig. 6C displays that the absorbance intensity for E. faecalis was lower 
than other bacteria, which that shows the ultra-selectivity properties of 
the DNA-Cu2MoS4/WO3/Chitosan for detection of E. faecalis [56]. The 
colorimetric detection of E. faecalis by DNA-Cu2MoS4/WO3/Chitosan 
was studied from real sample. The test was carried out by the human 
serum, and lemon juice as real samples. The spiked concentration of 
E. faecalis was 105 CFU/mL for selected real samples. The responses of 
test showed that the obtained concentration of E. faecalis were 0.90 ×
105 CFU/mL and 0.99 × 105 CFU/mL for the human serum, and lemon 
juice samples, respectively, after detection process. This analysis shows 
excellent response for detection of bacteria from real samples with the 
recovery rate about 90.0–99.0%. 

4. Conclusions 

The Cu2MoS4/WO3/Chitosan has been synthesized by chemically 
method and improved the photocatalytic activity compared to the WO3, 
and Cu2MoS4 particles. The as-prepared nanomaterials was character
ized by different techniques. Degradation of crystal violet dye was 
conducted by the prepared nanomaterials under visible light. The WO3, 
and Cu2MoS4 particles exhibited lesser response, while when the 
Cu2MoS4/WO3/Chitosan shows the highest degradation of CV. Gener
ated superoxide radical plays the main role in CV degradation. The 
photocatalyst offers greater stability and reusability even after forth 
cycles. Moreover, the Cu2MoS4/WO3/Chitosan present excellent bacte
ricidal activity. The results denotes that the superb peroxidase proper
ties of DNA template- Cu2MoS4/WO3/Chitosan for colorimetric 
detection of E. faecalis bacteria. The experimental responses showed that 
the ultra-sensitive/selective method for detection of E. faecalis bacteria 
from real samples by using of the DNA template-Cu2MoS4/WO3/Chito
san in peroxidase process. 
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