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Abstract: The Cu2MoS4 nanoparticles were prepared using a relatively simple and convenient solid-phase process, which was applied for the 
first time. The crystalline structure, morphology, and optical properties of Cu2MoS4 nanoparticles were characterized using X-ray diffraction, 
X-ray photoelectron spectroscopy, field emission scanning electron microscopy, and UV-vis spectrophotometry. Cu2MoS4 nanoparticles 
having a band gap of 1.66 eV exhibits good photocatalytic activity in the degradation of methylene blue, which indicates that this simple 
process may be critical to facilitate the cheap production of photocatalysts. 
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1. Introduction 

Recently, semiconductor photocatalysts have attracted 
considerable research attention to be applied to degrade 
organic pollutants and to produce hydrogen by water 
splitting [1–7]. Among various semiconductor photocata-
lysts, transition metal sulfides (TMSs) and Cu2MX4 (M = 
Mo or W and X = S or Se) are considered to be ideal be-
cause of their excellent light absorption in the visible re-
gion [8–10]. Cu2MoS4 is a typical TMS that possesses 
excellent photocatalytic activity and may even be better 
than some high-cost noble-metal photocatalysts [1113]. 
Cu2MoS4 has two structural phases, one allotrope of 
which is in the 42P m  space group and another is in the 
I42m space group, which makes it similar to Cu2WS4 [14]. 
The primary synthesizing method for Cu2MoS4 is a hy-
drothermal method. Crossland et al. [15] reported the 
synthesis of Cu2MoS4 by a solvothermal method employ-
ing (Cu(CH3CN))(BF4) and (NH4)2(MoS4) at 110–150°C 
for 48 h. Further, Liang et al. [16], Jing et al. [17], and 
Tran et al. [18] used a hydrothermal method to prepare a 
crystalline Cu2MoS4 photocatalyst that exhibited good 
photocatalytic activity. Zhang et al. [19] used various ini-

tial reactants to synthesize Cu2MoS4 through a hydro-
thermal method, which resulted in a product having excel-
lent photocatalytic activity, good recycling performance, 
and durability in the degradation of methyl orange (MO) 
dye under visible-light irradiation. Recently, the indented 
nanosheets of I-Cu2MoS4 was synthesized using Cu2MoS4 
flat nanosheets templates, and this product exhibited good 
photocatalytic activity for the degradation of Rhodamine 
B within 90 min [20].  

In this study, a simple solid-phase process was used to 
synthesize Cu2MoS4 nanoparticles to produce low-cost 
photocatalysts at 200C in the presence of air. Compared 
to the liquid-phase processes such as the solvothermal 
method, the solid-phase process is considered to be more 
environment-friendly, cheap, and simple. It is worth not-
ing that this process can also be applied to synthesize oth-
er Cu-based sulfide materials, as detailed in our previous 
reports [21]. However, no studies have been conducted on 
this method until now, to the best of our knowledge. The 
prepared Cu2MoS4 material exhibits good photocatalytic 
performance in the photodegradation of methylene blue 
(MB), under irradiation using a low-power (300 W) halo-
gen-tungsten lamp.  
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2. Experimental 

2.1. Synthesis of Cu2MoS4 nanoparticles using a sol-
id-phase process 

All reagents used in this study were purchased from 
Aladdin Chemicals and used without further purification. To 
prepare the Cu2MoS4 nanoparticles, 0.4 g of CuCl, 2.4 g of 
(NH4)6Mo7O24, and 2.231 g of Na2S·9H2O were mixed for 
20 min by grinding them using a mortar and pestle. Further, 
the mixture was kept in a vacuum oven at 200C for 3 h. 
The resulting brown-red product was washed using deio-
nized water several times with the help of a centrifuge that 
was maintained at 10000 r/min for 10 min. Finally, the re-
sulting product was vacuum-dried at 70C for 6 h. 

2.2. Photodegradation experiments 

Various quantities (15, 30, and 50 mg) of the synthesized 
Cu2MoS4 samples were individually placed into an aqueous 
solution of MB (100 mL, 15 mg/L) in a 200-mL cylindrical 
quartz vessel that was surrounded by a water-circulating 
jacket to cool the sample. Before the lamp was activated, the 
solution was stirred in the dark for 2 h to ensure adsorp-
tion/desorption equilibrium between Cu2MoS4 and MB. A 
300 W tungsten-halogen lamp (Chaohua brand) was used as 
the source of visible-light and was placed 15 cm away from 
the quartz vessel. The mixture was constantly stirred, and 
approximately 3 mL of the mixture was sampled at various 
time intervals during both the dark and illuminated phases. 
After centrifugation, the ultraviolet–visible spectroscopy 
(UV-vis) spectrum of the supernatant was recorded to mon-
itor the degradation process.  

2.3. Characterization 

The synthesized products were characterized using X-ray 
diffraction (XRD) with Cu K radiation (λ = 0.154178 nm). 
The valence states were identified using high resolution 
X-ray photoelectron spectroscopy (XPS, Mg Kα radiation, 
and C 1s peak (284.6 eV)). Images of Cu2MoS4 nanopar-
ticles were obtained using a field emission scanning electron 
microscope (FESEM, JEOL, JSM-6340F), which was oper-
ated at an accelerating voltage of 200 kV. The adsorption 
UV-vis spectrum was recorded using a Shimadzu UV-2550 
spectrophotometer. The absorbance of the MB solution 
samples during the photodegradation experiments was ana-
lyzed using a UV-vis spectrophotometer (UV-722).  

3. Results and discussion 

The structural information of Cu2MoS4 nanoparticles 

was investigated using XRD and the results are depicted in 
Fig. 1(a). The main diffraction peaks at 2θ around 16.68, 
29.14, 38.28, and 48.79 can be attributed to the (001), 
(111), (201), and (202) planes of Cu2MoS4, respectively. 
The analytical results are in good agreement with the tetra-
gonal structure of Cu2MoS4 having a 42P m  symmetry, 
which is similar to the structure of Cu2WS4 [12]. The esti-
mated lattice parameters of Cu2MoS4 were a = b = 0.54268 nm 
and c = 0.52256 nm, which is consistent with the parame-
ters that were previously reported [18,22]. XPS was em-
ployed to confirm the valence states of the Cu2MoS4 na-
noparticles. As depicted in Fig. 1(b), the binding energy 
values of Cu 2p3/2 and Cu 2p1/2 were located at 933.4 and 
953.2 eV, respectively, with the peak splitting that is ob-
served at 19.8 eV corresponding to the Cu(I) state [18]. 
The Mo 3d5/2 and Mo 3d3/2 peaks that were located at 229.1 
and 232.1 eV, respectively, exhibit peak separation at 3.0 eV, 
indicative of Mo(VI) in Fig. 1(c) [18]. Fig. 1(d) depicts the 
binging energy peaks at 161.6 and 162.7 eV for S 2p3/2 and 
S 2p1/2, respectively, with the peak splitting that is ob-
served to occur at 1.1 eV attributed to S(II) [18,22]. These 
binding energy values indicate that the product comprised 
Cu2MoS4 nanoparticles.  

An FESEM image of Cu2MoS4 nanoparticles is shown 
in Fig. 2. This illustrates that the Cu2MoS4 microstructure 
is composed of a large number of small and thick nano-
particles possessing obvious aggregation. However, they 
are irregular in size, as depicted in Fig. 2(a). The chemical 
composition of the Cu2MoS4 nanoparticles was deter-
mined using an energy dispersive spectrometer, as illu-
strated in Fig. 2(b). The estimated chemical composition 
of the molar ratio of Cu:Mo:S was about 2:1:4. These re-
sults confirmed the successful synthesis of single-phase 
Cu2MoS4 nanoparticles. 

The optical absorption properties of Cu2MoS4 nanopar-
ticles were measured using UV-vis absorbance spectros-
copy. The results depicted in Fig. 3(a) illustrate a broad 
absorption in the visible region. By extrapolating the linear 
region of the plot of (hv)2 versus hv (here  is the absor-
bance, h is the Plank’s constant, and v is the frequency), as 
depicted in the insert in Fig. 3(a), the band gap of 
Cu2MoS4 nanoparticles was estimated to be 1.66 eV. This 
result is in close proximity to the values that were reported 
in a previous study [16]. 

Based on strong visible-light absorption, the photocata-
lytic activity of Cu2MoS4 nanoparticles was investigated by 
measuring the degradation of MB (C16H18ClN3S), as de-
picted in Fig. 3(b). The blank experiment depicted little MB 
degradation under visible light when catalyst was absent, 
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indicating that there was little contribution from the 
self-sensitization of MB. However, the dye quickly de-
graded at an irradiation time of 90 min when various quanti-
ties of Cu2MoS4 nanoparticles were added to the MB solu-
tion. The results indicate that Cu2MoS4 nanoparticles dem-
onstrate good catalytic activity under visible light. Further 
comparative experiments were conducted to investigate the 
relationship between the degradation of MB and the quanti-
ty of Cu2MoS4 nanoparticles that was added to the solution, 
as depicted in Fig. 3(b). As the quantity of Cu2MoS4 na-
noparticles that was added to the solution decreased, the 

degradation rate gradually decreased. This indicates that 
the proposed simple solid-phase synthesis process is an ac-
ceptable method for the preparation of low-cost Cu2MoS4 
photocatalysts. 

The stability of Cu2MoS4 nanoparticles for MB dye pho-
todegradation was determined using XRD, as depicted in 
Fig. 4. The XRD patterns illustrate a comparative spectrum 
of the Cu2MoS4 nanoparticles, both before and after MB dye 
photodegradation treatment. No significant changes occur in 
the main peaks, showing the good structural stability of the 
Cu2MoS4 nanoparticles after MB dye photodegradation. 

 

Fig. 1.  XRD pattern (a), Cu 2p (b), Mo 3d and S 2s (c), and S 2p (d) XPS spectra of the synthesized Cu2MoS4 nanoparticles. 

 

Fig. 2.  FESEM image (a) and EDX spectrum (b) of as-synthesized Cu2MoS4. 
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Fig. 3.  UV-vis diffuse reflectance spectra of Cu2MoS4 nanoparticles (the insert depicts the corresponding plot of (αhν)2 versus hν) 
(a), and photocatalytic activities of Cu2MoS4 nanoparticles for MB degradation (C0 is the initial concentration of MB and C is the 
concentration of MB after degradation) (b). 

 
Fig. 4.  XRD patterns of Cu2MoS4 nanoparticles before (a) 
and after (b) MB degradation. 

4. Conclusions 

To summarize, Cu2MoS4 nanoparticles were successfully 
prepared using a simple and environment-friendly solid-phase 
process, which was used for the first time, at 200°C for 3 h 
in air. The synthesized Cu2MoS4 nanoparticles possessed 
strong absorption properties in the visible-light region, and 
the band gap was determined to be 1.66 eV. Additionally, 
the Cu2MoS4 nanoparticles were used as a photocatalyst for 
the degradation of MB in an aqueous solution. Good photo-
catalytic activity in MB degradation was demonstrated by 
increasing the quantity of Cu2MoS4 nanoparticles. This 
study illustrates an innovative process for the quick and 
cheap mass-production of Cu2MoS4 photocatalysts. 
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