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Abstract
Synthetic dyes play a vital role in our daily life because they are utilized in products ranging from clothing to leather acces-
sories. Unfortunately, these carcinogenic dyes are discharged into water streams any prior process considering the health 
problems in aquatic life and human beings. It is mandatory to separate noxious materials from wastewater. Semiconductors 
are viewed as a viable possibility for photocatalytic mineralization of noxious dyes. Herein, facile in situ hydrothermal 
approach (HT) was utilized for the fabrication of CuO, CuS ZnS, and their ternary CuO/CuS/ZnS nanocomposite. The fab-
ricated CuO/CuS/ZnS nanocomposites were analysed through powder X-ray diffraction (PXRD), Fourier-transform infrared 
spectroscopy (FTIR), scanning electron microscope equipped with energy-dispersive X-ray (SEM–EDX), and ultraviolet–
visible spectroscopy (UV–Vis). Moreover, the optical investigation manifested the bandgap energy value of copper oxide, 
copper sulphides, zinc sulphides, and ternary CuO/CuS/ZnS nanocomposite, corresponding to 2.63, 3.1, 4.51, and 2.2 eV, 
respectively, which was estimated from absorption spectrum. Subsequently, the photocatalytic results of CuO, CuS, ZnS, 
and ternary CuO/CuS/ZnS nanocomposite against methylene blue (MB) dye were 71%, 42%, 45%, and 96%, respectively. 
The photocatalytic scheme showed the role of hydroxyl radicals and electrons in the photodegradation reaction. Our finding 
suggests that the fabricated nanocomposite shows superior photocatalytic efficiency towards mineralization of methylene 
blue which can be used for commercial applications.
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1 Introduction

Accelerating global urbanization and industrialization have 
caused severe environmental and energy problems, threat-
ening all living organisms [1]. Several industrial processes 
involving textile, ink, paint, and dying excessively use toxic 
organic dyes, with the effluent consisting of large concentra-
tions being discharged into water bodies without any proper 
treatment, polluting potable water and affecting the aquatic 
as well as terrestrial living organisms [2]. Among the dif-
ferent kinds of azo dyes, methylene blue (MB) dye is fre-
quently employed for the dyeing process. Although this dye 
has many benefits to society, it also has many adverse effects 
on living organisms such as mild bladder irritation, dizzi-
ness, headache, increased sweating in joints, neural disorder, 
etc. [3, 4].

Therefore, to solve the above addressed issues, there is an 
urgent need to use advanced technology to purify wastewater 
from toxic dyes [5]. Nowadays, several techniques such as 
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membrane separation [5, 6], ozone oxidation [7], adsorption 
[8, 9], sedimentation [10], Fenton oxidation [11], and pho-
tocatalytic degradation [12, 13] have been employed for the 
treatment of chemical effluents [14]. However, the above-
mentioned techniques have various drawbacks. Membrane 
separation, adsorption, and oxidation are non-economical, 
cannot degrade toxic dyes completely, and produce mul-
tiple secondary by-products [15]. On the other hand, the 
sedimentation process reduces the suspended particles from 
the wastewater, but cannot remove pathogen and dissolved 
toxic substances [16]. However, owing to low energy con-
sumption, reduced secondary pollutants, low cost, simple 
operation and great efficiency, the photocatalysis method has 
garnered significantly more attention than others [17, 18].

In the last few decades, semiconductor based nano-
structured catalysts can effectively degrade several organic 
compounds attributed high stability, large surface area, 
and large surface activity [19, 20]. In particular, metals 
and semiconductors nanomaterials are considered poten-
tial candidates to degrade harmful dyes. Metals such as 
palladium, gold, and silver nanoparticles are also good 
materials for the degradation of dyes within several 
hours. Despite the exhibition of superior photocatalytic 
efficiency, these metals are costly [21]. Because of their 
large bandgaps, benchmark semiconductor photocatalysts 
such as zinc oxide and titanium dioxide can only capti-
vate 5% of ultra violet light for photocatalysis, restricting 
their use as an environmental purifier under the source of 
sunlight [22, 23]. The task therefore is to create a pho-
tocatalyst with a small bandgap to make efficient use of 
visible light. However, researchers are focused on devel-
oping semiconductor-based photocatalysts that exhibit 
superior photocatalytic efficiency, stability, and economy 
than precious metals [14, 24, 25]. Several researchers 
studied nanophotocatalysts to elaborate the efficiency of 
semiconductor materials such as CuO [26], ZnO [27], CuS 
[28], NiO [29],  SnO2 [30] and ZnS [31]. Abi M. Taddesse 
et al. described fabrication of zinc oxide based  Cu2O/ZnO/
Ag3PO4 nanosized composite for mineralization of MO 
with 78% efficiency [32]. Sara Behjati et al. studied the 

 Cu2O–CuO nanocomposite employed for MB 55% deg-
radation under visible light illumination [33]. Moreover, 
several methods are available to delay the electron  (e−) 
-hole  (h+) recombination process such as composite, dop-
ing, and engineering in the material surface. The visible 
light energy used to produce electron–hole pairs is eco-
nomical and environmentally friendly; thus, synthesized 
nanophotocatalysts favour green chemistry. So in the pre-
sent work, the low bandgap material was selected so that 
it can absorb visible light and their composite to stop the 
 e−/h+ pair recombination that will enhance the efficiency 
of the materials for the degradation of MB.

This work reports the fabrication of ternary CuO/CuS/
ZnS nanocomposite to improve nanomaterial photocatalytic 
properties via the facile one-pot hydrothermal method. The 
synthesized nanostructure was analysed by PXRD, FTIR, 
SEM, EDX, and UV–Vis spectroscopy. The BET technique 
was utilized to examine the surface area of the fabricated 
nanostructure. Moreover, the photocatalytic efficacy of the 
ternary CuO/CuS/ZnS nanostructure was examined by the 
mineralization of methylene blue (MB) under visible light. 
The main aim of this work comprises (1) the fabrication 
of the novel ternary CuO/CuS/ZnS nanocomposite, (2) the 
study of physical, chemical, and structural properties, and 
(3) the determination of the potential capability of nanoma-
terials towards methylene blue degradation.

2  Experimental part

2.1  Chemicals

Chemical reagents including Cu(NO3)2 (> 98%), KOH 
(> 85%),  K2S (> 95%),  ZnCl2 (> 98%), and ethanol (96%) 
were used as such without prior purification steps for the 
fabrication of CuO, CuS, ZnS, and CuO/CuS/ZnS nanoma-
terials. The commercial methylene blue (MB) azo dye was 
purchased from Sigma-Aldrich, and its chemical structure 
and λ max are given in Table 1.

Table 1  The structural expression and λmax of the MB dye

Name of dyes Structure λmax

Methylene Blue 665 nm
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2.2  Fabrication of CuO nanoparticles

Cu(NO3)2 and KOH were used as precursors to synthesize 
nanosized CuO material and act as the reducing agent, 
respectively. In the first step, 0.1 M Cu(NO3)2 and 2.0 M 
KOH were poured gently with continuous stirring to make 
a uniform solution. Furthermore, a solution was transformed 
into a hydrothermal reactor and kept under an electric fur-
nace for 10 h at 180 ℃. Next, the obtained material was 
rinsed with  C2H5OH and deionized  H2O, dehydrated in a 
drying oven, and then annealed at 500 °C for 4 h. At last, the 
material was annealed for 4 h at 500 °C.

2.3  Fabrication of CuS nanoparticles

The hydrothermal technique has been used for the prepara-
tion of the CuS nanomaterial. An equimolar ratio (0.1 M) 
of an aqueous solution of  K2S and cupper nitrate was mixed 
and subsequently continuously stirred on a magnetic hot 
plate. Then reaction mixture was poured into a hydrother-
mal reactor (HR) at 100 °C for 24 h. The as-synthesized 
material was rinsed with ethanol and  H2O and dehydrated in 
an electric oven for 14 h at 70 °C. The synthesized material 
was saved in a vacuum bottle for further material analysis.

2.4  Fabrication of ZnS nanoparticles

In the synthesis of ZnS, 0.1 aqueous solutions of  K2S were 
prepared and mixed into 0.1 M  ZnCl2 solution. After 5 h 
of continuous agitating on the magnetic hot plate, pale yel-
low precipices were obtained. The synthesized precipitate 
was separated by centrifugation. Finally, the precipitate was 
dehydrated in electric oven overnight, then ground and saved 
in air tight vials.

2.5  Preparation of CuO/CuS/ZnS nanocomposite

CuO/CuS/ZnS ternary nanocomposite was also prepared 
through a hydrothermal route. In this case, equimolar ratio 
(0.1 M) solution of copper nitrate was mixed with potassium 
sulphide solution followed by the insertion of 0.5 g calcined 
copper oxide and 0.5 g of ZnS nanoparticles on the magnetic 
plate to homogenize the mixture. Further, the reaction solu-
tion was transferred into a hydrothermal reactor and heated 
for 24 h at 200 °C. The obtained materials were washed with 
centrifugation with  C2H5OH and DI  H2O, dried, ground, and 
stored for further characterization.

2.6  Characterizations

The crystallinity, purity, and structure of nanopowders were 
investigated by XRD using Bruker D2 Phaser with copper K 
alpha radiation (1.5040 A°) at 4°/min in 2θ range of 20 to 80°. 

Moreover, EDX and SEM (Nova Nano SEM-450) analyses 
of as-synthesized materials were done to measure the purity 
and quantitative amount of the elemental composition at 77 K. 
The UV–visible spectrophotometer (Agilent Carry 60) was 
employed to investigate the optical features of nanomaterials 
recorded between of 200–800 nm. The FTIR (JASCO 6800) 
was used to measure the chemical species in the range of 
400–4000  cm−1. The textural behaviour of all the fabricated 
photocatalyst was investigated with Brunauer–Emmett–Teller 
(BET) analysis using NanoNova 2200e Quantachrome under 
 N2 adsorption/desorption at 77 K. The EIS analysis was con-
ducted using an electrochemical workstation (PG-STAT 204) 
with three electrode system under 2.0 M KOH.

2.7  Photocatalytic assessment

The photocatalytic efficacy of the generated materials was 
calculated by mineralization of MB using visible light (200 
W) irradiation at ambient condition (25 °C and pH = 6.5). 
A 1 ×  10–4 M dye solution of methylene blue was made in 
200 mL of DI  H2O. 0.1 g of nanomaterials was introduced 
into an organic dye solution and kept under dark for 30 min for 
achieving sorption mechanism among the dye and photocata-
lyst. After that, the mixture aliquot was collected to measure 
the starting concentration of the dye mixture at wavelength 
664 nm. Moreover, the dye solution was irradiated with a vis-
ible source, and an aliquot of the solution was drawn from 
the solution after a regular interval of 20 min. The collected 
materials were centrifuged to separate the nanocatalyst, and 
the effect of light in the presence of nanomaterials measured 
with a UV visible spectrophotometer. The mineralization per-
centage of dye is measured by the following expression [34]:

where C0 expresses the initial concentration and Ct represent 
the dye concentration at any time in the reaction, respec-
tively. Additionally, various scavengers, i.e., PBQ (super-
oxide radicals (•O2

−)), EDTA–2Na (holes (h+)),  AgNO3 
(electrons (e−)), and DMSO (hydroxyl radicals (•OH) were 
applied to capture radicals. The repeatability analysis was 
also measured by employing CuO/CuS/ZnS photocatalyst 
against methylene blue dye by rinsed used photocatalyst, 
centrifuge, dried, and recycled for the succeeding cycle.

3  Result and discussion

3.1  Phase analysis

Figure 1(a–d) represents the XRD pattern for CuO, CuS, ZnS, 
and CuO/CuS/ZnS nanocomposites. The different diffraction 

(1)%Degradation eff iciency =
c0 − c

c0

× 100,
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patterns observed at 2θ values 32.43°, 37.89°, 49.96°, 55.64o
, 

and 66.42° correspond to (103), (202), (301), (230), and 
(026) hkl values and have cubic crystal structure (PDF = 
01-078-1588) of CuO nanoarray (Fig. 1(a)). The diffraction 
peaks located at 36.63°, 38.93°, 48.85°, 56.89°, 65.76°, and 
66.86° with (hkl) values (104), (105), (112), (109), (206), and 
(118) show the hexagonal structure of CuS (PDF = 01-085-
0620). The characteristic peaks appearing at 32.01°, 34.42 o, 
47.62°, 56.70°, 68.01o, and 76.98°, indexed at (220), (201), 
(200), (311), (400), and (420), suggesting the cubic phase of 
ZnS, and the presence of all these indexed in the diffraction 
pattern of CuO/CuS/ZnS depicted the fabrication of the nano-
composite. The average nanoparticle size of CuO, CuS, ZnS, 
and CuO/CuS/ZnS belonging to 3.86 nm, 13.63 nm, 26.231 
nm, and 3.44 nm was measured by Scherrer expression [35].

where β is the full width at half maxima, K is the Scherrer 
constant, and D represents the particle size. The dislocation 

(2)D =
K�

�cosθ
,

density of the fabricated material was investigate by employ-
ing Eq. 3 [36]. 

The dislocation density of copper oxide, cop-
per sulphide, zinc sulphide, and ternary nanocom-
posite was 0.774133  m2 ×  1015, 0.003924  m2 ×  1015, 
0.000825 ×  m2 ×  1015, and 0.086126  m2 ×  101, respectively.

Moreover, FTIR technique was used to study chemi-
cal structure and purity of nanomaterials as shown in 
Fig. 2(a–d). The transmittance curve at 3800–3000  cm−1 
are owing to a strong adsorption band of hydroxyl groups 
on the interfaces of the photocatalyst [37]. The characteris-
tic peaks of copper oxide at 1644.87  cm−1, 1555.64  cm−1, 
1385.54   cm−1, and 1099.43   cm−1 correspond to nitro-
gen–oxygen stretching band [38]. CuS spectra exhibited 
peaks at 713.66  cm−1, 1032.77  cm−1, 1501.51  cm−1, and 
1620.56   cm−1 with respect to cupper sulphide, nitro-
gen–oxygen stretching vibration, nitrogen–hydrogen bend-
ing vibration, and oxygen–hydrogen bending vibration, 
respectively [39]. ZnS peaks located at 705.94, 1020, and 
3213.4   cm−1 are ascribed to ZnS, S–O, and O–H [40]. 
CuO/CuS/ZnS peaks located 732.65  cm−1, 1016.48 cm-1, 
1521.91  cm−1, and 3720 cm-1 correspond to Cu–S, S–O 
stretching vibration, N–O stretching vibration, and oxy-
gen–hydrogen bending vibration [41, 42], respectively.

(3)� =
1

D2
.

Fig. 1  XRD  diffraction patterns for a copper oxide, b copper sul-
phides, c zinc sulphides, and d CuO/CuS/ZnS ternary nanocomposite

Fig. 2  FTIR spectra for a copper oxide, b copper sulphides, c zinc 
sulphides, and d ternary nanocomposite
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3.2  Morphological and textural investigation

Figure 3 illustrates the morphology of the fabricated ter-
nary nanocomposite, analysed with an SEM image. The 
morphological properties of the CuO/CuS/ZnS ternary 
composite at 10,000× and 50,000× are given in Fig. 3(a, 
b) with spherical, uniformly distributed agglomerates due 
to the enormous surface energy of the material during 
preparation. The large interfaces provide a significantly 
large number of active zone for photocatalysis. The sur-
face plot, plot profile, and particle size 39.84 nm of the 
synthesized nanocomposite were calculated by ImageJ 
software as depicted in Fig. S1.

Subsequently, EDX confirms the existence of differ-
ent elements present in the nanostructure, as display in 
Fig. 3(c–d). The EDX result indicates that the synthesized 
nanocomposite contains elements O, S, Cu, Zn as well as 
Au. Besides, the existence of Au peak was not taken into 
account due to sample-supported species.

Figure 4(a, b) illustrates the BET analysis to calculate 
the interface area and distribution of pore size in the ter-
nary CuO/CuS/ZnS nanocomposite. The fabricated CuO/
CuS/ZnS nanocomposite has increased reactive sites due 
to the larger interface area (45.37  m2/g) with pore size 
0.021  m2/g, resulting in enhancing the photocatalytic effi-
ciency of the nanophotocatalysts.

3.3  Optical analysis

The optical analysis of nanocomposite was obtained using a 
UV–visible spectrophotometer at λ = 200–800 nm at ambi-
ent temperature, as shown in Fig. 5(a–d).An optical absorp-
tion spectrum was also employed to investigate the bandgap 
value using Tauc’s profile technique with allowed transition 
conveyed by Mott and Davis theory through Eq. 4 [43, 44]: 

Here, α are absorption coefficient, h represents Planks 
constant, ν display the light frequency, c are speed of light, 
Eg are optical bandgap and A for absorption. The measured 
bandgap value of CuO, CuS, ZnS, and CuO/CuS/ZnS corre-
sponds to 2.63 eV, 3.1 eV, 4.51 eV, and 2.2 eV; respectively. 
It was measured at the point where the straight line intersects 
the x-axis as shown in Fig. 6 [45]. The lower the bandgap 
energy of the composite, the greater is the movement of elec-
trons to the C.B (conduction band) in the existence of visible 
source [46]. Several parameters directly affect the bandgap 
value, such as defects, crystallite size, and specific area.

3.4  Electrochemical analysis

The EIS investigation was employed to study the charge 
transfer and recombination behaviour of the synthesized 
material with three electrodes configuration and the 

(4)�h� = A(h� − Eg)n∕2.

Fig. 3  a, b SEM micrograph of ternary nanocomposite at low (5 μm) and high magnification (1 μm), c EDX spectrum, and d EDX of atomic % 
able CuO/CuS/ZnS
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fabricated material acts as a working electrode as shown 
in Figs. 6(a), 7 Constant phase element (CPE) and charge 
transfer resistance (Rct) at the photocatalyst/electrolyte 
interface are responsible for the semicircle seen in the EIS 
spectra. The curved line that results from the Warburg 

impedance (ZW) depicts the ion diffusion route in the 
basic solution. The obtained Rct for CuO, CuS, ZnS, and 
CuO/CuS/ZnS are 0.7, 2.8, 4.1 and 6.1 Ω, respectively. 
Among these, reduced resistance value by the develop-
ment of the ternary nanocomposite, furthermore support-
ing these, enhances the charge migration and isolation 
of photoinduced carriers. In conclusion, EIS analysis 
verifies that the CuO/CuS/ZnS photocatalyst is superior, 
since the addition of CuO to ZnS improves the efficiency 
with which photogenerated e/h + pairs are separated and 
transferred.

3.5  Photocatalytic degradation

The mineralization of MB dye with synthesized copper 
oxide, copper sulphide, zinc sulphide, and ternary nano-
composite of CuO/CuS/ZnS nanocomposite as photocatalyst 
under the source of visible light irradiation is illustrated in 
Fig. 8(a). The degradation of methylene blue was measured 
at 664 nm. After adding 0.1 g photocatalyst in the 100 ml 
dye solution, the absorption value starts decreasing, indicat-
ing the degradation of the dye solution. It was noted that 
71%, 42%, 45%, and 96% of dye degraded after 160 min, 
with CuO, CuS, ZnS, and CuO/CuS/ZnS as nanophotocata-
lyst, respectively. The kinetics for the dye degradation rate 
was followed by pseudo-first-order kinetics estimated with 
given formula 5 [47]: 

Here, Ct represents the concentration at any time, Co 
represents the starting dye quantity and k is mineralization 
rate constant. The degradation rate constant was determined 
to be 0.007, 0.00323, 0.00328, and 0.018 for CuO, CuS, 

(5)ln
C
t

C
o

= kt.

Fig. 4  a BET isotherm and b pore volume of CuO/CuS/ZnS nanocomposite

Fig. 5  UV–visible spectra for a coper oxide, b copper sulphide, c 
zinc sulphide, and d ternary CuO/CuS/ZnS nanocomposite
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ZnS, and CuO/CuS/ZnS, respectively. A comparative study 
among CuO, CuS, ZnS, and CuO/CuS/ZnS is shown in 
Tables 2 and 3. 

3.5.1  Photocatalytic mechanism

The photodegradation mechanism, explained based on effec-
tive charge separation and band positions, can be calculated 
by the empirical formula [48]:

Here, EVB represents the potential of valence band, 
X shows the semiconductor electronegativity, ECB repre-
sents the potential of conduction band, and EH the energy 
processed by an electron at a hydrogen scale (4.5 eV) [49]. 
The value of X for CuO, CuS, and ZnS are 5.8 eV, 5.27 eV, 
and 5.06 eV, respectively [50, 51]. The calculated conduc-
tion band potentials were −0.015, −0.78, −1.695 eV, and 
the valence band potentials were 2.615, 2.32, and 2.815 eV 
for CuO, CuS, and ZnS, respectively. The band's potentials 
were calculated using optical energy bandgap (Eg) 2.63, 
3.1, 4.51 eV for CuO, CuS, and ZnS, respectively, calcu-
lated from UV results. A scheme was proposed based on the 

(6)EVB = X − EH + 0.5Eg,

(7)ECB = EVB − Eg.

Fig. 6  Tauc plots for a CuO, b CuS, c ZnS, and d CuO/CuS/ZnS

Fig. 7  Nyquist polarization plot of all fabricated materials
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band's potential, namely Scheme 1, to illustrate the charge 
separation, migration, and photodegradation of MB mol-
ecules (Scheme 1).

The mineralization of methylene blue was initiated by the 
nanomaterials by the photoexcitation process at the surface. 
When nanomaterials were irradiated with the source of vis-
ible light, it resulted in the generation of  e−h+ pair by excita-
tion of  e− to the C.B of copper oxide, copper sulphide, and 
zinc sulphide from the valence band (VB), leaving holes in 

the valance band. From the above calculation, the CB of CuS 
is smaller than that of ZnS, so electrons move from the CB 
of ZnS to copper sulphide. Also the CB of CuO is smaller 
than that of CuS, so the electron further moves from the CB 
of CuS to the conduction band of CuO. Upon reaching CuO 
CB, unfortunately, CuO's CB potential is −0.015 eV, which 
is lower than the potential required to convert  O2 into •O2

−, 
−0.33 eV [52]. So, the electrons directly react with the dye 
molecules. Alternatively, the holes transport from the VB of 
CuO to the valence band of CuS for charge conservation, but 
not from the valence band of CuS to the valence band of ZnS 
because of being less favourable. The holes at the VB of cop-
per sulphide and zinc sulphide are fruitful due to the undesir-
able potential capacity (2.32 eV) for oxidation and reduction 
reaction (•OH/OH− 1.99 eV and •OH/H2O 2.27 eV) [53]. 
The holes at the VB of CuS and ZnS interact with  OH− and 
 H2O and generate  OH.. So, using such a scheme, the process 
is described systemically, as principal reactive species are 
electrons and hydroxyl radicals produced. The decomposi-
tion of MB dyes occurs via an interaction with hydroxyl 

Fig. 8  a Percent degradation of all synthesized materials, b degradation efficacy (%) by adding different scavengers, and c recyclability profile

Table 2  Percentage degradation under visible and specific rate con-
stant for the prepared materials

Sr. No. Materials % Deg-
radation

Time (min) Rate constant

1 CuO 71 140 0.00711
2 CuS 42 100 0.00323
3 ZnS 45 120 0.03280
4 CuO/CuS/ZnS 96 160 0.01811
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group and electrons producing intermediates. By introduc-
ing •OH (DMSO) and e-  (AgNO3)-type scavengers instead 
of hydroxyl and hole-type scavengers, the radical capture 
experiment validates the function of hydroxyl radicals and 
electrons in the mineralization mechanism. (Fig. 8(b)). The 
oxidation and reduction process of oxygen-containing spe-
cies, including hydroxyl radical  (OH−) in water, is shown 
as a schematic diagram in Scheme 1. Therefore, the min-
eralization of methylene blue dye can be attributed to these 
reactive species produced by the nanomaterials which react 
with the dye. The CuO/CuS/ZnS photocatalyst mechanism 
with reactions is explained as follows:

(8)CuO + h� → e−(CuO) + h+(CuO),

Additionally, an experiment on the recyclability of the 
generated catalyst was carried out, showing that it is effec-
tive for up to five cycles (Fig. 8(c)). Hence, several fac-
tors, including dispersion of catalyst, size, and specific 
surface area, can limit or enhance the photocatalytic pro-
cess because organic dye’s photodegradation occurs on the 
interfaces of nanomaterials. The results obtained from the 
present investigation was compared with a previous work 
and are given in Table S1. The outcome showed that vis-
ible light-active CuO/ZnS/CuS composite showed much 
better results and can be considered as good candidate for 
degradation pollutants.

Analytik Jena’s multi N/C UV HS TOC analyser was 
used to look at the photodegradation of MB. The absolute 
value of TOC decreased from 96.2 to 12.16 mg  L−1 as 
confirmed from Fig. 8 with an efficiency of nearly 87.36% 

(9)CuS + h� → e−(CuS) + h+(CuS),

(10)ZnS + h� → e−(ZnS) + h+(ZnS),

(11)h+(CuS) + H2O → CuS + ⋅

⋅OH

(12)h+(CuS) + OH−
→ CuS + ⋅

⋅OH,

(13)h+(ZnS) + H2O → ZnS + ⋅

⋅OH,

(14)h+(ZnS) + OH−
→ ZnS + ⋅

⋅OH,

(15)e
− + dyes → intermediates,

(16)⋅

⋅O−
2
+ dyes → intermediates,

(17)⋅

⋅OH + dyes → intermediates.

Table 3  Comparative 
study among synthesized 
nanomaterials and reported 
nanomaterials

Sr. no. Catalysts Dye Light % Degradation Ref.

1 Ag-decorated ZnO 4-NP Natural UV-fil-
tered sunlight

85 [54]

2 ZnS MO Visible light 12 [55]
3 CuS Methylene blue UV light 43 [56]
4 CdS NRs Methylene blue UV light 34 [57]
5 ChPA/ZnS Cresol red Sunlight 75 [58]
6 Al2O3-doped  Mn3O4 Brilliant cresol blue Visible light 50–65 [59]
7 S-doped ZnO Methylene blue Visible light 85.8 [60]
8 V-doped  Mn3O4 NP Methylene blue Visible light 82.5 [61]
9 Al-doped  Mn3O4 Malachite green UV light 90 [62]
10 Mn3O4 Acridine orange UV–visible 47.3 [63]
11 CuO/CuS/ZnS Methylene blue Visible light 96 Present

Scheme 1  Representation of the photodegradation mechanism
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(Fig. 9 inset). The photocatalytic efficacy (Fig. 8) shows 
almost 96% mineralization over CuO/CuS/ZnS, and the 
leftover total organic content may be related to the pres-
ence of intermediates before they are completely mineral-
ized into carbon dioxide  (CO2) and water.

4  Conclusion

A ternary nanocomposite based on CuO, CuS, and ZnS was 
fabricated through facile hydrothermal methods. The char-
acterized results of microscopy and spectroscopy revealed 
the crystalline nature, purity, and structure of nanomaterials, 
presence of active substances, indicated uniform aggregation 
and crystallite size (39 nm), and showed the elemental com-
position of ternary nanocomposite and bandgap (CuO, CuS, 
ZnS, and CuO/CuS/ZnS are 2.63 eV, 3.1 eV, 4.51 eV, and 
2.2 eV, respectively) from the absorption spectra of nanoma-
terials, respectively. The BET investigation was employed to 
study the interfacial area of CuO/CuS/ZnS which was 45.37 
 m3g−1. The photocatalytic efficiency of the synthesized 
copper oxide, copper sulphide, zinc sulphide, and ternary 
nanophotocatalyst was tested to degrade MB under visible 
source of light irradiation. Moreover, CuO, CuS, and ZnS 
exhibited photocatalytic efficiency of 71%, 45%, and 42%, 
respectively, and photocatalytic measurement of ternary-
based nanocatalyst exhibited 96% degradation rate within 
160 min. The EIS analysis shows the Rct value for CuO, 
CuS, ZnS, and CuO/CuS/ZnS are 0.7, 2.8, 4.1 and 6.1 Ω, 
respectively. The superior photocatalytic result of ternary 
nanosized composite was attributed to the small bandgap, 
small crystallite size, and large surface area. Thus, the CuO/
CuS/ZnS nanocomposite is a novel kind of promising photo-
catalyst that can be explored for environmental purification 

and industrial effluent treatment in the future, particularly 
in dyeing industries.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s43207- 023- 00287-4.
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