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| A copper tungsten sulfide (Cu;WSs)-anchored reduced graphene oxide (Cu;WS4/rGO) nanocomposite was prepared using a feasible
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INTRODUCTION

The rapid growth of the global population has led to a
substantial escalation in the consumption of various materials,
such as cosmetics, electronics, efc. Consequently, there has
been a corresponding rise in the generation of waste associated
with these materials [1-3] and resulting the serious causes of
water and soil pollution. Hence, the accelerating advancement
of technology and a corresponding increase in consumer spen-
ding power are contributing to the proliferation of materials.
Once they have reached their expiration date, these items may
be deemed potentially harmful to both the environment and
public health [4-6].

Transition metal chalcogenides are hugely important in
today’s concerns because of their exceptional qualities, inclu-
ding adjustable components, flexible structure, diverse shape,
and distinctive electrical structure. These properties are used
in various fields of applications like energy storage, electronic
devices and catalysis [7-9]. Particularly, the transition metal
chalcogenides are used to breakdown organic contaminants

-
hydrothermal approach and succssfully employed as photocatalytic material for the degradation of reactive black-5 (RB-5) dye. In the I
preparation of Cu, WS, and Cu, WS./rGO nanocomposite, copper nitrate, tungsten oxalate, metallic sulfur, graphene oxide, sodium hydroxide
and sodium borohydride were used as sources of precursors. The prepared materials (Cu,WS4 and Cu,WS4/rGO) were characterized by |
powder X-ray diffraction (PXRD), DRS-UYV, FT-IR and Raman spectral analysis, whereas, the morphology and composition of Cu, WS, |
and Cu,WS/rGO were determined by TEM, FESEM and EDAX analyses. Under visible light conditions with a band gap of 1.8 eV, the |
degradation capacity of Cu,WS./rGO nanocomposite towards reactive black-5 dye was enhanced and a dragadation efficiency of 98.2% |
was achieved at 120 min. The antimicrobial activity results of Cu,WS./rGO nanocomposite showed that the prepared nanocomposites
exhibit improved antibacterial activity 20% (S. aureus) and 10% (P. aeruginosa) growth inhibition I
|
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by photocatalysis [10-12]. Furthermore, in order to improve
the cycle qualities and rate performance of chalcogenides,
carbonaceous compounds like graphene have been employed
by scientists [13-15] to enhance the cycle characteristics and
rate performance of chalcogenides, as graphene possess enor-
mous surface area, improved charge mobility, high thermal
stability and mechanical strength. For example, CuS/rGO nano-
composites exhibit enhanced the photocatalytic performance
compared with pure CuS [16].

The binary-layered transition metal chalcogenides anch-
ored by reduced graphine oxide also show huge interest in
dye degradation processes. For example, enhanced photocatal-
ytic studies of the binary layered transition metal chalcogenides
MoS; and TiS, are reported [ 17,18]. Similarly, Arumugam et al.
[19] reported the NiS/rGO photocatalytic performance against
methylene blue degradation under solar light irradiation whereas
Dutta et al. [20] used hydrothermal synthesized ZnS/rGO for
the degradation studies. Ternary transition metal chalcogenides
also show better photocatalytic performance compared with
binary-layered transition metal chalcogenides, for example.
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Perera et al. [21] reported that ZnMoS., shows effective and
selective cellular copper detoxifying agents. The ternary copper
based metal chalcogenides likewise demonstrate better dye
degradation activity [22-27].

Herein, a copper tungsten sulfide (Cu,WSs4)-anchored
reduced graphene oxide (Cu,WS4/rGO) nanocomposite was
prepared by one-pot hydrothermal method. The introduction
of copper nitrate, tungsten oxyalate, metallic sulfur and reduced
graphene oxide significantly influences functional groups and
their morphologies. Subsequently, the resulted Cu, WS./rGO
material displayed the tetragonal crystal structure, whereas
Cu, WS, has combined stable sheet-like morphologies. The
higher Cu, W and S contents in rGO greatly modified the photo-
catalytic activity of the reactive black-5 dye degradation. More-
over, the antibacterial performance of synthesized Cu, WS4/
rGO nanocomposite was also demonstrated by testing with S.
aureus and P. aeruginosa bacterial strains.

EXPERIMENTAL

All of the chemical and reagents/solvents were purchased
from Sigma-Aldrich and SRL (LR grade) and used without
any purification.

Synthesis of pure Cu, WS, and Cu, WS, anchored rGO
nanocomposite: The reduced graphene oxide was prepared
by per reported [28] whereas Cu,WS, was prepared by using
hydrothermal method. In brief, 3 mM of copper nitrate was
mixed in ethanol (30 mL) and the obtained solution was added
dropwise to 3 mM of tungsten oxylate (Cu precursor) followed
by the addition of 3 mM of sulfur solution under magnetic
stirring for 2 h. Consequently, the obtained Cu, WS, composite
material was transferred into an autoclave and heated at 140
°C for 8 h. Finally, the precipitate was filtered, washed with
ethanol and dried.

In next step, the Cu,WS4/rGO nanocomposite was
prepared by mixing 250 mg of prepared Cu, WS, material with
30 mL of ethanol solution and continuously stirred for 2 h.
Consequently, the above mixture was blended with 150 mg of
rGO solution. Then the attained mixture was transferred to an
autoclave and kept in a hot air oven at 140 °C for 8 h. The
obtained precipitate was washed several times with ethanol
solvent.

Characterization: The purity of the sample’s phase and
structural aspects of Cu,WS,4 and Cu, WS4/rGO were analyzed
by an X-ray diffractometer (XRD) Rigaku with a scan rate of
3°/min and recorded a 26 range of 10 to 90°. The morphologies
of the sample Cu,WS4/rGO were examined by field emission
scanning electron microscopy (FESEM) using ZEISS (EVO
LS 15, Germany) instrument, whereas the elemental dispersive
X-ray (EDX) analysis was performed with the help of AMETEK,
Z2-17 analyzer (USA). Further, the insight morphologies and
their crystalline nature analyses were also carried out by high
resolution transmission electron microscopy (HRTEM, FEI).
Fourier transform infrared spectra (Bruker Optic, Germany,
TENSOR 27) were used to evaluate the bonding site of Cu, WS,/
rGO materials.

Photocatalytic activity: The photocatalytic performance
of the prepared materials, pure and nanocomposite, was eval-

uated by reactive black-5 dye solution (ImM) under a 500 W
tungsten lamp providing visible light. In brief, 10 mg of catalyst
was dispersed in 1 mL of dye solution and made up the volume
to 100 mL of water. First, the beaker containing solution was
stirred without any light sources, then the beaker containing
solution was placed in the 500 W halogen lamp lights with an
approximate distance of 15 cm. Also, two colling fans were
fixed when the lights were on, and samples were collected
after every 10 min and recorded for UV-Visible spectroscopy.
Following this investigation, the photocatalyst was removed,
The following equation was used to determine the effective
percentage removal of dye as follows:

Removal (%) = COC x100

o
where C, and C are the initial concentration and the concen-
tration of the dye before and after degradation, respectively.
Langmuir-Hinshelwood kinetic model was carried out for
the degradation analysis and can be represented as:

KC
1+KC
where, R and C are the specific degradation reaction rate (mg/
min) and the concentration of dye (mg), respectively. The k
and K are the reaction rate constant (min) and the dye
adsorption constant, respectively. Besides, the C is small, the
above mentioned equation and obtained apparent pseudofirst-
order equation is:

_dC_ KKC
dt 1+KC

C
—In [C—j = kappt

Antibacterial activity: The antibacterial activity of the
material (Cu,WS4/rGO) was determined by disk diffusion method.
The two microorganisms i.e. Staphylococcus aureus (Gram
+ve) and Pseudomonas aeruginosa (Gram -ve) was used in this
study. The antimicrobial activity was evaluated by measuring
the diameter of inhibition zone. The Mueller-Hinton agar, with
0.5% (v/v) Tween-20 but no oil, was used as a growth control.
Inoculated plates were incubated at 35 °C for 48 h. Minimum
inhibitory concentrations (MICs) were determined after 24
and 48 h. The assay was carried out in triplicates and control
plates were also maintained.

RESULTS AND DISCUSSION

XRD studies: The synthesized Cu,WS,4 and Cu, WS./rGO
nanocomposite with XRD patterns are demonstrated in Fig.
1. The observed XRD results showed peaks at 17.6°, 18.5°,
29.1°,31.2°,37.5° 41.2°,49.2°, 50.7°, 59.5°, 62.1° and 65.6°,
which correspond to (002), (011), (112), (013), (022), (220),
(024), (222), (125), (231) and (134) plane, respectively. The
results are well matched with the standard pattern of Cu, WS,
materials (JCPDS no. 98-009-8909), indicating the tetragonal
crystal system along with the space group of [42m. Notably,
compared with Cu,WS,, the Cu,WS./rGO nanocomposite




2574 Perumal et al.

Asian J. Chem.

Cu,WS,/rGO

-
=
©
”’
>
=
7))
c
(]
el
S[s=

- 8 : -

S JCPDS no. 98-009-8909 1

i Y < ]

Nc O -

N Nmm

LR
10 20 30 40 50 60 70 80
20 (degree)

Hydrothermally obtained sample of the XRD of Cu,WS, and
Cu,WS./rGO

Fig. 1.

showed an altered intensity, which suggests the combination
of rGO is greatly anchored over the Cu,WS4/rGO material.

FTIR studies: The FT-IR spectra of the prepared Cu, WS,
and Cu, WS4/rGO samples are shown in Fig. 2. The O-H stretching
vibration has its distinctive peak in the pure Cu, WS, sample
at 2633 cm™. Additionally, the peaks at 2326, 2097 and 641
cm’! correspond to the stretching vibrations of C=0, C-OH,
and C-O-C, respectively [29]. The elimination of various oxygen
functions greatly decreased the principal absorption peak inten-
sities for the rGO sample, demonstrating that the hydrothermal
procedure partially reduces GO [30]. The stretching and bending
vibrations of the Cu-S and W-S bonds are represented by the
peaks in the range of 1114-641 cm™, respectively. With small
peak shifts to the low wavenumbers, the main characteristic
peaks of rGO and Cu, WS, were observed. These changes demo-
nstrated that rGO and Cu,WS, counterparts formed intimate
interfacial contact. Additionally, the low concentration is to
blame for the removal of the rGO peak in the Cu, WS, nano-
composites.

Morphological studies: In Fig. 3(a-b), the morphology
of the synthesized composite material is depicted as having a
cauliflower-like shape, whereas Fig. 3(c-d) show the FE-SEM
images of Cu,WS, composites, which has a distinct structure

F obe7
u WS4/rGO

Transmittance (a.u.)
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Fig. 2. FT-IR spectra of Cu,WS, and Cu,WS,/rGO

from the composite material. The TEM images of the prepared
Cu, WS4/rGO nanocomposite are shown in Fig. 4(a-c), which
depicts the sheet-like structure. In Fig. 4d, the SAED pattern
of Cu,WS4/rGO is shown with interplanar spacing of about
0.29 nm, which corresponds to the (113) lattices. The appear-
ance of the homogenous structure indicates the existence of
the strong interaction between the Cu, WS, and rGO. The EDX
mapping analysis was done to examine the elemental distrib-
ution in the Cu, WS, nanocomposite. The elements Cu, W, S,
O and C are uniformly distributed throughout the nano-
composite, according to the EDX data shown in Fig. 5a, further
demonstrating the sample’s purity.

Optical properties: The visible light range is well absorbed
by both samples. Further evidence that rGO is not integrated
into the crystal lattice of Cu,WS, as provided by the composite
sample’s virtually identical absorption to that of pure Cu,WS./
rGO, which is compatible with the XRD studies [21]. The
computed band gap energies for the Cu, WS, and Cu, WS,/rGO
nanocomposites, respectively, were 2.6 and 1.6 eV using Tauc’s
plots [22]. According to the UV-Vis DRS spectra (Fig. 6), the
successful integration of rGO lowers the band gap and imp-
roves the nanocomposite’s capacity to absorb visible light,
which is advantageous for better photocatalytic activity.

Photocatalytic degradation studies: The reactive black-5
(RB-5) dye solutions containing catalysts were agitated in the
dark for 30 min prior to being exposed to visible light in order
to achieve the adsorption desorption equilibrium. The absence
of photocatalyst in the aforementioned investigations demons-
trated that the degradation of RB-5 dye did not occur during
the light exposure, suggesting a limited occurrence of photo-
lysis for RB-5 dye [28]. The Cu,WS4/rGO had increased photo-
catalytic activity in compared to pure Cu,WS,, as observed in
Fig. 7a.

The pseudo-first-order kinetics of RB-5 dye photodegra-
dation using Cu,WS./rGO nanocomposites is well described
by the equation: In(C/C,)= -kt, where C, is the initial concen-
tration of dye; C represents the concentration of dye at given
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Fig. 3. SEM images of (a,b) Cu,WS4/rGO and (c,d) Cu, WS,
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Fig. 4. TEM images of (a,b,c) Cu;WS4/rGO and (d) Cu;WS4/rGO
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Fig. 5. EDX images of the Cu,WS,

time intervals t; and k is the pseudo-first-order rate constant
[22]. The aspect of reusability holds significant importance in
the practical application of photocatalysts. Thus, in order to
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assess the stability of the prepared Cu, WS./rGO photocatalyst,
the recycling experiments (n = 4) were performed under the
identical conditions. As can be seen in Fig. 7b, the photocatalyst
activity decreases by roughly 22% after five cycles of exposure
to visible light.

Photocatalytic mechanism: The findings obtained from
the DRS UV-Vis analysis, along with previous reports, have
contributed to the proposal of a potential mechanism. The
following equations were used to determine the Cu, WS./rGO
valence band (VB) and conduction band (CB) edge potentials
[22,31].

EVB =X- Ee + OSEg
Ecs =Evs — E,

where 7 is the free electron energy of the hydrogen scale (4.5
eV), E, is the band gap energy of the semiconductor (2.6 eV
for Cu;WS,). As aresult, the VB and CB potentials of Cu, WS,
material were determined to be 2.6 eV (Evg) and -1.13 eV (Ecg),
respectively [19]. Thus, Cu,WS, is a material that can be stimu-
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Fig. 6. DRS UV-vis spectrum of (a) Cu,WS, and (b) Cu,WS4/rGO
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lated to produce electrons and holes when exposed to visible
light. In Cu,WS4/rGO nanocomposite, the RGO can function
as an efficient electron transfer medium, resulting in the effective
charge separation and increasing the activity of photocatalyst
[22]. As aresult, the Cu, WS4 nanocomposites with rGO incor-
poration exhibit greater photocatalytic activity toward the
reactive black-5 (RB-5) dye degradation.

Antibacterial activity: The antibacterial activity of the
material is proportional to the particle size, with higher activity
being displayed by smaller particles due to their greater surface
area. Fig. 8(a-b) displays the lack of antibacterial action of
Cu,WS4/rGO against Staphylococcus aureus and Pseudomonas
aeruginosa after 12 h. However, the antibacterial activity was
detected in the same material under the same condition after
48 h of treatment (Fig. 8c-d). Thus, these bacteria are suscep-
tible to the antibacterial properties of the prepared Cu, WS4/
rGO material.

Fig. 8. (a,b) Antimicrobial activity of the Staphylococcus aureus and
Pseudomonas aeruginosa for Cu;WS4/rGO at 12 h there is no
activity present. The same material at same condition treated with
48 h the materials showed some degree of antibacterial activity
found (c,d). Resulting that the materials Cu,WS4/rGO shows
antibacterial activity against the investigated bacterial strain

Conclusion

In this study, the hydrothermal synthesis of Cu,WS, and
Cu, WS4/rGO nanocomposite was achieved. SEM and TEM
analyses confirmed that the Cu, WS, nanocomposite were uni-
formly and effectively adhered to the rGO sheets. The Cu, WS4/
rGO nanocomposites demonstrated excellent photocatalytic
degradation toward the degradation of the reactive black-5 (RB-
5) dye when exposed to the visible light. The prepared Cu, WS./
rGO nanocomposite also showed the promising results in the
antibacterial investigations.
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