
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
M

ay
 2

02
1.

 D
ow

nl
oa

de
d 

on
 2

/7
/2

02
6 

6:
02

:3
9 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Interface enriche
aFunctional Materials and Energy Devices

Nanotechnology, SRM Institute of Science a

India. E-mail: aravindharri@gmail.com; m.
bNanotechnology Research Center (NRC), Fa

Institute of Science and Technology, Chenna
cDepartment of Physics, Periyar University, S
dGraduate School of Science and Technology

Ku, Hamamatsu, Shizuoka 432-8011, Japan

† Electronic supplementary informa
10.1039/d1ra01941d

Cite this: RSC Adv., 2021, 11, 19283

Received 11th March 2021
Accepted 26th April 2021

DOI: 10.1039/d1ra01941d

rsc.li/rsc-advances

© 2021 The Author(s). Published by
d highly interlaced layered MoS2/
NiS2 nanocomposites for the photocatalytic
degradation of rhodamine B dye†

S. Harish, *a P. Bharathi,a Prachi Prasad,a R. Ramesh, c S. Ponnusamy,a

M. Shimomura, d J. Archana a and M. Navaneethan *ab

In the past few decades, air and water pollution by organic dyes has become a serious concern due to their

high toxicity. Removal of these organic dyes from polluted water bodies is a serious environmental concern

and the development of new advanced photocatalytic materials for decomposing organic dyes can be

a good solution. In this work, layered molybdenum disulfide/nickel disulfide (MoS2/NiS2) nanocomposites

with various NiS2 content was synthesized by a one-step hydrothermal method using citric acid as

a reducing agent. The X-ray diffraction pattern shows the hexagonal and cubical crystal structure of

MoS2 and NiS2, respectively. Morphological analysis confirms the formation of MoS2/NiS2 nanosheets.

The elemental composition of the samples was carried out by XPS, which shows a significant interaction

between NiS2 and MoS2. The photocatalytic performance of MoS2/NiS2 nanocomposites was studied by

the degradation of rhodamine B (RhB). Ni-4 sample shows higher photocatalytic activity with

a maximum degradation of 90.61% under visible light irradiation for 32 min.
1. Introduction

Almost 15% of the net dye production is released in textile
effluents into water bodies resulting in an unbalanced aquatic
ecosystem and water pollution.1 Photocatalysis is one of the dye
degradation method which has attained more attention due to
its large-scale applicability. Various semiconducting metal
suldes such as MoS2, ZnS, CdS and CuS have been examined to
degrade the pollutants using solar energy.2–6 It mainly depends
on several factors such as photon absorption ability, separation
of ions, and transport rate of the photogenerated electrons and
holes in the presence of light energy. Unique properties of MoS2
such as tunable bandgap, reliability, low cost, thermal stability,
excellent electronic7,8 and optical properties which severs as
potential material for photocatalysis, biosensors, memory,
capacitors and other electronic devices.9,10

The 2-D layered structure of MoS2 explored more due to its
higher adsorption ability towards the degradation of organic
compounds. The versatility of MoS2 is endorsed by its unique
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layered structure with weakly coupled S–Mo–S sheets that
makes the material extremely potential candidate. The bond
within the layers are highly covalent, whereas the interaction
between the adjacent layers are remarkably weak van der Waal's
interaction.11 This contributes to facile basic cleavage and
marked anisotropy property to the crystal structure. Essentially,
the layered MoS2 structure possesses a large surface area and
massive active sites and tunable bandgap, which can provide
sufficient contact for effective photocatalytic reactions.
However, the photocatalytic property of MoS2 was limited due to
the rapid recombination of photoinduced electrons (e�) and
holes (h+).12 The close contact between MoS2 and NiS2 will
remarkedly improve the conductivity and provide synergistic
effect, further leading to increase in catalytic activity. The
unique structure of these materials can provide more active
sites and higher contact areas with organic pollutants. The
formation of heterostructure distinctly decrease the recombi-
nation rate which enhances the photocatalytic performance.13,14

Many researchers have synthesized various composites with
MoS2 to increase the degradation efficiency and to reduce the
recombination rate. Yong Ding et al. synthesized MoS2/rGO
composite hydrogel by hydrothermal method and obtained
99% of degradation of methylene blue in 60 min.15 Hui Feng
et al. have synthesized ZnS/CdS–Mn/MoS2/TiO2 by simple
hydrothermal method followed by SILAR. It showed good
stability towards MO dye under solar light irradiation with the
removal rate of 98% in 100 min.16 Wei Yang Lim et al. has
studied the interaction of ZnIn2S4/transition metal chalcogen-
ides for dye degradation. Among them, the ZnIn2S4/MoS2
RSC Adv., 2021, 11, 19283–19293 | 19283
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composite exhibits superior MO degradation under visible light
irradiation.17 Xin Li et al. demonstrated a MoS2/SnS hetero-
structure for promising photocatalytic performance using rst
principle investigation. This composite has formed type-II het-
erostructure which facilitates the spatial separation and
migration of photoexcited electron–hole pairs under solar light
irradiation.18

Xuan Chen et al. have synthesized MnS/MoS2 nanolayered
heterojunction for the degradation of RhB dye. Compared to
pristine MnS, MnS/MoS2 composites showed 161% enhance-
ment in photocatalytic performance.19 Xing-Liang Yin et al. have
prepared CdS@MoS2 core@shell heterostructure by facile sol-
vothermal method. The retarding charge recombination and
photo corrosion of CdS@MoS2 leads to high efficiency and
stability over RhB photocatalytic dye degradation.20 Yaqing
Yang et al. proposed the fabrication process of MoS2–Ni3S2
hetero-nanorods supported by Ni foam MoS2–Ni3S2 HNRs/NF
via hydrothermal method. The well-exposed active sites of
Ni3S2 and MoS2 and their heterointerfaces paved the enhanced
activity of HER, OER, and overall water splitting.21 In another
work, Molla et.al. has synthesized nickel sulde nanoparticles
with tunable bandgap and examined the degradation of various
organic dyes (crystal violet (CV), rhodamine B (RhB), methylene
blue (MB), Nile blue (NB), and black T (EBT)) in the presence
and the absence of light.22–24

In addition to that the MoS2/NiS2 structure may involve
highly dispersed MoS2 nanosheets. Considering this, such
dispersed nanosheets can be efficiently used to control the
recombination rate in MoS2 as it is forming numerous nano
interfaces with NiS2. Till date, there are no studies on photo-
catalytic dye degradation based on MoS2/NiS2 nanocomposites.
In this work, the facile synthesis of MoS2/NiS2 nanocomposites
was carried out by the hydrothermal method with different
concentrations of Ni precursors. The photocatalytic activity of
the samples is evaluated by the degradation rate of rhodamine B
under visible light irradiation.
2. Experimental section

All the chemical reagents were of analytical grade and used
without any further purication. Sodium molybdate dehydrate
(Na2MoO42H2O), nickel acetate (Ni(CH3CO2)2$4H2O), thio-
acetamide (C2H5NS), and citric acid (C6H8O7), were purchased
from Wako Chemicals, Japan.
Fig. 1 XRD patterns of MoS2/NiS2 nanocomposites with varied NiS2
contents.
2.1. Synthesis of MoS2/NiS2 nanocomposites

In a typical reaction, 0.04 M of sodium molybdate dihydrate
and 0.08 M of thioacetamide was dissolved in 50 mL of DI-
water. Then 0.04 M citric acid was added into the above
solution and it allowed to stir overnight with the addition of
different concentration of nickel acetate. Finally, the mixture
was transferred into a Teon-lined autoclave and maintained
at 180 �C for 24 h. The obtained precipitate was separated by
centrifugation and washed several times with DI-water and
ethanol. The obtained product was dried at 80 �C for 10 h. The
sample denoted as Ni-1 (0.005 M), Ni-2 (0.010 M), Ni-3 (0.015
19284 | RSC Adv., 2021, 11, 19283–19293
M) and Ni-4 (0.02 M) respectively. The same procedure was
followed to synthesis MoS2 without nickel addition and
denoted as MoS2.
2.2. Characterization of MoS2/NiS2 nanosheets

The structure of the product was characterized by a Rigaku X-ray
diffractometer (XRD) (RINT 2200, Japan) with CuKa (l ¼ 1.5418
Å) radiation with a step interval of 0.02� s�1. The morphological
analysis was carried out by a eld emission scanning electron
microscope (FESEM) (JEOL JSM 7001F microscope) at an
accelerating voltage of 15 kV and a transmission electron
microscope (TEM) (JEOL JEM 2100F microscope) at an accel-
erating voltage of 200 kV. UV-vis spectroscopy analyses were
performed by a Shimadzu 3100 PC spectrophotometer (Japan).
X-ray photoelectron spectroscopy (XPS) was performed by
a Shimadzu ESCA 3400 (Japan).
2.3. Photocatalytic properties

The photocatalytic properties of synthesized samples were
examined by the photo-assisted degradation method using
rhodamine blue (RhB) as a model dye, at room temperature
under a xenon light source (MAX-303, Asahi Spectra) as a source
of visible-light irradiation. Before light irradiation, the RhB
solution was prepared by adding 2 mg dye in 100 mL DI water,
then a known amount of photocatalyst was added and the
mixture was stirred under the dark condition to stabilize and
equilibrate the adsorption of RhB onto the surface of the cata-
lyst. The reaction mixture was then allowed to stir under the
visible lamp which was positioned at 15 cm above the reaction
mixture. At regular time intervals, 6 mL of the suspension was
collected, centrifuged, and analyzed by a UV-vis spectrometer
(Shimadzu 3100 PC spectrophotometer, Japan). The degrada-
tion of RhB was quantied from the decrease in the intensity of
© 2021 The Author(s). Published by the Royal Society of Chemistry
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the associated characteristic absorption. The photodegradation
percentage of RhB was calculated using the following equation:

Dð%Þ ¼ ðCt � C0Þ
C0

� 100

where C0 and Ct are the concentrations of RhB at time 0 and t
(s), respectively, and t is the irradiation time. The catalyst was
regained by centrifugation and re-dispersed in the RhB solution
for the recycling tests.
Fig. 2 XPS spectra of Mo 3d peak of MoS2/NiS2 nanocomposites with v

© 2021 The Author(s). Published by the Royal Society of Chemistry
3. Results and discussion
3.1. Structural properties

The structural analysis of the samples was performed by powder
XRD. Fig. 1 shows the XRD pattern of MoS2 and MoS2/NiS2
nanocomposites. The characteristic peaks of the pure crystal-
line hexagonal phase of MoS2 (molybdenite, JCPDS card no.024-
0513) with lattice constants of a ¼ b ¼ 3.16 Å, c ¼ 12.29 Å,
respectively are observed at 2q¼ 14.2�, 32.5�, 35.2�, 44.3�, 57.4�,
aried NiS2 contents.

RSC Adv., 2021, 11, 19283–19293 | 19285
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which can be assigned to (002), (100), (102) and (110) planes.2 As
the concentration of Ni was increased, the plane intensity of
pure MoS2 (002), (100), (102) and (110) peaks were also
increased. The plane (100) of MoS2 gets slightly shied to
a lower value and appears to merge with the NiS2 (200) peak. It
indicates that S has the same contribution to both MoS2 and
NiS2. The NiS2 diffraction plane (200), (210), (220), and (222)
were observed which corresponds to the cubic structure of NiS2
(JCPDS 065-3325).25 No other impurities have appeared.

3.2. Optical properties

The UV-vis spectra of all the prepared samples have been shown
in Fig. S1.† The spectra showed a strong excitation peak at the
visible region and aer the introduction of NiS2, samples
signicantly extended towards the higher wavelength as
compared to the pure sample. The absorbance peak value of
pristine MoS2 was observed at 760 nm.26 The electrons were
easily transformed from MoS2 to NiS2 due to the formation of
heterostructure.27

3.3. Chemical compositional properties

The elemental composition analysis of the samples was carried
out by XPS. The high-resolution XPS spectra of the Mo 3d and S
2p peaks of all samples (MoS2–Ni-4) are demonstrated in the
Fig. 2 and 3. The core level spectra of Mo 3d peaks conrm, two
asymmetric peaks centred at 230.9 eV and 227.6 eV corre-
sponding to the Mo 3d3/2 and 3d5/2 state with spin–orbit split-
ting energy difference of 3.3 eV.28 Aer the formation of MoS2/
NiS2 composite, the peak position of Mo 3d has slightly shied
towards higher value from 227.6 eV to 227.7 eV and 230.9 eV to
Fig. 3 XPS spectra of S 2p peak of MoS2/NiS2 nanocomposites with var

19286 | RSC Adv., 2021, 11, 19283–19293
231.0 eV. These small shi attributed to the interaction of NiS2
and MoS2. Fig. 3 shows S 2p core-level spectra, in which the
deconvoluted two asymmetric peaks at 161.1 eV and 162.4 eV
are present, which corresponds to 2p3/2 and 2p1/2 and it indi-
cates the formation of divalent sulde ions (S2�), with the
separation energy of 1.3 eV. Aer the incorporation of NiS2, the
peaks 2p3/2 and 2p1/2 shied to higher binding energy from
161.1 eV to 161.2 eV and 162.4 eV to 162.6 eV respectively with
a peak splitting of 1.4 eV. This implied the existence of strong
electronic interaction between Mo–S and Ni–S in MoS2/NiS2
nanocomposites. The S 2p3/2 peak was attributed to the typical
metal–S bond, and S 2p1/2 corresponds to the sulfur defects.29

Among all other samples, the intensity of S 2p1/2 (Ni-4) was
slightly increased due to the sulfur vacancy aer the incorpo-
ration of 0.02 M Ni. This plays a vital role in the photocatalytic
reactivity which enhances the degradation percentage.30

The survey spectra of all the prepared samples are shown in
Fig. S2(a).† It conrms the contribution of the elements without
any impurities. The high-resolution spectra of the Ni 2p are
showed in the Fig. S2(b).† The two asymmetric peaks are cen-
tred at 853.5 eV and 870.5 eV which corresponds to Ni 2p3/2 and
Ni 2p1/2, respectively. This species the presence of Ni4+ state
with the separation energy of 17 eV.31 As the concentration of
NiS2 increases, the peak intensity of Ni 2p states also increase
from Ni-1 to Ni-4 sample. Thus, XPS spectra provided evidence
of the signicant formation of NiS2 and MoS2 nanocomposites.
3.4. Morphological properties

The surface morphology of the prepared samples was charac-
terized by FESEM, as shown in Fig. 4(a–e1). The morphology of
ied NiS2 contents.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (a–a1) FESEM images of MoS2, (b–e1) FESEM images of MoS2/
NiS2 nanocomposites with varied NiS2 contents.

Fig. 5 (a–a1) HRTEM images of MoS2, (b–e1) HRTEM images of MoS2/
NiS2 nanocomposites with varied NiS2 contents.
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the pristine MoS2 (Fig. 4(a and a1)) indicates the formation of
spherical particles composed of nanosheets. Fig. 4(b–e1) reveals
the morphology of MoS2/NiS2 composites (Ni-1–Ni-4). The
spherical shape-like sheets are tends to agglomerate with an
increase in the concentration of NiS2. The HRTEM images of the
prepared samples are shown in Fig. 5(a–e1). The crystallinity
nature of pure MoS2 has been increased with addition of NiS2.
Fig. 5a1 shows interplanar distance of 6.4 Å which corresponds
to the plane (0 0 2) of MoS2. The interlayer distance for NiS2
shows around 2.8 Å which is corresponds to the plane (2 0 0)
(Fig. 5b1). Fig. S3† implies the EDS mapping of MoS2/NiS2
nanocomposite of sample Ni-4. It conrms the uniform distri-
bution of molybdenum, sulfur and nickel in the nanocomposite
matrix.30,32
© 2021 The Author(s). Published by the Royal Society of Chemistry
Based on the above results, growth mechanism has been
proposed in Fig. 6. The formation of MoO3 and S2� ions ob-
tained from the decomposition of sodium molybdate and thi-
oacetamide. The reduction of Mo6+ to Mo4+ achieved at high
RSC Adv., 2021, 11, 19283–19293 | 19287
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Fig. 6 Schematic representation of reaction mechanism.
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temperature (180 �C). Mo4+ reacts with S2� to form MoS2
nanosheets.33 In the case of MoS2/NiS2 composite, aer the
addition of Ni ions into the MoS2 matrix, this leads to the
growth towards (1 0 2) direction which was evident from the
XRD results. Further increase in the Ni concentration, MoS2
sheets shows more surface clearance and active edge sites
which plays major role in photocatalytic activities.
3.5. Photocatalytic properties

Photocatalytic decomposition analysis was performed against
RhB (target pollutant) dye using MoS2 and MoS2/NiS2 catalysts
Fig. 7 (a) Plot of dye degradation (%) versus time and (b) plots of ln(C0/

19288 | RSC Adv., 2021, 11, 19283–19293
under visible light irradiation. Before the photocatalytic degra-
dation, adsorption–desorption equilibrium is achieved, and the
concentration of RhB aer adsorption is considered as the
initial absorbance of RhB. The initial absorption peak centred
at 554 nm gradually tends to decrease with the increase in
irradiation time. The degradation prole has been plotted as
time (t) versus C/C0, where, C0 is the initial concentration of RhB
and C is the concentration of RhB concerning time t. Fig. 7(a)
represents the maximum degradation percentage of the
samples with respect to time. Aer 36 min of irradiation, the
RhB was decomposed about 81.78%, 75.74% and 90.61% for
MoS2, Ni-2 and Ni-4 samples, respectively. It was evident that
Ct) as a function of time (min) of MoS2/NiS2 nanocomposites.

© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra01941d


Fig. 9 Effect of RhB degradation over MoS2/NiS2 in the presence of
various scavengers.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
M

ay
 2

02
1.

 D
ow

nl
oa

de
d 

on
 2

/7
/2

02
6 

6:
02

:3
9 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
the degradation percentage considerably increased for Ni-4
sample.34 For the comparison, photocatalytic performance was
carried out for Ni-4 sample under direct solar light (Fig. S4†).
The results obtained aer 32 min conrms the degradation
percentage of RhB was around 83.5% under direct solar light,
which was less compared to the activity under xenon light
source. The xenon light-driven photocatalyst shows the best
activity due to more photon emission. To investigate whether
the process obeyed pseudo-rst-order kinetics, plots of ln(C0/Ct)
versus irradiation time for the adsorption and degradation of
RhB on MoS2/NiS2 nanocomposites was examined. Fig. 7(b)
shows the linear relationship for ln(C0/Ct) plotted against irra-
diation time.

Based on the obtained results, the proposed photocatalytic
mechanism for the RhB dye degradation by photocatalyst MoS2/
NiS2 composites are shown below.

MoS2/NiS2 + hn / NiS2 (h
+) +MoS2 (e

�) (1)

O2 + e� / cO2
� (2)

H2O + h+ / cOH + H+ (3)

cO2
� + H2O / cHO2 + OH� (4)

cHO2 + H2O / H2O2 + cOH (5)

H2O2 / 2cOH (6)

cOH + RhB / CO2 + H2O + NO3
� + NH4

+ + Cl� (7)

The schematic (Fig. 8) illustrates the charge transfer mech-
anisms of MoS2/NiS2 under visible light irradiation. MoS2 has
a narrow bandgap (1.9 eV) semiconductor with a work function
of 4.52 eV, whereas NiS2 has a narrow bandgap semiconductor
with a work function of 4.5 eV. Interface charge transfer
mechanisms plays vital role in the degradation of organic
pollutants. In MoS2/NiS2 nanocomposites, the number of
interfaces has been increased with an increase in the concen-
tration of NiS2. Intercalation of NiS2 in MoS2 provides grate
number of photogenerated electron–hole pairs.35 Under visible
Fig. 8 Schematic charge transfer mechanism of MoS2/NiS2 nanocompo

© 2021 The Author(s). Published by the Royal Society of Chemistry
light irradiation, electrons are excited from the valance band of
NiS2 to the conduction band, leaving behind holes in the
valence band. The photoinduced electrons in the conduction
band of NiS2 were transferred to the conduction band of MoS2,
which acted as a photoelectronic receiver. The photogenerated
holes reacted with either water (H2O) or hydroxyl ions (OH)
adsorbed onto the catalyst surface to produce hydroxyl radicals
(cOH), and the photogenerated electrons reacted with oxygen
(O2) to form superoxide radicals (cO2). Consequently, both OH,
and cO2 radicals can decompose the organic compounds which
converts into CO2, H2O and other inorganic molecules as
harmless compounds.36

To elucidate the photocatalytic activity under visible light,
active species generated during the reaction were identied by
free radical and hole scavenging experiments, which was shown
in Fig. 9. Hydroxyl radical (cOH), holes (h+) and superoxide
anions (O2

�c) are the possible active species in the photo-
degradation of organic pollutants. To detect the active species
during the photocatalytic reaction, benzoic acid (BA), sodium
salt of ethylenediamine tetraacetate (EDTA) and potassium
persulfate (K2S2O8) were introduced in the catalyst solution as
sites.
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Fig. 10 Reusability of Ni-4 photocatalyst towards the degradation of
RhB.

Fig. 11 Electrochemical impedance spectroscopy of MoS2/NiS2
nanocomposites with varied NiS2 contents.
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scavengers of hydroxyl radical, hole and superoxide radical
anion, respectively.37 Fig. 9 represents the photodegradation of
RhB catalysed by MoS2/NiS2 (Ni-4) in the presence of these
Table 1 Comparative photocatalytic performance of MoS2/NiS2 with ot

Material Morphology
Dye concentration
(mg L�1) Lig

MoS2 Porous microspheres 10 10
MoS2–TiO2 Nanoparticles and nanocrystals 5 UV
ZnO/V2O5 Nanoparticles 10 —
MoS2/C3N4 Nano sheets 5 30
Fe/Co doped TiO2 Agglomerated particles 20 50
CdS Quantum dots 20 ppm 12
MoS2/NiFe Nanosheets 20 ppm UV
g-C3N4 Nanosheets 200 ppm 12
MoS2/LaFeO3 Nanosheets 20 Di
MoS2/NiS2 Nanosheets 20 40

19290 | RSC Adv., 2021, 11, 19283–19293
various scavengers under visible light illumination. Compared
with the scavenger free system, the dye degradation efficiency in
the presence of cOH scavenger was 89%. In contrast, the reac-
tion with the addition of EDTA scavenger was nearly inhibited
with 48% of RhB degradation aer 32 min. To further deter-
mine the degradation mechanism, another experiment was
performed under BA scavenger. The photocatalytic activity was
considerably reduced in the presence of the O2

�c scavengers,
where 59% RhB was degraded in 32 min. These results strongly
suggest that hydroxyl radicals, holes and superoxide radical
anions contributed to degrade the organic pollutant where hole
(h+) radical are the major oxidative species, responsible for the
photooxidative conversion of RhB.38,39

Fig. 10 shows the reusability of Ni-4 photocatalyst towards
the degradation of RhB examined over four cycles under visible
light irradiation. Aer the photocatalysis experiment, the cata-
lyst was separated from the reaction mixture by centrifugation
and the concentration of the dye solution was adjusted to its
initial value. Photocatalysts are reused for four cycles and the
obtained degradation values are 90.61, 90.58, 90.5 and 89.92%
for rst, second, third and fourth cycles, respectively. It
demonstrated that the synthesized sample can be used for
multiple cycles in the photocatalysis process. In addition to
that, we have investigated the structural property of the used
catalyst (aer the 4th cycle) by XRD analysis which was shown in
Fig. S5.† The obtained XRD pattern exhibited the same peak
positions as before the photocatalysis process which conrms
the stability of the synthesized sample.

The interaction mechanism of an electron in the catalyst and
electrolyte solution using electrochemical impedance spec-
troscopy (EIS) has been investigated. The measurement was
studied using a three-electrode electrochemical cell (working
electrode/reference electrode/counter electrode) with an alka-
line electrolyte solution. Fig. 11 shows the Nyquist plot of the
symmetric cells with different CEs and relevant equivalent
circuit of respected cells. The charge transport resistance of the
catalyst was calculated as 120 U for MoS2, 100 U for Ni-2, and 95
U for Ni-4, respectively. The sample Ni-4 shows a low resistance
value when compared with other samples, which clearly shows
that sample Ni-4 has a more electrical and electrochemical
property which was well-matched with dye degradation
results.40
her similar photocatalysts

ht source Dye
Degradation
(%)

Time taken
(min) Ref.

0 W xenon lamp MB 89.2 150 38
lamp MB 61 100 14

MB 83 150 41
0 W xenon lamp MO and RhB — — 42
0 W Xe lamp RhB 65 240 43
5 W Hg lamp RhB 82 60 44
lamp RhB 90 120 45

5 W Hg visible lamp RhB 90.2 60 46
rect sunlight RhB 94 60 47
0 W xenon lamp RhB 90.6 32 This work

© 2021 The Author(s). Published by the Royal Society of Chemistry
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In 2-D layered materials, the size of the ultrathin nanosheets
reason for the shortened transport distance, which results in an
enhancement of charge transfer process. The driving force due
to the internal electric eld which results from the construction
of semiconductor heterojunctions enables the separation and
migration (transmission) of photogenerated carriers. The
separation of electron–hole pairs can be efficiently promoted via
the formation of 2D/2D architectures with a large contact area
and a profound interface between them.47,48 Previous investi-
gations on similar materials employed for the degradation of
organic pollutants are listed and compared in Table 1. Among
them, MoS2/NiS2 composites studied in this work showed
a maximum degradation efficiency of about 90.61% with
a degradation time of 32 min.
4. Conclusion

The layered molybdenum disulde (MoS2) and molybdenum
disulde/nickel disulde (MoS2/NiS2) nanocomposites were
synthesized by hydrothermal method. The XRD patterns
revealed the formation of hexagonal MoS2 and cubic NiS2. The
morphological analysis conrmed the presence of layered MoS2
nanostructures and interlaced MoS2/NiS2 nanostructures. The
photocatalytic activity of MoS2 and MoS2/NiS2 nanocomposites
were studied against the degradation of RhB under visible-light
irradiation. The maximum degradation efficiency of 90.61%
was observed in 32 min for (Ni-4) MoS2/NiS2 nanocomposite
sample.
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