
Vol.:(0123456789)

Journal of Electronic Materials (2024) 53:5193–5203 
https://doi.org/10.1007/s11664-024-11187-6

28TH INTERNATIONAL CONFERENCE ON NUCLEAR TRACKS AND RADIATION 
MEASUREMENTS

Photocatalytic Activity of MWCNT‑Reinforced MoS2 Nanosheets

Shweta1 · Varsha Singh2 · Vinamrita Singh3 · Sridharbabu Yarramaneni4 · Mohammad Ashiq5 · Kaushal Kumar1 · 
Prikshit Gautam6 · Arun Kumar1 

Received: 26 December 2023 / Accepted: 14 May 2024 / Published online: 13 June 2024 
© The Minerals, Metals & Materials Society 2024

Abstract
Two-dimensional transition metal dichalcogenides, especially MoS2, are widely exploited for their proficiency owing to the 
optimum energy band gap required for photocatalytic mechanism. However, the electron–hole pair recombination hampers 
the photocatalytic efficiency of pristine 2D MoS2. In this work, multi-walled carbon nanotubes (MWCNTs) are reinforced 
into 2D MoS2 nanosheets via an ultrasound-driven liquid exfoliation technique to synthesize an efficient photocatalyst. 
The resulting composite nanosheets are characterized structurally by high-resolution transmission electron microscopy 
(HRTEM), Fourier-transform infrared spectroscopy (FTIR), and Raman spectroscopy. The ultraviolet–visible (UV–vis) 
absorption and photoluminescence spectroscopy reveal changes in the band gap and the recombination rate probability of 
the photogenerated charge carriers, respectively. The photocatalytic performance of the composite nanosheets is investigated 
by photodegradation of methylene blue dye. The efficiency of the photocatalysts is studied for varying concentrations of 
the reinforcement. The values of rate constant (at 665 nm) are 0.0047 min−1 for pristine MoS2 nanosheets, 0.0171 min−1, 
0.0177 min−1, and 0.0183 min−1 for MoS2@MWCNT composite nanosheets of 2%, 4%, and 8% of MWCNT, respectively. 
The degradation percentage is 60%, 84%, 85%, and 86% for pristine MoS2, MoS2@MWCNT composite nanosheets of 2%, 
4%, and 8% of MWCNT, respectively. The results of the study show the enhanced degradation efficiency of the MoS2@
MWCNT composite nanosheets in comparison to pristine MoS2 nanosheets. Consequently, this work suggests an alternate 
hybrid of MoS2 with MWCNTs synthesized via a rapid, easy, cost-effective, and efficient route for superior degradation 
efficiency, which can be beneficial for engineering hybrid structures of MoS2 -based photocatalysts with promising potential 
for photocatalytic activities.
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Introduction

Water pollution caused by industrial effluents that contain 
harmful synthetic chemical dyes is a significant, global envi-
ronmental problem.1 Decomposing the hazardous compo-
nents in wastewater is a key concern of the present time 
since the dyes pose a threat to human health. It is obvious 
that proper treatment of these contaminants is crucial for 
both the environment and public health, given the potentially 
harmful impacts of such contaminations. Researchers have 
developed an interest in solar-driven semiconductor photo-
catalysts because the annual irradiation of 1.5 × 1018 kWh 
from the sun is over 28,000 times greater than the annual 
world energy consumption.2 The growing class of two-
dimensional materials, specifically transition metal dichalco-
genides (TMDs), has improved photocatalytic, photovoltaic, 
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and optoelectronic capabilities. TMD materials are com-
posed of layers of covalently bound atoms which are weakly 
stacked by van der Waals forces. They have the potential for 
novel scientific functionalities owing to the change in their 
properties as a result of the transition from their 3D to 2D 
form.1,3,4 Among TMDs, molybdenum disulfide (MoS2) is a 
typical representative of 2D material that shows promising 
photocatalytic behavior with favorable visible light response. 
Due to quantum confinement effects, 2D MoS2 exhibits 
promising properties like high charge mobility, low power 
dissipation, strong photoluminescence, etc.5. Moreover, the 
thickness-dependent tuneable optical band gap switches 
from indirect (~1.2 eV) to direct (~1.9–2.3 eV) and hence 
offers good optical response in ultraviolet–visible (UV-vis) 
range.6,7 Since ideal solar sensitizer catalysts must absorb a 
broad spectrum of radiation, including another photocatalyst 
with MoS2 , the aim of expanding the absorption range is 
reasonable for more efficient elimination of organic pollut-
ants from water. Maksoud et al.8 reviewed the nanocompos-
ites of MoS2 for different synthesis techniques, structures, 
and their viable applications in the field of water treatment 
and energy storage.

Among the various widely studied materials, carbon 
nanotubes (CNTs) are another class of material with many 
captivating properties and applications both in their pristine 
form and in composite forms, especially with MoS2. In 1991, 
the evolution of CNTs opened the pathways to innovative 
nanoscale technologies. CNTs are made up of carbon atoms 
tubular in shape with diameters in the nanorange and length 
up to microns, resulting in large aspect ratios.9 MWCNTs 
have been widely studied because of their interesting physi-
cal, electrical, optical, and chemical properties owing to 
their hollow one-dimensional structure.9,10 The interesting 
properties of CNTs are high tensile strength, low density 
or light weight, high conductivity, high thermal conductiv-
ity, high chemical and thermal stability, special electronic 
structures, and high elasticity.9 CNTs are exploited in many 
research areas including materials science, electronics, 
optics, nanotechnology, and nanomedicine. The reported 
applications of CNTs include transistors, biosensors, vac-
uum electronic devices, capacitors, membranes, drug deliv-
ery, water treatment, etc.9,10. In recent times, Zhang et al.11 
reviewed in detail the applications of CNT-based materials 
for photocatalysis. Another possible and seldom researched 
nanocomposite in the field of optoelectronics combines 
MWCNTs with MoS2.

A few of the available studies in the literature regarding 
the nanocomposites of MoS2 and CNTs are based on the 
energy harvesting properties of the combined material. 
MoS2/CNT hybrids may prove to be better catalysts for 
hydrogen evolution reactions (HER) and other practical 
supercapacitor applications. It is reported in the  litera-
ture that incorporating CNTs in the exfoliation process of 

MoS2 helps in better exfoliation by reducing the chances 
of restacking of nanosheets along with improved electro-
chemical applications.12 Cao et al.13 synthesized MoS2 
nanosheets on MWCNTs using a hydrothermal method and 
the heterostructures imparted enhanced HER performance. 
In another work, 2D MoS2 sheets are rolled over carbon 
nanotubes to form tubular structures for lithium storage 
applications.14,15 This is proposed as a multifunctional 
heterostructure for energy storage and energy conversion 
devices. Dastborhan et al.16 introduced a flower-like nano-
composite of MoS2 and CNTs and identified the profi-
cient sonocatalytic properties by showing the degradation 
of hydroxychloroquine (HCQ). Liu et al.15 demonstrated 
the use of liquid-phase exfoliated MoS2 nanosheets rein-
forced with single-walled CNTs for sodium ion batter-
ies. The composite material was reported to be low-cost, 
highly mechanically stable, and a high-capacity electrode 
material with high volumetric/areal loading. Yan et al.17 
reported the potential of a Co-MoS2/CNT catalytic mem-
brane for wastewater treatment which degraded RhB dye 
up to 80% within 1 h. In another work, CNTs/ZnO/MoS2 
nanocomposites were reported to exhibit considerable pho-
tocatalytic efficiency in degradation of aniline in aqueous 
solution under visible light illumination.18 Furthermore, 
there are some reports of the application of MoS2–car-
bon material composites for their optical and photocata-
lytic applications, especially for water remediation. For 
instance, Zou et al.19 presented a MoS2/rGO composite 
material for the successful degradation of ranitidine under 
the illumination of visible light. In another work, a unique 
photocatalyst of MoS2 and rGO, coated with red phos-
phorous, was synthesized to study the photodegradation 
of chromium (98.0%) and Rhodamine B (99.3%) within 
30 min.20 Gusain et al.21 presented a MoS2/MWCNT nano-
composite photocatalyst for the removal of cadmium and 
lead from industrial water. Liang et al.22 reported a com-
posite of MoS2 with carbon nanofibers as a commendable 
photocatalyst, synthesized via electrospinning. In the lit-
erature, there are a  few other studies regarding composites 
of MoS2 with graphitic carbon nitride for photocatalytic 
water remediation, which show the promising poten-
tial of the composites in the field of photocatalysis.23–26 
Thus, MoS2 and CNT composites are viable options for 
improved photocatalytic applications.

Notably, regarding the photocatalytic dye degradation 
performance, changes in the MoS2 response on reinforcing 
with MWCNTs have not been widely explored. In addition, 
to our best knowledge, liquid-phase exfoliated 2D MoS2@
MWCNTs nanocomposites for photocatalytic performance 
of methylene blue (MB) dye are not found in literature. 
In this context, pristine MoS2 nanosheets and MWCNT-
reinforced MoS2 nanosheets have been synthesized using 
ultrasound-driven liquid exfoliation for comparatively 
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studying the degradation of MB dye. The effect of varying 
the MWCNT concentration on the dye degradation has been 
analyzed to optimize the composition.

Experimental

Materials

Bulk MoS2 powder (atomic particle size 60–70 µm and 
purity 99.9%) and multi-walled carbon nanotubes (Ø: 
10–20 nm, length: 3–8 µm and purity 99%) were purchased 
from Nanoshel. Solvent N-methylpyrrolidone (NMP) with 
purity 99% of analytical grade was purchased from CDH.

Synthesis of MoS2@MWCNTs Nanosheets

The MoS2 powder was ground in an agate mortar pestle for 
4 h. While grinding, 0.1 mL NMP was added after every 
1 h to balance the evaporated solvent. The powder was then 
dried in an oven at 60°C before being divided into four 
equal batches: one for pristine MoS2 nanosheets and three 
in which MWCNTs were added to the powder in varying 
concentrations of 2%, 4%, and 8%. These were then stirred 
magnetically at 1000 rpm for 24 h in NMP solvent (with 
a concentration of 50 mg/mL). Thereafter, probe sonica-
tion (LABSONIC Probe Sonicator, 1200 W) was used for 
mechanical exfoliation of the samples. This process is 

carried out at 5°C for 2 h with an on/off cycle of 8/2 s. The 
sonicated solutions were allowed to sediment naturally after 
which the lighter exfoliated nanosheets were separated by 
a centrifuge (5000 rpm for 30 min). The 2/3rd portions of 
the supernatant of all the samples were decanted, result-
ing in  four samples with the details and coding shown in 
Table I. The synthesis procedure of the nanosheets is shown 
in Fig. 1.

Photocatalytic Degradation Experiment

The photocatalytic degradation of MB was examined under 
the exposure of UV and visible light lamps each of 300 
W. An amount of 10 ppm of MB dye solution was divided 
equally into four solutions of 40 mL each. Next, 20 mg of 
MoS2 and MoS2@MWCNT (2 M/C, 4 M/C, and 8 M/C) 
photocatalysts were added to the four separate dye solutions, 
which were then magnetically stirred for 30 min at 500 rpm 
under dark conditions to attain adsorption/desorption equi-
librium. Thereafter, the resultant samples were exposed to 
UV-vis light and the dye degradation response was investi-
gated by measuring the absorption spectrum of 3-mL solu-
tions collected every 30 min up to 120 min.

Characterizations

The absorption spectra of the samples were measured using 
a Shimadzu UV-3600i plus UV-VIS-NIR Spectrophotom-
eter to investigate the optical and photocatalytic proper-
ties of the exfoliated nanosheets. Raman studies and pho-
toluminescence emission spectra of the suspensions were 
acquired using WITec – ALPHA300 RAS Microscope with 
a 355-nm laser source after drying the samples on a glass 
slide. Fourier-transform infrared (FTIR) spectroscopy data 
were recorded from 400 cm−1 to 4000 cm−1 for structural 
analysis using a Perkin-Elmer Spectrum Two FTIR spec-
trometer. High-resolution transmission electron microscopy 
(HR-TEM; JEM-F200; JEOL) with selected area electron 
diffraction (SAED) was used for the morphological stud-
ies. For HRTEM, ~ 1 mg of dried nanocomposites were 

Table I   Coding of samples with details (2/4/8 refers to weight per-
centages of MWCNTs in MoS2 and M/C designates the composite)

Band gap of samples calculated by extrapolation of Tauc plots

Concentration of MWC-
NTs (wt%)

Sample coding Band gap (eV)

0 Bulk MoS2 1.4
0 Exfoliated MoS2 2.16
2 2 M/C 2.8
4 4 M/C 2.5
8 8 M/C 2.7

Fig. 1   Synthesis process of pristine MoS2 and MoS2@MWCNT composite nanosheets.
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sonicated in 1 mL isopropanol for 60 s and drop-cast on a 
300-mesh carbon-coated copper grid.

Results and Discussion

Structural Analysis

FTIR spectra analysis gives information of the structure 
in terms of existing functional groups. It is employed to 
confirm the coexistence of MoS2 and MWCNTs in the pre-
pared samples along with structural deformations, if any. 
Figure 2a shows the Mo-S stretching vibration located at 
467 cm−1, and the C=C stretching mode and ordered phase 
of MWCNTs at 1540 cm−1 and around 1600–1650 cm−1, 
respectively.27,28 In addition, another broad 1400–1675 cm−1 
band corresponds to the O-H bending vibrations, while the 
band from 3000 cm−1 to 3500 cm−1 may account for H-O-H 
stretching vibrations.29,30 It is clear that the synthesized 
samples have both MoS2 and MWCNTs successfully incor-
porated, resulting in heterostructures. Moreover, the same 
FTIR peaks for all the composite samples imply that the 
weight percentage of the reinforcement does not create any 
structural differences or deformations in the samples.

Raman spectra analysis was employed for additional con-
firmation of the formation of MoS2@MWCNTs heterostruc-
tures. Figure 2b depicts the positions of two characteristic 
Raman peaks of MoS2, namely E1

2g
 and A1

g
 , at 384.48 cm−1 

and 405.65 cm−1, respectively. The two peaks correspond to 
in-plane and out-of-plane vibrations of sulfur atoms, respec-
tively, and the frequency difference between them was 
21.17 cm−1. In the composite samples, broad CNT D, G, and 
G’ bands are seen around 1300  cm−1, 1800  cm−1, and 
2500 cm−1 , respectively. The D band refers to the defects 

and disordering in the CNTs, the G band refers to in-plane 
E2g stretching of sp2 carbon atoms, and G’ is the overtone of 
the D band.31–33 The minor downshift in the G band arises 
from the electronic interaction between the MWCNTs and 
MoS2.34 The nanotube  reinforcement is equivalent to ran-
domly oriented fiber-reinforced formation of the composites. 
The synergistic effects of random orientations and the high-
intensity ultrasonication process address the broadening of 
the Raman peaks, and the resulting stress-induced peak 
shifts towards a lower wavenumber (shown by dotted lines 
in Fig. 2b).35 The broad peak at ~ 500 cm−1 indicates the 
presence of amorphous carbon, which may have resulted 
from the high-intensity probe sonication of the samples. It 
is observed that, in the composite nanosheets, the MoS2 
peaks are not clearly visible, which may be attributed to the 
low dispersion of MWCNT-mediated MoS2 , resulting in a 
lower yield of nanosheets obtained after the centrifuge pro-
cess. In other words, it can be suggested that the MWCNTs 
outshine MoS2. Moreover, the concentration effects of the 
MWCNTs seem to be ineffective for Raman modes.

Optical Properties

Figure 3a and b showing the PL spectra of all the sam-
ples reflect the following points: (1) two emission peaks 
at 460 nm and 540 nm for pristine MoS2 nanosheets are 
associated with the transition from an indirect to a direct 
band gap and confirm the few-layers range of MoS2,36 (2) 
high-intensity PL emission peaks at 450 nm and 510 nm 
for pure MWCNTs, (3) PL emission peaks of MoS2@
MWCNTs nanosheets around 458 nm and 535 nm indi-
cate the direct band gap in 2D composite nanosheets, and 
(4) with the increase in the MWCNT content in MoS2, an 
increase in the intensity of the PL peaks is observed and is 
at a minimum for the 2% reinforcement case. The PL peaks 

Fig. 2   (a) FTIR spectra of MoS2@MWCNTs nanosheets and (b) Raman spectra of pristine MoS2 and of MoS2@MWCNTs nanosheets.
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normally imply the recombination of electron–hole pairs, 
band to band or band to defect charge transfer. Here, the 
increase in peak intensity with addition of MWCNTs may 
be attributed to the additional charge pathways generated 

in the composite. In the case of MoS2 and MWCNTs, the 
charge transfer occurs from MWCNTs to MoS2 with the 
transferred electrons residing on the sulfur atoms.34

Fig. 3   PL spectra of (a) exfoliated MoS2 and MWCNTs and (b) MoS2@MWCNTs nanosheets.

Fig. 4   (a) Absorption spectra of pristine MoS2 nanosheets and MoS2@MWCNTs nanosheets. Tauc plots of pristine MWCNTs (b) for indirect 
band gap, (c) direct band gap, and (d) MoS2@MWCNTs nanosheets.
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UV-vis absorption peaks give insight into the range of 
absorption and the band gaps of MoS2, MWCNTs, and 
the composite. Figure 4a shows that pristine 2D MoS2 
nanosheets exhibit four absorption peaks at A ~ 669 nm, 
B ~ 604 nm, C ~ 442 nm, and D ~ 401 nm. Peaks A and 
B correspond to the smallest direct transition of electrons 
from the top of valence band (VB) to the bottom of the 
conduction band (CB), and peaks C and D correspond 
to direct transitions occurring from deep VB to CB.37,38 
Also, it can be seen from the graph that the composite 
nanosheets show more absorbance in the UV range (char-
acteristic of MWCNTs), while no 2D MoS2 characteristic 
absorption peaks are observed, and with no effect of the 
concentration, which may again be due to low dispersion 
of the MoS2 in the composites, as mentioned above.

For further continual optimization, band gap values (Eg) 
were computed for the prepared samples using Tauc’s rela-
tionship 

[

(�h�)
1

n = C
(

h� − Eg

)

]

 , where hν is the incident 
radiation energy, C is the proportionality constant, n is 

either ½ or 2 for direct and indirect band gaps, respec-
tively, and α is the absorption coefficient which is calcu-
lated from � = 2.303 log

(

A

d

)

 , where A is the absorbance 
and d is the path length.39 Figure 4b, c, and d shows the 
respective computed values of the indirect band gap of 
pure MWCNTs ~ 0.08 eV, the direct band gap of pure 
MWCNTs ~ 1.5 eV, and the direct band gap of the synthe-
sized composite samples that are also mentioned in 
Table I. The obtained values of the band gaps agree with 
the literature.40–44

Morphological Analysis

To confirm the coexistence of MWCNTs and 2D MoS2 lay-
ers in the resulting composite nanosheets and their mor-
phologies, HRTEM images and SAED patterns at different 
magnifications and at different regions of the samples are 
shown in Fig. 5a, b, c, and d. A few dispersed MoS2 with 

Fig. 5   (a–c) HRTEM images and (d) SAED pattern of MoS2/MWCNTs nanosheets.
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MWCNTs resulting in  particle-like morphology can be seen 
in Fig. 5a.

The crystal lattice fringes of the MWCNTs (0.374 nm 
corresponding to the (002) plane) and MoS2 (0.29 nm can 
be indexed to the (100) plane) are shown in Fig. 5b and cm, 
respectively. In addition, the SAED pattern (Fig. 5d) displays 
the hexagonal symmetry of MoS2 incorporated with crystal-
line MWCNTs.

Photocatalytic Dye Degradation Analysis

The degradation of MB under UV-vis light is examined for 
the four different samples: (1) pristine MoS2 nanosheets, (2) 
2 M/C, (3) 4 M/C, and (4) 8 M/C composite nanosheets. Fig-
ure 6a, b, c, and d shows the UV-vis spectra of the samples 
from 0 min to 120 min of exposure. The absorption peaks of 
MB appear at 665 nm (monomer) and 617 nm (dimer). After 
120 min of exposure to UV-vis light, there is a reduction in 
absorption peaks in the presence of the photocatalysts, indi-
cating degradation of MB. The decrease in peak intensity is 

the minimum for pristine MoS2 and the maximum for the 
MoS2@MWCNT samples.

The progress of degradation has been estimated by study-
ing the kinetics of dye degradation which follows a pseudo-
first-order model, given by Eq. (1). The dye degradation 
percentage is calculated by using Eq. (2)   45:

where C0 and Ct are the dye concentrations at times 0 s and 
t s, respectively, and k is the rate constant.

Figure  7a shows the percentage of photodegrada-
tion based on the two characteristic peaks of MB for the 
samples, which are 86% (8 M/C) > 85% (4 M/C) > 84% 
(2  M/C)  >  60% (MoS2). This shows that the samples 
have good efficiency and potential for photodegradation 
with maximum efficacy for MoS2@MWCNT in compari-
son to the pristine MoS2 nanosheets. Furthermore, the 

(1)ln

(

Ct

C0

)

= −kt

(2)D(%) =
C0 − ct

C0

× 100

Fig. 6   UV–vis absorption spectra of (a) pristine MoS2, (b) 2 M/C, (c) 4 M/C, and (d) 8 M/C nanosheets for 120 min.
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degradation mechanism can occur under both dark and 
light illumination. The degradation under dark condi-
tions is attributed to the adsorption of dye molecules on 
the surface of the photocatalysts. For the light illumina-
tion, the degradation occurs via redox reactions between 
the photogenerated charges and the organic dye.46 The 
degradation percentages at 0 min correspond to the dark 
condition degradation mechanism of 38% for MoS2 and 
39% for the MoS2@MWCNT composite nanosheets. 
Figure 7b (at 617 nm) and (c) (at 665 nm) shows the ln 
(Ct /C0) as a function of time. In addition, the first-order 
rate constant is computed from the slope of the ln (Ct /
C0) versus time graph (shown in Fig. 7d). The values of 
the rate constant (at 665 nm) are 0.0047 min−1 for pris-
tine MoS2 nanosheets, 0.0171 min−1, 0.0177 min−1, and 
0.0183 min−1 for 2 M/C, 4 M/C, and 8 M/C, respectively. 
These results indicate the enhanced photocatalytic deg-
radation of MB dye due to MoS2@MWCNT composite 
nanosheets compared to pristine MoS2 nanosheets. Fur-
thermore, with the increase in mass loading of MWCNTs 
in MoS2, the rate constant and degradation percentage 
increase. A brief outline of the review of carbon-based 

heterostructures of MoS2 for photocatalytic applications 
in terms of the synthesis route and the resulting properties 
is shown in Table II.

MoS2 and MWCNTs act as photosensitizers utilizing a 
wider spectrum of incident light along with improved charge 
separation compared to lone material. Under light irradiation, 
electron–hole pair  generation occurs by absorbing photons 
of sufficient energy. For pristine MoS2 nanosheets, the elec-
trons and holes recombine readily compared to the MoS2@
MWCNT composite due to the lack of a suitable junction. 
Efficient photocatalysis essentially requires the formation of 
a junction between two semiconductors at which the disso-
ciation of electron–hole pairs can occur. In composite pho-
tocatalysts, the synergistic influence between MoS2 and the 
MWCNTs leads to the formation of heterogeneous interfaces 
and additional reactive sites, thus causing improved photo-
catalytic potential. In the case of MoS2@MWCNT, the photo-
induced electrons in the MWCNTs are injected into the CB 
of MoS2 triggering the redox reactions. Simultaneously, the 
light absorbed by the MoS2 also leads to the creation of elec-
tron–hole pairs, and it is very plausible that electrons injected 
from the VB of MoS2 to the MWCNTs generate additional 

Fig. 7   (a) Degradation percentages (with 4% error bars), (b) linear fits of ln (C/C0) versus time at 617 nm, (c) linear fits of ln (C/C0) versus time 
at 665 nm, and (d) rate constant values (with 4% error bars) of pristine MoS2 and MoS2@MWCNTs nanosheets.
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holes.47  This interfacial charge transfer between MoS2 and 
MWCNTs hinders the electron–hole recombination process 
across the interface.47–49 The accumulated resulting holes in 
MoS2 react with water molecules (H2O)  or hydroxyl ions 
(OH−), producing hydroxyl radicals (⦁OH), and the electrons 
react with oxygen (O2) to produce superoxide radicals (⦁O2

−). 
These radicals undergo chemical reactions with MB, decom-
posing it into nonharmful compounds - CO2 and H2O.50

Conclusions

2D MoS2@MWCNTs nanosheets have been successfully 
prepared via a two-step, sequential liquid exfoliation 
process. On investigating the structural characterization 
results of the prepared samples, coexistence of MoS2 and 
MWCNTs in the composite nanosheets with no structural 
deformations can be inferred from FTIR and Raman spec-
tra. Next, PL spectra indicate the increase in the recom-
bination rate of photogenerated electron–hole pairs with 
the increase in the quantity of MWCNT reinforcements in 
MoS2. In addition, low dispersion of MWCNT-mediated 
MoS2 resulting into a lower yield of nanosheets can be 
observed from UV–vis, Raman, HRTEM images, lattice 
fringe values, and SAED patterns. The photocatalytic 
results indicate better light absorption, efficient elec-
tron–hole pair generation, and improved charge separa-
tion, leading to superior photocatalytic performance in the 
case of the MoS2@MWCNT nanocomposites. Moreover, 
it is observed that, with the increase in mass loading of 
MWCNTs in MoS2, the rate constant and degradation per-
centage increase.

Hence, it can be concluded that optimum-quality MoS2@
MWCNTs composite nanosheets in a few-layer range have 
the potential to exhibit enhanced properties in comparison 
to pristine MoS2 nanosheets. This study may provide fur-
ther possible manipulations in the development of composite 
nanosheets of MoS2 that can be extended to other materials 
besides MWCNTs for effective photocatalytic applications.
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