Journal of Solid State Electrochemistry
https://doi.org/10.1007/510008-024-05813-w

ORIGINAL PAPER ——

®

Check for
updates

Enhanced dye degradation using 2H-MoS, and 1T@2H-MoS,: A
comparative study

Jitendra Jadhav' - Yogesh Waghadkar? - Yogita Padwal® - Mohamed Hashem* - Hassan Fouad?® - Shankar S. Kekade® -
Chiaki Terashima’ - Ratna Chauhan®® - Shrikant Charhate’ - Suresh W. Gosavi’®° . Dattatray J. Late’

Received: 17 October 2023 / Revised: 4 January 2024 / Accepted: 15 January 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract

Removing the organic dye from polluted water is very challenging due the human health concern and ecological envi-
ronments. The photocatalytic process can remove the organic dye from polluted water under the sunlight. To enhance
the photocatalytic property, here we have synthesized the MoS, by using two different molybdenum sources via one-
step hydrothermal methods characterized using XRD, FESEM, Raman, XPS and UV-Visible techniques. We investigate
the potential of synthesized MoS, nanostructures for dye degradation applications. The results demonstrate that both
2H-MoS, and 1T@2H-MoS, exhibit remarkable photocatalytic degradation capabilities towards the model dye. However,
the 1T@2H-MoS, hybrid structure outperforms 2H-MoS,, exhibiting significantly enhanced photocatalytic activity and
faster dye degradation kinetics. The improved performance of 1T@2H-MoS, can be accredited to its wide absorption
in solar spectrum, effective charge separation, and increased active sites resulting from the 1T phase incorporation. The
photocatalytic activity of 2H-MoS, shown 73% and 1T@2H-MoS, exhibits 98% methylene blue dye degradation in
60.0 min and5.0 min under the visible range of sunlight respectively. Overall, this study highlights the potential of 2D
MoS, nanostructures, particularly the 1T@2H-MoS, hybrid, as efficient catalysts for dye degradation. The development
of such materials offers promising prospects for the remediation of dye-contaminated wastewater and contributes to the
advancement of sustainable environmental technologies.
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Introduction

Recently, water pollution is a major problem because of
its serious impact on human health as well as ecological
environments. Water pollution is caused by various sec-
tors, such as industries, paint, printing, textiles, etc. [1, 2].
As a result, there is a need to treat wastewater and remove
contaminants from water. To overcome these issues, several
efforts have been made, but photocatalytic activity is the
most promising method to remove organic dye from water
under sunlight. Removing organic dyes such as methylene
blue, methylene orange, rhodamine, etc. is very challeng-
ing. Numerous efforts have been made to remove organic
dye from water by using metal oxides such as WO;, ZnO,
MoO;, NiO, TiO,, etc. [3-7]. However, the major challenge
of these metal oxides is the optical absorption of UV light
due to wide band gap [8]. This wide bandgap also limits
the performance of photocatalytic activity within the visible
range. To tackle these issues, transition metal chalcogenides
(TMD) are the most promising and most suitable candidates
for photocatalytic activity in the visible range because they
are narrow bandgap semiconductors [9]. amongst all TMD
materials, molybdenum disulfide (MoS,) is the most favour-
able material for photocatalytic activity [9]. MoS, has good
electrical conductivity, optical and electrical properties, a
narrow bandgap, and layer structure and 2D morphology,
which is unusual. Molybdenum atoms are packed between
pairs of sulphur atoms in a layered structure to form MoS,
[10-14]. So, the band gap of MoS, can be altered by vary-
ing the layer of MoS,, and mostly the band of monolayer
MoS, exhibits 1.8 eV [15]. These narrow band gaps enable
visible absorption, generate electron-hole pairs, and make
MoS, a special material for organic dye degradation [16].
But the problem doesn’t end here, though MoS, has sev-
eral merits, there are a few demerits also. Mostly, in MoS,,
during the photocatalytic activity, there is quick recombina-
tion of the exciton generated by a photon, which reduces
the rate of dye degradation [17-20]. Furthermore, does the
2 H phase of MoS, provide the tremendous electron convey-
ance kinetics property to enhance the conductivity of MoS,,
which is very challenging for photocatalytic activity. Tuning
the optical bandgap and morphology will also enhance the
photocatalytic performance under sunlight. Several efforts
have been made to improve photocatalytic performance up
to this point. Lie Tian et al. created 2H-MoS,, which dem-
onstrated a catalytic efficiency of 56.3% after 2 h of visible
light irradiation [21]. S.V.P. Vattikuti et al. used wet chemi-
cal methods to prepare MoS, multiwall and achieved 84%
dye degradation in 60 min [22, 23].

In this report, we have successfully synthesized the
2H-MoS, and hybrid phases of the 1T@2H-MoS, nano-
flower by using two different molybdenum sources via a
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single-step hydrothermal method. Further, various char-
acterization methods such as XRD, FESEM, FT-IR, and
Raman spectroscopy have been performed to examine the
characteristics of synthesized materials. For the applica-
tion part, the photot-catalytic dye degradation (methylene
blue) was performed under the sunlight. Both materials are
highly efficient for removing dye from polluted water, but
the nanostructured 1T@2H-MoS, shows a more outstand-
ing photocatalytic property than the 2H-MoS, nanoflowers.
The hybrid phases 1T@2H-MoS, that show 98% methy-
lene blue dye degradation in 5 min under direct sunlight.
Reportedly, this works represents the fastest methylene blue
dye degradation under the sunlight by using pristine MoS,
nanostructures.

Experimental
Materials and chemicals

Ammonium molybdate 99% AR, Sodium molybdate dihy-
drate 99% AR, Methylene blue (MB) and Thiourea AR are
purchased from Merck, India. DI water was used for all the
experiments.

Synthesis of MoS,

The MoS, were synthesized by one-step facile hydrother-
mal methods. The 0.2 M precursor for Mo (precursor for
2H-MoS, and 1T@2H-MoS, is Sodium molybdate dihy-
drate and ammonium molybdate respectively) and 0.2 M
thiourea were added in 70 ml of DI water and stirred for
half an hour for the homogeneous solution. Then, the above-
prepared solution was transferred in 100 ml of Teflon auto-
clave for 24 h at 180°C followed by natural cooling till room
temperature and washed with DI water and ethanol till pH
neutral. Further, the product was dried in an electric oven at
80 °C for 12 h. The obtained product was named 2H-MoS,
and 1T@2H-MoS,.

Photocatalytic studies

The photocatalytic performance of synthesized MoS,
were tested in natural sunlight. 25 mg of 2H-MeS, and
1T@2H-MoS, photocatalyst was mixed into 50 mL of
Methylene Blue dye solution (10 ppm) for this experiment.
The above reaction mixture of dye and catalyst were stirred
in dark for 30 min to achieve the adsorption/desorption
equilibrium. After stirring in dark the reaction mixture was
placed in natural sunlight with constant stirring. To evalu-
ate the % degradation, the dye solution was collected at
regular interval until the solution of MB become colourless.



Journal of Solid State Electrochemistry

With the help of UV-Vis spectrophotometer the absorption
intensity were measured for all the collected samples and
the degradation of MB (%) was calculated using equation
given below:

Co— Ct

Degradation (%) = x 100% (D

Co

Where C, & C, = initial and concentration after time t of
MB solution after illumination.

Characterizations

The crystal structure analysis of 2H-MoS, and 1 T@2H-MoS,
was done by X-Ray diffraction (Bruker D2 phasor) in 26
range between 5° to 80° in ambient conditions. The morpho-
logical investigation was performed with NOVA FESEM,
NPE303. The chemical structural investigation was per-
formed by Raman spectroscopy, Thermo Scientific spec-
trometer, with LASER 532 nm excitation line. Further,
the functional groups were studied by FT-IR spectroscopy
using Jasco FT/IR-6100 from 400 cm™ to 4000 cm™ and
absorption spectroscopy was performed range between 200
and 800 nm by using a Jasco spectrometer (670). The XPS
were performed by PHI 5000 Versaprobe-II ULVAC-PHI
INC instrument with a monochromatized Mg (K-alpha:
E=1253.6 eV).

Results and discussion

FESEM

The morphological investigation was performed with
FESEM as represented in Fig. 1. Figure 1 (a & b) represents
the FESEM image of 2H-MoS,, which displays the MoS,
agglomerated nanostructures were grown homogeneously.
Further, at higher magnification, the 2H-MoS, image at
500 nm scale reveals the MoS, nanosheet is agglomerated
together and formed the flower like nanostructures. Figure 1
(c & d) shows the FESEM image of 1T@2H-MoS,, which
reveals that MoS, are formed nanoflower-like morphology
and this nanoflower-like morphology is formed by agglom-
eration of various MoS, nanosheets. Figure 1 also repre-
sents the elemental analysis and EDS analysis of 2H-MoS,
and 1T@2H-MoS, supports the presence of Mo and S with
no impurities.

TEM

Transmission Electron Microscopy (TEM) analysis pro-
vided detailed insights into the structural features of both

2H-MoS, and 1T@2H-MoS, materials, corroborating
the FESEM observations in Fig. 1. The TEM images of
2H-MoS, exhibited agglomerated nanostructures, consis-
tent with the FESEM findings, revealing MoS, nanosheets
arranged in a flower-like morphology at a higher magni-
fication of 200 nm (Fig. 2). In contrast, TEM imaging of
1T@2H-MoS, showcased distinctive nanoflower-like
morphologies formed through the agglomeration of mul-
tiple MoS, nanosheets, validating the FESEM observa-
tions. Additionally, the Selected Area Electron Diffraction
(SAED) patterns for both materials revealed crystalline
structures characterized by diffraction spots indicative of
the hexagonal lattice structures of 2H-MoS, and the coexis-
tence of 1T and 2 H phases in 1 T@2H-;,g,, further support-
ing the phase purity and crystalline nature of the synthesized
materials.

UV-Visible spectroscopy

The optical property of synthesized MoS, were studied by
UV-Visible spectroscopy range between 200 and 800 nm as
represented in Fig. 3 (a, b).

The optical direct band of 1T@2H-MoS, and 2H-MoS,
was investigated by the Tauc’s plot as represented in equa-
tion (a). Figure 3 (a) shows the Tauc’s plot of 1 T@2H-MoS,
and Fig. 3 (b) shows the Tauc’s plot of 2H-MoS, and the inset
represents the absorbance (%) vs. wavelength of 2H-MoS,.
Whereas and the inset id absorbance (%) vs. wavelength.

ahv = B(hv — E,)" )

Where, a is coefficient of absorption, E, is band gap energy,
n = Y%, Y% or 2 is coefficient, B is constant of proportion-
ality and h is Planck’s constant. The optical direct band
of 2H-MoS, and 1T@2H-MoS, are 2.21 eV and 1.99 eV
respectively.

Structural investigations and XRD

Figure 4 illustrating the schematic representation for the
MoS,. 1T@2H-MoS, represents a mixed crystal structure,
where the 1T phase is merged into the 2 H phase. The 1T
phase is typically incorporated into the 2 H structure by
introducing defects or applying strain to the crystal lattice.
The resulting 1T@2H-MoS, structure combines the proper-
ties of both the 1T and 2 H phases, offering unique properties
and enhanced functionalities. The crystal structure-property
of 2H-MoS, and 1T@2H-MoS, were studied by XRD as
shown in Fig. 5 (a, d).

The XRD analysis confirms a precise match between the
spectra of 2H-MoS, and JCPDS file no. 73-1508, aligning
peaks at 26 values of 12.2°, 32.6°, 35.3°, and 57° with the
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Fig. 1 FESEM images of 2H-MoS, (a, b) and 1T@2H-MoS, (¢, d); Elemental mapping and EDS analysis of 2H-MoS, and 1 T@2H-MoS,
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Fig.2 TEM images and SEAD pattern of 2H-MoS, (a, b) and 1 T@2H-MoS, (¢, d)

Fig.3 (a) Tauc’s plot of
1T@2H-MoS, and inset is
absorbance wavelength of
1T@2H-MoS, and (b) Tauc’s
plot of 2H-MoS, and inset is
absorbance vs. wavelength of
2H-MoS,
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Fig.4 Top and side views of the 2 H (left) and 1T (right) structures for the MoS, monolayer. The trigonal prism coordination for the Mo atom in
2H-MoS, and the octahedral coordination for the Mo atom in 1T-MoS, are also shown. Mo, cyan; S, yellow

(002), (100), (101), and (110) planes of the 2 H@MoS2
nanostructure (Fig. 5a). Correspondingly, the XRD patterns
of 1'T@2H-MoS, align with JCPDS file numbers 37-1492,
showcasing distinctive peaks at 20 values of 9.10°, 31.05°,
43.2°, and 58.15°, attributed to the (002), (100), (006), and
(110) planes (Fig. 5d). These findings affirm the crystalline
nature of MoS2 with a hexagonal crystal structure, devoid
of any obvious impurity peaks.

Raman Study

The chemical structural property of 2H-MoS, and
I T@2H-MoS, were studied by Raman spectroscopy as rep-
resented in Fig. 5b. The Fig. 5 (b) shows the Raman spec-
tra of 2H-MoS,, Peaks at 221.45 cm™!, 374.25 cm™!, and
402.7 cm™! attributed to Elg, E2g, and Alg respectively
due to the 2 H phase of MoS, [24]. Especially, Elg is due
to the acoustic longitudinal phonon modes and E2g and Alg
are due to the Raman active in-plane and out-plane of the
2 H phase respectively [25-27]. The existence of additional
peaks at 195 cm™! (J1), 219 em™! (J2), and 335 cm™! (J3)
in the Raman spectra of 1T@2H-MoS, indicates distinct
phonon modes characteristic of 1T-MoS,. This observation
strongly suggests the coexistence of a noteworthy propor-
tion of the 1T phase alongside the prevalent 2H-MoS, phase
within the sample.

@ Springer

FTIR Study

The functional group and vibration mode of prepared
materials were studied by FT-IR spectroscopy as shown
in Fig. 5 (c, f). The FT-IR spectra for the 2H-MoS, at
589.12 cm! reveals the stretching vibration of Mo-S. The
peak between 732.2 cm™ to 1372.12 cm™ is attributed to
C-S and C=S (Fig. 5c). Whereas, a higher wavenumber
peak at 1664.23 cm™ is due to the stretching mode of O-H
for hydroxyl group chemisorb water molecules [26-28].
Figure 5 (f) shows the FT-IR spectra of 1T@2H-MoS,
and spectra at 455.91 cm™, 1435.85 cm’!, 1680.43 cm™,
and 3553.19 cm™ are attributed to the bending vibration of
Mo-S, stretching vibration of C-O, at high wavenumber due
to the symmetrical stretching vibration for hydroxyl group
respectively [29, 30].

XPS Study

To know the chemical components and oxidation states of
1T@2H MoS, and 2H-MoS,, X-ray photoelectron spectros-
copy measurement was carried out. Figure 6 (a) shows the
XPS survey scan of 2H-MoS,, confirm the existence of Mo
and S. Figure 6 (b and c) shows the deconvoluted XPS spec-
tra of Mo 3d and S 2p, which validate the presence of Mo
and S in 2H-MoS,. In the case of 2 H -MoS, sample, the Mo
3d spectrum shows the two peaks observed at 228 eV and
232 eV. Both peak deconvoluted into 4 peaks denoted by
A, B, C and D at observed at 228.6 eV, 229.6 ¢V, 231.7 eV
and 232.7 eV respectively. Peak A and C assign to 1T MoS,
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Fig. 5 (a, d) XRD spectra of 2H-MoS, and 1T@2H-MoS,, (b) Raman spectra of 2H-MoS, and 1T@2H-MoS,, and (¢, e) FT-IR spectra of

2H-MoS, and 1T@2H-MoS,

whereas the peak B and D assign to 2H-MoS, compound.
The high-resolution S 2p spectrum shows two peaks at
161.5 and 162.7 eV respectively which corresponds to S
2p;, and S 2p, ,. Here both Mo 3d and S 2p peak reveals to
2 H phase of MoS, [31, 32].

Figure 6 (d) exhibiting scan of 1T@2H-MoS, and reveals
the presence of Mo and S in the sample, while, Fig. 6 (e
and f) illustrating the deconvoluted XPS of Mo 3d and S
2p for the 1IT@2H-MoS,. In 1T-2 H MoS, sample, the XPS
spectra doublet of Mo 3d deconvoluted into 4 peaks A, B,
C and D at 228.7, 229.6, 231.9 and 232.7 eV. The Peak A
and C reveals the 1T-MoS, phase whereas the peak B and
D reveals the 2H-MoS, phase. In both the samples of Mo
at the low binding energy, the Mo shows the 4 + oxidation
state of Mo (Peak A and C) and the higher binding energy
peaks (B and D) shows the Mo®" state. The spin orbit split-
ting energy for both Mo*" and Mo®" is 3.2 eV and 3.1 eV

which is well matches with standard data. The S2p spectra
for 1T@2H-MoS, deconvoluted into three peaks A, B, C
at 161.5, 162.9 and 163.7 eV. The peak A and B assigned
to S 2ps;, and S 2p, resp. The peak C observed at higher
binding energy corresponds to S-O bonding in the sample.
It is observed that the binding energy of 1T-MoS, phases is
0.9 eV lower than the 2 H MoS, phase.

In Fig. 6 (g), the XPS scan of 1T@2H-MoS, post-use as
a catalyst indicates the presence of Mo (Molybdenum) and
S (Sulfur) elements within the sample. Subsequently, Fig. 6
(h) and 6 (i) depict the deconvolution of the Mo 3d and S
2p XPS spectra, respectively, for the 1T@2H-MoS, mate-
rial. The comparison between pre- and post-use XPS spectra
showed consistent peaks and binding energies, suggesting
that the material retained its chemical integrity after inter-
acting with pollutants. This observation indicates that there
were no significant alterations in the electronic structure or

@ Springer
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Fig. 6 (a) XPS spectra of survey scan of 2H-MoS,, (b, and ¢) Decon-
voluted XPS spectra of Mo 3d and S 2p, (d) XPS spectra survey scan of
1T@2H-MoS, (e, and f) Deconvoluted XPS spectra of 1 T@2H-MoS,

surface composition of 1T@2H-MoS, due to the pollutant
interaction.

Photocatalytic property

The synthesized MoS, were examined for the photocata-
lytic activity in the MB dye degradation under the sunlight.
In photocatalytic activity, the interface between adsorbate
and adsorbent is a very crucial factor to limit or tune the
efficiency and selectivity of adsorbent components. To full
fill, these requirements nano-structured MoS, are the most
promising materials for the high adsorption capacity mate-
rial, especially MoS, nano-sheets. The methylene blue dye
in aqueous solution degradation was carried out under the
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Mo 3d and S 2p (Before use as catalyst; d, e, f), (g) XPS spectra
survey scan of 1T@2H-MoS, (h, and i) Deconvoluted XPS spectra of
1T@2H-MoS, Mo 3d and S 2p (After use as catalyst; g, h, i)

sunlight using 2H-MoS, and 1T@2H-MoS, as catalyst as
represented in Fig. 7 (a & b).

Figure 7 (a) shows the methylene blue degradation in an
aqueous solution at various time intervals under the sun-
light. The 2H-MoS, shows the 100% absorbance spectra
during the 0 min time interval and after 60 min exposure
of sunlight it shows 73% degradation in 60 min. Figure 7
(b) shows the MB degradation with 1T@2H-MoS, as pho-
tocatalyst. In the presence of 1T@2H-MoS, the MB was
completely degraded with 5 min. Figure 7 (c and d) shows
the methylene blue degradation kinetics at various time
intervals (graph of In (C/C,) vs. Time (min) of 2H-MoS,
and 1T@2H-MoS,.

The kinetic parameters of photo-catalytic MB dye deg-
radation using 2H-MoS, and 1T@2H-MoS, catalyst can
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be calculated using Langmuir— Hinshelwood equation of
kinetic model [22, 23] as follows:

ln(%) =—kt+B

Where B, k and t represent the constant, rate constant of deg-
radation (min™') of dye, and reaction time respectively. The
k (rate constant) is assessed from the slope of the plot. The
graph exhibits a linear relationship, which can be fitted to a
suitable kinetic model, first-order model or the Langmuir-
Hinshelwood model for kinetic parameters calculations.

The corresponding regression coefficient (R?) for the
experiment is also calculated. The R? values for the experi-
ments are found to be 0.93 and 0.85 for 2H-MoS, and
IT@2H-MoS, respectively, representing that the dye deg-
radation satisfy the first order kinetics.

The crystal structure of 2H-MoS, and the incorpora-
tion of the 1T phase in 1T@2H-MoS, play a substantial
role in defining their properties. These structures influ-
ence the bandgap, electrical conductivity, optical proper-
ties, and catalytic behaviour of the materials. The higher

degradation efficiency of 1T@2H-MoS, can be attributed to
several factors. Firstly, the incorporation of the 1T phase in
1T@2H-MoS, introduces distortions in the crystal structure,
leading to an increased number of active sites and enhanced
catalytic properties. The distorted octahedral coordination
of molybdenum in the 1T phase facilitates the adsorption
and activation of the MB dye molecules, promoting their
degradation. Secondly, the 1T@2H-MoS, structure may
provide improved charge transfer and separation character-
istics compared to 2H-MoS,. The presence of the 1T phase
can enhance the conductivity of the material and facilitate
efficient charge carrier mobility, reducing the recombination
of photoinduced electron-hole pairs. This enhanced charge
transfer capability contributes to the accelerated degradation
of the MB dye. Additionally, the unique branched and petal-
like structure of the nanoflowers formed by 1T@2H-MoS,
offers a larger surface area and increased exposure of active
sites, promoting the adsorption and degradation of MB mol-
ecules. The performance of 1T@2H-MoS, is better than
the individual moiety [33]. The intricate morphology of
the nanoflowers provides additional pathways for efficient
mass transfer and diffusion of reactants, further enhancing
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the photocatalytic performance. The incorporation of the
IT phase, along with the unique nanoflower morphology,
significantly accelerates the degradation process, making
I T@2H-MoS, a promising candidate for advanced photo-
catalytic applications requiring rapid and efficient dye deg-
radation. By understanding and manipulating the crystal
structures, researchers can tailor the properties of 2H-MoS,
and 1T@2H-MoS, for various applications, such as elec-
tronics, optoelectronics, catalysis, and energy storage.

Mechanism of dye degradation and reusability
studies for 1”T@2H-MoS,

The high photocatalytic efficiency observed in 1T/2H-MoS,
nanostructures is likely attributable to a specific mecha-
nism outlined in Fig. 8. This proposed mechanism posits
that 2H-MoS, functions as an efficient photosensitizer while
the metallic 1T-MoS, phase acts as a co-catalyst, enhancing
electron transfer processes. Upon illumination, electron-
hole pairs generated within 2H-MoS,, exploiting its narrow
bandgap. Electrons (e-5”) are stimulated from the valence
band (VB) to the conduction band (CB) of 2H-MoS,, thereby
generating holes (hyg") in the VB (Eq. 3). Subsequently,
photogenerated electrons become entrapped by 1T-MoS,,
noticeably restricting their recombination rate and prolong-
ing the duration of the redox reaction. This phenomenon
facilitates the conversion of O, molecules into O,* (Eq. 4).
As adsorbed O, engages in multi-electron and proton redox
reactions (Egs. 5 and 6), it culminates in the formation of
OH* molecules, favourably promoting the photocatalytic
degradation of MB (Eq. 7).

: ™
Reduction @ ﬁ

O ¢

I \
Degraded product i
+H,0 + CO, |

9!
¢

MB dye HzO

Oxidation

Fig. 8 Mechanism of methylene blue dye degradation by 1T@2H-MoS,
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HyOo+e¢ +H"+hv — OH* + H,O (6)
03, OH*h* + M Bdye — CO, + HyO + inorganicmolecule (7)

The reusability of the photocatalyst was evaluated through
four repeated cycles. Catalyst (1T@2H-MoS,) was
extracted after use, then washed twice and dried. The dried
powder was again utilized to degrade the methylene blue
dye. In this set of experiments, ratio of catalyst and dye were
maintained same in all cycles. It was observed that the deg-
radation of MB was decreased from 100%, 98%, 84% and
44% at the end of every cycle (Fig. 9).

Conclusions

The work reported the successful synthesis of MoS, by one-
step hydrothermal methods and evaluated its performance
as photocatalyst. Further, the morphological investigation
was performed by FESEM imaging and crystal structural
investigation was performed by the XRD spectra, reveals
2H-MoS, nanostructured and 1T@2H-MoS, nanoflower-
like morphology along with hexagonal crystal structure.
Additionally, the optical direct bandgap of 2H-MoS, and
1T@2H-MoS, is 2.21 eV and 1.99 eV was calculated by the
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Fig. 9 Photocatalysis reusability performance of 1T@2H-MoS,

Tauc’s plot. The photocatalytic adsorption and degradation
using 1T@2H-MoS, were ~98% in 5.0 min and 2H-MoS,
nanoflower exhibits 73% methylene blue dye degradation in
60 min under the sunlight. The crystal structure of 2H-MoS,
and the incorporation of the 1T phase in 1T@2H-MoS,
have been found to significantly influence the properties
of the nanoflowers. The unique crystal structures, such as
the hexagonal lattice arrangement in 2H-MoS, and the dis-
torted octahedral coordination in the 1T phase, contribute to
the distinctive physical, chemical, and electronic properties
exhibited by these nanoflowers.
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