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S1 Experimental section
S1.1 Materials

The molybdenum disulfide powders (bulk) were obtained from Asbury carbon, USA.
Sodium chloride (NaCl), sulphuric acid (H,SO,), polyvinyl alcohol (PVA) and N-Methyl-2-
Pyrrolidone (NMP) were procured from Daejung metals and chemicals, South Korea. Carbon
black and polyvinylidene fluoride (PVDF) was purchased from Alfa Aesar, South Korea.
Carbon cloth was purchased from CeTech Fuel cell store, Texas. All the chemicals used in this
work are of research-grade and used without further purification.
S1.2 Preparation of MoS, quantum sheets

A salt assisted mechanical milling process has been employed for the preparation of
MoS; quantum sheet from bulk MoS, powders. ! Briefly, the precursor bulk MoS, powders and
NaCl were taken in the ratio of 1:10 in a tungsten carbide bowl and allowed to milling using
tungsten carbide balls at a speed of 300 rpm for 15 h. Upon completion of the milling process,
the milled powders were washed with doubly distilled water and ethanol several times to
remove the salt content in the powders. The washed sample is allowed to ultrasound irradiation
for 4 h to further to transform the pulverized materials into MoS, quantum sheets. The resulting
powder is washed, dried at 80 °C and used for further characterization.
S1.3 Instrumentation

The crystallinity and phase of the MoS, powders was characterized using X-ray
diffractometer (Empyrean) operated at 40 keV and 40 mA Cu Ka radiation. Laser Raman and
mapping analysis were obtained using Lab Ram HR Evolution Raman spectrometer (Horiba
Jobin-Yvon, France) with an excitation wavelength of 514 nm with an Ar" ion laser. The
Raman mapping of MoS, QSs was analyzed using Lab Spec (Ver. 6.2) software. The high-
resolution transmission electron micrograph (HR-TEM) for the bulk MoS, and MoS, QSs were

carried out on an HR-TEM, JEOL JEM 2011, JEOL Ltd. X-ray photoelectron spectroscopy
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(XPS) was used to analyze the chemical composition and state of elements present in MoS, via
ESCA-2000, VG Microtech Ltd. using monochromatic X-ray beam source at 1486.6 eV
(aluminium anode) and 14 kV to scan the sample surface. The AFM analysis was carried out
using Bruker instrument with using tapping mode (cantilever PPPHCHR with tip radius: < 10
nm, brand: Nanosensors, material: highly doped silicon, force constant: ~42 N/m). The UV-
Vis spectroscopy was used to analyze the absorbance range of material via UV-Vis
spectrophotometer (Lambda 25 model). The zeta potential of the MoS, QSs was measured with
Malvern zetasizer instrument. The bending testing of the device has been performed with a
Bending Tester machine (JUNIL-JIBT-200). The electrochemical characterization was
performed using Autolab PGSTAT302N electrochemical workstation.
S1.4 Preparation of PVA-H,SO, gel electrolyte

The polymer gel electrolyte (PVA/H,SO,4) was prepared using the method provided in
the literature 2. Briefly, 2 g of PVA was dissolved in 20 mL of distilled water using magnetic
stirrer until the formation of a homogenous solution. To the formed homogenous solution, an
appropriate amount of H,SO, was added and allowed to stir under heat to form a clear and
transparent gel. Finally, the obtained PVA/H,SO, gel is allowed to cool at room temperature
and used for the fabrication of supercapacitor.
S1.5 Fabrication of MoS; solid-state symmetric supercapacitors

Initially, MoS, quantum sheets (MoS, QSs) electrodes were prepared by grounding
active material (MoS; QSs), carbon black and PVDF in the ratio (85:10:5) with the appropriate
amount of NMP in an agate-mortar until the formation of slurry. The obtained slurry was coated
on to the conductive carbon cloth (CC) substrate with an electroactive area of 1x1 c¢cm? and
dried at 80 °C overnight. The electroactive mass loading of the MoS, QSs electrode loaded on
the carbon cloth is about 2 mg in each electrode. The MoS, quantum sheets symmetric

supercapacitor (SSC) was fabricated using MoS, QSs electrode coated on carbon cloth as
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positive and negative electrodes separated by PVA/H,SO, gel electrolyte. The electrochemical
characterization of the fabricated SSC was examined via cyclic voltammetry (CV),
galvanostatic charge-discharge analyses and Electrochemical impedance spectroscopy (EIS)
using an Autolab PGSTAT302N electrochemical workstation.
S1.6 Electrochemical analysis
The specific device capacitance (Csp) of the MoS, QSs SSC device was calculated from
the CV and CD analysis using relation?:
Cop =/1dV /(s XAVX M) ..couvveeie. (1)
Cop = XA)/ AV XM) ..o (2)
Here “Cy,” is the specific device capacitance (F g!') of MoS, QSs SSC device, “I” is the current
(A), “s” is the scan rate (mV s’!), “4V” is the voltage window (V), “A¢” is the discharge time
(s) and “M” is the mass of the electrodes (mg).
The energy (£) and power (P) density of the MoS,; QSs SSC device are calculated

using the relations *:
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Figure S1: Digital photographs of bulk MoS, and MoS; quantum sheets dispersed in the DI

water.

Figure S1 shows the digital photographs of the bulk MoS, (black) and MoS, QSs
(brownish-green) dispersed in DI water which reveals the significant change in colour of the
solutions. This is due to significant quantum confinement in MoS, QSs compared to the bulk

MOSz.
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Figure S2. XPS survey spectrum of MoS, QSs.
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Figure S3. Raman spectrum for the single-layered MoS, QSs.

S7



Results
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Figure S5. Zeta potential measurements of aqueous dispersions containing bulk MoS, and
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Figure S5. Electrochemical impedance spectroscopy of bulk MoS, and MoS, QSs electrodes.
(A) Nyquist plot (plot of real vs. imaginary impedance) (B) Bode modulus plot (plot of

electrochemical impedance vs. applied frequency).
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Figure S6. Nyquist plot of MoS, QSs based SSC device and the inset presents the

corresponding equivalent circuit model.
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Figure S7: Bode phase angle plot of MoS, QSs SSC.
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Figure S8. Continuous charge-discharge cycles of MoS, QSs SSC measured at a constant

current of 5.0 mA.
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Figure S9: Coulombic efficiency plot of MoS, QSs SSC device measured at various current.
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Figure S10. Ragone plot of MoS, QSs SSC device.
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Figure S11. Circuit diagram for solar-driven wireless charging of MoS, QSs SSC.
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Figure S12: Cyclic Voltammetry (CV) profile for (A) single MoS, QSs SSC and (B) two

MoS, QSs SSC connected in series.
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Table 1: Comparison of the rate capability of MoS, QS based SSC to that of the reported ones.

S. No Material name No. of fold increment  Capacitance Ref.
in the current retention (%)
density
1. MoS,/RGO/MoS,@Mo After (x2.5) 37.5% 3
2. MoS,-Ni Foam After (x10) 48.5% 6
3. VSL-MoS, After (x3) 50% 7
4. S-MoS,/CNS After (x10) 45% 8
5. f-MoS,/CNS After (x10) 44% 8
6. Flower-like MoS, After (x10) 51.5% ?
7. Siloxene After (x10) 31% 10
8. WS, After (x10) 37% i
0. MoS; QSs After (x10) 42.5% (This work)
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Table S2: Performance Metrics of MoS; QSs SSC device with reported SSCs using MoS, based

electrode materials.

S Specific Energy Power
N' SSC Device Electrolyte OPW Capacitance Density Density Ref.
0
(Fgh (Wh kg (W kg")
Commercial

R1 - - - 0.1 1500 12

MOSZ
R2 2H-MoS, - - - 0.16 1500 12
R3 VSL-MoS, PVA/Na,SO, 0-1.0V 34.1 4.7 1900 7
R4 1T-MoS, 1 M H,SO,4 0-0.6 V - 5 8550 12
RS MoS;,-Ni Foam PVA/Na,SO, 0-1.0V 38.9 5.4 2800 6

MOSZ
R6 PVA/LiCl -0.8-0.8V - 5.42 128 13

Nanospheres
MoS,/RGO/M
R7 1 M H,SO, 0-09V 533 6.22 1870 5
oS,@Mo
R8  s-MoS,/CNS 1M Na,SO, 0-0.7V 108 7.4 3700 8
R9 f-MoS, 1M Na,SO, 0-0.8V 96 8.59 4000 8
MoS, QSs This

10 PVA/H,SO, 0-0.8V 162.7 14.46 2000

SSC work
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Table S3: Electrochemical performances of 2D MoS, QSs based SSC to that of reported

flexible supercapacitors at different bending states.

Capacitance
No. Supercapacitor Bending state Ref.
Retention (%)

Ag-3D graphene foam

1. 10 mm radius 96.77 % 14
(SSO)
2. Graphene aerogel (SSC) 90° 95-100% 15
Compressive
3. Au-graphene film (SSC) ‘ 98 % 16
bending
4, Ti;C, MXene (ASC) 90° 80 % 17
5. MoS,-graphene (SSC) High bend state Slight reduction 18
6. 1T MoS, nanosheet (SSC) 180° 94.9 % 19
7 1T MoS, QSs (SSC) 180° 98 % This work
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