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Abstract- In the realm of solar energy conversion, dye sensitized solar cells (DSSCs) are gaining promi-
nence. Typically, a counter electrode modification is required to improvement of DSSC efficiency; coun-
ter electrode materials that are WS, and MOS; in place of alternative for platinum (Pt). Pt is well recog-
nized for its high cost and scarcity. In this study, a low-cost Pt-Free counter electrode was employed and
determined solar cell efficiency of 2.52% over a long length of time. Further research on few layer WS,
and MoS; nanosheets reveals increased solar efficiency. The acquired WS, and MoS; nanosheets has a
shape that has been validated using a transmission electron microscope. Furthermore, the structural, opti-

cal, and functional groups of materials were described, and the probable mechanisms were examined.

Keywords Solar energy; DSSC; cell efficiency; nanoparticles; functional groups.

1. Introduction

At present, two-dimensional (2D) nanomateri-
als have been garnered great attention by owing to
their unique properties at nanoscale level [1-3].
Among various materials, molybdenum disulfide
(MoS>) and tungsten disulfide (WS;) is one among
the 2D family and in particular it is described as a
transition metal dichalcogenide (TMD) [4,5]. MoS;
and WS; have attracted the researchers become of
their unique and tunable properties it structures
alignment. It consist of one transition metal atom
(Mo, W) connected by two sulfur atoms and stacked
with the assistance of weak van der Waals
forces[6,10]. By reducing the stacked layers of
TMD, it provides enhanced and improved physical,

chemical and optical properties. This few layered
MoS; and WS, nanosheets are employed in various
applications like photo catalysis, flexible electron-
ics, super capacitors, Li-ion batteries, dye sensitized
solar cells [9-10]. To reduce the stacked layers in
MoS; and WS, numerous methods have been han-
dled by the researchers such as hydrothermal,
mechanical exfoliation and liquid phase exfoliation
[11-15]. The above synthesis techniques had some
drawbacks like long time synthesis, high-cost
solvents and uneven exfoliation. To overcome this
flaws lithium intercalation method was introduced
to synthesis the effective way to exfoliate and
stabilize the few layer nanosheets. Lithium interca-
lation method is the predominant method for exfoli-
ation of layers and rapid synthesis of MoS; and WS,
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nanosheets. Crystalline MoS; and WS, possess two
phases such as 2-hexagonal symmetry and 3-
rhombohedral symmetry. At every layer the two
phases have similar atomic coordination [16,17].
Dye sensitized solar cells (DSSC) is one of the most
promising technologies in energy harvesting owing
to low-cost manufacturing, large scale fabrication
and their stability. DSSC have possessed different
layers to generate electrons and their components
are photo anode, dye solution, electrolyte and
counter electrodes. Counter electrode is the main
part in DSSC and it receives the electron from the
anode and transfers to the electrolyte. Mostly plati-
num (Pt) was used as counter electrode due its high
electro catalytic activity. To replace Pt because of
its high cost, TMD’s were introduced as a counter
electrode [18,19].

In the current work, we synthesized simple
and effective method of microwave assisted lithi-
um intercalation of MoS; and WS; is described.
The as prepared MoSand WSofew layer
nanosheets were studied physical, chemical and
optical properties and the nanosheets were intro-
duced as counter electrode of the dye sensitized
solar cells.

2. Materials and Methods

2.1 Materials

All the chemicals were analytical grade and used
without additional purification. Initially, the pri-
mary sources of the materials are purchased from
Alfa Aesar such as molybdenum (1V) sulfide
(98%), and tungsten sulfide (98%). The FTO glass
substrate, polyethylene oxide (PEO), polyethylene
glycol (PEG), N719 ruthenium dye, polyvinyli-
dene fluoride, N-Methyl-2-Pyrrolidone, Lithium
iodide (Li-l), 1-propyl-2,3-dimethylimidazolium
iodide, acetonitrile were procured from the Sigma-
Aldrich company. Furthermore, the double dis-
tilled water (H20) used throughout the experiment.

2.2 Methods

The XS; (X = Mo, W) nanosheets were synthe-
sized through a microwave irradiation method
using lithium hydroxide. In brief, 0.1g of XS;
powder and 0.057g of LiOH.2H2,0 were dispersed
in 30ml of ethylene glycol (EG). Next, this mix-
ture continuously stirred for 1 hour until it be-
comes a homogeneous mixture at a temperature
about 70°C. Then the homogeneous mixture was
heated in a microwave oven and the process was
repeated 12 times at 50 watts by interval of 1 mi-

nute. The heated solution was naturally cooled
down at room temperature. The above solution
was kept under the bath sonication for 30 minutes,
at the room temperature. The mixture was centri-
fuged for 25 minutes at 2000 rpm for 5 times.
Finally, the obtained precipitate collected and
washed by using acetone at several times to elimi-
nate the excess solution of EG. Then the precipi-
tate was dried by 100°C using hot-air oven for 6
hrs. Figure 1 shows the schematic representation
of MoS,, WS, preparation.
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Fig. 1. Schematic representation of synthesis of
MoS,, WS; nanosheets.

2.3 Fabrication of DSSC

The DSSC device fabrication process is dis-
cussed (Figure 2) in detail below. First, FTO sub-
strates were cleaned using soap, detergent solution,
double distilled water, and acetone in bath soni-
cator and then dried at 70°C for 30 min. The TiO;
nanoparticles combined with PEO, PEG, and other
organic solvents were used for the preparation of
photo anodes. The final paste was coated on
cleaned FTO substrates using Doctor Blade meth-
od and annealed at the 500°C for 30 min. This
photoanode soaked into the N719 ruthenium dye
(3mM) for 24 hrs and then the substrates were
washed by several times using ethanol.
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Fig.2. Photograph of device fabrication of DSSC.

The counter electrode from MoS; and WS;
(95mg) and polyvinylidene fluoride (5 mg) blend-
ed with N-Methyl-2-Pyrrolidone (NMP) and the
resulted slurry was deposited on cleaned-FTO
substrate and dried at 70°C for 12 hrs. Next, lo-
dide/Triiodide used as an electrolyte were injected
into the active area, followed by dye anchored
photoanode and counter electrode were sand-
wiched to fabricate the complete DSSC device [8].
Figure 2 shows the step-by-step preparation of
solace device on FTO substrate.

3. Results and Discussion

3.1. XRD

The XRD patterns of WS; and MoS; are shows in
figure 3. The XRD pattern indicates the WS, and
MoS, phase structure with high purity of both
samples. The intense diffraction peaks of WS, are
noticed at 14.3°, 28.67°, 32.7°, 39.34°, 43.63°,
49.65°, 59.11°, 60° and 62.1° corresponding to the
reflection planes of (002), (004), (100), (103),
(006), (110), (112), and (107). Next, MoS; are
observed peaks were appeared in 14.3°, 29.02°,
44.16°, 60.11° associate with (002), (004), (006),
(008). This diffraction peaks are confirmed and
evidenced with the standard JCPDS file # 08-0237
and 37-1492. These peaks indicate the stacking of
few-layered sheets along the C-axis and the pres-
ence of the hexagonal phase was reduced when
lithium intercalation and microwave irradiation
process [20,21]. Appling the XRD Pattern crystal-
lite size were find using Scherrer formula D, =
KA/B cosB here, K is shape factor, A wavelength
of X-ray (1.54178 A), p = FWHM of XRD peak, 6
= peak position and D, = crystallite size. Calculat-
ed crystallite size of WS; and MoS; is 26.58 nm
and 32.74 nm, respectively. The crystallite size
defines the size of the sheets the variation of sizes
influences in the applications.
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Fig.3. X-ray diffraction pattern of MoS; and WS;
nanosheets.

3.2. Raman Spectrum

Raman spectroscopy measurements performed
to further confirm the phase classification as
shown in figure 4. This characteristic Raman shifts
occurred at 325, 450 cm?® 366 and 431
cmcorresponding to WS, and MoS,. It is clearly
expected for the Elyy and Ayg, respectively. Fur-
ther, the additional (weak) peaks at lower frequen-
cy regions are corresponding to modes such as
active 1T-type WS, and MoS. It's not allowed in
2H-WS;. Besides, the Raman spectra were moni-
tored as a function of the calcination temperatures.
These spectra were revealed that the intensities of
the Raman active modes don’t change after the
exfoliation process. In addition, the positions of
E12g and Alg peaks were reported to change with
the number of monologues and weak down shift
also observed for bulk WS; and MoS; [22,23].
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Fig. 4. Raman pattern of MoS;and WS,
nanosheets.

3.3. UV-Visible Absorbance

Figure 5 is shown the UV-Visible spectrum
that clearly shows the absorbance spectrum of
MoS, and WS, The direct excitonic transition
expected from the deep valence band (VB) to the
conduction band (CB) and evidenced results by the
absorption bands at 459, 616 and 669 nm could be
endorsed to the existence transitions from the ‘K’
point of the Brillouin zone. All of these character-
istic peaks demonstrated better agreement with
few-layered 2H-MoS,. Another, WS, nanosheets
peaks were presented in 640 and 520 nm.

Absorbance (arb.units)

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 5. UV-Visible Spectrum of few layer
MoS,and WS;nanosheets.

3.4. Scanning Electron Microscopy (SEM)

Synthesized WS, and MoS,were treated
for an SEM observation to study about the mor-
phology of the microwave assisted Li-intercalated
few layers of MoS; and WS,which were shown in
Fig. 6 (a-e). It shows the morphological image of
MoS; in different magnification. Thereby it shows
the distinct nano sheets appeared in the image.
This shows the exfoliation process was done in
both the directions like reducing of layer thickness
and size of sheets. The SEM image of WS;, MoS;
Fig. 6(a-d) depicted the randomly arranged hexag-
onal shape of exfoliated WS, and MoS; catalysts,
which are arranged in a symmetrical manner.
Moreover, the reduced plate width and multi-layer

formations are noticed.
= A
' .

;= = W

Fig. 6. SEM images of as synthesized few layers MoS; and WS, nanosheets.

——
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Fig. 7. TEM images of MoSz(a) WS2(b) nanosheets.

The corresponding peak to the (002) plane pre-
sented in the XRD pattern (Figure 1) which
supports to the Figure 6 (b, €), where WS; and
MoS; platelets stacked together with highly
ordered packing. Further, Transmission electron
microscope (TEM) was employed to observe
the morphological structure of the XS, Figure 7
shows the TEM images of MoS; and WS, which
are shows the clear transparent sheets of MoSy,
WS; and it confirms that the bulk MoS;, WS;
has been well exfoliated and retains a few layers
of 2D- sheets.

Fig. 8. Scheme and possible mechanism of XS,
solar cell device assembly.

3.5. DSSC Performance

The prepared MoS,, WS; Samples were in-
troduced to the counterpart of dye sensitized
solar cells (DSSC). Figure 8 shows the light
trapping scheme and possible mechanism of
MoS,, WS, solar cell device assembly. The
fabricated DSSC devices of MoS; and WS; are
delivered the photo-conversion efficiency (n) of
2.15% and 2.52%, respectively.

Current Density (mA/cm?)

0 T T . Ll L4 T LJ s
00 01 02 03 04 05 08 07 08
Voltage (V)
Fig. 9. J-V curve of fabricated DSSC using
MoS; and WS;.
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Table 1. Dye sensitized solar cell parameters for as synthesized MoS; and WS;

Sample Voc (V) Jsc (mA/cm?) FF n (%)
MoS; 0.78 6.96 0.39 2.15
WS, 0.78 8.42 0.38 2.52

Solar cell parameter of MoS; had an open References

circuit voltage (Voc), short circuit current densi-
ty (Jsc) and its fill factor (FF) are tabulated
(Table-I) and J-V curve has been shown in Fig-
ure 9. MoS; provides V. of 0.78 V, Js. of 6.96
mA/cm?, fill factor of 0.39% and WS, gives
0.78 V(Vo), 8.42 mA/cm? (Js),0.38 % (FF).
The results clearly delivered that performance
of DSSC was improved because of the presence
of few layered nanosheets of MoS, and WS;
this may confirm through XRD and TEM the
lower sized crystallite size sample provided
high efficiency. The few layered nanosheets
have possessed good electrocatalytic activity,
high surface area, stability towards the corrosion
caused by electrolyte [24].

4. Conclusion

In summary, we have successfully prepared
the lithium iodide intercalated MoS,, the WS;
2D-nanosheets using the simple and rapid pro-
cess microwave assisted method. The micro-
wave technique helps to intercalation and loosen
of the bulk sheets, loosen sheets were exfoliated
with the help of sonication process the resultant
shows few layers of 2D nanosheets. Compared
to MoS,, the WS; nanolayer has shown in-
creased dye sensitized solar cell efficiency (2.15
and 2.52 %) because of highest Lithium-ion
intercalation on WS; layer. The TEM images of
MoS; and WS, shows clear transparent sheets.
In future, the parameter optimization could be
useful for the enhancement of better photovolta-
ic performance.
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