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Abstract

In this content, the few-layered 1T-WS; nanosheets were prepared by chemical exfoliation and applied to study hydrogen
evolution reaction. Lithium were introduced from n-butyllithium in hexane solution and showed intercalation into the bulk WS,
powder to form the LixWS;compound in a teflon lined autoclave at a temperature of 100°C for 5 hours, Different concentration
of n-butyllithium solution were used with the intention of observing the as-prepared nanosheet properties and the influence on
the hydrogen evolution reaction. After the LixWS, powder reacted with DI-water and underwent ultrasonic treatment, the few-
layered 1T-WS; nanosheets were obtained. The size of the as-preapared nanosheets was in the scale of several hundred
nanometers. The layer number of the sheets can be observed and determined as about the range of three to six layers.
Furthermore, the measurements of UV-vis, TEM (Transmission Electron Microscope), AFM (Atomic Force Microscope) and
hydrogen evolution reaction were carried out. In this report, the 1T-WS; nanosheets show excellent catalytic activity for
hydrogen evolution reaction. This indicates that 1T-WS, nanosheets are promising in sustainable production of hydrogen fuel

and increasing the efficiency of hydrogen production. Copyright © 2018 VBRI Press.
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Introduction

Nowadays, two dimensional materials have received a lot
of attention. The most well-known 2D material is graphene
(-3 Recently, the two dimensional transition metal
dichalcogenides such as MoS; monolayer and WS;
monolayer, have caught a lot of attention. Layered
transition metal dichalcogenides (LTMDs) are the most
promising two dimensional materials because of their
multiple applications in catalysis, light emitting diodes and
phototransistors 71, However, the semiconducting 2H-
WS, nanosheets only show catalytically active along edges
and catalytically inert in the basal planes [€. Recent reports
show that the catalytic performance of semiconducting 2H-
WS; can be significantly improved by phase conversion to
metallic 1T-WS, -4, Lithium intercalation is a useful way
of chemical exfoliation method to prepare a large-scale 1T-
WS; nanosheets. By using the n-butyllithium, the lithium
ion is inserted into the layered structures of bulk WS, 14,
The LixWS; compound is exfoliated in water and undergo
ultrasonic treatment.

Recently, global warming has been resulting in steep
rise of temperature, related to the excess usage of fossil fuel
with the large emission of CO,. It is in urgent need of
finding other resources to replace fossil fuel. Hydrogen
fuel is a suitable resource because of its characteristic of
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high energy density and clean by-product (water) after
combustion 3. Nowadays, Platinum is the most efficient
catalyst for hydrogen evolution reaction 4. However,
Platinum is still very expensive, so that it is difficult to be
widely used. Here, we report that WS, nanosheets have a
potential to be a great candidate of catalyst for hydrogen
evolution reaction. With the help of this novel material, the
problems of environmental pollution and energy shortage
can be significantly improved.

Experimental

Preparation of WS:nanosheets

Tungsten disulphide nanosheets were prepared by the
reaction of lithium intercalated WS, with distilled and
deionized water. Bulk WS, powder (0.62 g, Sigma-Aldrich)
was mixed with three different concentrations of
n-butyllithium (Rockwood) in hexane — 0.33 M, 0.50 M
and 0.67 M. Then the mixture was heated at 100°C in a
teflon lined autoclave for 5 hour. After 5 hours, the lithium
intercalated WS, was washed with 50 ml of hexane twice
to remove the excess n-butyllithium, followed by
exfoliation in 40 ml of distilled and deionized water under
ultrasonication for 50 min. Equal volume of ethanol was
added into the WS; nanosheets solution and centrifuged at
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Fig. 1. The illustration of WS, nanosheets preparation and water splitting reaction.

6,000 rpm for 20 min. The unexfoliated materials in the
bottom of tube were removed and repeated the
centrifugation procedure. The supernatant was then
centrifuged at 14,000 with 95 % of ethanol solution several
times to remove lithium cations. At least, the WS,
nanosheets were dispersed in ethanol.

Electrochemistry measurement of WS: nanosheets

The WS; nanosheets were dispersed in ethanol with 3 % of
PEDOT:PSS in H O and were transferred on the ITO
substrate. The electrolyte was prepared by mixing
0.2 M KHCO; water solution with methanol (1:1 in
volume).The efficiency (1) of photoelectrochemical water

splitting was evaluated according to the following equation
[15].

(1.229—|Vbias|)xI
n(%)= - X 100%,

where 1 is the photoelectric conversion efficiency, I is the
photocurrent density at V bias, Ptis the intensity of
incident solar light. The illustration of the experiment is
show in the Fig. 1.

Results and discussion

Crystalline Structure and Morphology Characteristic of
WSz nanosheets

From the SEM image in Fig. 2, the bulk WS lateral size is
2-5 um. In contrast with substrate, the bulk WS, is
multilayer stacking together. By the method of
solvothermal, the lithium is intercalated into the interlayer
of bulk WS, and the van der Waals force between each
layer is decreased [®1. The interlayer distance is then
expanded by the lithium intercalation. After the insertion
of lithium, the LixWS, compound is reacted with H.O to
generate hydrogen gas under ultrasonication®”l. The
exfoliation is enhanced by the hydrogen gas and
ultrasonication. The TEM image of three different
concentration of n-butyllithium (0.33 M, 0.50 M and
0.67 M) is shown in Fig. 3. From the Fig. 3, the WS,
nanosheets are almost transparent which indicates that the
WS; nanosheets contain few layer ['81, The lateral sizes of
WS, nanosheets are about 100-200 nm. The thickness of
WS, nanosheets were determined by AFM. The height
profile of WS, nanosheets shows the step inside the WS;
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nanosheets with height different around 2-6 nm, as shown
in Fig. 4. The exfoliation method which we choice in this
content is possible to fold the WS, naosheets. We suggest
that WS, nanosheets are folded and make the different of
height inside the WS, nanosheets.

Fig. 2. Scanning electron microscopic images of bulk WS,

Fig. 3. Transmission electron microscopic images of WS, nanosheets
from different concentration of n-butyllithium. (a) 0.33 M (b) 0.50 M (c)
0.67M
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Fig. 4. Atomic Force Microscope image and height profile of WS,
nanosheets from different concentration of n- butyllithium. (al, a2) 0.33
M (b1, b2) 0.50 M (c1, c2) 0.67 M
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Fig. 5. UV-visible absorption spectra of WS, nanosheets from 0.33 M
(red), 0.50 M (green) and 0.67 M (blue) of n-butyllithium.

Optical properties of WS2 nanosheets

The Fig. 5 is the UV-vis spectrum of WS,
nanosheets prepared by three different concentration of
n-butyllithium. The 2H-phase WS; shows mainly three
peak around 630 to 650 nm, 550-500 nm and 450-500 nm
(19,201 However, spectrum shows that the absorbance of
increase with decreasing wavelength and absent of the
three characteristic peak of 2H-WS, which indicate that the
WS, nanosheets are 1T phase.

Photoelectrochemical water splitting

The WS, nanosheets for photoelectrochemical water
splitting were measured with electrolyte of 0.2 M KHCO3
in DIl-water : methanol = 1:1 solution under solar light
radiation, as shown in Fig. 6. The efficiency was estimated
according to following equation

n(%)_(1.229—LI,/tbias|)><Ix100%,

the efficiency of WS, is decreasing with increasing
the concentration of n-butyllithium. The efficiency
of WS, nanosheets decreases with the increasing
n-butyllithium concentration. The WS, nanosheets
prepared under the 0.33 M n-butyllithium solution show
the highest efficiency among the other WS; nanosheets and

the hydrogen generation rate is 4.81x 10* L/s-m?, as
shown in Table. 1,

Table 1. Photoelectrochemical water splitting properties of WS:
nanosheets under solar light radiation.

Parameters | J_. (A/m’)| V., (Volt.) | Myme (%0)| H, .y (L/s * m)

033M 3.775 0.535 0.262 4.81 x 10"
0.50M 3.169 0.532 0.221 4.04 x 10"
0.67M 2.652 0.535 0.184 3.38 x 10*
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Fig. 6. J-V curve of WS, nanosheets from different concentration of
n-butyllithium. (a) 0.33 M (b) 0.50 M (c) 0.67 M.

Conclusion

We have successfully prepared the few-layered
1T-WS; nanosheets by lithium intercalation in a
teflon lined autoclave at a temperature of 100°C for
5 hour. The lateral size of WS, nanosheets are about
several hundred nanometers and the number of layer is
about three to six layers. The highest efficiency of
photoelectrical water splitting is at 0.535 voltage with
current density = 3.775 A/m?and the hydrogen generation

rate = 4.81x10* L/s- m? The few-layered 1T-WS;,
nanosheets show a good candidate for hydrogen evolution.
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SUPPORTING INFORMATION

a) The photoelectrical water splitting properties of PEDOT:PSS solution

(2]

S [}
1 1

Current density (A/m2)
w

0 T T T T T T
00 02 04 06 0.8 1.0 12

Voltage (V)

Fig. (a). The J-V curve of PEDOT:PSS solution
The highest efficiency is 0.1633% at 0.473 voltage with current density
= 2.16 A/m? and hydrogen generation rate is 2.75 x 10 L/sm?
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