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Abstract In the current research, the electrochromic layer of Tungsten oxide has been applied on the FTO (Fluoride
Tin Oxide) conductive glass using an electrochemical method. Then, using in situ hydrothermal method, MoS-
WOj; nanocomposite is deposited on the substrate containing Tungsten oxide. By changing the percentage of MoS,,
the optimal effect of molybdenum disulfide concentration on the electrochromic properties of the coated layer was
investigated. The nanocomposite thin film containing optimal percentages of Molybdenum disulfide was analyzed

SKniZVnV%ﬁg:s and characterized by Scanning Electron Microscopy (SEM), Optical Spectroscopy, X-ray diffraction (XRD), and
Thin Film, Amperometry. According to results, the nanocomposite containing 0.025% molybdenum disulfide (WM0.025) has
Nanocomposite, the best response in the electrochemical cell for using as smart glass. The optical results showed that the addition
WOs3, of molybdenum disulfide to tungsten oxide resulted in the colorization of the electrochromic layer, and due to the
MoS, increase in the diffusion coefficient of lithium ions (from the electrolyte solution), the response time of the

electrochromic layer was also improved.
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1. INTRODUCTION

Smart materials are materials that change their
physical or chemical properties by applying energy and
creating excitement in them. These materials act based on
the change of the equilibrium state of electrons due to
external excitation. If this excitation leads to a change in
optical properties such as reflection,
absorbance/scattering or transmission, this process is
called colorization. This process is a reversible change in
the optical properties of a substance that occurs because
of oxidation and reduction reactions. This color change
occurs between two transparent and colored states or
between two colored states. The electrochromic device
consists of two transparent electrodes, the electrochromic
layer and the electrolyte. The oxidation-reduction
reaction by the potential difference created in the two
electrodes and the electrolyte between them can cause a
change in the electron alignment of the color centers in
the electrochromic layer, which results in absorbance.
The visible light also changes and the color changing
occurs and the system changes from a transparent state to
a colored one (Veeramalai et al., 2016).

Various transition metal oxides such as Nickel Oxide,
Tungsten Oxide, Copper Oxide can be used as inorganic
electrochromic materials. However, tungsten trioxide can
be a suitable candidate for electrochromic devices due to
its high electrochromic response, good colorization
efficiency, and suitable cycle stability. In addition,
devices based on Tungsten Oxide show low energy
consumption, good memory effect and high contrast ratio
(Falola, et al., 2016). One of the ways to improve the

performance of the electrochromic layer is to add an
impurity component corresponding to the electrochromic
material. In 2012, Huang (Huang et al., 2012) and his
colleagues investigated a suitable increase in
performance improvement by adding silver nanoparticles
to tungsten oxide. Yao (Yao et al., 2012) and his
colleagues investigated the addition of carbon nanotubes
to tungsten oxide and because of the advantages These
nanomaterials had a great effect on the improvement of
this layer. In 2014, Lin (Lin et al., 2014) and his
colleagues investigated the nickel oxide composite
containing lithium and zirconium, the result of which was
the improvement of the electrochromic properties of
nickel oxide.

In addition, in 2015, Chang (Chang et al., 2014) and
his colleagues studied the effect of the growth of tungsten
oxide nanowires on graphene oxide plates in an
electrochromic device, and the presence of two-
dimensional graphene oxide plates has improved the
performance of the device during switching and coloring
efficiency. Problems such as high cost and long process
in making graphene and on the other hand, graphene not
being stable at high temperatures have caused other two-
dimensional materials to be proposed. For example,
using other two-dimensional materials such as
molybdenum  disulfide  helps  improving the
electrochromic efficiency of layer. Porous molybdenum
disulfide has received much attention due to its high
surface area ratio and active sites. This amazing material
has proven its effectiveness in numerous researches on
energy production in fuel cells, biosensors and
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supercapacitors (Falola et al., 2016). In 2020,
Mallikarjun (Mallikarjun et al., 2020) used two-
dimensional molybdenum disulfide plates to make
flexible smart glass and to improve the electrochromic
layer of tungsten oxide. The reason is its high electrical
conductivity, good mobility, high surface ratio and
mechanical properties of this two-dimensional material.
Therefore, according to the characteristics of
molybdenum disulfide and tungsten trioxide, the choice
of nanocomposite of these two materials was considered
in this study to increase and improve the performance of
smart glass, with an easy and repeatable synthesis
method. In the current research, the fabrication of
molybdenum disulfide-tungsten trioxide nanocomposite
by electrochemical deposition method is reported and its
electrochemical properties are investigated. High
specific surface area, two-dimensional permeable
channels, acceptable conductivity and ability of
molybdenum disulfide make the penetration of ions in the
electrochromic layer more and charge transfer faster.
Therefore, it is expected that the performance of the
nanocomposite electrode will improve.

2. MATERIALS AND METHODS

In order to make a thin layer of tungsten oxide in the
nanocomposite electrode, the electrochemical layering
method was used. First, the tungsten wire precursor was
ground to a maximum size of 1 mm, and a thin layer of
tungsten oxide was deposited on the transparent
conductive layer of FTO as a growth substrate from the
powder obtained for 1 gram in hydrogen peroxide. The
electrochemical marking layer was done by a potentiostat
device with a voltage of -0.7 mV compared to the
silver/silver chloride reference electrode for 300 seconds.
In order to create a two-dimensional nanometer structure
of molybdenum disulfide on the layered electrode, the
hydrothermal method was used.

The hydrothermal solution of tungsten trioxide
prepared with molybdenum disulfide powder obtained in
the previous step was added to the solution with weight
percentages of 0.01, 0.025 and 0.05 and it was stirred for
60 minutes at a speed of 700 rpm. . The number of three
pieces of FTO coated by electrochemical method were
placed on the pre-designed Teflon holder and the holder
was placed in a 100 ml Teflon container. Finally, the
autoclave was subjected to heat treatment in the oven for
24 hours at a temperature of 160°C. The synthesized layer
was used as the electrode containing the electrochromic
layer in the electrochromic device. To test the
performance of the synthesized electrode as a smart
glass, first, 0.25 g of lithium perchlorate salt was placed
in a vacuum oven for 12 hours at a temperature of 100°C.
Then, the dried salt was mixed in 20 ml of propylene
carbonate for 3 hours on a magnetic stirrer at 500 rpm
and the clear electrolyte obtained was used for injection
into the electrochromic cell.

PGSTAT30 model galvanostat potentiostat was used
for electrochemical experiments. Cyclic voltammetry
(CV) and chronoamperometry (CA) measurements were
used to investigate the electrochromic properties. CV
measurements were carried out in the potential range of -
1to 1 V and with a scan rate of 50 mv/s with an Eco
Chemie PGSTAT30 potentiostat device manufactured by
Metrohm. In order to investigate the crystal structure,

morphology and dimensions of nanoparticles and
observe optical changes from X-ray diffraction analyzes
(XRD), field emission scanning electron microscope
(FESEM) and optical test (UV-Vis) from Lambda 25
spectrometer from PekinElmer Company were used.
Raman spectroscopy was also performed by Takram
P50COR10 (laser wavelength of 532 nm).

3. RESULTS AND DISCUSSION

By comparing the Cyclic Voltammetry of two
samples (Figure 1), it is clear that the density of cathodic
and anodic currents is higher in the nanocomposite layer.
This means more charge transfer and more Li* ion
exchange in the tungsten oxide-molybdenum sulfide
nanocomposite layer. As expected from the SEM images,
the charge transfer at the layer/substrate interface and
consequently the Li* ion exchange process at the
electrolyte/layer interface has increased. Therefore, the
level of the CV diagram, which indicates the amount of
charge exchanged, is higher in the nanocomposite layer
than in the tungsten oxide layer.
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Figurel. Cyclic voltammetry of WOs thin film and
nanocomposite thin film containing 0.025% MoS:

Due the obtained results, it can be seen that the
nanocomposite layer has a shorter switching time, higher
optical modulation and more coloring efficiency, also the
presence of tungsten oxide nanoparticles on the MoS;
nanosheets has caused a high specific surface area for the
nanocomposite. On the other hand, MoS; can act as an

ideal electron acceptor material to receive WOs excited
electrons and increase the electron transfer rate in the
nanocomposite layer. The Wb and Wc graphs correspond
to the passage of a thin layer of tungsten oxide in
colorless and colored states, respectively. As a result, this
layer has a faster electrocromic response. In the process
of coloring the nanocomposite layer, the diffusion paths
of Li ions to enter/exit from the tungsten oxide network
are shorter, which is due to the structure of the network
and more contact between the electrode and electrolyte
surface.
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Figure 2. Transmitance for smart glass containing tungsten
trioxide layer, nanocomposite containing 0.025%
molybdenum disulfide plates and glass containing conductive
layer.
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4. CONCLUSION

The present research was conducted with the aim of
investigating the effect of the presence of molybdenum
disulfide on the electrochromic properties of tungsten
oxide. For this purpose, WOs thin layer and WO3-MoS;
nanocomposite  thin  layer were prepared by
electrochemical deposition method. The results of the
research showed that the presence of MoS; layer in the
interface between the electrochromic layer and the
conductive electrode had a significant effect on the
properties and performance of the WQO3; electrochromic
layer. The comparison of SEM images of the samples
showed that the presence of MoS; layer changed the
morphology of WO3 nanoparticles compared to the layer
without MoS;. The WOj; layer consists of an amorphous
background in which nanorod particles are irregularly
distributed in its parts. Examining the electrochemical
results showed that the presence of the MoS; layer in the
nanocomposite sample increased the electrochemical
activity of the layer compared to the layer without MoS..
The diffusion coefficients obtained from the results of the
cyclic voltammetry test showed that the presence of
molybdenum disulfide plates in the samples increased the
diffusion of Li ions in the dye active layer.

In general, the presence of molybdenum disulfide in
the interface of the electrode has improved the
electrochromic performance of the nanocomposite layer.
The reason for this is mainly related to the greater
electrochemical activity of this layer and the created
porous microstructure, which has increased the diffusion
coefficient of penetrating lithium ion and the large
specific surface area for charge transfer reactions.
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