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ABSTRAK

Filem nipis tungsten sulfoselenide WSSe telah berjaya dielektromendapkan ke atas
permukaan substrat kaca bersalut indium-timah-oxida (ITO). Tempoh masa
pemendapan telah ditentukan selama 10 hingga 30 minit dengan selang 5 minit. Teknik
voltammetri berkitar telah digunakan untuk menilai potensi optimum kepada
pemendapan filem nipis WSSe. Ketebalan filem nipis diukur melalui kaedah berat
badan. Filem-filem nipis tersebut telah dicirikan untuk ciri-ciri struktur dan morfologi
permukaan dengan menggunakan XRD and SEM. Ciri-ciri optik dan parameter-
parameter semikonduktor filem nipis tersebut telah dilakukan untuk mengkaji
kesesuaian filem tersebut sebagai bahan photoelektrokimia (PEC) / sel solar. Filem
nipis WSSe didapati memendap secara baik kepada substrat dengan optimum potensi
-0.46V dan mencapai ketebalan sehingga 1.44 pum. Analisis struktur melalui
pembelauan sinar-X (XRD) mendedahkan bahawa filem-filem tersebut adalah bersifat
polihablur dengan intensiti puncak XRD yang semakin meningkat dalam filem-filem
yang lebih tebal. Morfologi permukaan filem-filem yang ditentukan oleh imbasan
mikroskop elektron (SEM) menunjukkan pertumbuhan filem-filem yang seragam dan
merangkumi seluruh permukaan substrat untuk filem-filem yang tebal. Nilai jurang
tenaga optik langsung dalam semua jenis filem dinilaikan 2.14 eV sesuai sebagai
bahan PEC / sel solar dan nilai yang semakin menurun untuk filem yang lebih tebal.
Nilai jurang tenaga optik WSSe filem nipis yang dikaji didapati berada pada 1.5 eV
kepada 30 minit masa pemendapan. Keputusan analisis parameter semikonduksi filem
nipis menunjukkan bahawa sifat plot Mott-Schottky yang diperolehi adalah daripada
bahan jenis-p. Nilai untuk lebar susutan filem-filem tersebut yang berkurangan dari
8.55 hingga 4.34 A untuk filem nipis WSSe juga disokong kuat dengan nilai-nilai
jurang tenaga yang diperolehi daripada kajian optik. Nilai-nilai yang diperoleh dalam
keputusan analisis parameter semikonduktor filem nipis WSSe didapati sesuai dan
disokong seperti mana nilai-nilai dalam pelbagai logam peralihan kalkogenida yang
lain. Ini telah membuktikan bahawa WSSe filem nipis mampu berfungsi sebagai bahan

PEC / sel solar yang baik.
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ABSTRACT

Transition metal dichalcogenide thin films has greatly interest in the investigation as
solar panel material. Tungsten sulphoselenide WSSe thin films were investigated in
this research and it were successfully electrodeposited on indium-tin-oxide (ITO)-
coated glass substrates. The deposition time for the thin films were set at 10 to 30
minutes with an interval of 5 minutes. Cyclic voltammetry technique was used to
determine the optimum potential for deposition of WSSe thin films. Thickness of thin
films were measured by using weight gain method. The thin films were characterized
for their structural and surface morphological characteristics by XRD and SEM. Their
optical and semiconducting parameters were also analyzed in order to determine the
suitability of the thin films for photoelectrochemical (PEC) / solar cell applications.
WSSe thin films were well adherent to the substrates with optimum potential of -0.46V
and grew up to thickness of 1.44 pum. Structural analysis via X-ray diffraction (XRD)
analysis reveals that the films are polycrystalline with increasing intensity of XRD
peaks in thicker films. The surface morphology of the films determined by scanning
electron microscope (SEM) showed the growth of the films to be uniform and well
covered for thicker films. The optical bandgap energy of the films measured as 2.14
eV for PEC / solar cell materials which decreased as the deposition time of the film
increased. Bandgap energy of 1.5 eV was obtained for WSSe thin films deposited at
30 minutes. Results on the semiconducting parameters analysis of the films showed
that the nature of the Mott-Schottky plots indicated that the films obtained was of p-
type material. The decreasing values for the depletion width of the films from 8.55 to
4.34 A in WSSe thin films are in good agreement with the decreasing energy gap
values retrieved from optical studies. All values come in the range of many other
transition metal chalcogenide and this has proven that WSSe thin films is capable as a

solar / PEC cell material.
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CHAPTER 1
INTRODUCTION

Chapter one is the introductory of the project which comprising the research
background, problem statement, objectives, and scope of project, as well as the

outline of the project.

1.1 Research Background

In this modern era, people’s lifestyle has been greatly depends on fossil fuels.
However, fossil fuel reserves are being depleted faster than those currently being
developed. Furthermore, the combustion of fossil fuels has caused critical
environmental issues such as the acid rain, greenhouse effect and global warming.
Therefore, the evolution of a clean and renewable energy carrier has become an
urgent priority. In various promising hydrogen technology, Fujishima and Honda
was the first to report the photocatalytic water-splitting reaction on TiO2 in 1972
(Fujishima and Honda, 1972). Since from that time, optimal solar energy conversion
by the water-splitting reaction on photo-semiconductor catalysts becomes one of the
most promising hydrogen technologies. However, the wide band gap (3.0-3.2 V) of
Ti0; has caused photocatalytic activity produced low quantum efficiency under the
visible-light irritation. Therefore, many efforts have been made to improve the

photocatalytic efficiency of solar cell (Pan et al., 2011).

The main attribute of each solar cell is its ability of efficiently absorption of solar
radiation (photocatalytic efficiency) which consists of wide light spectrum of

photons when achieve solar cell surface. The absorption efficiency depends on the
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optical and electronic properties of absorber layer (semiconductor material) in the
solar cell. It defines the wavelength dependent absorption coefficient values and the
parameters which are exactly linked to the band gap of the semiconductor and the

energy band structure.

Theoretically, if energy of photons less than the minimum energy of absorber band
gap, photons cannot be absorbed thus do not contribute to energy conversion. In
contrast, an energy band gap value exceeds doubled photon never create more than a

single electron-hole pair, which dissipating all the excess energy as heat in the cell.

When choosing wide band semiconductor optical absorption becomes constrained
only to high energy photons while neglect for the sub-band gap photons solar cell.
This leads to the low photocurrent solar cell but in this case, the advantages are more
efficient solar energy spectrum absorption. This is because more photons energy is

being converted into electricity thus the solar cell produce higher output voltage.

Contrary to that, even though narrow band semiconductors solar cells have high
effectiveness of absorbing wide range of light spectrum and hence produce higher
photocurrent values. However, these solar cells have lower energy conversion
efficiency in the range of high energy photons and exhibit lower output voltage. The
above discussion bring about clear decision that to reach maximum conversion
efficiency for a specified solar spectrum absorber material with optimum band gap

should be used for any solar cell manufacture (Zdanowicz et al., 2005).

In order to investigate the alternative material used as solar panel, the unique
properties of layered form semiconducting transition metal dichalcogenides (TMDs)
make them of excessive interest for both academia and industry. They propose an
amazing alternative to graphene, as they have a band gap, which is a key for
applications in electronics and photonics. These materials have the general formula
MX; with M represent a transition metal (commonly, but not limited to, Mo, W, Nb,
Ta, Ti) and X represent a chalcogen (S, Se, Te). This compound can form thin films
composed of a plane of metal atoms covalently bonded to chalcogen atoms

(Gatensby et al., 2014). Concurrently, the fabrication of transition metal
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dichalcogenides thin films have been carried out widely for its large potential use in
the non-conventional energy resources industries. In recent years, TMD thin films
such as HgSSe, ZrSe,, CdSeTe, WSSe, and CdSSe have been dynamically

investigated for photoelectrochemical (PEC) and solar cell applications.

The synthesis of TMD thin films materials enlarges the possibility of observing the
development of physical properties of the materials with sizes. The decreasing of
sizes, in terms of thickness of the thin film provide the opportunity of observing new
behaviours such as size dependent structural, electrical and optical properties. TMD
thin films can be form by numerous methods, containing sputtering, chemical bath
deposition, selenization, solid state reaction, sulphurization and electrolytic reduction.
However, they are costly and occasionally present unusual problems for the
fabrication of transition metal dichalcogenide thin films. On the other hand, the
electrodeposition technique presents simplicity and economic, control of film
thickness, uniformity and possibility of deposition of thin films onto substrates of

large and complex shape (Shariza and Anand, 2011).

Cyclic voltammetry technique is applied in this research to obtain the optimum
deposition potential for thin films formation. Cyclic Voltammetry is an
electrochemical method which generally consists of the application of a potential to
an electrode and the measured of the resulting current flowing. The CV measurement
is developed with a three electrodes cell system. The three electrodes are working
electrode (the electrode that electrochemical reaction happens and thin films are to be
deposited), counter electrode (generally used graphite as the electrode) and reference

electrode (saturated calomel electrode).

Nowadays, there are a lot of techniques had been developed which function to
analyze the microstructure and the properties of the material. In this research,
scanning electron microscope (SEM) is conducted to study the surface morphology
of thin films and X-ray diffraction technique (XRD) is used to perform the structural
analysis of thin films. Optical properties and optical absorption spectra effectiveness
of WSSe thin films is measured by using Ultraviolet-Visible-Near Infrared

spectrophotometer (UV/Vis/NIR spectrophotometer). Semiconducting parameters
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such as type of semiconductor, flat band potential (Vrs), doping density (Np),
depletion layer width (W), band bending (V) of thin films is measured by applying
Mott-Schottky plots.

1.2 Problem Statement

The most common world’s supply energy source nowadays is fossil fuel (oil, coal
and natural gas) which cause critical pollution issue such as acid rain, global
warming and greenhouse effects during used to generate energy. Moreover,
consumption of fossil fuel progressively increasing due to soaring in global
human population. This results in depleting trend of present energy source. Thus,
there is an imperative need to overcome the environment deterioration and energy
crisis (Tripathi et al., 2007).The most effective way is to develop a clean and
renewable energy to replace the fossil fuel. Interest is growing in the use of
photoelectrochemical solar cell which is a device of energy conversion.
Photoelectrochemical cell able to absorb light spectrum in the form of photons
therefore can convert light energy to electrical energy. Light energy is an

inexhaustible also environmental friendly energy.

The majority of solar cells on the market are made with silicon. This is because
silicon is an elemental semiconductor with good stability and well-balanced set of
electronic, physical, and chemical properties. However, silicon is considered as a
high cost material and it involves a complicated design and alignment in
manufacturing field (Turmezei, 2004). Hence, extensive research is necessary to
investigate a suitable material used as solar panel. This alternative material must low
cost in price, easy to fabricate, outstanding semiconductor properties, excellent
visible light absorption and an efficient charge separation of electrons and holes

during the photocatalytic reaction (Pan et al., 2011).

In last decade, transition metal chalcogenides (TMC) thin films have been frequently
investigated for photoelectrochemical (PEC) and solar cell applications. TMC thin

films are semiconductors with considerable characteristics by optical and
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semiconducting properties, which can be used as an efficient photovoltaic material.
Furthermore, transition metal chalcogenide thin films can be prepared by a safe, non-
toxic, cost-efficient and absolutely simple method which is electrodeposition

technique.

In this report, a ternary transition metal dichalcogenide compound, WSSe in thin film
form which able to prepare with low cost material is investigated to be the alternative

material for photoelectrochemical (PEC) and solar cell panels.

1.3 Objectives

This present research is specifically for the purposes as following:
i.  To synthesize stoichiometric Tungsten Sulphoselenide (WSSe) thin films by

using an electrodeposition method.

ii.  To analyze the optical characterization of Tungsten Sulphoselenide (WSSe)

thin films by using UV/Vis/NIR spectrophotometer.

iii. To measure the semiconductor parameters of Tungsten Sulphoselenide

(WSSe) thin films by using Mott-Schottky plot.

1.4 Scope of Project

This study will be focusing on the properties of Tungsten Sulphoselenide (WSSe)
thin films for the application in photoelectrochemical (PEC) solar cells. The project
includes the experimental procedures, characterization techniques which involve the
electrodeposition of thin films, structural analysis, morphological analysis, optical

and photoelectrochemical studies.

This research will begin with a cyclic voltammetry measurement to obtain the range

of deposition potentials where the films form on electrode. After synthesis of WSSe

@ Universiti Teknikal Malaysia Melaka



thin films, the structural properties of the films will be determined by X-ray
Diffraction (XRD) technique; whereas, the morphological properties will be
examined by using Scanning Electron Microscope (SEM). To analyze the optical
characterization of Tungsten Sulphoselenide (WSSe) thin films, UV/Visible/Near
Infrared spectrophotometer is used. Lastly, Mott-Schottky plot is used to measure the

semiconductor parameters of Tungsten Sulphoselenide (WSSe) thin films.

In brief, the main intention of the research is to investigate the optical
characterization and photoelectrochemical studies of Tungsten Sulphoselenide

(WSSe) thin films.

1.5 Outline of Project

This report will be divided into five chapters which consist of introduction, literature

review, methodology, results and discussion, and conclusions and recommendations.

Chapter one, is the introductory of the project which comprising the research
background, problem statement, objectives, and scope of project, as well as the

outline of the project.

Chapter two is the literature review of the project that discusses published
information that related to the title of this research. It is important to provide a handy
guide to the topic of research and gives an overview on the relevant title. It also
provides a solid background for the research’s investigation to know the previous
work that have done by the other researchers and make improvement towards the

limitations.

Chapter three discusses the methodology of the research. This chapter made up of the
methods to carry out the project and comprises the theoretical analysis of the body of

the methods by using material characterization methods.
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Chapter four discusses about the experimental results and the findings in this
research. Data gained through the methods that declared in the previous chapter is
analyzed. Brief description and discussion are made through the analyzed data. Some
technical opinions and professional perspectives are included in this chapter to

enhance the obtained results and support the discussion made.

Chapter five includes the conclusions, recommendations and sustainable elements of
the research. Conclusions give a brief statement based upon the objectives.
Recommendations for the solution of problem faced in the research are addressed.
Sustainable elements indicate the contribution of this research to various relatively

fields.
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