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Abstract

Hydrothermal method and modified hummer’s method were used for the synthesis of Tungsten
trioxide (WQ3) thin films and graphene oxide nanosheets respectively. Surface of Tungsten
trioxide (WQ3) thin film is then modified with graphene oxide through spin coating method.
After synthesis, the prepared samples were characterized by using different techniques XRD,
SEM, EDX, and UV-Visible. XRD results indicated that the pure WO; thin films were in
tetragonal (0-WO3) and monoclinic (y-WOs) phases and after modification the prominent
peaks of WO3 were suppressed just because by introducing the contents of GO. The SEM
results of the WOs thin films clearly showed the Nano brick like morphology and modified
WOs3 nano bricks are wrapped by GO sheets and and it is feasible to differentiate the edges of
single nano brick. UV-vis spectroscopy showed that maximum absorption of pure WOs3 is
found at a wavelength of 523 nm while for modified WO;3 with GO Maximum absorption is
found at 498 nm. The additional broad absorption was exhibited by modified WO3 thin films
in the visible region which lies in the range of 700-800. This absorption is due to O —W¢%*

charge transfer transition, as in case of monoclinic WOs.
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CIIAPTER 1 INTRODUCTION

1 Introduction

1.1 Thin Film:

Thin film is a material of fine microscopically thin layer of material that is
deposited by several methods on to a glass or metal substrate. Thickness of thin film may vary
from fraction of a nanometre to several micrometres. Different deposition parameters like
temperature of source, film thickness, temperature of substrate, and deposition method can

change the behaviour of a thin film [1].

Poortmans and Arkhipov have defined thin film as the film deposited by nucleation and growth
process of invidually condensing molecules and ions on the substrate. They realized that the
chemical, structural, and physical properties of thin films were strongly dependent on the
thickness of the flims and deposition parameters. As indicated by them thin films may have

variable thickness range from nanometer scale to few number of micro meter scales [2].

Cachet et al. stated that thin film with one dimension ought be so small such as the surface to
volume ratio increases. They realized that the confined dimension of the film influenced the
propertics of the film. They well-defined the thin film as the two dimensional solid material.
They stated that if the properties of surface and near surface were different from the properties

of the bulk material then the thin films distinguished from the thick films [3].

Baran expressed that the rapidly changed thin film devices and materials have made the
prospects for the development of new material, procedures and innovations. He clarified the
significance and need of the fundamental resesarch activities for the increased knowledge and
to build up the prescient capabilities for the chemical and physical properties of microstructures

and thin {ilms into diffcrent potential application [4].

1.1,1 Thin film and its nature:

Arbitrarily a thin film may be defined as a solid thin layer having thickness ranging
from few angstroms to about 10pm or so. Meanwhile the thickness limitation is slightly
arbitrary, somewhat thicker film may also come in the scope of the above definition. Therefore,

the thickness of thin film is divided into the following categories;

i.  Ultra-thin film which ranges from few to about 50-100A.
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ii.  Thin (or very thin) ranging from 100-1000A.
iii.  Comparatively thicker one generally being greater than 1000A.

It is demonstrated that the above confusion in understanding the definition of the film thickness
is further complex by coinage of new term, ie. thick film which is of extremely pragmatic
significance. This new term specifies totally new class of film instead of the composite layer

film, Thickness of these films is about 10pm and even often more than this.

Usually, there are no limitations on the dimensions under which a material might be called as
a thin film. Any two-dimensional materials which works differently in contrast to its bulk
material and has high surface to volume ratio falls in to thin film class. Distinctive behaviours
arc because of the reduction-of material in one dimension to few atomic layers thus the two
surfaces come so close to each other that they effect the physical properties of a material that
arc not present in its bulk counterpart. But in literature, the thin film dimensions are within few

nanomeire to a few micrometre [5].

1.1.2 Thin film versus powder:

As one dimension of the thin film ought to be so small to such an extent that it effects
the properties of thin films. Hence, the optical, structural, and electrical properties changes
because of confine dimension of thin film. Therefore, the material exhibit tuneable properties
because of confinement dimension. This effect is called quantum confinement and depends on

the thickness of thin film [6].

Thin films found not quite'same as bulk materials because thin films were not fully dense and
had two dimensions with the third confined dimension, Thin films were influenced by the
interface effects and deposited with variation of the materials. Thin film coatings were found

independently with the thermodynamic compositional constraints [7].

1.1.3 Factors affecting the growth, structure and film properties:
There are various factors that affect the growth, structure and properties of a deposited

film. These arc;

Substrate temperature
Source temperature
Nature of the substrate

Contamination by impurities and presence of defects on the substrate surface

Vv V WV V VY

Annealing

el
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Two significant parameters film thickness and temperature of substrate affect the properties of
{iim. Throughout the process of deposition, the mobility of the deposited atoms on the surface

of substrate can be enhanced by increasing temperature of substrates.

1.1.4 Applications of thin films:

Several applications of thin films used for the progress of solid state electronic devices
and integrated circuits in micro-electronics. In electronic displays, such as light emitting
diodes, liquid crystal displays, plasma, electro-chromic and florescent displays thin films of
conductivc transparent material were being used commonly. In the ficld of optical coatings,
thin {ilms of anti-reflecting film coatings were used as interference filters for solar panels and
as infrared solar reflectors. Thin magnetic films and optical coatings were used for data storage
devices in computer memories and compact disks. Thin films of carbide, nitride and borides
were used as hard coatings to enhance the wear resistance of metal surfaces for tools and
machine parts. Diamond like carbon films were also used for hard surface coatings. Thin films
were found very useful in different decoration pieces, such as wrist watches, cye glass frames

and in other decorative parts [8], Detail of some application is given below.

» Deccorative coatings:
For decorative coatings, the use of thin films probably signifies their oldest application. Today,
thin film materials of high refractive index and variable thickness e.g titanium dioxide are
frequently functional for attractive coatings on glass e.g., creating a rainbow-colour appearance
as oil on water. Also, by sputtering of gold or titanium nitride transparent gold-coloured

surfaces may either be prepared.

» Optical coatings:
Thesc layers assist in both refractive and reflective systems. Larger-area reflective mirrors
which were available during 19th century and were formed on glass by sputtering of metallic
aluminium or silver. Refractive lenses in optical instruments e.g. in microscopes and cameras
commonly show aberrations. These lenses show non-ideal refractive behaviour. Whereas along
the optical path large sets of lenses must be lined up carlier, currently, these aberrations’ may
corrcct with the coating of optical lenses by transparent multilayers of silicon nitride, silicon
oxide or titanium dioxide etc. A notable case for the development in optical frameworks by
thin film technology is signified by a limited mm wide lens used in smart phone cameras.

Further examples are assumed by anti-reflection coatings on solar panels or eyeglasses.
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» Protective coatings:
Thin films are frequently fabricated to defend a fundamental work piece from external
influences. The protection can work by lessening the interaction with the exterior medium so
as to decrease the diffusion to work piece from medium. Frequently, between mechanically

moving parts thin films assist as protection against abrasion.
3>  Thin-film photovoltaic cells:

Thin-film advancements are progressed by means of considerably lessening the cost of solar
cclis. Thin film solar cells are inexpensive to manufacture due to their reduced material costs.

This is particularly signified in usage of printed electronics procedures.

» Thin-film batterics:
To create unique batteries for particular applications thin-film printing expertise is utilized to
apply solid-state lithium polymersto a variation of substrates . Thin-film batteries can be

deposited directly onto chip packages in any size or shape [9].

1.2 Tungsten Trioxide:

When contrasted with other metal oxide efficient nanostructure, as ZnO, NiO,
Ti0; scveral other, considerable progressive studies on chromic properties of WO3 has been
made. WO; is a well considered material in application like dye sensitized solar cells, sensing

and photocatalysis [10].

Because of extremely exceptional physical and chemical properties of WOs, it has
accomplished great scientific concentration. Associated with other materials, WOj3 has stable
physicochemical properties, deeper valence band (+3.1 eV), strong photo corrosion stability in
acqucous solution, small band gap energy (2.4-2.8 eV), and very stable recylability

performance. It has the refractive index of 1.

Between a variation in tungsten oxides, just four of them are of incredible significance. They
all have attractive colours, (dark blue), WO; (chocolate brown), WO; (yellow), , and W30
have the violet colour. Structurally So-called higher tungsten oxides are correlated to both the

W200s3 and WQj3 structures.
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oxygen contents but higher electrical conductivity than RGO synthesized by hydrothermal

rcaction.

Xiaogin Jie et al, used a facile sol-gel method to synthesized Graphene (GR)-wrapped WO3
Nano sphere composite. The GR-WQO3 nanocomposites were characterized by X-ray powder
diffraction (XRD), field emission scanning electron microscopy (FESEM), Raman
spectroscopy and transmission electron microscopy (TEM). These Nano spheres composite
shows p-type gas sensing behaviour and the response of GR-WOs sensor regarding NO2
cxhibited that with an increase in the concentration from 7 to 56 ppm resulted in linear increase

at room temperature[39].

Song, J., X. Wang et al, synthesized GO sheets from modified Hummer’s method and by using
transmission electron microscopy (TEM) they determined microscopic motrphologies of GO
sheets. To determine the optical properties of the graphene oxide sheets, UV-Vis spectroscopy
was used by them. UV-Vis results revealed that in the visible range of 380~800 nm- GO
acquired good absorption, however slightly decreased absorption was observed in the
ultraviolet range. Therefore, photo response of GO sheets was found in ultraviolet range as
well as in visible range, which indicated the enormous potential used for application of light.
They also investigated average crystalline propertics of the GO sheets by XRD and resuits of
XRD demonstrated the successful synthesis of GO sheet [40].

Xiaogiang an et al, investigated the incorporation of WO Nano rods and graphene
nanocomposites used for NO: gas sensing and high-efficiency visible-light-driven
photocatalysis. Nanostructures with one-dimension have enormous significance due to superior
charge transport properties. This new composite shows strangely enhanced performance for
these applications as compared to pure WOs nanorods. The efficient photocatalytic activity of
nanocomposite of WO1/graphene is related to the improved adsorption towards enhanced light

absorption, efficient charge separation and chemical species[41].

M. Choobtashani et al, used thin films of tungsten oxide for photocatalytic reduction of
graphene oxide platelets on surface of the films under UV or visible light of the environment.
To characterize tungsten oxide films and graphene oxide sheets AFM (Atomic force
microscopy) technique was used. Moreover, to investigate photocatalytic reduction of the
graphenc oxide platelets and chemical state of the tungsten oxide films X-ray photoelectron
spectroscopy (XPS) is used. on surface of the sol-gel tungsten oxide film the reduction level

of GO was altained after 24 hours UV-assisted photocatalytic reduction which was similar to

18
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4 Results and Discussion

Structural Analysis:
4.1 X-Ray diffraction analysis:

4.1.1 XRD analysis of WO; Thin films:

Figure 4.1 represents the x-ray diffraction (XRD) pattern for the determination of
crystalline structure of WOs3 thin films. The outcomes demonstrated the mixed phases of
tetragonal (a-WO3) and monoclinic (y-WO3) matched with the JCPDS card number (85-
0808) and (83-0950). Peaks were observed at 26= 23.07°,25.72°,26.81°,31.79°, 33.97°,
42.85°, 51.72° and 54.68° alongside the miller indices (110}, (200), (101), (022), (200),
(222), (112) and (310) respectively. The sharp and inténse diffraction peaks show a high
degree of crystallinity of the product. Several peak of FTO’s represented at different angles.

No additional peaks are found. Such results resembled with the previously reported work by

V.V. Kondalkar ct al., [56].

700 - -
= *FTO
§00 2 a W0,
500 * T-Wo,
) &
= 400 o
= o~ hapl
2 30 ‘ g g 5
2 ] =&
= g
200-

100

) iz_a (110)
. ___¥(200)

20 30 40 50 50 70
26 (degree)

Figure 4.1: XRD pattern of tungsten trioxide(WO,) Thin film
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Calculation of Crystallite size:

Crystallite size was determined by using Debye Scherer equation.
D = kA /BcosB

Where,
D= Crystalline size in nanometre.
K= Constant which is 0.9.
A = Wavelength of x-rays which is 0.154A.
= Full width at half maximum.
0= Bragg’s angle in degree.
The calculated crystalline size from the Debye Scherrer’s formula was 40nm.

4.1.2 XRD analysis of modified WO;3 Thin films with GO:

Figure 4.2 represents the x-ray diffraction (XRD) pattern of modified WOs3 thin films
with GO. Graphene oxide shows its prominent peak at 23=10.21° indicating the (001) plane.
Peaks of WO3 were observed at 20=15.96°,25.72°, 26.81°, 31.79°, 33.97°, 42.85° and 51.72°
alongside the miller indices (020), (200), (101), (022), (200) and (112) respectively. Several
peak of FTO’s represented at different angles. No additional peaks are found.

160 - ,
x «FTO
120 4 N + WO
-~ 3
—_ —_ -
120 4 & b kS v GO
< T
- O .
= 1004 N
Gl
= 80
g — =) *
S 604 = 8
E 3 q
20 4 = 1 *
20 -
. Wi
-20 . . , . . . - . .
0 20 40 60 80 100

26 (degree)

Figure 4.2: XRD pattern of modified tungsten trioxide(WO3) thin films with GO
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Comparative XRD analysis:

Figure 4.3, shows the comparative XRD patterns of pure WOs3 thin films and modified WO3
thin films with GO. Pure WOs thin films shows prominent peak at 26=26.81 ° indicating (101)
plane. After modifying WOs thin films with GO, the intensity of (101) peak at 26=26.81°,
which is identified as the main peak of the WQOj3 phase, gradually decreases. In modified WO;

@} thin films no additional peaks are obtained, recommending that no considerable chemical

reaction was taken place between WQO; and GO.

=% 22 _ g -FT0
2 e &< §8 > = YWO,
AT . g Q’QJ, b = *
! l ‘J‘A ; ’mwnk . Wv G,WO
MW “wrand ¢ &w\-w‘ilw
1 b -Modified WOs thin
—_ films by GO
E; E
2—,
‘v
fu)
s 4
E ,J‘JJ\.,.U_J
b a - WQs thin films
T T 1 . T T T
20 an &0 20

25 (degree)

(7

Figure 4.3: Comparative XRD analysis of (a)- WO; thin films and (b)- modified WOs thin films
with GO
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Optical Analysis:
4.4 UV-Vis spectroscopy analysis:

4.4.1 UV-Vis analysis of WO; thin film:

Figure 4.8 shows the UV-Visible analysis of WO thin film prepared hydrothermally.
Maximum peak is observed at a wavelength of 523nm, which is in visible range. The band

gap encrgy (Eg) is calculated on the basis of the maximum absorption band of WOs3 thin films

and is obtained to be 2.37¢V according to following equation.

Eg = 1239.8/Amax

Light is absorbed in the wavelength range of 400-750nm.

523 nm
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Figure 4.8: UV-Vis analysis of WO; thin films

40




L

&

R e BT T v e

CHAPTER 4 RESULTS AND DISCUSSION

4.4.2 UV-Vis analysis of modified WQs thin film by GO:
Figure 4.9 shows the UV-Visible analysis of WOs3 thin film which are modified with

GO through spin coating. Maximum peak is observed at a wavelength of 498nm, which is in
visible range. The band gap energy (E;) is calculated on the bsasis of the maximum absorption
band of modified WOj3 thin films with GO and is obtained to be 2.48 ¢V. The additional broad
absorption was exhibited by modified WOs3 thin films in the visible region which lies in the
range of 700-800 nm. This absorption is due to O*—~W?®" charge transfer transition, as in case

of monoclinic WOs, Light is absorbed in the wavelength range of 450-800nm.
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Figure 4.9: UV-Vis analysis of modified WOj thin films with GO.
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