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Abstract

I-Iydrotherrnal method and modified humtner's method were used for the synthesis of Tungsten

trioxide (WO:) thin films and graphene oxide nanosheets respectively' Surface of Tungsten

trioxide (wor) thin film is then modified with graphene oxide through spin coating method'

After synthesis, the prepared samples were characterizedby using different techniques XRD'

sEM, EDX, and Uv-visible. XRD results indicated that the pure wor thin films were in

tetragonal (o-wo:) and monoclinic (y-wor) phases and after modification the prominent

peaks of wo: were suppressed just because by introducing the contents of Go' The SEM

rcsultsoftheWo:thinfilmsclearlyshowedtheNanobricklikemorphologyandmodified

wo: 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 wo: is

found at a wavelength of 523 nmwhile for modified wo: with Go Maximum absorption is

found at 498 nm. The additional broad absorption was exhibited by modified WO: thin films

in the visible region which lies in the range of 700-800. This absorption is due to o2--W6*

charge transfer transition, as in case of monoclinic WOI'

XV
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1 Introduction

1.1 Thin FiIm:

Tlrinfilnrisamaterialoffinemicroscopicallythinlayerofmaterialthatis

clcposited 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 frlm [1]'

Poortmans and Arkhipov have defined thin film as the film depositedbynucleation and growth

process of invidually condensing molecules and ions on the substrate' They realized that the

chcnrical,structural,andphysicalpropertiesofthinfilmswerestronglydependentonthe

thickncss 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 fiirn with one dimension ought be so small such as the surface to

volume ratio increases. They realized that the confined dimension of the firm influenced the

properties of the filnr. They well-defined the thin film as the two dimensional solid material"

'ilrey stated that if the properties of surface and near surface were different from the properties

oftlrebulkmaterialthenthethinfilmsdistinguishedfromthethickfrlms[3]'

Ilaran 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

significancc 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

arrdthinfilmsintodifferentpotentialapplication[4].

l..l.L Thin film and its nature:

Arbitrarily a thin film rnay be defined as a solid thin layer having thickness ranging

frorn few angstroms to about l0pm or so" Meanwhile the thickness limitation is slightly

arbitrary, somewhat thicker film may also come in the scope of the above definition' Therefore'

thetlricknessofthinfilmisdividedintothefollowingcategories;

i. Ultra-thin film which ranges from few to about 50-100A'



INTRODUCTION

s

CIIAP'TEIT 1

11.

l1l.

Thin (or very thin) ranging from 100-1000A'

Comparatively thicker one generally being greater than 1000A'

It is dc'ronstrated that the above confusion in understanding the definition of the film thickness

is further complex by coinage of new term, i.e. thick frlm which is of extremely pragmatic

significance. This new tetm specifies totallynew class of film instead of the composite layer

film. 'fhickncss of these films is about l0pm and even often more than this'

Usually, there are no limitations on the dimensions under which a material might be called as

a thi. rrrm. Any two-dimensionar materiars which works differently in conffast to its bulk

material and has high surface to vorume ratio falls in to thin firm 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 iiterature' the thin film dimensions are within few

nanometre to a few micrometre [5]'

1.1,2 Thin film versus Powder:

Asonedimensionofthethinfilmoughttobesosmalltosuchanextentthatiteffects

the properties of thin films. Hence, the optical, structural' and electrical properties changes

bccause of confine dimension of thin frrm. Trrerefore, the material exhibit tuneable properties

bccause of confinement dimension' This effect is called quantum confinement and depends on

the thickness of thin film [6]'

Trrin films found not quite same as bulk materiars because thin films were not fulry dense and

had two dirnensions with the third confined dimension' Thin films were influenced by the

intcrface effects and deposited with variation of the materiars. Thin film coatings were found

independently with the thennodynamic compositional constraints [7]'

1.1.3 Factors affecting the

Thcrc are various factors

film. These are;

growth' structure and film properties:

that affect the growth, structure and properties of a deposited
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Two significant parameters film thickness and temperature of substrate affect the properties of

fiim. 'I hroughout the process of deposition, the mobility of the deposited atoms on the surface

of substrate can be enhanced by increasing temperature of substrates'

7.1.4 APPlications of thin fiIms:

Severalapplicationsofthinfilmsusedfortheproglessofsolidstateelectronicdevices

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

co.cluctivc transparent material were being used commonly. In the field of optical coatings'

thin firrns of anti-reflecting film coatings were used as interference firters for solar panels and

as infrared solar reflectors. Thin magnetic firms and optical coatings were used for data storage

dcviccs 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 f,rlms

were found very useful in different decoration pieces' such as wrist watches' eye glass frames

and in other decorative parts [g]. Detail of some application is given below'

For decorative coatings, the use of thin films probably signifies their oldest application' Today'

rrrin firm materiars of high refractive index and variabre thickness e.g titanium dioxide are

frcquently functional for attractive coatings on glass e'g'' creating a rainbow-colour appearance

as o, on water. Also, by sputtering of gold or titanium nitride transparent gold-coloured

surfaces maY either be PrePared'

.flresc Iayers assist in both refractive and reflective systems. Larger-areareflective mirrors

which wcre available during 19th century and were formed on glass by sputtering of metallic

aluminium or s,ver. Refractive lenses in opticar instruments e.g. in microscopes and cameras

commonlyshowaberrations.Theselensesshownon-idealrefractivebehaviour.Whereasalong

the optical path large sets of lenses must be lined up earlier' currently' these aberrations'may

corrcct with the coating of optical renses by transparent multilayers of silicon nitride' silicon

oxide or titanium dioxide etc. A notable case for the devel0pment in optical frameworks by

thinfilrrrtechnologyissignifiedbyalinritedmmwidelensusedinsmartphonecameras.

Furtherexamplesareassumedbyanti-reflectioncoatingsonsolarpanelsoreyeglasses.
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Thin films are frequently fabricated to defend a fundamental work piece from external

inf1uences. 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

rnoving parts thin films assist as protection against abrasion'

.fhin_trlm advancements are progressed by means of.considerably lessening the cost of solar

ccrs. Thin film sorar ce,s are inexpensive to manufacture due to their reduced material costs'

.flrisisparlicularlysignifiedinusageofprintedelectronicsprocedures.

.fo 
create unique batteries for particular apprications thin-film printing expertise is utilized to

apply solid-state lithium polymers to a variation of substrates ' Thin-film batteries can be

clcposited directly onto chip packages in any size or shape [9]'

1,2'l'ungsten Trioxide:

Whencontrastedwithothermetaloxideefficientnanostructure,asZno,Nio,
.fioz Scveral other, considerable progressive studies on chromic properties of Wol has.been

made'Wolisawellconsideredmaterialinapplicationlikedyesensitizedsolarcells,sensing

ind PhotocatalYsis [10]'

Because of extrernely exceptional physical and chemical properties of wor' it has

accomplished great scientific concentration' Associated with other materials' wo: has stable

physicochemical properties, deeper valence band (+3'1 eV)' strong photo corrosion stability in

acqu.ous solution, small band gap energy (2.4-z.B ev), and very stable recylability

pcrfonnance' It has the refractive index of 1'

Between a variation in tungsten oxides, just four of them are of incredible significance' They

all lrave attractive colours, (dark blue), Woz (chocolate brown), Wor (yellow), , and Wrao+e

have the vioret corour. Structurarly So-ca,ed higher tungsten oxides are correlated to both the

WzoOss and WO: structures'
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Figure 1.1: Different colours of tungsten oxides

'fhey show colours from yellow to green to very dark' The colour variation is due to a slight

loss of oxygen which intro<luces a new valence state in the structure of WO:' either Wsn or

Wan. Cation to cation charge transfer among the parent W6* and a reduced ion is the reason for

the change in colour Ii 1]'
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liigurcl.2:StepbystepproductionoftungstenoxidesandtungstenmetalfromWo:

1.2,|structuralinformationoftungstenoxides;
Wo3crystalshaveABo:perovskitelikestructureandareusuallyconstructedbysharing

corners and edgcs of WOo octahedral [12]' Tungsten trioxide's structure depends

t
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tempcrature. At least five phase transitions are shown by Pure WOr crystals from -180 to 900

OC

Tablc 1: Phase transition of pure WO3 crystals

WOr crystals structurcs Tcmperature

Tctragonal (o-WOr) > 740 0c

Orthorhombic (B-WO:) 330-740'C

Monoclinic I (y- WOr) 17-330 "c

Triclinic (6-WO:) -43-17 "C

Monoclinic II (e-WOr) <-43 "C

Ilctween the five crystal forms, at room temperature, y-WO: is the most stable phase in bulk

WO:. l'hcrefore, "WO:" commonly refers to y-WO3. A comparatively stable crystal structure

is hexagonal (h-WO:), but when annealed at temperatures above 400 'C it will change into y-

WO: [13]. For nanostructureWO:, phase transition temperature is commonly lower as

comparcd to butk WO: [1a]. At room temperature, in some nanostructured WO: the

ortlrorhombic crystal phase can be retained [12]. Further, c,-WO:, is stable only above 725 oC,

can also be retained using a low cooling rate[15].

Figure 1.3: Lattice structure of WO:

o

w

\
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1,2.2 Propertics of Tungsten
Tungsten oxide (WOl) is an

cV[16-18] and comParativelY high

and structural ProPerties.

trioxide:
n-type indirect semiconductor with a band gap of 2'5-3'2

conductivity, which has many exciting optical, electrical

{-,

\

Table 2:Properties of Tungsten trioxide

1,2.3 Applications:

Because of the adaptable nature of WOI nanoparticles, they have been broadly utilized

as a part of different fields. Due to flexibility of tungsten oxide it is utilized for various

applications" The applications of WOI are found in sensors, devices, catalysts, and

rnisccllancous applications. As shown in Figure 1.4 these applications could be more

characterized by use.

\

Chemical formula

Molar mass

Canary yellow powderAppearance

7.16 glcm

1,473 oC (2,683 "F; 1,746 K)Melting point

1,700 "C(3,090'F;1,970 K)

approximation

Boiling point

Solubility in water

itigtrtty soluble in Hydrofluoric acidSolubility
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. [-nlro,o.u,alyst, Solar energy conversion,
cutalvtic -'l \\hstervater trealmeut e tc.

L

Gas sensors, Hurnidity sensors,

Acetone setlsor, pH sensor etc.

Int'rared su.itching devices: High-density

merrory devices, Writing-reading-erasing

optical devices, Large-area displays,

nittdorr,s etc.

colorant and analysis reagetrt of
chinau,are. Fire-proofing fabrics.

Irlaging" Cerarrric piguents, X-ray

ungsten trioxide
pplications

tr,liscellarreous
applications

Figure 1.4: applications of tungsten trioxide

F Scnsors:

Iior thc application of gas sensing various kinds of semiconducting metal oxides are famous

likc Tioz, Snoz, cuo, Inzo:, Fezo:, cdo,zno, Teoz, Mool and wo:. Diverse metal oxides

indicate distinctive gas sensing properties as a result of their stoichiometry-dependent

condLrctivity and in addition their interstitial anion and cation vacancies [19]. The principle of

gas scnsors is based on the adsorption of gases on the surface due to which the electrical

resistance of the sensor changes. Tungsten oxide is an n-type semiconductor and is valid for

rcducing and oxidizing gas species [20]. As there are many applications of tungsten trioxide,

but is most commonly used in the field of sensors.

WOr havc bccn utilized in numerous catalytic applications like solar energy conversion or

photocatalysis, and waste water treatment" Due to wide band gap energy tungsten trioxide is

vcry farniliar and it can absorb ovcr a long range of visible light, bestowing it among several

applications in thc ficld of photo catalysis.

) Dcvices:

Anothcr significant application of tungsten trioxide is devices. WO: could be benefitted in

scvcral dcviccs, such as high-density mel11ory devices, infrared switching devices, large-area

displays, smart windows and writing-rcading-erasing optical instruments. For these types of

applications, material's electrochromic properties are responsible, allowing it to alter optical
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propcrties reversibly and continuously with a small electric difference. WO: in combination

among various materials and with different morphologies shows enhanced electrochromic

propertics.

F Miscellaneous applications:

i\. Fufthermore, WO: could be utilized as an analytical reagent and colorant in fire-proofing

fabrics, X-ray screens, ceramic pigments and fireproof textiles. WO: is used in paints and

ccramics as apigment due to its rich yellow colour [21]. The composite structure of tungsten

trioxide is also beneficial in several new applications.

Sornewhere else the above applications, WO3 can likewise be used as a systematic reagent and

colorant for chinaware and in insulating textures, X-beam screens, clay shades and flame

rcsistant materials. WO3 is utilized as a part of paints and earthenware production as a shade

bccause of its rich yellow shading [21]. The composite structure of tungsten trioxide is

additionally gainful in a few new applications.

1.3 Graphcne 0xide:

Graphene oxide can also be termed as graphitic acid or graphite oxide is a lnm thick

\
compound in variable ratios of carbon, oxygen, and hydrogen. It contains carboxyl. hydroxyl,

kctonc, ep-oxide and ester functional groups attached with carbon atoms.

GO is a monolayer nanomaterial of graphite oxide and can be attained into layered sheets by

cxfoliating graphite oxide through rnechanical stirring or sonicatingl22l. The graphene-based

latticc and presence of numerous oxygen-containing groups primarily hydroxyl and epoxy and

grollps pcrrnit GO abundant enthralling properties. First, the functional groups present on

graphene oxide surface act as operative anchoring sites to immobilize numerous active species"

Moreover, electronic properties of GO are tuneable. In sp3 hybridization, a large portion of

carbon atoms is bonded with oxygen atoms, due to which GO is characteristically insulating

having sheet resistance of l0l2 Q sql or higher. But the sheet resistance decreases after

rcduction to RGO. Thus, the material becomes a semiconductor or a graphene-like semi-metal.

It iras bccn rcvcaled that by controlling coverage, relative ratio and assembly of the hydroxyl

and cpoxy groups, band gap of GO can be tailored 123,241.
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In addition, GO also shows outstanding mechanical and optical properties for an extensive

landscape of applications. The optical transmittance of GO films can be continuously modified

by changing the thickness of films or the level of reduction [25].

1.3.1 Structural fcatures:

Analogous to synthctic methods, the precise structure of GO has also significantly changed

over time, and even to this day no definite model be present. There are several reasons for this,

but the main contributors are the nonstoichiometric atomic composition, complication of the

material with sample-to-sample variability due to its amorphous structure, and the non-

existence of accurate analytical techniques meant for characterizing such materials. Despite

thcsc difhculties, substantial effort has been focused toward understanding the structure of

graphenc oxide, considerable of it with great success.

1.3.1.1 Initial Models:

In 1939, Hoffman & Holst proposed the first structure of graphene oxide. According

to this model, it was supposed that on sp2 graphitical basal plane, only carbon atoms were

covalently bonded to epoxy groups and the molecular formula was estimated to be CzO [26).

In 1946,Ruess planned the first model to introduce graphene oxide as a hybrid sp2/sp3 network,

as opposcd to only a sp2 network like graphite. Additionally, he represented the hydrogens by

rccommcnding that hydroxyl groups were covalently bonded to the graphitic basal plane in

accumulation to epoxides 1271. In the Reuss model an obvious misconception was that it

presumed a lattice strucfure with a definitive repeat unit3 which directed to several different

structurcs to cxpand on this thought, but with slight distinctions in the chemical composition.

In 1969, Scholz and Boehm proposed a model that entirely detached the epoxide and ether

groups, rcplacing regular quinoidal species in a grooved backbone [28].
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Hofmann

Ruess

Scholz-Boshm

Figure 1.5: The structural evolution of GO over the years'

On the inhomogeneity of graphene oxide nothing of these structures focused, though, The

Lerf-Klinowski model, which was proposed in 1998, was the first to do as such'

1.3.1.2 Lerf-Klinowski Mo del :

For graphene oxide, the most familiar and broadly accepted structural model is the

Lcrf- Klinowski. Lerf and coworkers done initial studies through cautious analysis of solid-

state nuclear magnetic resonance spectra on the way to charactetize the material. This was a

first for the field as previous models relied mainly on reactivity, elemental composition and X-

ray diffraction studies. ln revolutionary work of Klinowsky and Lerf they suggest that graphene

oxide is rnade up of non-oxidized aromatic patches of inconstant size and these patches are

dctached frorn each other by aliphatic six membered rings comprising epoxide groups, double

bonds and hydroxyl groups. In Lerf-Klinowski model, the Oxygen functional groups lie below

and above both, the basal plane, giving rise to the hydrophilic behaviour and polar nature of

graphene oxide"

\
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Figure 1.6: Chemical structure of graphene oxide based on the Lerf-Klinowski model.

1.3,2 Synthcsis of Graphene Oxide:

Graphene Oxide can be obtained through natural graphite by three different methods:

7.3.2.1 Broide's Synthesis:

In 1859, a British chemist B.C. Brodie was examining the reactivity of flake graphite

and investigated the structure of graphite [29].This endeavor of Brodie leaded to the formation

of graphene oxide. Brodie performed one reaction in which he used the mixture of potassium

chlorate (KCIO:) and furning nitric(HNOr) acid with graphite and he noticed that after heating

thc dull grey graphite had put on weight and gone up against a light yellow color [30]. Brodie

revealcd that the resultant material was composed of carbon, oxygen and hydrogen, resultant

in an increase in the total mass of the flake graphite. Brodie, upon weighing the substance, also

observcd that the substance had got weight from the original graphite used that was a sign of

oxidization.

1.3.2.2 Staudenmaier's Synthesis :

In 1898 by L" Staudenmaier improved Broide's work to a next step, in which he

introduccd two main variations in Broide's method.

cornpleted the course of reaction.

'I'hcsc variations lead to an extremely oxidized product yet the product composition was similar

as that of Boridc's.

This rcaction was a continuous risk to explosion also exceptionally time consuming that is the

raason this process was not worth performing.

\a
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1.3,2,3 Hummer's Synthesis :

Almost 60 years afterward Staudenmaier experimentation, an altemate oxidation

rncthod was developed by Hummers and Offeman for synthesis of graphene oxide. They

reacting graphite with a mixture of concentrated sulfuric acid (HzSOa) and potassium

permanganate (KMnO+) again, attaining similar levels of oxidation [30].

These three methods include the key routes for forming GO. Significantly, it has since been

exhibited that the results of these reactions show strong variance, depending on the specific

oxidants used, as well as on the reaction conditions and graphite source.

1.4 GO based nanocomposites:

Graphene is chernically inert so, in aqueous and nonaqueous solvents it has poor

dispersibility and it cannot interact with other polymer elements. However, the Graphene

oxide has been generally utilized for all functional composites due to its its oxygenated

functional groups that make growth of numerous inorganic nanostrucfures more appropriate.

Whcn graphene oxide is combined with other organic or inorganic components, it can prompt

ncw changes in mechanical properties, thermal conductivity and electrical conductivity of other

polymer based materials. Therefore inorganic nanostructure composites are too generally

prepared with graphene oxide that have potential applications in optics, photo catalysis,

optoclectronics, bio/sensing, fuel cells, supercapacitors and batteries.

By utilizing numerous fabrication methods, a huge numbers of inorganic nanostructures have

bccn integrated with GO or RGO that comprises like WOl, FezO:, ZnO,TiOz, MnOz, Co:O+

WrsO+q, and Fe:Oq, hydroxides like FeOOH and Ni(OH)z , metals like Pt, Au and Ag.

\
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CHAPTER I INTRODUCTION

Aims and Objectives of the Work:

This MS work has specific objectives which are described as follows and their detail is

described in the next chapters.

techniques such as X-ray diffraction (XRD), scanning electron microscopy (SEM),

UV-Visible.

mentioned characteristics.
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2 Literature review

Zhihui Jiao et al, deposited Tungsten trioxide hydrate (3WO:.HzO) films directly on fluorine

cloped tin oxide (FTO) substrate with different morphologies by hydrothermal method.

Scanning electron microscopy(SBM) analysis reveals that 3WOl. HzO thin films composed of

wedge like, sheet like and plate like, nanostructures could be selectively synthesized by adding

(NH+)zSO+, CH:COONH+ and NazSO+ as capping agents, respectively. X-ray diffraction(XRD)

studies showed that the structure of these films were orthorhombic. After dehydration prepared

thin films showed noticeable photocatalytic activities [31] .

Kai l-Iuang et al, synthesized hexagonal WOI (h-WO:) nanorods successfully by hydrothermal

rncthod using NazSO+ as a precursor. Uniform nanorods with lengths of up to several

micromctres and diameters of 100-200nm are obtained. With different quantities of NazSO+

the growth mechanism and morphology were examined. Experimental parameters could lead

tc different morphologies and structures of the concluding products in this experimentation.

'lhe present perceptive of the growing procedure of the above-mentioned nanostructures

theorctically gives significant data about the rnorphology and structure of tungsten trioxide and

further oxides. They also examined Prepared hexagonal WOr nanowires as anode materials of

Li-ion batteries for electrochemical performances. The outcomes infer that for Li-ion batteries,

hcxagonal WO: nanorods are favourable anode materials [32].

Samuel Hong Shen Chan and co-workers reported that tungsten trioxide, WO: is very effective

and activc photo catalytic material for degradation of dyes in waste water. Ctxz et al defined

that various morphologies and physical properties are responsible for treatment effectiveness

such as band gap energy and surface area. Moreover, they do not find tungstate a multipurpose

photo catalyst when compared to TiOz, but for some particular dyes it is still proved to be

nseful catalyst [33]"

Yuanmcng et al. used electro chemical method to prepared WO:-graphene composite, with a

onc-step treatment assisted with twelve tungsten phosphate acid. Nanoparticles of WOr were

spread on GO sheets and allowed to absorb light and transfer electrons. Electron-hole pair

recombination was blocked as graphene plate role of electron acceptor material. Due to the

properties of single crystalline WO: Nano rods it is easier for electrons to move between

graphene shcets and WO3, which is responsible for more reactive sites on surface of WOr and

GO shccts in degrading dyes. Therefore, nanocomposites of WO/GO exhibit higher

\
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photocatalytic activity than pure WOr Nano rods under the UV light inadiation. The UV results

rcvcaled 2.2 trmcs enhanced photocatalytic activity of WO:/GO sheets than by GO and WO:

134).

pcnzaet al. considered the NO* gas sensing features of tungsten trioxide thin films which are

activated by noble metals (Pt, Au, Pd,) layers and informed that at low temperature the activator

layers had a positive effect on the speed of response to NOx and on selectivity enhanced with

respect to other reducing gases (SOz, NH:, CO, Hz, CH+, HzS,) [35].

Ncngiie IIuo et al, synthesized tungsten oxide (WO:) nanostructures like nanotubes bundles,

nanowires and nanorods bundles by hydrothermal method. For the first time the ultraviolet

(UV) photo response characteristics of the devices containing these WOI nanostructures are

invcstigated. thcy found that hexagonal-WO: nanowires showed very excellent UV photo

respollsc property. They report that h-WOl nanowires with fewer defects and large specific

surface area exhibit very excellent UV photo response property through switch ratio (defined

BS Ipnoto/Iaark) as high as 60 [36].

M. Acasta ct al, synthesizcd tungstcll oxiclc thin films substrates by using RF Sputtering on

glass at room temperature utilizing tungsten trioxide target for numerous values of the argon

prcssurc (P,rJ. The morphological and structnral properties were studied by means of atornic

fbrcc rnicroscopy and X-ray cliffi'action. F'ilms wcr:c crystallizecl in a mixture of monoclinic and

hexagonal phases \vere obtainetl after annealing at 350 oC. After thermal treatment, roughness

of- surface was enlargecl by au order of rnagnitucle 1 nm to 20 nrn' However' on the optical

propcrtics of films, the argon pressure showed a strong impact' Furthermore, the study of

optical properties spccified three regions as light blue films fot 2'67 Pa <Pe' < 6 with

intcrmediatc transmittance values, deep blue fi|ms for Px<2"67 Pa with low transmittance

valucs and transparcnt films for pei6 Pa with high transmittance values. They propose that

optical properties changes when the growth argon pressure decreases due to the increase in

argon vacancies numbers [37].

Wang, Z-getal, [38] determined the green synthesis of reduced graphene oxide (RGO) and its

clcctrical properties. Graphene oxide (GO) was synthesized by modified Hummer's method'

Il.cdr"rction of graphenc oxide was done by two different methods, ethanol-thermal reaction and

hydrothcrmal rcaction. Products were characterized by XRD, TEM and XPS' Results study

rcvcals that etha.ol is more effective reducing agent for reduction of GO than the supercritical

watcr under solvothenlal condition. which causes that RGO reduced by ethanol has lower

l.
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oxygen contents but rrigher erectricar conductivity than RGo synthesized by hydrothermal

rcaction'

XiaoqinJieetal,usedafacilesol_gelmethodtosynthesizedGraphene(GR).wrappedWol

Nanospherecomposite.TheGR-Wo:nanocompositeswerecharacterizedbyX-raypowder

diffraction(xRD),fieldemissionscanningelectronmicroscopy(FESEM),Raman

spcctroscopyandtransmissionelectronmicroscopy(TEM)'TheseNanospherescomposite

showsp-typegassensing,behaviourandtheresponseofGR-WO3SenSoIregardingNoz

cxhibited that with an increase in the concentration from 7 to 56 ppm resulted in linear increase

at room temPerature[39]'

Song,J.,X.Wangetal,synthesizedGosheetsfrommodifiedHummer,smethodandbyusing

transmission eiectron microscopy (TEM) they determined microscopic morphologies of Go

shccts.Todeterrrrirretheopticalpropertiesofthegrapheneoxidesheets,UV.Visspectroscopy

wusg$!vtlrem.UV-Visresultsrevealedthatinthevisiblerangeof380-800nm.Go
acquired good absorption, however srightly decreased absorption was observed in the

ultraviolctrangc.Tlrerefore,photoresponseofGosheetswasfoundinultravioletrangeas

wc, as in visible range, wrrich indicated the enormous potential used for application of light'

TheyalsoinvestigatedaveragecrystallinepropertiesoftheGosheetsbyXRDandresultsof

XRD demonstrated the successful synthesis of GO sheet [40]'

Xiaoqianganetal,investigatedtheincorporationofWo:Nanorodsandgraphene

nanocomposites used for NOz gas sensing and high-effrciency visibleJight-driven

photocatalysis" Nanostructures with one-dimension have enormous significance due to superior

charge transport properties. This new cornposite shows strangely enhanced performance for

thcse applications as compared to pure wor nanorods. The efficient photocatarytic activity of

nanocomposite of wo:/graphene is related to the improved adsorption towards enhanced light

absotption, efficient charge separation and chemical species[41]'

M. choobtashani et al, used thin films of tungsten oxide for photocatalytic reduction of

graplrcneoxideplateletsonsurfaceofthefilmsunderUVorvisiblelightoftheenvironment.

'focharacterizetungstenoxidefilmsandgrapheneoxidesheetsAFM(Atomicforce

microscopy) tcchnique was used. Moreover, to investigate photocatalytic reduction of the

graphcneoxideplateletsandchemicalstateofthetungstenoxidefilmsX-rayphotoelectron

spcctroscopy(xPS)isrrsed.onsurfaceofthesol_geltungstenoxidefilmthereductionlevel

of Go was attained after 24 hours uv-assisted photocatalytic reduction which was similar to

'iF'
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thc rcduction level generally obtained by hydrazine. The tungsten oxide film prepared by sol-

gcl exhibited an efficient photocatalytic reduction of the Graphene Oxide platelets after

cxposure for 2 days to the visible lightl42).

Dreyer, D.R.et al. clarified that Staudenmaier and Brodie both used KCIO: and nitric acid to

synthesize graphene oxide. Nitric acid reacts strongly with carbon surfaces because it is a

strong oxidizing agent. Oxidations by HNO: caused in the release of gaseous NOz.

Corrcspondingly, potassium chlorate (KClOlt is a strong oxidizing agent generally used in

explosive materials or in blasting caps. Therefore, their methods produced many side products

and were highly hazardous. As an alternative of it, Hummers method utilized a combination of

potassium perrnanganate and sulfuric acid 1291.

Sakthivel Thangavel et al, synthesized nanocomposite of tungsten oxide and reduced graphene

oxide WOI/rGO. Thcy also studied physical properties of these nanocomposites. By using a

sirnple chcrnical method, the WOI-rGO nanocomposite was prepared and the same was

rcduccd by microwave irradiation. Characterization of these nanocomposite was done by XRD,

SIIM and AFM techniqucs. The X-Ray diffraction analysis showed the tetragonal phase of

WO:. By using UV-Vis and Photoluminescence (PL) spectroscopy the optical property was

analyzed. By Raman spectroscopy layer defect in rGO was analysed. The PL results revealed

that the emission peak for rGO and WO:-rGO nanocomposite were found at 389 nm and 450

nm, rcspe ctively. By degradation of Methylene Orange dye at two different concentrations of

WO:-rGO (1 rng and 5 mg) the photocatalytic characteristic WO:-rGO composite was

analysed" Fourier Transform Infra-Red Spectroscopy identified the presence of functional

groups. Results reveal the potential application of WO:-rGO nanocomposite in photo catalysis

[43].

Il. Lucvano-Hipolito et al, used precipitation method to prepared WO: polyhedral particles

using PEG (polycthylene glycol) being as steric stabilizer and template. By the thermal

treatment the aggregation degree and growth of WO: polyhedral particles were affected, which

produced distinct physical properties. Samples were characterized by scanning electron

microscopy (SEM), X-ray powder diffraction (XRD), adsorption-desorption Nz isotherms

(BE'l) and UV-vis diffuse reflectance spectroscopy (UV-vis DRS). WO: samples were tested

as photo catalysts under UV irradiation in the oxidation reaction of nitric oxide (NO). The

photocatalytic activity of the samples was related to their surface area values and its

v
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morphology. For the application of air purification they demonstrated that by elimination of

NO, polyhedral particles of WO: are active photocatalytic functional materials [44]'
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CHAPTER 3 EXPERIMENTAL METHODS

3 Experimental Methods

In the experimental procedure, I synthesized tungsten trioxide thin films by Hydrothermal

& growth method and graphene oxide nanosheets by Modified Hummers method. After synthesis,

I modify the surface of the tungsten trioxide thin films by graphene oxide nanosheets.

3.1 Instrumentation:

Following instruments were used during the synthesis process.

3.2 Materials and Reagents:

Table 3: Materials and Reagents

CHEMICALS F'ORMULAS

Sodium tungstate NazWOc

Hydrochloric acid HCl

Deionized Water HzO

Sulphuric acid HzSO+

Nitric Acid HNO:

&

e
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t

Natural Graphite C

Potassium

Permanganate

KMnO+

Hydrogen Peroxide HzOz

Ethanol CH:-CHz-OH

3.3 Different deposition techniques of Tungsten trioxide thin films:

To deposit WOI thin films, several techniques have been used. WOr thin films can

be synthesizedby

€-

I lbllowcd the Hydrothermal deposition method to prepare the tungsten trioxide thin films.

3.4 Why Hydrothermal deposition method?

I attempt to design nanostructured WO: thin films by simple hydrothermal

approach.

IJccause Flydrotherrnal approach is cost-effective, facile and dominant tool to control over the

growth and size at low temperahtre 145,46).

I{ydrothcrmal Growth method emptoyed for the growth of WOI on fluorine doped tin oxide

(irTO) substrates.

3.5 Hydrothcrmal Synthesis of Tungsten trioxide thin films:

lj, A well-known low temperature Hydrothermal Growth method employed for the

growth of tungsten trioxide thin films on fluorine doped tin oxide (FTO) substrates.

23
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3.5.1 Substrate cleaning:

The initial step is to clean FTO substrate. We select F-doped SnOz (FTO) substrate

rather than ITO as conductivity of ITO is -2 times higher than FTO, but it has poor thermal

stability and chemical resistivity 1471.It makes better choice for conducting substrate. Gold

and platinurn generally used for high-work function back-contacts. [48]' ITO films decreases

abovc 350 oCquickly. But FTO and ITO/FTO coatings mostly stable up to 60G- 7000C 149-

ssl.

Firstly, kept the FTO's in acetone for I hour and 30 minutes for sonication, then place them

the ethanol for t hour followed by sonication. At the end sonicate FTO's for 30 minutes

distilled water. After sonication annealed dry them at 1000C for 30 minutes.

m

in

.s.

Figurc 3.1: Washed FTO's by sonication

3.5.2 Deposition of WOr Thin films on FTO:

Following steps were followed for the synthesis of the Tungsten trioxide thin films via

llydrotlicnnal method.

5Oml of deionized water.

not reached and the PH ofsolution reaches 2(acidic).
3
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(b)(a)

*

78''t Miugn"ic stitot *'d'l',u: 
?

ffi

!-

Figure 3.2: (a) solution without HCl, (b) solution added dropwise HCI

F Then Prepared FTO's substrate for growth stage with a back contact with Teflon tape.

Figure 3.3: FTO's Prepared for growth stage.

the conducting side facing down. The hydrothermal process was carried out at 1400 C

temperature for 4hours.t,

25



CIIAPTER 3 EXPERIMENTAL METHODS

0{

.F'

Figure 3.4: Substrate fixed into a Teflon holder with face down conducting side"

After completion of reaction, the samples were removed from solution, rinsed with

deionized water 3-4 times, dried at room temperature and then annealed forZhat 4000C.

Figure 3.5: Unifonn deposition of WO3 thin films on FTO substrate.

rb
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3,6 Different ways to obtain graphene oxide sheets:

Different synthesis routes can be followed to prepare the graphene oxide sheets

such as:

I followcd the Modified Hummer's method to synthesized the graphene oxide nanosheets

3.7 Why Modified Hummer's Method?

I followcd the modified Hummer's method to synthesized the graphene oxide

nanosheets because

3.8 Synthesis of GO through modified hummers method by using
expanded graphite as precursor:

3.8.1 Formation of the Expanded Graphite:

Following steps were followed to form expanded graphite.

acid (HzSO+) of the same ratio (30m1:30m1), adding l59 of the graphitepowderin it

and thcn kept it for three days at the room temperature to expand graphite"

the rcason of causing the expansion between the graphite planes.

the graphite and consider it be having very low density.

+

:
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3.8.2 Synthcsis of Graphene oxide:

minutes at room temperature.

room temperature.

KMNO+ was added in the beaker with small intervals and kept continuous very slow

stirring until a uniform liquid paste was formed.

Figure 3.6: Ice bath while adding potassium permanganate

After the formation of this paste, ice bath was removed and a paste with dark green

colour was formed.

After the dark green colour paste attained, stirring was stopped until a foam like

intermediate was formed and large volumetric expansion took place around 30 minute

at room temperature.

Then deionized water was added in the solution for dilution and rapid stirring was

carried out until a brown coloured solution was appeared.

Then solution was placed in a water bath for uniform heating at 900C for 2 hours that

gave dark green colour to solution again.

a+

c
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l-igure 3.7: Hcating reactants in water bath

Zml ll.zOz was added in the solution after the removal of water bath and due to this

addition yellowish bubbles started to appear.

Above mentioned solution was centrifuged to separate the particle.

To remove the impurities of the metal ions lM solution of HCl was added to the solution

and continuously slow stirring was maintained for about 3-4 hours. To separate the

particles of graphene oxide solution was centrifuged again.

Dcionized water was added in obtained particles to remove unwanted HCI and kept it

on stiring for half an hour and again apply the centrifugation phenomenon.

Figure 3.8: Addition of dcionized water

Also, final washing was carried out by adding deionized water and ethanol to wash out

unwanted acid. To get separated particles centrifuged the above solution.

(
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completely and allowed to stand for 30 s and 60 s and spin coated at 1500 rpm and 3000

rpm respectively.

[j

s

s
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4 Results and Discussion

Structural Analysis:

4.1 X-Ray diffraction analYsis:

4.1.1 XIID analysis of WOr Thin films:

Figure 4.1 represents the x-ray diffraction (XRD) pattern for the determination of

crystalline structure of WO: thin films. The outcomes demonstrated the mixed phases of

tetragonal (g-WOr) and monoclinic (y-WO:) matched with the JCPDS card number (85-

0808) and (83-0950). Peaks were observed at20:23.07",25.72",26.81",31.79",33.97o,

42.85"', 51.72" and 54.68" alongside the miller indices (l 10), (200), (101), (022), (200),

(222), (1 12) and (310) respectivety. The sharp and intense diffraction peaks show a high

dcgree 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. I(ondalkar et al., [56].

d0 50

23 (degreei

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 = ktr /Fcos0

Where,

D: Crystalline size in nanometre.

K: Constant which is 0.9.

).: Wavelength of x-rays which is 0.154A.

B: Full width at half maximum.

0: Ilragg's angle in degree.

'lhe calculated crystalline size from the Debye Scherer's formula was 40nm.

4,1.2 XRD analysis of modified WOr Thin films with GO:

Figure 4.2 represents the x-ray diffraction (XRD) pattern of modified WO: thin films

with GO" Graphene oxide shows its prominent peak at2v-^l0.2l' indicating the (001) plane.

Peaks of WO: were observed at 20:15.96",25.72",26.81",31.79",33.97",42.85" andjl.72"

alongside the miller indices (020), (200), (101), (022), (200) and (112) respectively. Several

pcak of FTO's represented at different angles. No additional peaks are found.

{} 60

26 (de gre e)

l-igure 4.2: XRD pattern of modified tungsten trioxide(WO:) thin films with GO
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Comparative XRD analysis:

Figure 4.3, shows the comparative XRD patterns of pure WOI thin films and modified WOs

tlrin filrns with GO. Pure WO: thin films shows prominent peak at 20:26.81' indicating (101)

planc, Aller modifying WOrthin films with GO, the intensity of (101) peak at 20:26'81"'

which is identified as the main peak of the WO: phase, gradually decreases. In modified WOr

tliin fi1ns no additional peaks are obtained, recommending that no considerable chemical

reaction was taken place between WOr and GO.

O
a=

c\o
a
C!

a
* FTO

$g
*ErWO

-r * vco

b -lvlodinod $ Oi thitt

{ihnr by GO

a -\YOr thin films

40

2i (degree)

l'igure 4.3: Comparative XRD analysis of (a)- WO: thin films and (b)- modified WOr thin films

with GO
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Morpholo gical Invcstigations

4.2 Scanning Electron Microscope Examination:

4.2.1 SEM analysis of WOrThin films:

Thc morphologies and microstructures of pure WO: thin films are revealed by the SEM

micrographs. Figurcs 4.4 shows SEM images of WO: thin films which were deposited on

fluorine-doped tin oxide (FTO) substrates, by hydrothermal method with nanobrick like

norphology, at different magnification i.e 1pm, 2pm, 5pm and 500 nm. Images shows the

randomly arrangcd WOg nanobricks. Such results resembled with the previously reported work

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

Figurc 4.4: SEM analysis of WOr thin films at different magnification'

Y
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4.2.2 SEM analysis of modified WOr thin films with GO:

ThemorphologiesandmicrostructuresofmodifiedWolthinfilmswithGoare

revealed by the SEM micrographs. Figures 4'5 shows SEM images of modified WO: thin films

with Go through spin coating, at different magnification i'e' 50pm' 2pm' 5pm and 10 pm' The

SEM results shows that modified WO: Nano bricks are folded with GO sheets and it is feasible

to differentiate the edges of single nano brick'

Figure 4.5:SEM analysis of rnodified wor thin films with Go at different magnifications

9
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C ompositional AnalYsis

4.3 EDX (Encrgy Dispcrsive X-ray Analysis)

4.3,L EDX AnalYsis of WOrThin films:

EDX analysis is carried out to get the elemental analysis of WO: thin films' EDS

spectra gives different elemental data in WOI thin films, and observed peaks are of Sn, W, Na,

O, C, respectively. Sn peak is due to the FTO substrate and it shows that film prepared is very

thin and table shows their weight percentage and atomic percentage in WOI thin film'

't

Element

CK

OK

NaK

5nL

WM

Totals

Weight% Atomic%

3.68 10.79

3L.79 69.95

t.L7 1.80

44.71 13.26

L7.87 3.42

100.00

*
Figure 4.6: EDX spectra of WOr thin film, area selected for EDX analysis and weight %

present in WOr thin film'
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4.3.2 EDX analysis of modificd WOs thin films with GO:

EDX analysis is carried out to get the elemental analysis of modified wol thin films

with Go. EDX spectra gives different elemental data in modified wo: thin films with Go' and

obscrvcd pcaks are of Sn, w, o, c, respectively. Sn peak is due to the FTO substrate and it

shows that film prepared is very thin and table shows their weight percentage and atomic

percentage in WOI thin film.

I'igurc 4.7: EDXspectra of modified WOr thin film by GO, area selected for EDX analysis and

weight o/o present in modified WOr thin film by GO'
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Y
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CIIAI"I'EIT 4

Optical AnalYsis:

4.4 UV-Vis sPectroscoPY analYsis:

4,4.1 UV-Vis analYsis of WOr thin film:

Figure4.SshowstheUV-VisibleanalysisofWolthinfrlmpreparedhydrothermally.

Maximum peak is observed at a wavelength of 523nm,which is in visible range' The band

gapencrgy(E,)iscalculatedonthebasisofthemaximumabsorptionbandofWolthinfilms

and is obtained tobe2.37eV according to following equation'

Eg = L239'8/7max

Light is absorbed in the wavelength range of 400-75Onm'

523 nm

600

/=
q'i

30
0)
(J

(E

o
(o

m

1S av elength (nm)

Figure 4.8: W-Vis analysis of WO: thin films
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4.4.2UV-VisanalysisofmodifiedWOsthinfilmbyGO:
Figure 4.9 shows the UV-Visible anatysis of WO: 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 (Er) is calculated on the bsasis of the maximum absorption

band of modified wo: thin films with Go and is obtained to be 2'48 eV' The additional broad

absorption was exhibited by modified wor thin firms in the visible region which lies in the

range of 700_g00 nm. This absorption is due to o2--w6n charge transfer transition, as in case

of monoclinic WOl.Light is absorbed in the wavelength range of 450-800nm'

498 nm

73Enm

500 €00 700

wavelength (nm)

Figure 4.9: UV-Vis analysis of modified WO: thin fihns with GO'
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CHAPTER 4 RESULTS AND DISCUSSION

Conclusions:

Tungsten trioxide (WOr) thin films are synthesizedby hydrothermal method and Graphene

Oxide has been successfully synthesized by utilizing the modified hummer's method.

Modification of Tungsten trioxide (WOr) thin films with Graphene Oxide is done through the

spin coating method. The calculated crystalline size for pure WOr is 40 nm. SEM study showed

that WOr thin films has a brick like morphology while modified WOr Nano bricks are coated

by GO sheets, it is feasible to differentiate the edges of single Nano brick. Chemical

composition of each sample was determined by using EDX and results shows the purity of
synthesized films. UV-vis spectroscopy shows that Maximum absorption of Wor is found at a

wavelength of 523 nm while for modified WOI with GO Maximum absorption is found at 498

nm.
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