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ABSTRACT

Tin Oxide is an important inorganic semiconductaatenial because of its unique
properties such as electrical conductivity, highicgd transparency and sensitivity to
chemicals drawn considerable attention due toriadb applications in various fields
such as gas sensors, dye sensitized solar ctllgieission and supercapacitors while
graphene sheet which is 2D nonmaterial showing lagtrier mobility at room
temperature have further intensified interest ins timaterial. Graphene sheet
decorated with metal oxide nanoparticles can perfonultiple roles including
photocatalyst, adsorbent, lithium ion batteriedBd)land gas sensing characteristics.
This thesis is based on synthesis of rGO/SnO nanposite via hydrothermal
method with SnGl and graphene oxide (GO) as the precursors in kyemmal
process. The graphite flakes transformed into graploxide (GO) through oxidation
by “Improved method” utilizing KMn@ as an oxidizing agent. The GO and
composite material were studied by characterizatiechniques such as X-ray
diffraction (XRD), Atomic force microscopy (AFM),c8nning electron microscopy
(SEM) and Fourier transform infrared spectroscopyTIR). It exhibited the
dispersion of thermally unstable tetragonal cryisilstructure SnO nanoparticles of
size range (25-53nm) on graphene sheet.

The resultant rGO/SnO composite obtained from cifie precursor solution ratio in
hydrothermal process (SnfftO= 1.1 mmol/1-3 mg) and graphene film were coated
for electrical measurements on pre-coated inteatigfl electrodes alumina substrate,
annealed at 25¢C for 2 hrs.

Significant change in the current-voltage (I-V) deristic of bare graphene
observed on adding SnO nanoparticles, current digps mA to pA. The current
measured in composite material increase with theease of graphene concentration
in composite material. Resistance of rGO/SnO coitgaesaterial (Precursor ratio=
1.1 mmol/3 mg) decreased on raising temperatura 80 KQ (25 °C) to 297 K2
(200°C).
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1. Introduction

1.1 Motivation

The technological innovation and knowledge gatlieimne progress thoroughly in
human history in a less or more exponentially. ds ldefinitely been true after the
enlightenment of development in natural sciencdpihg in resources exploitation,

creating new opportunities through new technologig¢ke western world.

We stand now in the beginning [1] of what appearbd one more revolution in the
field of science and technology “Age of nano tedbgyg’. The growing interest in
nanotechnology is because of nanostructure dimessimder 100nm.The strange
properties of nanomaterials are connected to namertions, nanomaterials are
those possessing at least one dimension below d0[2jx Nano technology enables
us to synthesize material at nanoscale, resultiegdevelopment of technology and
tools which were never come in practice in the masituries, some examples of
nanotechnology advantages are cancer therapy Wwihhélp of nanoparticles [3]
composite with enhanced performance[4, 5] and opems windows in the field of
materials, electronic and medicine.

The carbon nanostructures are the leading threatieimanotechnology unfolding
story, the particular development and study of Wwhigossesses considerably
contributed in order to shaping the route to smenaken place at nanoscale. Carbon
is the chemical element, member of group 14 on gleodic table playing an
important part in nature. The capability associateth carbon atoms in order to
create complicated network is the basic to orgah&mistry [6]. The nanostructures
of carbon includes carbon nanotube, fullerenes,randntly reported single layer of
graphite named graphene[7], These nanostructuresrig various structures, but all

are sp hybridized carbon.

Graphene exhibiting unique properties and largefasar area, is an attractive
candidate for utilizing as a matrix to inorganiaoatructure [8]. Graphene properties
can be further enhanced by functionalizing graphsineet with different type of
nanostructures. During the last few years ,varitype of inorganic nanostructures
including metal oxide such as TiO] , SnQ[10] , Ce0O411] ,CuO[12] and
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ZnO[13]have been effectively decorated on graphsheet. The purpose of
incorporating various types of functional materiisough various techniques is to
exploit the useful properties regarding grapheneelbas graphene based composite.
The substantial potential connected to graphengamc composite in resolving
several problems of today’s, is visible from thdogs made on the exploring
synthesis routes and material investigation in té@lapplication, but research on
graphene/inorganic composite still to be mature gat will be continue until the
realization of using graphene in commercial prodiitte production of simple and
measurable derivative linked to graphene “GO”, lwél in oxygen functional
groups encourage the researchers for incorporatingus type of nanomaterials on
the surface of single layer carbon sheet in otddulfill commercial demands. The
guality of these inorganic nanostructures decoratedraphene sheet will be ensured

by the state of the art characterization techniques

In order to study graphene/inorganic nanocompodiféerent fabrication techniques
are being adopted, but in our study we focusedhenfabrication of rGO/tin oxide
nanocomposite by very simple one step hydrotherpraktedure. Tin oxide is
probably one of the most significant materials pexamined because of its
chemical, physical and electronic properties. Tigisearch project is designed to
prepared GO by method, producing small exothermaxction, comparatively safer
releasing less toxic gases and high yield of prbdocwith great oxidation of
graphite. After that we will study the dispersiohumstable crystalline SnO on the
surface of graphene, |-V characteristic of rGOdtkide nanocomposite thick film and

effect of temperature on composite resistance.

1.2 Outlinesof Thesis

Chapter 2: Summary of the literature related tgpheme, graphene oxide (GO), tin
oxides, graphene decorated with nanostructure hegig route and applications of
graphene/inorganic nanostructure composite arausigd. In Chapter-3 describe the
synthesis approach to graphene and characterizegmique being used for the
investigation of work performed. Describe the expental work performed for the
production of GO, rGO, SnO, rGO/SnO composite, Bates preparation with gold

interdigitated electrodes and thick film coatingsubstrate in Chapter-4.



In Chapter-5 presented the result and discussiorihis regard effect of varying
graphene concentration to Sp@h hydrothermal process on I-V characteristic and
resistance variation with temperature were alsestigated. In Chapter-6 describe the

conclusion of experimental work performed.



2. Literature Review

2.1 Graphene

Carbon demonstrates number of different structiseediamond and graphite having
wide applications because of their hardness artdess respectively. Fullerenes[14]
and carbon nanotubes [15] are recently discovdtetiagpes of carbon attaining great
focus of physicist and chemist. Thus graphite (3t3notubes (1D) and fullerenes
(OD) were known allotropes of carbon, among théseitportant two-dimensional

form of carbon allotrope was missed.

Andre Geim and Kostya Novoselov from Manchester versity, UK lead to
revolution in this field in 2004. They used the tajpwn approach using
micromechanical cleavage technique to extract glesisheet from three-dimensional
graphite named graphene [7].

Graphene is one atomic thick 2D structure dftemded carbon atoms. This network
of extended hony comb hexagonal crystal latticayarrhaving 0.142nm range of

carbon to carbon [7, 16, 17].The unit cell consiBespair of carbon atoms and around
any atom is invariant under 12@tation .The mechanical stability of the carbbeet

is highly contributed by single s orbital and daubi-plane p orbital with every atom

[18] .

Graphene is being considered building block of gkdemensional graphite ,zero-
dimensional buckyball as well as one-dimensionab@a nanotube, stalking of
graphene sheets gives graphite, rolling carbon tmdecand wrapping buckyball [17]

as shown in Fig2-2.

Graphene reveals outstanding electrical, optida¢érnhal as well as mechanical
properties. Because of this, graphene based matettain larger focus of the
researchers, and the numbers of publications telabe GRMs are increasing

continuously shown in Fig.2-1.
Some of the important properties of graphene are:

1) Perfect graphene with infinite plane exhibits zband gap and zero effective

mass electrons where both bands conduction andosalaeet. This specific tends
4



to make graphene a great anomalous product whigs dot work as either

semiconductor or metal [19].

Number of publications
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Figure 2-1: Number of Publications on Graphene Based Matef24180 - 2014) [20]

2) Because of particular planar structure of grapherades it possible to insert
microsphere with diameter size larger than few hedchanometers on graphene
sheet[21].

3) As compared to carbon nanotube, graphene offeedangface area ~2600°my*
enhance interfacial contact to other componentd, laiger surface area of
graphene having one drawback of irreversible agglation [22, 23].

4) Resistivity regarding Graphene is about {fDcm) considered to be the substrate
having least resistivity on room temperature, thecteon transport like in
graphene has not practically observed in any kihdemiconductor, as a result
graphene offers turned out to be consider the nmast-superconducting
conductive material [24].

5) Aside from higher carrier mobility, graphene isezdgal invisible, absorb merely
2% of incident light irrespective of wavelength otee visible spectrum. [25].

5



6) Graphene reveals quantum hall effect [7, 26]

7) Graphene nanosheet shows larger electron mobRi®p600 cm Vst [27].

8) Graphene manifests extraordinary thermal condugti6000 Wm'K ™ because of
phonon which is beneficial for electronic appliocati28].

9) Graphene single layer present extraordinary mechhmrroperties with young
modules 1 TPa and 42 Nhof strength breaking, so considered is the strsinge
material and because of this property it makes lggap possible to fabricate
various devices [29].

Since graphene has outstanding properties, makeegrfect candidate to use in

various areas like optoelectronics [30], spintrer{i@l] touch displays [32] chemical

sensors [33], catalysts [34].Polymer composite dbase graphene offering enhance

properties like mechanical strength and high hedtelectrical conductivity [35].

Figure 2-2: Various structures formed by Graphene [36]

2.2 Graphene Oxide (GO)

Graphene oxide is the monolayer with oxygen richomaaterial. The most common

way to produce is the well-controlled oxidationgpéphite [37],then by exfoliation of

graphite oxide produce graphene oxide.

In 1859, Brodie for the first time presented thathgsis of graphite oxide (GO) with

the help of adding small quantity of potassium cdk® to graphite slurry with fuming
6



nitric acid [38],Staudenmaier in 1898 enhanced tmethod by introducing
concentrated sulfuric acid together with fumingrinitacid ,this small changes in
protocol results make it more practical [39] Thestnocommon way to use nowadays
for the oxidation of graphite is demonstrated byrer in 1958 introduce relatively
safer method by using KMnand NaNQ@ with concentrated sulfuric acid [40].In
2010, Tour makes further efforts for the improvemehoxidation by introducing
phosphoric acid replacing nitric acid [41]. Graghtixide through Oxidation by this
method result in more oxidized. This method canubed for bulk production of
graphite oxides because of small exothermic readgtivolvement and safer, do not
releasing toxic gases. Graphene oxides behave piyiticobecause of hydroxyl (OH)
group attachment to the graphene oxide(GO) nanbsheface [42], and because of
the hydrophilicity property of GO, it's become ea®y coat uniform thin film on
substrate for different type of microelectronicplégation [43].

Commercially available graphene oxide having ajpplin in the area of solar cell
[44] , polymer composite [45] ,biomedicine [46]ajisparent conductive film [47],
paper like material [48] and electromechanicalicks/[49] .

2.3 Metal Oxide Nanoparticles

Metal oxide plays a vital rule in numerous areansmted with chemistry, physics and
material science disciplines. The metal elemenehte ability to form substantial

variety connected to oxide component [50].These wadertake variety of structural

geometries through an electronic structure thatdcdamonstrates their identity as a
insulator, semiconductor or metal. The primary goatanotechnology is to develop
nanostructure/nanoarrays exhibiting some sort opgnties that should be different
from bulk. Oxide nanoparticles with limited in sizeaddition of corner high density

offer distinctive chemical as well physical propest[51].The sizing of the particle

are usually supposed to put effect on three sipmti groups of any material

fundamental properties, the primary one is stradtéeatures, specifically the cell

parameters and symmetry of lattice [52].THE @roup of properties having size
related consequence of oxides material is eleatrproperties. The material having
nanostructure shows confinement effect becausetarh dike discrete electronic

states, that can be viewed as accompanying riseangth of oscillator, some sort of

superposition regarding bulk like state [53]. Thedtgroup size related consequence
7



of oxide material with in simple classificationyvseal oxides gives less reactivity and
wide band gap with in bulk state [54].reductiornokides patrticle size effect the size

of band gap as well chemical reactivity [55, 56].

24 Tin oxide (Sn0,& SnO0)

Nano materials possess excellent attention becatigheir interesting physical,
electrical, chemical and magnetic properties whigight be different from those
associated with bulk state.

Tin oxide is probably one of the most significardterials being examined nowadays
for the reason of their chemical, physical as vasllelectronic structure study. This
investigating study mostly concern to tin dioxideaynbe because of SnO
decomposition at elevated temperature; however &mOSnQ usually coexist either
because of Snreduction or SnO oxidation. Yaun et al.[57] repdrthat SnO is the
outmost oxide phase of Sn which transform eventuatb SnQ phase after certain
annealing. Hart et al.[58] presented his studyhsn $n foil oxidation process, from
amorphous tin oxide to crystalline SnO and thesn&} (high valence oxide). Tin
oxide is n-type semiconductor material, with Sreébergy gap of 3.6 eV and SnO
energy gap lies between 2.5 and 3 eV ,smaller agpared to Sn@[59]. SnO is
metastable and formed &% in certain amount on raising temperature to 6J6X.
SnG, is highly stable offer substantial carrier denséigd facilitate tremendous
concentration of intrinsic along with stoichiometviolating vacancies linked to help
their electrical conductivity [61]. Tin oxide haside range of application such as
photosensors[62] ,photovoltaic devices [63],elatdranaterials [64] and specially for

gas sensors [65] .

24.1 Crystalline Structure of Tin Oxide (SnO,& SnO)

The SnO and Sn{both have tetragonal crystalline structure at raemperature and
pressure. An important form of naturally takinggqaaof SnQ is cassiterite, a rutile
structure of Sn@has a tetragonal unit cell, where every Sn atoenisased by six
oxygen in the octahedral array and every oxygerasatt by three Sn atom in the
planer. Perhaps the most probably positive featti®nQ associated with the many
of its application are considered is the changes@ated that may takes place in its

surface composition. Material electronic structui@® greatly affected by the
8



variation causes reducing surface structure. Radusirface S# with Sri? will
results Sn 5s state that lies in the band gapditiad to lowering work function [66]
while in case of tetragonal SnO , each Sn atomspdsm pyramids structure with
four oxygen atoms. The Sn atoms falls on pyramé@itices along with oxygen square
basis. Edge sharing of the pyramids results foong@nO structure layer having Sn at
the vertices laying alternately below and aboventltég.2-3 shows the SnO and SnO
atomic configuration, Oxygen atom presented bydaghere while tin by small one.
Dished line in case of Sn(resent the formation of Octahedral arrays whijease

based pyramids formation in case of SnO.

Sn0O,

Figure 2-3: Atomic configuration of (a)Sn&and (b)SnO [67]

2.5 Graphene decorated with inorganic Nanostructure

Over the last decade, nanostructure of distinet aimd shapes attain the greater focus
of researchers due to its exciting properties. dexi nanoparticles of inorganic
compounds including metals, metal oxide and otharse being used for
graphene/inorganic composite in order to enhancephgme properties. This
nanocomposite exhibits different structure and rholpgy depends upon the
synthesis process. The generally recognized protesthe synthesis regarding
graphene decorated with inorganic nanostructuréhes attachment of metal ions

having positive charged on the GO functional grobpsause of polarized bonds.
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These connections leads to redox reaction aloniy thvé creation of nucleation sites,
then ultimately contribute to the development afiastructure on graphene sheet. An
example of FgO,/rGO formation [68] where E&ions are primary attached with the
surface functional groups of graphene oxide steghown in Fig.2-4.The GO behave
as an oxidizing agent ,successfully raising oxatastate of F& to Fé* results the

formation of FeO, on the surface of rGO sheet with in alkaline emwinent.

Fe?* HOOC

Fe2*

(b)

Figure 2-4: Schematic representation ofsPg/rGO nanocomposite formation by in-
Situ chemical deposition [69]

The whole process can be represented in threeeiegpiations

2F€'+ GO — 2F€*+1GO (2.1)
Fe* + 2F€* 80H — Fe,0, +4H,0 (2.2)
3F€" + GO(8OH) — Fe04 + 4H,0 + rGO (2.3)

Regarding fabrication of metal/graphene composite asually developed via

reduction of metal ions and GO at the same timg [70

Nanoparticles incorporation with rGO sheet might k& physisorption
chemisorptions, covalent interaction, van der Waald electrostatic interaction [12,

71].the main advantages of nanostructure attacbhed>O decrease interaction of

10



attraction between sheets results minimizatiorggr@gation [72] ,furthermore enable
nanocomposite with uniform dispersion in polar solts because of nanostructure

trace quantity on rGO basal plane [69].

Making use of GO to be a support pertaining inorgaanostructure like metals and
metal oxide a number of distinct composite areaglyesynthesized, some of them are
listed in table 2-1.

Table2-1: Review of Graphene/Inorganic Nanostructure Composit

Nanostructure Dimension Synthesis Route | Application Reference
Reaction in Gas| Anode for Li-lon
FeO, 12.5nm o ] [73]
Liquid interface batteries
Mn3O, 10nm Ultrasonication Supper capacitgr [74]
_ Mercury (I1)
SnG 10 nm Microwave _ [75]
detection
TiO; 4to5nm Sonochemical Photocatalysts [76]
Dia~90nm
Gas sensor, solar
Zn0O Length ~3um Hydrothermal I [77]
ce
Nanorods
Microwave Anode for Li-lon
SnG 4 to 5nm ] [78]
autoclave batteries
Ag.0O 45nm In-Situ oxidation Supercapacitor| [79]
Catalytic
SnG 3to5nm Hydrothermal , [80]
degradation
_ Nanosheet | Expansionin UV
La,Ti»0O; , o Photocatalyst [81]
integrated radiation
, _ Electrolysis Ni
Ni Single layered _ Sensors, electrode [70]
plating
Pd 5t0 7 nm Laser irradiation CO oxidation [82]
Pt 5t0 7 nm Laser irradiatiorn CO oxidation [82]
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25.1 SynthesisRoute of Graphene/ Inorganic Nanostructure Composite

2511 In-Situ Chemical Synthesis

This method is really an effective way for the depenent graphene/inorganic
nanostructure composite .The primary step for dimétion of composite by in-situ
technique is the interaction between metal iongngagharge positive and cloud of
negatively charge electron around Oxygen atomrattgiGO. Nanostructure attached
uniformly to graphene sheet following the reactltause of the fact that Oxygen
atoms are tends to be spread evenly in beginnil@QpEheet. Several metal oxide for
example Sn@and FeO, developed on the surface of reduced graphene exiele at
room temperature [69, 83], however if the reactimmperature is increased,
calcinations by raising temperature might be abled removed like Graphene/SnO
[84].reduction of graphene oxide always remainsllehging therefore in order to
conform the complete reduction of graphene oxidmesdime reducing may be
employed. Considering the example of using ammsolation and hydrazine for the
synthesis of Ag/Graphene composite [85].Wheneveetshof graphene are utilized
directly, some sort of stabilizer agent become s&aey in addition to higher reaction
temperature in order to promote formation of namnmstire just like synthesis of Fe
on graphene [86].

2512 Microwave Heating

Microwave heating technique for the nanostructyreteesis is considered to be more
dependent on the properties of molecules as wealtgss condition rather than
traditional heating. This technique is widely uskm the synthesis of oxides
nanoparticles like Sn) ZrO,, and CeQ®@ having substantial monodispersity
[87].Providing highly localized and short time timal treatment with the help of
microwave heating technique results very fine pbetisize lies in between 15-35 nm
in nanocrystalline regime [88].Definitely graphesbeet plays a vital role in the
fabrication of Graphene/inorganic- nanostructwveéh particle size less than 10 nm

through microwave heating [89]

2.5.1.3 Hydrothermal and Solvother mal

Hydrothermal synthesis is basically an effectivateofor the formation of distinct

inorganic nanostructure at well controlled temp@etand pressure. This kind of

synthesis technique ruled out the problems reggrtigh temperature and lengthy
12



reaction time in comparison with typical chemicalogessing [90].It has been
accepted as environment friendly process for theae of reaction using medium of
aqueous solution completed in autoclave closedesysihis process may also be
used for the production of highly pure,crystalliard homogeneous powder [91],
however it's not compulsory to use pure aqueoustieol, some other type of solution
like ethanol can be used for promoting dispersika graphene oxide [92] .Autoclave
employed in hydrothermal process is a closed systdmrefore enhancing
temperature as well increased pressure within e€seer the critical pressure of
agueous solution promotes thermodynamically unsalisgblution of compound the
thermal energy and high pressure applied by autedeacture the compound into
particle in nano size [93]. CuO/Graphene[12], Znfafthene [77], Sn&Graphene
[80] are being synthesized through this technique.

If the reaction medium solution is not based oneags then process is known as

solvothermal.

Absolute ethanol has been used as a medium fotioram the formation of
SnSb/Graphene [94].Using the method similar likdrbthermal Sn@Graphene was
prepared through reaction at liquid-gas interf&&g.[

25.1.4 Electro-deposition

Electrodeposition technique makes possible the d&ion of film with controlled and
precise thickness, with the addition of speed epptblymerization process that can be
control by current density [96].Glassy carbon elede(GCE) are usually used in this
technique for coating of graphene oxide, then tedde with GO coating are allowed
to submerge in salt solution, by applying potentigitle results to rGO by GO
reduction, and oxidation of metal to metal oxid@Zgraphene [97] is one of the

examples prepared by using this technique.

Since graphene oxide is considered to be hydrapduld will not be remove from the
surface of GCE when taking place in electrolyteswéwver it is challenging to
develop homogenous dispersion of graphene withivesb because of tending
irreversible agglomeration by mean of van der wakraction andzn- n stalking in

graphene sheet. Cyclic voltametery are being usethé growth of nanostructure on

13



graphene using this technique. Ag/Graphene [98papared by using this method in

salt solution.

25.2 Application of Graphene/ Inorganic Nanostructure Composite

2521 Sensor:

Different analytical techniques are used for thesgey application of matter (organic
& inorganic) having high sensitivity and excell@asponse to very low limit of target
material [99], but it is difficult to use in fieltbr monitoring because of its high cost,
complicated and complex instruments, trained mampamd lot of time consuming
[100].In comparison ,electrochemical analysis iterabte method for detection
containing feature of simple instrumentation, l&sse consuming, low cost, small
power requirements and simple operating proceduxtensively utilized in the
application of chemical sensors, biosensors andsgasors [85, 101, 102].Since
inorganic nanostructure exhibits large surface,areschanical strength, high thermal
stability, chemical stability and substantial etmal features when decorated on
graphene sheet offers interesting composite foagipdication of gas sensor. Qiangian
Lin et al. [103] reported the fabrication of grappéSnQnanocomposite by the use of
hydrothermal technique and the composite matehiavs response for 10 to 50 ppm

of NH3 gas at room temperatur. The response magnitudeefeed by the eqn.2.4.

S = (&3 — Zair)/Zair 100 (2.4)
Znuz impedance in Nglgas
Zair -impendence in air

Giovanni et al. [104] used Sa@GO as a sensing material towards JN@nd it is
observed that the composite response towardsdiongly depends upon the ratio of
SnQ loading on reduced graphene oxide. The resistahgeaphene/Snfincreased
several order of magnitude compared to rGO.
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electrodes Sensing film

Substrate

Figure 2-5: Schematic representation of substrate with intéeded electrodes

25.2.2 Supercapacitors:

Supercapacitor which is also known as ultracapaditcs different from conventional

capacitor exhibiting high energy density. In costrdo conventional capacitor
supercapacitor are designed with special electr@ahek electrolyte for the energy
storage through ion adsorption in limited packa8apercapacitor was introduced
publically for the first time in 1957 and beckeletl patent on this discovery [105],
restoring high capacitance through double layeccgssing on carbon having high
surface area. There are two categories of supesitafsregarding energy storage,
one is known as electrochemical double layer capac{EDLCs) and the another one
is pseudocapacitor. EDLCs usually carry high s@facea and electrochemically
stability. Since carbon based material offers d&oelelectrical conductivity and

electrochemical stable with high surface area, islely used as a electrode in EDLCs
[106]Several researchers prepared Supercapacitan® fthe material through

decorating nanocrystal such asz0p[11] RuG; [107] SnQ [108] on graphene layer

preventing restacking of graphene sheets. Thedee egptaphene based composite

remarkably improved the specific capacitance.
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2.5.2.3 Anodefor Lithium lon batteries

Lithium ion batteries based on graphite materigbezdenced bad charge/discharge
efficiency as a result possess weak power effigielmcmost of applications similar to
hybrid or electric vehicles required high powesome occasion like overtaking with
high speed, and that enhance dissipation of hetiteirtell and so increasing battery
aging. The battery power efficiency was greatly iayed by the use of electrode
based on graphene published their results throwagiers. Graphite based battery
provides 372 mAHQ while the graphene provides higher capacity fargn storage
just above 600 mAhYbecause of accommodating capability of Li ionsitsnboth
sides. Recent study shows the improvement in erstaygge capacity in the range of
700 to 4000 mAhg with the use of graphene/metal oxide composite9]The
battery function in many application is charge distharge repeatedly and important
point is weakening of storage capacity during thmsses. Graphene based inorganic
nanostructure offers far better efficiency as comagdo individuals [12].Nanocrystal
decorated on graphene sheet minimize agglomeratdanng repetitions of
charge/discharge resulting electrodes with higtetetal conductivity and surface

area forming excellent carrier mobility.

25.2.4 Photocatalysts:
The rapid increases in the world population aréngivise to pollution in environment
because of organic waste from various sectors sgcindustries, agriculture and
human waste. Millions of people all over the waalthually faced to death because of
disease born by contaminated water and aroundbifiien people having no, or very
small approach to clean water [110].These orgaoiltifant required degradation, so
great attention were given to decontamination ia st decay irrespective of its
chemical nature and its state (gas or liquid) ajeato process [111, 112]. When light
is allowed to fall on photocatalysts, as a resuldcteon excited from valence to
conduction band, therefore creating electron hale. pvhen photocatalyst interact
with water these éh’ pair start a chain of reaction on photocatalysiase producing
hydroxyl radicals (OHe) as well as superoxide ratlicanion(Oe¢),therefore oxidized
the organic pollutant situated near the surfaceutliin radicals generated on surface
[113].A number of semiconductors such as zinc oxde titanium dioxide are used
as photocatalysts ,but one problem Ilink to thesetquatalysts is the fast
recombination of eh” within surface of semiconductors results poorcefficy. In
16



this regard graphene based composite attain grat¢etion to overcome the problem
of €-h" recombination. Zhou and Zhu et al. [114] confornteat TiQ nanoparticles
dispersed on graphene sheet improved photocatalgcess. In this process sun light
were allowed to fall on the composite material fioe purpose of methylene blue
degradation within water. When UV light falls onOgigraphene resulting excitation
of TiO, So éh" pair generated in TiD, shifting to graphene sheet, hunt through
dissolved oxygen and avoidinglé recombination.

Figure 2-6: Schematic illustration of graphene conductive sugftor selective catalysis
[34]

Besides TiQ/graphene, other semiconductors such as ZnO/graphaibs],
SnO2/graphene [116] etc photocatalysts studiedh®@pplication of water pollutant
decomposition.
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3. Synthesis Route and Char acterization

Techniques

3.1 Synthesis Approach to Graphene

Geim and Nowoselov was awarded Noble prize in 200 @uccessful discovery of

graphene in 2004, after the reorganization of geaplfor the first time in 2004 many
effort were made by improving the synthesis roateitoduce defect free graphene

sheets. Some of the key synthesis routes of grapdwensummarized here below.

3.1.1 Micromechanical exfoliation method

Probably the most simple and easy way for the ptalu of pristine graphene is
graphite exfoliation with the help of scotch tapeng the phenomenon “exfoliation
and cleavage”. Graphene layers are stalked togetigraphite by week van der wall
forces, mechanical or chemical energy are proviokeexfoliation and cleavage in
order to overcome these week bonds. This methaayusip down approach was
reported for the first time by Novoselov et al2i@04 [7],initially one mm thick sheet
of highly oriented pyrolytic graphite (HOPG) wereycetched in oxygen plasma to
several 5um deep mesas, then peeled apart laylesbyusing scotch tape.

Perfect or near to perfect graphene layer withdtlagvback of low production rate can
be produced by this method [7, 117].

(a)
Scotch tape method of making

graphene
from HOPG

Figure 3-1: Making graphene by scotch tape method [71]
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3.1.2 Chemical Exfoliation Method

The most popular technique for the synthesis oplygae is through oxidation and
exfoliation of graphite which overcome the drawlmcklated to micromechanical
exfoliation method such as low production rate difficulties in controlling process.
This kind of technique entails acidic solution filve oxidation of graphite, after
occurring of graphite oxidation, breaking straighto distinct layers resulting
graphene oxide sheets. Following the reduction Ofl§y use of some sort of strong
reducing agent consequently produce quality graplegrers. The particular oxidative
treatment method allows to enhance interlayer sgaamong graphene sheets within
graphite [118, 119]. Benefit of graphene produdmygmeans of this method is the
mass production without usage of costly equipmefusthermore its colloidal
solution can be easily utilized for making compesiaterials. On the other hand
synthesis of pristine graphene would be difficut groduce due to the fact of
complete reduction of carbon lattice are not adchis by mean of this method, In
addition conduction level is week as compared ® ttat of graphene produced
through scotch tape technique.

Various procedures such as Hummer, Hoffman andd8tanaier methods are being
used for the oxidation of graphite [40] Oxidatidngoaphite crystal occurs by the use
of sulfuric acid along with hydrogen peroxide sadat which in turn in the sheet
results hydroxyl as well epoxide groups, and cayband carboxylic groups at the
edge of sheet [120].These sheets are hydrophilmause of functional groups
disturbing the van der waals forces among sheetpar&tion of sheets in this
particular situation may be accomplished by meamitd sonication. [121].

The suspension of graphene sheets are stable rigthie period of time when
dispersed in water, this is possible because ofcérboxylic and hydroxyl groups
creating negative charge on the sheets givingtoisdectrostatic repulsion among the
sheets.

A difference of color in graphene oxide on dispamsalso observed changing from
abundant dark colored to some strong yellow cadomxadation enhanced. Solid dried
GO appears brown. By nature graphene oxidationsslating, so can be reduced to
graphene to reinstate carbon lattice in conducttaée.[121] . In case of utilizing GO
for the purpose of composite synthesis, following treduction of GO by employing
treatment through thermal anneal [121], UV illumioa [122], hydrazine [23] or
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hydroquinone [123].Utilizing these kinds of techués various type of devices are
already produced such as solar cells [124].

As already stated that it is very difficult to colefely reduced GO, for this reason
film prepared by employing GO following reductiooutd have lesser conductivity in

comparison with pristine graphene [125].

\ |

1 Y r \ )

Graphite 0
p Craphite oxide =~ = ° O

Graphene oxide Graphene

Figure 3-2: Graphene Synthesis by Chemical Method [121]

3.1.3 Chemical Vapor Deposition (CVD)

Besides the scotch tape technique, several reszarghnesented alternate ways in
approach to synthesize graphene. After discovegyaghene experimentally, Somani
et al. in 2006 developed few layers graphene Hiziatg nickel sheet, and about 35
numbers of layers were estimated with the helSE#M [126]. This method exposed
sites for graphene synthesis, despite the facowanproblems such as uniformity and
thickness controlling would have to be resolvedeMiusing CVD process, several
groups succeeded in achieving graphene film onehiédl with thickness in the
range of 1-2 nm [127].The CVD process provides ptioceal continuous film of
graphene, while restricted the size of film to $ilecon terrace width on growing from
silicon carbide. Transferring process in graphegathesis by chemical vapor

deposition is placed one of the key challenges/ezanme.
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3.14 Other Methods

Lot of approaches are being used till date for $hsthesis of graphene ,such as
unzipping of carbon nanotube gives graphene nanonid [128].

Although by comparing with normal graphene sheeton@bon exhibit diverse
morphological as well physical properties with ihistive electronic properties
because of quantum confinement [129] Liquid phasdoliation [130] and

solvothermal [131] approach are also reportedHfergraphene synthesis.

3.2 Characterization Techniques

3.21 X-Ray Diffraction (XRD)

X-Ray diffraction (XRD) is versatile characterizati tool, used for phase analysis,
measurement of stresses in coatings, particle sigstal structure and orientation. In
Fig.3-3 (a) particular X-ray diffraction STOEO applied are shown. In this process,
typically x-ray of known wavelength at certain angf incident hit the specimen. The
beams diffracted from the atoms of sample resutissituctive or destructive
interference. If diffracted rays are out of phassutting destructive and will cancel
each other, In another case if diffracted beamsiranghase, produce constructive
interference as shown in Fig.3-3(b).This kind oferference depends upon the
spacing between parallel planes associated wittnsatf material that’s distinct for
various materials [132] .A detector are used tdecblsignal intensity and describes
guantitatively by means of Bragg's law proposgdwilliam Lawrence Bragg and
William Henry Bragg in 1913 in reflected X-rays. &jhobserved that those crystals,
at certain particular wavelength and incident angteduce intense peak of reflected

radiation, known as Bragg peak.
2d sird =k 3B
Where,
d = interplanar spacing
0 = diffraction angle

A = wavelength of x-ray

n = order of diffraction
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X-Ray Diffraction has three different techniques

1. Lawe method

2. Rotating crystal method

3. Powder method
X-Ray machine installed in our school is STOE didtometer, Germany operated at
40 KV and 40 mA was used for the conformation aérage particle size and crystal
structure. This X-Ray diffractometer is powder typed X-Ray used are CuK
(1.5418 A) is produced at point and the diffracted beammisitees were detected with
a counter. It was insured that the specimen, X-Rayrce and counter are all

coplanar.

In this study, X-Ray diffractometer (XRD) was wtiid for graphene oxide (GO) with
20 range 5-38 SnQ and rGO/Sn@composite with @ range between 3@nd 76.

The particle size was calculated by Scherrer foamusing full width at half
maximum (FWHM).

The average particle size is given by

1=0.9./pCod (3.2)
Where
A is the wavelength of incident X-Rays
B is half width of peak

0 is diffraction angle
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Figure 3-3(a) X-Ray Diffraction STOE6-6 (b) Schematic representation of X-ray
diffractogram [133]

3.2.2 Scanning Electron Microscopy (SEM)

Scanning electron microscopes have high magnificatind high depth of focus,
therefore used widely to examine the microstrustgheroughly. Most of the data are
received from a selected area of the surface os#meple, results a 2-diementional
image displaying spatial variations in these proeer In conventional SEM

techniques, magnification ranging from 20 X to 8M X, spatial resolution of 50 to

100 nm, areas in scanning mode in range of 1 crd toicrons in width can be

imaged. An electron beam is emitted from cathode @arrying considerable amount
of kinetic energy in Kev.This high energy electraare focused with the help of
objective and condenser lenses. The focused besmgsad to scan the particular
rectangular area of the sample. As electron beasraicts with the atoms in the
sample, due to dissipation of its energy a varatyignals like back scattered or
secondary electrons are generated. These sigmatietected with the help of highly
specialized detectors. Further the signals are ifietpto obtain magnified image of

the surface with the resolution in the range of ma.the number and speed of
reflected electrons from the specimen surface #ferent, so different grey scaled
image of SEM generated. In SEM image, element higih atomic number appears

brighter as compared to the element with low atamiimber.
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In our research project SEM analysis is done g help of JEOL SEM (JSM
6490LA).
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Figure 3-4: (@) shows the JSM 6490LA SEM and (b)schematicSEMN [134]

There is no doubt that no other instrument is cdibfgawith the SEM to study solid
materials. The SEM is critical in all fields neeglithe characterization of solid
materials, besides of its geological applicatioitshas vast and scientific and
industrial applications. Most SEM’s are easy torafe needing minimum sample
preparation with rapid acquisition. Modern SEM &pable to generate digital data in
digital format, which are highly portable.

SEM has also some limitations. Sample must be soid should be able to fit in
microscope chamber. Mostly, stability of sampleuigefd vacuum of 18-10°torr.
Most SEM used solid state X-ray detector (EDS)yvest and easily utilize, have
poor energy resolution and sensitivity to elemengsent in low abundances,
compared to wavelength dispersive x-ray detectd/B$) on most electron probe
microscope (EPMA).
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For conventional SEM study , an electrical condiigticoating must be applied to
electrical insulating samples unless the instrumentapable of operating in low

vacuum mode [135].

High-energy
electrons

Back-scattered

electrons Optical luminescence

X-rays

il
.

Sample

Figure 3-5: Schematic view of different signals generated ¢eraction of electron
with sample [135]

3.2.3 Energy- Dispersive X-Ray Spectroscopy (EDS)

EDS analyses are used to attain elemental magsoockemical analysis by utilizing
characteristic x-rays generated from the sampleays- are generated by inelastic
collision of the high energy incident electron witie electron in discrete orbital of
the atom in sample which on de excitation, jump®wer energy state, yielding x-ray
that are of fixed wavelength depends on the diffeeein energy levels of electron in
different shells for given element, thus each elantieat is “excited” by the electron
beam, produce characteristic x-ray. These x-ragemed from different element are
collected by specialized detector, measure itsggnand then compare it with the
standard value of different elements makes possiblend out different element in
sample. In addition to qualitative analysis, quatirely measurement of the elements

can be made by mean of calculating counts at thadieular energies.
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Beside to qualitative analysis, the elements ctneldneasured quantitatively simply

by mean of calculating counts at this particulagrgres as shown in Fig.3-6.
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Figure 3-6: Standard output spectrum of EDS [136]

3.2.4 Atomic Force Microscopy (AFM)
Although optical microscope and electron microscape powerful tools for the
imaging of object with the magnification up to 100 case of optical microscope,
and upto 100,000X for electron microscope. The enagptained by these
conventional microscope provides two dimension&drimation (horizontal axis), do
not describe vertical dimension. Unlike conventlomacroscope, AFM measures
forces between the surface and sharp probe fallirsport distance (0.2-10 nm) from
each other providing 3D profile of the specimene Hiility to magnify image in X,
Y & Z axis by AFM is of great importance as comhte conventional microscopes.
The principle of AFM working is to produce van demnals forces of repulsion
between the atoms on the tip with cantilever amdstirface of the sample during the
scanning. As the tip approaches near within théadce of few angstroms to the

surface, results deflection due to repulsive f&E® incorporate scanner exhibiting
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piezoelectric characteristic that is operated legack controller, which in turn scans
the tip on the surface of specimen, also preseovistant distance of the AFM tip
from the sample surface. The deflection becausthefsurface of the sample with
varying topography is monitored with the help otiog@ lever. For this purpose a
laser diode is utilized to allow the beam whichreflected back from cantilever to

position sensitive photodiode.

In this research project AFM JEOL (JSPM-5200) wsed.
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Figure 3-7: (a) Atomic Force Microscope JEOL (JSPM-5200)

3.2.5 Fourier Transformation Infrared (FT-1R) Spectroscopy
Fourier transform infrared (FTIR) is measuremewrhteque used for collecting IR
spectra such that radiation is guided through fetemeter. FTIR spectra present the
detail information regarding functional groups mms within the sample, and
therefore utilized mostly in semiconductor indusinyfind out the presence of atom
impurity or involvement of any other dopant. Itisedll the info regarding functional

groups relevant to oxygen and carbon bonding.

The function of interferometer is to split IR raiilba into two beams, and to make one
of the beams have to travel optical distance thatlevbe different than the optical

distance travel by another one, creating altergatiterference fringes.
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FTIR spectrometer are low cost as compared to ®tbenventional spectrometers,
because it is easy to build interferometer than féi@ication of monochromator,

further more FTIR technique makes faster the measent of a single spectrum
because of information regarding the all frequen@ee received at once, makes
possible to collect several samples and then agemgether. This results in increase

in sensitivity.
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Figure 3-8: (@) FTIR Spectrometer (b) Schematic diagram of FTIR

3.2.6 Electrical Properties
I-V represent the relationship in the form of chart graph between the electric
current (1) and voltage (V) applied across thewtror any device. In our case we plot
the graph, measuring current across the known rahtibricated device using
Agilent (34401A) digital multimeter, when appliedliage by using Keithly source
meter (2400-C) with increasing step of 1 volt. Weoameasured the change in the

resistance of the composite material by varyingoemature from 25C to 200°C.
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4. Experimental Work

4.1 Synthesisof Graphite oxide

Graphite oxide was prepared by using “ Improvedhodt [41]. 1 gram of graphite
flake was mixed in the mixture of 9:1 concentrate&O,/H3PO, (90:10 ml) and stirr
through magnetic stirrer. 6 g of potassium permaagga(KMnQ) was added slowly
into the mixture under stirring. The mixture wasaretl at 35-40°C for 6 hours
producing slightly exothermic reaction. After tmaixture was heated up to 5G for
12 hrs under stirring. Finally, the solution wadoakd to cool down to room
temperature and poured into 400 ml ice cubes abudiged water with 5 ml hydrogen
peroxide (HO,) in order to complete the reaction. The solutiafoc change from
dark pink to yellow. Washed the mixture with 1 M H&hd then with de-ionized

water many time till the pH of supernatant reacteed.

Figure4-1: GO after reaction completion
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4.1.1 Exfoliation of GO

Exfoliating of graphite oxide was ended by soniogithe GO dispersion for one hour.
The stable yellow-brown solution produced showitsystability for long period of
time, can be used for reductions and other appiest The nanoparticles were dried
at 40°C for 24 hrs under vacuum.

Figure 4-2: Exfoliated GO in dispersion

4.1.2 Reduction of GO

Some portion of the prepared graphene oxide wascesblusing hydrazine hydrate for
comparison. Briefly 1ml of hydrazine hydrate werexea into exfoliated GO
dispersion, the solution was heated up t6®0n oil bath for 12 hrs under stirring by
Teflon covered stirrer. The change in the colorsofution to clearly black from
brown, indicating reduction of GO. The black sqgtigecipitate subsequently washed
with methanol and de-ionized water and dried atGHor 24 hrs under vacuum.
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Figure 4-3: (a) Process of reducing GO (b) reduced grapherdeorisuspension

4.1.3 Synthesisof SnO nanoparticles

SnO nanopatrticles were prepared by autoclave hyeinmal process, SnCacts as a
precursor for SnO. 1.30 g of Sn@H,O was mixed with 50ml de-ionized water
through magnetic stirrer. Adding 1.30 g of urea 8BY) , and 0.7 ml HCI (36-38%)
into the solution under continuous stirring for@thutes, followed by ultrasonicating
the mixture for one hour, obtained translucent tsau.All the chemicals used were

of analytical grade.

Figure 4-4: Process of ultrasonicating the solution
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After that transferred right the resultant solutioto 125 ml Teflon lined stainless
steel autoclave keeping 12Q reaction temperature for 8 hrs and cooled to room
temperature naturally. The SnO nanopatrticles sulesety washed with ethanol and
de-ionized water and dried at 8D for 24 hrs under vacuum.

In this research project Buchi autoclave setup weesl shown in Fig.4-5.

Figure 4-5: Buchi autoclave setup for synthesis of nanocomeosit

The role of urea in the solution is to decompose NH; and CQwithin the solution,
subsequently used to neutralized HCI by sNltksolved in water forming NI,
promoting the formation of SnO from SnC108]

Figure 4-6: Synthesized SnO by hydrothermal process
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4.2 Synthesisof rG0O/Sn0 composite

The rGO/SnO composite was formed by autoclave higdromal process. GO and
SnC} acts as a precursor for the formation of rGO/So@mosite. Right amount of
GO was mixed in 50 ml de-ionized water and son&cébe one hour. Adding 1.30 g
SnCbL.2H,O into GO dispersion and stirrer through magnetices, followed by
mixing 1.30 g urea and 0.7 ml HCI under continustising for 30 minutes, the final
mixture was treated by ultrasonication for one hd\fter that transferred right the
resultant solution into 125 ml Teflon lined stasdesteel autoclave keeping 12D
reaction temperature for 8 hrs and cooled to roemperature naturally. No doubt
that reaction was performed in acidic environmertkes synthesis of composite
broaden and useful for further applications. TheOf&nO composite was
subsequently washed with ethanol and de-ionizeénaatd dried at 68C for 24 hrs
under vacuum. The different experiments were nansd/SnO-1, rGO/SnO-2 and
rGO/SnO-3 on the basis of precursor solution ($@®: 1.1 mmol/l mg, 1.1
mmol/2 mg, 1.1 mmol/3 mg) respectively being usediydrothermal process. The

whole process can be shown in the diagram below.

SnCl,.2H,0 HCI (0.7 ml) Urea [CO(NH>) »] GO solution
@ Mixing @
&> GO solution Mixing Sonication

SnCl,.2H,0, (1hr)
Ur ea [CO(NH 2) 2]
HCI

Stirring % Ultra-sonication
(30 mints) (1hr)

Natur ally cooling Autoclave
To (8hr)
Room temperatur e
&:> W ashing @ Vacuum drying

Figure 4-7: Schematic of rGO/SnO synthesis
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4.3 Substrate preparation for the deposition of composite material

The ceramic alumina (ADs) substrate 13x8x2 mm was put into mask made of
stainless steel. Gold combo shape interdigitatedtieldes were deposited on alumina
substrate through thermal evaporating for the appbn of fabricating composite
material on electrodes and for further electricahreection. The width and gap
between pairs of electrodes is 0.75 mm, advantageterdigitated electrodes is to
makes possible the detection of low ppm level.

Figure 4-8: Al,O3 substrate with combo shape interdigitated eleesod

4.3.1 Thick Film Coating of Composite material on Substrate

An aqueous paste of rGO/SnO composite powder raatwdas prepared by adding
rGO/SnO (5 mg/0.5 ml) into de-ionized water. Thitkn of composite material was

painted on the substrate having interdigitatedteddes using soft brush and dried in
air at 80°C.
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Figure 4-9: rGO/SnO thick film on alumina substrate

4.3.2 Annealing

After depositing thick film, the sample was anndad 250°C at the heating rate of 2
°C for 2 hours in NaberthermGmbh N17/HR-400V Muffleating furnace for the
purpose of film microstructure and texture stajpiliand cooled down to room

temperature naturally.
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5. Result and Discussion

5.1 Synthesisof Graphene Oxide (GO) and Graphene (r GO):

5.1.1 X-Ray Diffraction (XRD):

We conformed the average crystalline structure ©faad rGO with the use of X-Ray
diffraction and compared with pristine graphite.eTpristine graphite flake before
oxidation shows high degree of crystalline witheimge diffraction peak (002) ab=2
26.4 having d-space 0.34 nm as shown in Fig.5-1(a).ivew¢he XRD pattern of
GO showing its diffraction peak (002) relativelyMantensity shifted to@=10.4 with

no peak at 2624 with interplanar spacing greater than 0.6 nm iatig fully
oxidation of graphite in Fig.5-1(b), Since oxygdnms sandwich between layers on
oxidation of graphite increase interlayer spacimggakening the van der wall
interaction among layers, makes easy the exfohdtly sonication [137].
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Figure5-1: XRD of (a) pristine graphite (b) GO

When some portion of the GO sheets was reduced icalynby use of hydrazine
hydrate into rGO sheets for comparison, the diffoaicpeak (002) once again shifted
to 26.4 from 10.4 in Fig.5-2.
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Figure5-2: XRD of rGO

5.1.2 Scanning Electron Microscopy (SEM)

Specimen of graphene oxide (GO) for SEM were pespay drop of dispersed GO in
water on silica substrate. Graphene oxide (Singlenwaiti-layer) from the oxidation
and exfoliation of graphite as seen in SEM imagp3B.A closely packed “tiling” of
graphene oxide platelets having an even contrastolvserved on the substrate.
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Figure 5-3: SEM images of GO layers

5.1.3 Energy Dispersive Spectroscopy (EDS) of GO

The elemental composition of resultant GO sheet egagirmed by EDS analysis.
The EDS analysis spectrum clearly represent the i@ nearly equal to 1:1
coincides with the experimental results reporteditarature [138].In addition to C

and O, 0.8% S despite of excessive washing wasohiserved listed in table 5-1.
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Figure5-4: EDS spectra of GO sheet (Green peaks: C, O, S)
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Table5-1: EDS Result of GO

Element (KeV) Atom%
CK 0.277 50.46
OK 0.525 48.73
SK 2.307 0.81
Total 100

5.1.4 Atomic Force Microscopy (AFM)

Atomic force microscopy in tapping mode was used tfee investigation height
profile of exfoliated graphene oxide sheet as shawhig.5-5. The graphene oxide
height profiles typically ranged between 1 nm anth8which are slightly larger than
single layer graphene. The thickness of GO ince#&seaused by the attachment of
functional groups containing oxygen, resulting Glghdly thicker, changing its
surface [139].

Image(512) : Topography
369 x3.69umx653 nnm
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Figure5-5: AFM Images with height profile of GO nanosheet

515 FT-IR analysisof GO and rGO
FT-IR spectra analysis was used for the purposevektigating functional group and
structure of GO sheet as seen in Fig.5-6 (a).Fsgéctra of GO sheet indicates C=0
(carboxyl), C=C(aromatic) ,C-O,C-H spectra and Owdifoxyl) groups. The
presence of C-O and C=0 which are the functionaligs containing oxygen, further
conformed the formation of GO.
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Fig.5-6 (b) shows the FT-IR spectra of chemicafiguced graphene oxide with the
help of hydrazine hydrate indicate that much of axele groups (C=0) of GO are
detached.
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Figure5-6: FT-IR spectra of (a) GO and (b) rGO
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5.2 Characterization of Tin oxide and Graphene (rGO)/Tin oxide

Composite

5.21 X-Ray Diffraction (XRD)

The pure SnO powder and rGO/SnO composite crystadliructure were characterize
with the help of X-Ray Diffraction. The Fig.5-7 cpnmses the diffraction peaks of
pure SnO powder and various sample of resultantplig@e/SnO composite
synthesize by changing GO concentration to $1G@l.1 mmol/1-3 mg) in precursor
solution of hydrothermal process. The tetragon& Structure crystallize completely
is clearly evidenced by diffraction peaks &=29.8 (101), 33.2(110), 37.1(002),
47.7(200), 51.6(201), 57.3(211), 62.5(103) (JCPLPD2-1012).

By adding graphene oxide with different concentratio SnCJ developing rGO/SnO
composite ,there is very small change by small wieeks indication at6226
described as a graphene peak. Graphene showingweaitlpeak probably because of
using their very small quantity, self reassembloigsO or reduction of GO through
hydrothermal technique [140, 141].In Graphene/So@®posite decreasing the ratio
of GO to SnC] resulting weakening of (002) peak and strength€hé@) peak. The

crystallite size measured through Scherrer equatamging from 25 nm to 53 nm.
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Figure5-7: XRD Patterns of SnO and rGO /SnO composite samples
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5.2.2 Scanning Electron Microscope (SEM):
The sample of SnO and rGO/SnO were prepared agpaodr silica substrate .Fig.5-8

shows the image of SnO powder indicating presehaeggomeration.

15kV  X16,000 1pm 10 40 SEI

Figure5-8: SEM image of SnO particle

rGO/SnO composite SEM images are shown in Fig.5f@pgred through
hydrothermal process. The composite are not honemgen; there are SnO
aggregates, many SnO nanoparticles covering orsulface of graphene and also
some SnO nanoparticles laying in background are alsserved. SEM images

indicates that graphene maintain its basic strecifter hydrothermal process.
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Figure5-9: SEM images of rGO/SnO composite

5.2.3 Energy Dispersive Spectroscopy (EDS) of rGO/SnO Composite

The elemental composition of resultant rGO/SnO awsiip was confirmed by EDS
analysis. The EDS analysis spectrum, green colak e spectrum represents the
presence of 16.98% C, 69.96% O and 13.06% Sn.ddhealor peaks in spectrum are

those generated from substrate.
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Figure5-10: EDS spectra of rGO/SnO Composite (Green peaks:; Snp
Precursor Solution: S#iGD (1.1 mmol/3 mg)

Table5-2: EDS Result of rtGO/SnO Composite

Element (KeV) Mass% Atom%
CK 0.277 7.10 16.98
OK 0.525 38.96 69.96

Sn L* 3.442 53.94 13.06
Total 100 100

524 FT-IR of rGO/SnO Composite
The Fig.5-11 shows the FT-IR spectrum of rGO/SnOnpmosite sample. The
rGO/SnO spectrum shows at ~ 3400 'ctheir absorption band because ofHO

vibration of water molecules absorbed.

In case of GO, spectrum showing carboxyl group peak729 crit disappeared in

SnO/rGO spectrum, however composite spectrum shliptwo strong peaks, one at
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619 cm' attributes to anti-symmetric vibration Sn-O-Sn aedond peak at 1629 &¢m
(C=C) indicate the formation of graphene netw@d 142].
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Figure5-11: FT-IR of rGO/SnO Composite

5.3 Electrical propertiesof Grapheneand rG0/Sn0O composite

In order to find out the electrical properties ghthesized graphene and rGO/SnO
composite, the material was deposited by paintirsgng soft brush on pre-deposited
gold interdigitated electrode in such a way thadde up these electrodes. Two probe
method with the electrical instrument of Keithlyusce meter (2400-C) and Agilent
(34401A) digital multimeter were used for the detegration of current-voltage
characteristic of graphene and rGO/SnO composite.

Fig.5-12 (a) shows the |-V characteristic with llldme of rGO and red line of
rGO/SnO-3 composite. The data represent dramaticdlange in |-V curve of
graphene when SnO incorporated in graphene. Theerdudrawn through the
composite film decrease from mA to pA.Fig.5-12(ndpws the I-V curve of rGO/SnO
composite prepared with different concentratiorG& to SnCJ (precursor solution:
SnCp/GO= 1.1 mmole/l mg, 1.1 mmol/2mg, 1.1 mmol/3 mg) hydrothermal
process at room temperature. The result indichisrcreasing the ratio of graphene
increase the conductivity of composite film. Th¥ leurve of fabricated rGO and

rGO/SnO composite shows ohmic behavior.
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Figure5-12: I-V characteristic of (a) rGO (b) rGO/SnO composite

The GO/Sn0O-3 (SN@IGO= 1.1mmole/3 mg) composite film was alloweddst ttheir
resistance variation at different temperatures. apglied different temperature from
25°C to 200°C. Fig.5-13 represents decrease in resistance3idhiQ to 297 Q) of
rGO/SnO composite film on temperature increase f&HPC to 200°C showing

semiconductor behavior.
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Figure5-13: Temperature effect on rGO/SnO Composite
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6. Conclusion

Graphene oxide (GO) successfully synthesized with help of “Improved
method” showing its diffraction peak ab=2210.4 with no peak at 26%4 The
graphene oxide height profiles determined by AFM tapping mode were
typically ranged between 1 nm and 3 nm.

The tetragonal SnO crystalline structure with agererystallite size of 25-53 nm
synthesized, evident by XRD peaks.SEM conformed dispersion of SnO
nanoparticles on graphene sheet.

Study of |-V characteristic of graphene and rGO/Sn&hocomposite shows
ohmic behavior. Significant change in the |-V cluaeastic of bare graphene
observed on adding SnO nanoparticles, current dfogpea mA to pA. The
nanocomposite conductivity increase with increasyngphene concentration to
SnO. Resistance of rGO/SnO composite decrease 3adhKQ to 297 KQ with
increase in temperature from 2816 200 €, showing semiconductor behavior.
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