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ABSTRACT 
Tin Oxide is an important inorganic semiconductor material because of its unique 

properties such as electrical conductivity, high optical transparency and sensitivity to 

chemicals drawn considerable attention due to its broad applications in various fields 

such as gas sensors, dye sensitized solar cell, field emission and supercapacitors while 

graphene sheet which is 2D nonmaterial showing high carrier mobility at room 

temperature have further intensified interest in this material. Graphene sheet 

decorated with metal oxide nanoparticles can perform multiple roles including 

photocatalyst, adsorbent, lithium ion batteries (LIBs) and gas sensing characteristics. 

This thesis is based on synthesis of rGO/SnO nanocomposite via hydrothermal 

method with SnCl2 and graphene oxide (GO) as the precursors in hydrothermal 

process. The graphite flakes transformed into graphene oxide (GO) through oxidation 

by “Improved method” utilizing KMnO4 as an oxidizing agent. The GO and 

composite material were studied by characterization techniques such as X-ray 

diffraction (XRD), Atomic force microscopy (AFM), Scanning electron microscopy 

(SEM) and Fourier transform infrared spectroscopy (FTIR). It exhibited the 

dispersion of thermally unstable tetragonal crystalline structure SnO nanoparticles of 

size range (25-53nm) on graphene sheet. 

The resultant rGO/SnO composite obtained from different precursor solution ratio in 

hydrothermal process (SnCl2/GO= 1.1 mmol/1-3 mg) and graphene film were coated 

for electrical measurements on pre-coated interdigitated electrodes alumina substrate, 

annealed at 250 0C for 2 hrs. 

Significant change in the current-voltage (I-V) characteristic of bare graphene 

observed on adding SnO nanoparticles, current drops from mA to µA. The current 

measured in composite material increase with the increase of graphene concentration 

in composite material. Resistance of rGO/SnO composite material (Precursor ratio= 

1.1 mmol/3 mg) decreased on raising temperature from 310 KΩ (25 oC) to 297 KΩ 

(200 oC). 
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1. Introduction 

1.1 Motivation 

The technological innovation and knowledge gathering are progress thoroughly in 

human history in a less or more exponentially. It has definitely been true after the 

enlightenment of development in natural science, helping in resources exploitation, 

creating new opportunities through new technologies in the western world.  

We stand now in the beginning [1] of what appears to be one more revolution in the 

field of science and technology “Age of nano technology”. The growing interest in 

nanotechnology is because of nanostructure dimensions under 100nm.The strange 

properties of nanomaterials are connected to nano-dimensions, nanomaterials are 

those possessing at least one dimension below 100 nm [2]. Nano technology enables 

us to synthesize material at nanoscale, resulting the development of technology and 

tools which were never come in practice in the past centuries, some examples of 

nanotechnology advantages are cancer therapy with the help of nanoparticles [3] 

composite with enhanced performance[4, 5] and opens new windows in the field of 

materials, electronic and medicine. 

The carbon nanostructures are the leading thread in the nanotechnology unfolding 

story, the particular development and study of which possesses considerably 

contributed  in order to shaping the route to science  taken place at nanoscale. Carbon 

is the chemical element, member of group 14 on the periodic table playing an 

important part in nature. The capability associated with carbon atoms in order to 

create complicated network is the basic to organic chemistry [6]. The nanostructures 

of carbon includes carbon nanotube, fullerenes, and recently reported single layer of 

graphite named graphene[7], These nanostructures forming various structures, but all 

are sp2 hybridized carbon. 

Graphene exhibiting unique properties and large surface area, is an attractive 

candidate for utilizing as a matrix to inorganic nanostructure [8]. Graphene properties 

can be further enhanced by functionalizing graphene sheet with different type of 

nanostructures. During the last few years ,various type of inorganic nanostructures 

including metal oxide such as TiO2[9] , SnO2[10] , Ce3O4[11] ,CuO[12] and 
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ZnO[13]have been effectively decorated on graphene sheet. The purpose of 

incorporating various types of functional materials through various techniques is to 

exploit the useful properties regarding graphene as well as graphene based composite. 

The substantial potential connected to graphene/inorganic composite in resolving 

several problems of today’s, is visible from the efforts made on the exploring 

synthesis routes and material investigation in real life application, but research on 

graphene/inorganic composite still to be mature yet, and will be continue until the 

realization of using graphene in commercial product. The production of simple and 

measurable  derivative linked to graphene “GO”, well-off in  oxygen functional 

groups encourage the researchers for incorporating various type of nanomaterials on 

the surface of single layer carbon sheet  in order to fulfill commercial demands. The 

quality of these inorganic nanostructures decorated on graphene sheet will be ensured 

by the state of the art characterization techniques. 

In order to study graphene/inorganic nanocomposite, different fabrication techniques 

are being adopted, but in our study we focused on the fabrication of rGO/tin oxide 

nanocomposite by very simple one step hydrothermal procedure. Tin oxide is 

probably one of the most significant materials being examined because of its 

chemical, physical and electronic properties. This research project is designed to 

prepared GO by method, producing small exothermic reaction, comparatively safer 

releasing less toxic gases and high yield of production with great oxidation of 

graphite. After that we will study the dispersion of unstable crystalline SnO on the 

surface of graphene, I-V characteristic of rGO/tin oxide nanocomposite thick film and 

effect of temperature on composite resistance. 

1.2 Outlines of Thesis 

Chapter 2: Summary of the literature related to graphene, graphene oxide (GO), tin 

oxides, graphene decorated with nanostructure, synthesis route and applications of 

graphene/inorganic nanostructure composite are discussed. In Chapter-3 describe the 

synthesis approach to graphene and characterization technique being used for the 

investigation of work performed. Describe the experimental work performed for the 

production of GO, rGO, SnO, rGO/SnO composite, substrate preparation with gold 

interdigitated electrodes and thick film coating on substrate in Chapter-4. 
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In Chapter-5 presented the result and discussion, in this regard effect of varying 

graphene concentration to SnCl2 in hydrothermal process on I-V characteristic and 

resistance variation with temperature were also investigated. In Chapter-6 describe the 

conclusion of experimental work performed. 
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2. Literature Review 

2.1 Graphene 

Carbon demonstrates number of different structure like diamond and graphite having 

wide applications because of their hardness and softness respectively. Fullerenes[14] 

and carbon nanotubes [15] are recently discovered allotropes of carbon attaining great 

focus of physicist and chemist. Thus graphite (3D), nanotubes (1D) and fullerenes 

(0D) were known allotropes of carbon, among these the important two-dimensional 

form of carbon allotrope was missed.  

Andre Geim and Kostya Novoselov from Manchester University, UK lead to 

revolution in this field in 2004. They used the top down approach using 

micromechanical cleavage technique to extract a single sheet from three-dimensional 

graphite named graphene [7]. 

Graphene is one atomic thick 2D structure of sp2 bonded carbon atoms. This network 

of extended hony comb hexagonal crystal lattice arrays having 0.142nm range of 

carbon to carbon [7, 16, 17].The unit cell consists the pair of carbon atoms and around 

any atom is invariant under 120o rotation .The mechanical stability of the carbon sheet 

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

[18] . 

Graphene is being considered building block of three-dimensional graphite ,zero-

dimensional buckyball as well as one-dimensional carbon nanotube, stalking of 

graphene sheets gives graphite, rolling carbon nanotube and wrapping buckyball [17] 

as shown in Fig2-2. 

Graphene reveals outstanding electrical, optical, thermal as well as mechanical 

properties. Because of this, graphene based materials attain larger focus of the 

researchers, and the numbers of publications related to GRMs are increasing 

continuously shown in Fig.2-1.  

Some of the important properties of graphene are: 

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

mass electrons where both bands conduction and valance meet. This specific tends 
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to make graphene a great anomalous product which does not work as either 

semiconductor or metal [19].  

 

 

Figure 2-1: Number of Publications on Graphene Based Materials (2000 - 2014) [20] 

 

2) Because of particular planar structure of graphene makes it possible to insert 

microsphere with diameter size larger than few hundred nanometers on graphene 

sheet[21]. 

3) As compared to carbon nanotube, graphene offer larger surface area ~2600 m2 g-1 

enhance interfacial contact to other components, but larger surface area of 

graphene having one drawback of irreversible agglomeration [22, 23]. 

4) Resistivity regarding Graphene is about (10-6 
Ω cm) considered to be  the substrate 

having least resistivity on room temperature, the electron transport like in 

graphene has not practically observed in any kind of semiconductor, as a result 

graphene offers turned out to be consider the most non-superconducting 

conductive material [24]. 

5) Aside from higher carrier mobility, graphene is essential invisible, absorb merely 

2% of incident light irrespective of wavelength over the visible spectrum. [25].  



 

6 

 

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

7) Graphene nanosheet shows larger electron mobility ~200000 cm2 V-1s-1 [27]. 

8) Graphene manifests extraordinary thermal conductivity~5000 Wm-1K-1 because of 

phonon which is beneficial for electronic application [28]. 

9) Graphene single layer present extraordinary mechanical properties with young 

modules 1 TPa and 42 Nm-1 of strength breaking, so considered is the strongest 

material and because of this property it makes graphene possible to fabricate 

various devices [29]. 

Since graphene has outstanding properties, makes it perfect candidate to use in 

various areas like optoelectronics [30], spintronics [31] touch displays [32] chemical  

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

properties like  mechanical strength and high heat and electrical conductivity [35].  

 

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

 

2.2 Graphene Oxide (GO) 

Graphene oxide is the monolayer with oxygen rich nanomaterial. The most common 

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

graphite oxide produce graphene oxide. 

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

the help of adding small quantity of potassium chlorate to graphite slurry with fuming 
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nitric acid [38],Staudenmaier in 1898 enhanced this method by introducing 

concentrated sulfuric acid together with fuming nitric acid ,this small changes in 

protocol results make it more practical [39] The most common way to use nowadays 

for the oxidation of graphite is demonstrated by Hummer in 1958 introduce relatively 

safer method by using KMnO4 and NaNO3 with concentrated sulfuric acid [40].In 

2010, Tour makes further efforts for the improvement of oxidation by introducing 

phosphoric acid replacing nitric acid [41]. Graphite oxide through Oxidation by this 

method result in more oxidized. This method can be used for bulk production of 

graphite oxides because of small exothermic reaction involvement and safer, do not 

releasing toxic gases. Graphene oxides behave hydrophilic because of hydroxyl (OH) 

group attachment to the graphene oxide(GO) nanosheet surface [42], and because of 

the hydrophilicity property of GO, it’s become easy to coat uniform thin film on 

substrate for different type of microelectronics application [43]. 

Commercially available graphene oxide having application in the area of solar cell 

[44] , polymer composite [45] ,biomedicine [46] ,transparent conductive film [47], 

paper like material [48]  and electromechanical devices [49] . 

 

2.3 Metal Oxide Nanoparticles 

Metal oxide plays a vital rule in numerous area connected with chemistry, physics and 

material science disciplines. The metal element have the ability to form substantial 

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

geometries through an electronic structure that could demonstrates their identity as a 

insulator, semiconductor or metal. The primary goal in nanotechnology is to develop 

nanostructure/nanoarrays exhibiting some sort of properties that should be different 

from bulk. Oxide nanoparticles with limited in size in addition of corner high density 

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

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

fundamental properties, the primary one is structural features, specifically the cell 

parameters and symmetry of lattice [52].The 2nd group of properties having size 

related consequence of oxides material is electronic properties. The material having 

nanostructure shows confinement effect because of atom like discrete electronic 

states, that can be viewed as accompanying rise in strength of oscillator, some sort of 

superposition regarding bulk like state [53].The third group size related consequence 
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of oxide material with in simple classification, several oxides gives less reactivity and 

wide band gap with in bulk state [54].reduction in oxides particle size effect the size 

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

 

2.4 Tin oxide (����&	���) 

Nano materials possess excellent attention because of their interesting physical, 

electrical, chemical and magnetic properties which might be different from those 

associated with bulk state.  

Tin oxide is probably one of the most significant materials being examined nowadays 

for the reason of their chemical, physical as well as electronic structure study. This 

investigating study mostly concern to tin dioxide may be because of SnO 

decomposition at elevated temperature; however SnO and SnO2 usually coexist either 

because of SnO2 reduction or SnO oxidation. Yaun et al.[57] reported that SnO is the 

outmost oxide phase of Sn which transform eventually into SnO2 phase after certain 

annealing. Hart et al.[58] presented his study on the Sn foil oxidation process, from 

amorphous tin oxide to crystalline SnO and then to SnO2 (high valence oxide). Tin 

oxide is  n-type semiconductor material, with SnO2 energy gap of 3.6 eV and SnO 

energy gap lies between 2.5 and 3 eV ,smaller as compared to SnO2 [59]. SnO is 

metastable and formed Sn2O3 in certain amount on raising temperature to 600 K [60]. 

SnO2 is highly stable offer substantial carrier density and facilitate tremendous 

concentration of  intrinsic along with stoichiometric-violating vacancies linked to help 

their electrical conductivity [61]. Tin oxide has wide range of application such as 

photosensors[62] ,photovoltaic devices [63],electrode materials [64] and specially for 

gas sensors [65] .    

2.4.1 Crystalline Structure of Tin Oxide (SnO2&SnO) 

The SnO and SnO2 both have tetragonal crystalline structure at room temperature and 

pressure. An important form of naturally taking place of SnO2 is cassiterite, a rutile 

structure of SnO2 has a tetragonal unit cell, where every Sn atom is encased by six 

oxygen in the octahedral array and every oxygen encased by three Sn atom in the 

planer. Perhaps the most probably positive feature of SnO2 associated with the many 

of its application are considered is the changes associated that may takes place in its 

surface composition. Material electronic structures are greatly affected by the 
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variation causes reducing surface structure. Reducing surface Sn+4 with Sn+2 will 

results Sn 5s state that lies in the band gap in addition to lowering work function [66] 

while in case of tetragonal SnO , each Sn atoms comprise pyramids structure with 

four oxygen atoms. The Sn atoms falls on pyramids vertices along with oxygen square 

basis. Edge sharing of the pyramids results formation SnO structure layer having Sn at 

the vertices laying alternately below and above them.Fig.2-3 shows the SnO and SnO2 

atomic configuration, Oxygen atom presented by large sphere while tin by small one. 

Dished line in case of SnO2 present the formation of Octahedral arrays while square 

based pyramids formation in case of SnO. 

 

Figure 2-3: Atomic configuration of (a)SnO2 and (b)SnO [67] 

 

2.5 Graphene decorated with inorganic Nanostructure 

Over the last decade, nanostructure of distinct size and shapes attain the greater focus 

of researchers due to its exciting properties. Various nanoparticles of inorganic 

compounds including metals, metal oxide and others are being used for 

graphene/inorganic composite in order to enhance graphene properties. This 

nanocomposite exhibits different structure and morphology depends upon the 

synthesis process. The generally recognized process to the synthesis regarding 

graphene decorated with inorganic nanostructure is the attachment of metal ions 

having positive charged on the GO functional groups because of polarized bonds. 
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These connections leads to redox reaction along with the creation of nucleation sites, 

then ultimately contribute to the development of nanostructure on graphene sheet. An 

example of Fe3O4/rGO formation [68] where Fe2+ ions are primary attached with the 

surface functional groups of graphene oxide sheet is shown in Fig.2-4.The GO behave 

as an oxidizing agent ,successfully raising oxidation state of Fe2+ to Fe3+ results the 

formation of Fe3O4 on the surface of rGO sheet with in alkaline environment. 

 

Figure 2-4: Schematic representation of Fe3O4/rGO nanocomposite formation by in-
Situ chemical deposition [69] 

The whole process can be represented in three simple equations 

2Fe2++  GO    →  2Fe3+ + rGO                               (2.1) 

Fe2+  + 2Fe3+ 8OH- → Fe3O4 +4H2O                       (2.2) 

3Fe3+ + GO(8OH-) → Fe3O4 + 4H2O + rGO            (2.3) 

Regarding fabrication of metal/graphene composite are usually developed via 

reduction of metal ions and GO at the same time [70]. 

Nanoparticles incorporation with rGO sheet might be via physisorption , 

chemisorptions, covalent interaction, van der Waals and electrostatic interaction [12, 

71].the main advantages of nanostructure attached to rGO decrease interaction of 
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attraction between sheets results minimization of aggregation [72] ,furthermore enable  

nanocomposite with uniform dispersion in polar solvents because of  nanostructure 

trace quantity on rGO basal plane [69].  

Making use of GO to be a support pertaining inorganic nanostructure  like metals and 

metal oxide a number of distinct composite are already synthesized, some of them are 

listed in table 2-1.  

Table 2-1: Review of Graphene/Inorganic Nanostructure Composite 

Nanostructure Dimension Synthesis Route Application Reference 

Fe3O4 12.5nm 
Reaction in Gas 

Liquid interface 

Anode for Li-Ion 

batteries 
[73] 

Mn3O4 10nm Ultrasonication Supper capacitor [74] 

SnO2 10 nm Microwave 
Mercury (II) 

detection 
[75] 

TiO2 4 to 5 nm Sonochemical Photocatalysts [76] 

ZnO 

Dia~90nm 

Length ~3um 

Nanorods 

Hydrothermal 
Gas sensor, solar 

cell 
[77] 

SnO2 4 to 5nm 
Microwave 

autoclave 

Anode for Li-Ion 

batteries 
[78] 

Ag2O 45nm In-Situ oxidation Supercapacitor [79] 

SnO2 3 to 5 nm Hydrothermal 
Catalytic 

degradation 
[80] 

La2Ti2O7 

Nanosheet 

integrated 

Expansion in UV 

radiation 
Photocatalyst [81] 

Ni Single layered 
Electrolysis Ni 

plating 
Sensors, electrode [70] 

Pd 5 to 7 nm Laser irradiation CO oxidation [82] 

Pt 5 to 7 nm Laser irradiation CO oxidation [82] 
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2.5.1 Synthesis Route of Graphene / Inorganic Nanostructure Composite 

2.5.1.1 In-Situ Chemical Synthesis 

This method is really an effective way for the development graphene/inorganic 

nanostructure composite .The primary step for the formation of composite by in-situ 

technique is the interaction between metal ions having charge positive and cloud of 

negatively charge electron around Oxygen atom attaining GO. Nanostructure attached 

uniformly to graphene sheet following the reaction because of the fact that Oxygen 

atoms are tends to be spread evenly in beginning of GO sheet. Several metal oxide for 

example SnO2 and Fe3O4 developed on the surface of reduced graphene oxide even at 

room temperature [69, 83], however if the reaction temperature is increased, 

calcinations by raising temperature might be able to be removed like Graphene/SnO2 

[84].reduction of graphene oxide always remains challenging therefore in order to 

conform the complete reduction of graphene oxide some time reducing may be 

employed. Considering the example of using ammonia solution and hydrazine for the 

synthesis of Ag/Graphene composite [85].Whenever sheets of graphene are utilized 

directly, some sort of stabilizer agent become necessary in addition to higher reaction 

temperature in order to promote formation of nanostructure just like synthesis of Fe 

on graphene [86]. 

2.5.1.2 Microwave Heating 

Microwave heating technique for the nanostructure synthesis is considered to be more 

dependent on the properties of molecules as well process condition rather than 

traditional heating. This technique is widely used for the synthesis of oxides 

nanoparticles like SnO2, ZrO2, and CeO2 having substantial monodispersity 

[87].Providing highly localized and  short time thermal treatment with the help of 

microwave heating technique results very fine particle, size lies in  between 15-35 nm 

in nanocrystalline regime [88].Definitely graphene sheet plays a vital role in the 

fabrication of  Graphene/inorganic- nanostructure  with particle size less than 10 nm 

through  microwave heating [89] 

2.5.1.3 Hydrothermal and Solvothermal 

Hydrothermal synthesis is basically an effective route for the formation of distinct 

inorganic nanostructure at well controlled temperature and pressure. This kind of 

synthesis technique ruled out the problems regarding high temperature and lengthy 
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reaction time in comparison with typical chemical processing [90].It has been 

accepted as environment friendly process for the reason of reaction using medium of  

aqueous solution completed in autoclave closed system. This process may also be 

used for the production of highly pure,crystalline and homogeneous powder [91], 

however it’s not compulsory to use pure aqueous solution, some other type of solution 

like ethanol can be used for promoting dispersion like graphene oxide [92] .Autoclave 

employed in hydrothermal process is a closed system, therefore enhancing 

temperature as well increased pressure within vessel. Over the critical pressure of 

aqueous solution promotes thermodynamically unsound dissolution of compound the 

thermal energy and high pressure applied by autoclave fracture the compound into 

particle in nano size [93]. CuO/Graphene[12], ZnO/Graphene [77], SnO2/Graphene 

[80] are being synthesized through this technique. 

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

solvothermal. 

Absolute ethanol has been used as a medium for reaction in the formation of 

SnSb/Graphene [94].Using the method similar like hydrothermal SnO2/Graphene was 

prepared through reaction at liquid-gas interface [95]. 

2.5.1.4 Electro-deposition 

Electrodeposition technique makes possible the formation of film with controlled and 

precise thickness, with the addition of speed up the polymerization process that can be 

control by current density [96].Glassy carbon electrode(GCE) are usually used in this 

technique for coating of graphene oxide, then  electrode with GO coating are allowed 

to submerge in salt solution, by applying potential cycle results to rGO by GO 

reduction, and oxidation of metal to metal oxide.ZrO2/graphene [97]  is one of the 

examples prepared by using this technique.  

Since graphene oxide is considered to be hydrophilic and will not be remove from the 

surface of GCE when taking place in electrolytes, however it is challenging to 

develop homogenous dispersion of graphene within solvent because of tending 

irreversible agglomeration  by mean of van der wall interaction and  π- π stalking in 

graphene sheet. Cyclic voltametery are being used for the growth of nanostructure on 
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graphene using this technique. Ag/Graphene [98] are prepared by using this method in 

salt solution. 

 

2.5.2 Application of Graphene / Inorganic Nanostructure Composite 

2.5.2.1 Sensor: 

Different analytical techniques are used for the sensing application of matter (organic 

& inorganic) having high sensitivity and excellent response to very low limit of target 

material [99], but it is difficult to use in field for monitoring because of its high cost, 

complicated and complex instruments, trained manpower and lot of time consuming 

[100].In comparison ,electrochemical analysis is alternate method for detection 

containing feature of simple instrumentation, less time consuming, low cost, small 

power requirements and simple operating procedure extensively utilized in the 

application of chemical sensors, biosensors and gas sensors [85, 101, 102].Since 

inorganic nanostructure exhibits large surface area, mechanical strength, high thermal 

stability, chemical stability and substantial electrical features when decorated on 

graphene sheet offers interesting composite for the application of gas sensor. Qianqian 

Lin et al. [103] reported the fabrication of graphene/SnO2nanocomposite by the use of 

hydrothermal technique and the composite material shows response for 10 to 50 ppm 

of NH3 gas at room temperatur. The response magnitude was defined by the eqn.2.4. 

 

S = (ZNH3 – Zair)/Zair ×100                                (2.4) 

ZNH3 =impedance in NH3 gas 

Zair = impendence in air 

Giovanni et al. [104] used SnO2/rGO as a sensing material towards NO2, and it is 

observed that the composite response towards NO2 strongly depends upon the ratio of 

SnO2 loading on reduced graphene oxide. The resistance of graphene/SnO2 increased 

several order of magnitude compared to rGO. 
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Figure 2-5: Schematic representation of substrate with interdigitated electrodes 

 

2.5.2.2 Supercapacitors: 

Supercapacitor which is also known as ultracapacitor. It is different from conventional 

capacitor exhibiting high energy density. In contrast to conventional capacitor 

supercapacitor are designed with special electrodes and electrolyte for the energy 

storage through ion adsorption in limited package. Supercapacitor was introduced 

publically for the first time in 1957 and becker filed patent on this discovery [105], 

restoring high capacitance through double layer processing on carbon having high 

surface area. There are two categories of supercapacitors regarding energy storage, 

one is known as electrochemical double layer capacitors (EDLCs) and the another one 

is pseudocapacitor. EDLCs usually carry high surface area and electrochemically 

stability. Since carbon based material offers excellent electrical conductivity and 

electrochemical stable with high surface area, so widely used as a electrode in EDLCs 

[106]Several researchers prepared Supercapacitors from the material through 

decorating nanocrystal such as Co3O4 [11] RuO2 [107] SnO2 [108] on graphene layer 

preventing restacking of graphene sheets. These entire graphene based composite 

remarkably improved the specific capacitance.  
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2.5.2.3 Anode for Lithium Ion batteries 

Lithium ion batteries based on graphite material experienced bad charge/discharge 

efficiency as a result possess weak power efficiency. In most of applications similar to 

hybrid or electric vehicles required high power in some occasion like overtaking with 

high speed, and that enhance dissipation of heat in the cell and so increasing battery 

aging. The battery power efficiency was greatly improved by the use of electrode 

based on graphene published their results through papers. Graphite based battery 

provides 372 mAhg-1 while the graphene provides higher capacity for energy storage 

just above 600 mAhg-1 because of accommodating capability of Li ions on its both 

sides. Recent study shows the improvement in energy storage capacity in the range of 

700 to 4000 mAhg-1 with the use of graphene/metal oxide composite [109].The 

battery function in many application is charge and discharge repeatedly and important 

point is weakening of storage capacity during these cycles. Graphene based inorganic 

nanostructure offers far better efficiency as compared to individuals [12].Nanocrystal 

decorated on graphene sheet minimize agglomeration during repetitions of 

charge/discharge resulting electrodes with high electrical conductivity and surface 

area forming excellent carrier mobility. 

2.5.2.4 Photocatalysts: 

The rapid increases in the world population are giving rise to pollution in environment 

because of organic waste from various sectors such as industries, agriculture and 

human waste. Millions of people all over the world annually faced to death because of 

disease born by contaminated water and around four billion people having no, or very 

small approach to clean water [110].These organic pollutant required degradation, so 

great attention were given to decontamination in the last decay irrespective of its 

chemical nature and its state (gas or liquid) of target to process [111, 112]. When light 

is allowed to fall on photocatalysts, as a result electron excited from valence to 

conduction band, therefore creating electron hole pair. When photocatalyst interact 

with water these e--h+ pair start a chain of reaction on photocatalyst surface producing 

hydroxyl radicals (OH•) as well as superoxide radicals anion(O•),therefore oxidized 

the organic pollutant situated near the surface through radicals generated on surface 

[113].A number of semiconductors such as zinc oxide and titanium dioxide are used 

as photocatalysts ,but one problem link to these photocatalysts is the fast 

recombination of e--h+ within surface of semiconductors results poor efficiency. In 
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this regard graphene based composite attain greater attention to overcome the problem 

of e--h+ recombination. Zhou and Zhu et al. [114] conformed that TiO2 nanoparticles 

dispersed on graphene sheet improved photocatalytic process. In this process sun light 

were allowed to fall on the composite material for the purpose of methylene blue 

degradation within water. When UV light falls on TiO2/graphene resulting excitation 

of TiO2 So e--h+ pair generated in TiO2 , shifting to graphene sheet, hunt through 

dissolved oxygen and avoiding e--h+ recombination. 

 

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

 

Besides TiO2/graphene, other semiconductors such as ZnO/graphene [115], 

SnO2/graphene [116] etc photocatalysts studied for the application of water pollutant 

decomposition. 
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3. Synthesis Route and Characterization 

Techniques 

3.1 Synthesis Approach to Graphene 

Geim and Nowoselov was awarded Noble prize in 2010 by successful discovery of 

graphene in 2004, after the reorganization of graphene for the first time in 2004 many 

effort were made by improving the synthesis route to produce defect free graphene 

sheets. Some of the key synthesis routes of graphene are summarized here below. 

3.1.1 Micromechanical exfoliation method 

Probably the most simple and easy way for the production of pristine graphene is 

graphite exfoliation with the help of scotch tape using the phenomenon “exfoliation 

and cleavage”. Graphene layers are stalked together in graphite by week van der wall 

forces, mechanical or chemical energy are provided by exfoliation and cleavage in 

order to overcome these week bonds. This method using top down approach was 

reported for the first time by Novoselov et al. in 2004 [7],initially one mm thick sheet 

of highly oriented pyrolytic graphite (HOPG) were dry etched in oxygen plasma to 

several 5µm deep mesas, then peeled apart layer-by-layer using scotch tape. 

Perfect or near to perfect graphene layer with the drawback of low production rate can 

be produced by this method [7, 117]. 

 

 

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 of graphene is through oxidation and 

exfoliation of graphite which overcome the drawbacks related to micromechanical 

exfoliation method such as low production rate and difficulties in controlling process. 

This kind of technique entails acidic solution for the oxidation of graphite, after 

occurring of graphite oxidation, breaking straight into distinct layers resulting 

graphene oxide sheets. Following the reduction of GO by use of some sort of strong 

reducing agent consequently produce quality graphene layers. The particular oxidative 

treatment method allows to enhance interlayer spacing among graphene sheets within 

graphite [118, 119]. Benefit of graphene producing by means of this method is the 

mass production without usage of costly equipments, furthermore its colloidal 

solution can be easily utilized for making composite materials. On the other hand 

synthesis of pristine graphene would be difficult to produce due to the fact of 

complete reduction of carbon lattice are not achievable by mean of this method, In 

addition conduction level is week as compared to the that of graphene produced 

through scotch tape technique.  

Various procedures such as Hummer, Hoffman and Staudenmaier methods are being 

used for the oxidation of graphite [40] Oxidation of graphite crystal occurs by the use 

of sulfuric acid along with hydrogen peroxide solution which in turn in the sheet  

results  hydroxyl as well epoxide groups, and carbonyl and carboxylic groups at the 

edge of sheet [120].These sheets are hydrophilic because of functional groups 

disturbing the van der waals forces among sheets. Separation of sheets in this 

particular situation may be accomplished by mean of mild sonication. [121]. 

The suspension of graphene sheets are stable for lengthy period of time when 

dispersed in water, this is possible because of the carboxylic and hydroxyl groups 

creating negative charge on the sheets giving rise to electrostatic repulsion among the 

sheets. 

A difference of color in graphene oxide on dispersion also observed changing from 

abundant dark colored to some strong yellow color as oxidation enhanced. Solid dried 

GO appears brown. By nature graphene oxidation is insulating, so can be reduced to 

graphene to reinstate carbon lattice in conductive state.[121] . In case of utilizing GO 

for the purpose of composite synthesis, following the  reduction of GO by employing 

treatment through thermal anneal [121], UV illumination [122], hydrazine [23] or 
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hydroquinone [123].Utilizing these kinds of techniques various type of devices are 

already produced such as solar cells [124]. 

As already stated that it is very difficult to completely reduced GO, for this reason 

film prepared by employing GO following reduction could have lesser conductivity in 

comparison with pristine graphene [125]. 

 

 

 

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

 

3.1.3 Chemical Vapor Deposition (CVD) 

Besides the scotch tape technique, several researchers presented alternate ways in 

approach to synthesize graphene. After discovery of graphene experimentally, Somani 

et al. in 2006 developed few layers graphene by utilizing nickel sheet, and about 35 

numbers of  layers were estimated with the help of SEM [126]. This method exposed 

sites for graphene synthesis, despite the fact various problems such as uniformity and 

thickness controlling would have to be resolved. Then using CVD process, several 

groups succeeded in achieving graphene film on nickel foil with thickness in the 

range of 1-2 nm [127].The CVD process provides exceptional continuous film of 

graphene, while restricted the size of film to the silicon terrace width on growing from 

silicon carbide. Transferring process in graphene synthesis by chemical vapor 

deposition is placed one of the key challenges to overcome. 
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3.1.4 Other Methods 

Lot of approaches are being used till date for the synthesis of graphene ,such as 

unzipping of carbon nanotube gives graphene nanoribbons [128]. 

Although by comparing with normal graphene sheet nanoribbon exhibit diverse 

morphological as well physical properties with distinctive electronic properties 

because of quantum confinement [129] Liquid phase exfoliation [130] and 

solvothermal [131] approach are also reported for the graphene synthesis. 

 

3.2 Characterization Techniques 

3.2.1 X-Ray Diffraction (XRD) 

X-Ray diffraction (XRD) is versatile characterization tool, used for phase analysis, 

measurement of stresses in coatings, particle size, crystal structure and orientation. In 

Fig.3-3 (a) particular X-ray diffraction STOE θ-θ applied are shown. In this process, 

typically x-ray of known wavelength at certain angle of incident hit the specimen. The 

beams diffracted from the atoms of sample results constructive or destructive 

interference. If diffracted rays are out of phase resulting destructive and will cancel 

each other, In another case if diffracted beams are in phase, produce constructive 

interference as shown in Fig.3-3(b).This kind of interference depends upon the 

spacing between parallel planes associated with atoms of material that’s distinct for 

various materials [132] .A detector are used to collect signal intensity and describes 

quantitatively by means of Bragg’s law   proposed by William Lawrence Bragg and 

William Henry Bragg in 1913 in reflected X-rays. They observed that those crystals, 

at certain particular wavelength and incident angle, produce intense peak of reflected 

radiation, known as Bragg peak. 

2d sinθ = nλ                                                (3.1) 

Where, 

d = interplanar spacing 

θ = diffraction angle 

λ = 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 diffractometer, Germany operated at 

40 KV and 40 mA was used for the conformation of average particle size and crystal 

structure. This X-Ray diffractometer is powder type and X-Ray used are CuKα 

(1.5418 Aₒ) is produced at point and the diffracted beam intensities were detected with 

a counter. It was insured that the specimen, X-Ray source and counter are all 

coplanar.   

In this study, X-Ray diffractometer (XRD) was utilized for graphene oxide (GO) with 

2θ range 5-300, SnO2 and rGO/SnO2 composite with 2θ range between 200 and 700. 

The particle size was calculated by Scherrer formula using full width at half 

maximum (FWHM). 

The average particle size is given by  

 

τ = 0.9λ / βCosθ                                       (3.2) 

Where  

 λ is the wavelength of incident X-Rays 

 β is half width of peak 

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

 

3.2.2 Scanning Electron Microscopy (SEM) 

Scanning electron microscopes have high magnification and high depth of focus, 

therefore used widely to examine the microstructures thoroughly. Most of the data are 

received from a selected area of the surface of the sample, results a 2-diementional 

image displaying spatial variations in these properties. In conventional SEM 

techniques, magnification ranging from 20 X to 30,000 X, spatial resolution of 50 to 

100 nm, areas in scanning mode in range of 1 cm to 5 microns in width can be 

imaged. An electron beam is emitted from cathode gun carrying considerable amount 

of kinetic energy in Kev.This high energy electrons are focused with the help of 

objective and condenser lenses. The focused beams are used to scan the particular 

rectangular area of the sample. As electron beam interacts with the atoms in the 

sample, due to dissipation of its energy a variety of signals like back scattered or 

secondary electrons are generated. These signals are detected with the help of highly 

specialized detectors. Further the signals are amplified to obtain magnified image of 

the surface with the resolution in the range of nm. As the number and speed of 

reflected electrons from the specimen surface are different, so different grey scaled 

image of SEM generated. In SEM image, element with high atomic number appears 

brighter as compared to the element with low atomic number. 
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 In our research project SEM analysis is done with the help of JEOL SEM (JSM 

6490LA). 

 

Figure 3-4: (a) shows the JSM 6490LA SEM and (b)schematic of a SEM [134] 

 

There is no doubt that no other instrument is compatible with the SEM to study solid 

materials. The SEM is critical in all fields needing the characterization of solid 

materials, besides of its geological applications, it has vast and scientific and 

industrial applications. Most SEM’s are easy to operate, needing minimum sample 

preparation with rapid acquisition. Modern SEM is capable to generate digital data in 

digital format, which are highly portable. 

SEM has also some limitations. Sample must be solid and should be able to fit in 

microscope chamber. Mostly, stability of sample required vacuum of 10-5 -10-6 torr. 

Most SEM used solid state X-ray detector (EDS), very fast and easily utilize, have 

poor energy resolution and sensitivity to element present in low abundances, 

compared to wavelength dispersive x-ray detectors (WDS) on most electron probe 

microscope (EPMA). 
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For conventional SEM study , an electrical conductivity coating must be applied to 

electrical insulating samples unless the instrument is capable of operating  in low 

vacuum mode [135].  

 

 

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

 

3.2.3 Energy- Dispersive X-Ray Spectroscopy (EDS) 

EDS analyses are used to attain elemental maps or spot chemical analysis by utilizing 

characteristic x-rays generated from the sample. X-rays are generated by inelastic 

collision of the high energy incident electron with the electron in discrete orbital of 

the atom in sample which on de excitation, jumps to lower energy state, yielding x-ray 

that are of fixed wavelength depends on the difference in energy levels of electron in 

different shells for given element, thus each element that is “excited” by the electron 

beam, produce characteristic x-ray. These x-rays generated from different element are 

collected by specialized detector, measure its energy and then compare it with the 

standard value of different elements makes possible to find out different element in 

sample. In addition to qualitative analysis, quantitatively measurement of the elements 

can be made by mean of calculating counts at these particular energies.   
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Beside to qualitative analysis, the elements could be measured quantitatively simply 

by mean of calculating counts at this particular energies as shown in Fig.3-6. 

 

 

Figure 3-6: Standard output spectrum of EDS [136] 

 

3.2.4 Atomic Force Microscopy (AFM) 

Although optical microscope and electron microscope are powerful tools for the 

imaging of object with the magnification up to 1000X in case of optical microscope, 

and upto 100,000X for electron microscope. The image obtained by these 

conventional microscope provides two dimensional information (horizontal axis), do 

not describe vertical dimension. Unlike conventional microscope, AFM measures 

forces between the surface and sharp probe falling at short distance (0.2-10 nm) from 

each other providing 3D profile of the specimen. The ability to magnify image in X, 

Y & Z axis by AFM is of great importance as compared to conventional microscopes. 

The principle of AFM working is to produce van der waals forces of repulsion 

between the atoms on the tip with cantilever and the surface of the sample during the 

scanning. As the tip approaches near within the distance of few angstroms to the 

surface, results deflection due to repulsive force.AFM incorporate scanner exhibiting 
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piezoelectric characteristic that is operated by feedback controller, which in turn scans 

the tip on the surface of specimen, also preserve constant distance of the AFM tip 

from the sample surface. The deflection because of the surface of the sample with 

varying topography is monitored with the help of optical lever. For this purpose a 

laser diode is utilized to allow the beam which is reflected back from cantilever to 

position sensitive photodiode. 

In this research project AFM  JEOL (JSPM-5200) was used. 

 

 

Figure 3-7: (a) Atomic Force Microscope JEOL (JSPM-5200) 

 

3.2.5 Fourier Transformation Infrared (FT-IR) Spectroscopy 

Fourier transform infrared (FTIR) is measurement technique used for collecting IR 

spectra such that radiation is guided through interferometer. FTIR spectra present the 

detail information regarding functional groups present within the sample, and 

therefore utilized mostly in semiconductor industry to find out the presence of atom 

impurity or involvement of any other dopant. It tells all the info regarding functional 

groups relevant to oxygen and carbon bonding.  

The function of interferometer is to split IR radiation into two beams, and to make one 

of the beams have to travel optical distance that would be different than the optical 

distance travel by another one, creating alternating interference fringes.  
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FTIR spectrometer are low cost as compared to others conventional spectrometers, 

because it is easy to build interferometer than the fabrication of monochromator, 

further more FTIR technique makes faster the measurement of a single spectrum 

because of information regarding the all frequencies are received at once, makes 

possible to collect several samples and then average together.  This results in increase 

in sensitivity.  

 

 

Figure 3-8: (a) FTIR Spectrometer (b) Schematic diagram of FTIR 

3.2.6 Electrical Properties 

I-V represent the relationship in the form of chart or graph between the electric 

current (I) and voltage (V) applied across the circuit or any device. In our case we plot 

the graph, measuring current across the known material fabricated device using 

Agilent (34401A) digital multimeter, when applied voltage by using Keithly source 

meter (2400-C) with increasing step of 1 volt. We also measured the change in the 

resistance of the composite material by varying temperature from 25 oC to 200 oC. 
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4. Experimental Work 

4.1 Synthesis of Graphite oxide 

Graphite oxide was prepared by using “ Improved method” [41]. 1 gram of graphite 

flake was mixed in the mixture of 9:1 concentrated H2SO4/H3PO4 (90:10 ml) and stirr 

through magnetic stirrer. 6 g of potassium permanganate (KMnO4) was added slowly 

into the mixture under stirring. The mixture was stirred at 35-40 oC for 6 hours 

producing slightly exothermic reaction. After that mixture was heated up to 50 oC for 

12 hrs under stirring. Finally, the solution was allowed to cool down to room 

temperature and poured into 400 ml ice cubes of de-ionized water with 5 ml hydrogen 

peroxide (H2O2) in order to complete the reaction. The solution color change from 

dark pink to yellow. Washed the mixture with 1 M HCl and then with de-ionized 

water many time till the pH of supernatant reached to 7. 

 

 

Figure 4-1: GO after reaction completion 



 

30 

 

4.1.1 Exfoliation of GO 

Exfoliating of graphite oxide was ended by sonicating the GO dispersion for one hour. 

The stable yellow-brown solution produced showing its stability for long period of 

time, can be used for reductions and other applications. The nanoparticles were dried 

at 40 oC 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 was reduced using hydrazine hydrate for 

comparison. Briefly 1ml of hydrazine hydrate were mixed into exfoliated GO 

dispersion, the solution was heated up to 90 oC in oil bath for 12 hrs under stirring by 

Teflon covered stirrer. The change in the color of solution to clearly black from 

brown, indicating reduction of GO. The black solid precipitate subsequently washed 

with methanol and de-ionized water and dried at 40 oC for 24 hrs under vacuum.  
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Figure 4-3: (a) Process of reducing GO (b) reduced graphene oxide in suspension 

 

4.1.3 Synthesis of SnO nanoparticles 

SnO nanoparticles were prepared by autoclave hydrothermal process, SnCl2 acts as a 

precursor for SnO. 1.30 g of SnCl2.2H2O was mixed with 50ml de-ionized water 

through magnetic stirrer. Adding 1.30 g of urea CO(NH2) 2  and 0.7 ml HCl (36-38%) 

into the solution under continuous stirring for 30 minutes, followed by ultrasonicating 

the mixture for one hour, obtained translucent solution .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 solution into 125 ml Teflon lined stainless 

steel autoclave keeping 120 oC reaction temperature for 8 hrs and cooled to room 

temperature naturally. The SnO nanoparticles subsequently washed with ethanol and 

de-ionized water and dried at 60 oC for 24 hrs under vacuum. 

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

 

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

 

The role of urea in the solution is to decompose into NH3 and CO2 within the solution, 

subsequently used to neutralized HCl by NH3 dissolved in water forming NH4Cl, 

promoting the formation of SnO from SnCl2 [108] 

 

 

 

 

 

Figure 4-6: Synthesized SnO by hydrothermal process 
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4.2 Synthesis of ���/��� composite 

The rGO/SnO composite was formed by autoclave hydrothermal process. GO and 

SnCl2 acts as a precursor for the formation of rGO/SnO composite. Right amount of 

GO was mixed in 50 ml de-ionized water and sonicated for one hour. Adding 1.30 g 

SnCl2.2H2O into GO dispersion and stirrer through magnetic stirrer, followed by 

mixing 1.30 g urea and 0.7 ml HCl under continuous stirring for 30 minutes, the final 

mixture was treated by ultrasonication for one hour. After that transferred right the 

resultant solution into 125 ml Teflon lined stainless steel autoclave keeping 120 oC 

reaction temperature for 8 hrs and cooled to room temperature naturally. No doubt 

that reaction was performed in acidic environment makes synthesis of composite 

broaden and useful for further applications. The rGO/SnO composite was 

subsequently washed with ethanol and de-ionized water and dried at 60 oC for 24 hrs 

under vacuum. The different experiments were named rGO/SnO-1, rGO/SnO-2 and 

rGO/SnO-3 on the basis of precursor solution (SnCl2/GO: 1.1 mmol/1 mg, 1.1 

mmol/2 mg, 1.1 mmol/3 mg) respectively being used in hydrothermal process. The 

whole process can be shown in the diagram below. 

SnCl2.2H2O Urea [CO(NH2) 2 ] GO solution HCl (0.7 ml) 

Mixing

Sonication 
(1hr)

GO solution    
 SnCl2.2H2O, 

 Urea [CO(NH2) 2 ]
HCl

Mixing

Stirring 
(30 mints)

Ultra-sonication 
(1hr)

Autoclave
 (8hr)

Naturally cooling
To

Room temperature

Washing 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 (Al2O3) substrate 13×8×2 mm was put into mask made of 

stainless steel. Gold combo shape interdigitated electrodes were deposited on alumina 

substrate through thermal evaporating for the application of fabricating composite 

material on electrodes and for further electrical connection. The width and gap 

between pairs of electrodes is 0.75 mm, advantage of interdigitated electrodes is to 

makes possible the detection of low ppm level. 

 

Figure 4-8: Al 2O3 substrate with combo shape interdigitated electrodes 

 

4.3.1 Thick Film Coating of Composite material on Substrate 

An aqueous paste of rGO/SnO composite powder material was prepared by adding 

rGO/SnO (5 mg/0.5 ml) into de-ionized water. Thick film of composite material was 

painted on the substrate having interdigitated electrodes using soft brush and dried in 

air at 80 oC. 
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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 annealed at 250 oC at the heating rate of 2 
oC for 2 hours in NaberthermGmbh N17/HR-400V Muffle heating furnace for the 

purpose of film microstructure and texture stability, and cooled down to room 

temperature naturally. 
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5. Result and Discussion 

5.1 Synthesis of Graphene Oxide (GO) and Graphene (rGO): 

5.1.1 X-Ray Diffraction (XRD): 

We conformed the average crystalline structure of GO and rGO with the use of X-Ray 

diffraction and compared with pristine graphite. The pristine graphite flake before 

oxidation shows high degree of crystalline with intense diffraction peak (002) at 2θ= 

26.4o having d-space 0.34 nm as shown in Fig.5-1(a).However the XRD pattern of 

GO showing its diffraction peak (002) relatively low intensity shifted to2θ=10.4o with 

no peak at 26.4o with interplanar spacing greater than 0.6 nm indicating fully 

oxidation of graphite in Fig.5-1(b), Since oxygen atoms sandwich between layers on 

oxidation of graphite increase interlayer spacing, weakening the van der wall 

interaction among  layers, makes easy the exfoliation by sonication [137]. 
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Figure 5-1: XRD of (a) pristine graphite (b) GO 

 

When some portion of the GO sheets was reduced chemically by use of hydrazine 

hydrate into rGO sheets for comparison, the diffraction peak (002) once again shifted 

to 26.4o from 10.4o in Fig.5-2. 

 

Figure 5-2: XRD of rGO 

 

5.1.2 Scanning Electron Microscopy (SEM) 

Specimen of graphene oxide (GO) for SEM were prepared by drop of dispersed GO in 

water on silica substrate. Graphene oxide (Single or multi-layer) from the oxidation 

and exfoliation of graphite as seen in SEM image Fig 5-3.A closely packed “tiling” of 

graphene oxide platelets having an even contrast was observed 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 was confirmed by EDS analysis. 

The EDS analysis spectrum clearly represent the C:O ratio nearly equal to 1:1 

coincides with the experimental results reported in literature [138].In addition to C 

and O, 0.8% S  despite of excessive washing was also observed listed in table 5-1.    

 

Figure 5-4: EDS spectra of GO sheet (Green peaks: C, O, S) 
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Table 5-1: EDS Result of GO 

Element (KeV) Atom% 

C K 0.277 50.46 

O K 0.525 48.73 

S K 2.307 0.81 

Total  100 

 

5.1.4 Atomic Force Microscopy (AFM) 

Atomic force microscopy in tapping mode was used for the investigation height 

profile of exfoliated graphene oxide sheet as shown in Fig.5-5. The graphene oxide 

height profiles typically ranged between 1 nm and 3 nm which are slightly larger than 

single layer graphene. The thickness of GO increased is caused by the attachment of 

functional groups containing oxygen, resulting GO slightly thicker, changing its 

surface [139]. 
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Figure 5-5: AFM Images with height profile of GO nanosheet 

 

5.1.5 FT-IR analysis of GO and rGO 

FT-IR spectra analysis was used for the purpose of investigating functional group and 

structure of GO sheet as seen in Fig.5-6 (a).FT-IR spectra of GO sheet indicates C=O 

(carboxyl), C=C(aromatic) ,C-O,C-H spectra and O-H(hydroxyl) groups. The 

presence of C-O and C=O which are the functional groups containing oxygen, further 

conformed the formation of GO. 
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Fig.5-6 (b) shows the FT-IR spectra of chemically reduced graphene oxide with the 

help of hydrazine hydrate indicate that much of the oxide groups (C=O) of GO are 

detached.  

 

 

 

 

 

Figure 5-6: 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 

5.2.1 X-Ray Diffraction (XRD) 

The pure SnO powder and rGO/SnO composite crystalline structure were characterize 

with the help of X-Ray Diffraction. The Fig.5-7 comprises the diffraction peaks of 

pure SnO powder and various sample of resultant Graphene/SnO composite 

synthesize by changing GO concentration to SnCl2 ( 1.1 mmol/1-3 mg) in precursor 

solution of hydrothermal process. The tetragonal SnO structure crystallize completely 

is clearly evidenced by diffraction peaks at 2θ=29.8 (101), 33.2(110), 37.1(002), 

47.7(200), 51.6(201), 57.3(211), 62.5(103) (JCPDS 01-072-1012).  

By adding graphene oxide with different concentration to SnCl2 developing  rGO/SnO 

composite ,there is very small change by small wide peaks indication at 2θ=26o 

described as a graphene peak. Graphene showing very small peak probably because of 

using their very small quantity, self reassembling of GO or reduction of GO through 

hydrothermal technique [140, 141].In Graphene/SnO composite decreasing the ratio 

of GO to SnCl2 resulting weakening of (002) peak and strengthened (110) peak. The 

crystallite size measured through Scherrer equation, ranging from 25 nm to 53 nm. 

 

 

Figure 5-7: 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 as a drop on silica substrate .Fig.5-8 

shows the image of SnO powder indicating presence of agglomeration. 

 

 

Figure 5-8: SEM image of SnO particle 

 

rGO/SnO composite SEM images are shown in Fig.5-9 prepared through 

hydrothermal process. The composite are not homogeneous, there are SnO 

aggregates, many SnO nanoparticles covering on the surface of graphene and also 

some SnO nanoparticles laying in background are also observed. SEM images 

indicates that graphene maintain its basic structure after hydrothermal process. 
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Figure 5-9: SEM images of rGO/SnO composite 

 

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

The elemental composition of resultant rGO/SnO composite was confirmed by EDS 

analysis. The EDS analysis spectrum, green color peak in spectrum represents the 

presence of 16.98% C, 69.96% O and 13.06% Sn. The red color peaks in spectrum are 

those generated from substrate. 
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Figure 5-10: EDS spectra of rGO/SnO Composite (Green peaks: C, O, Sn) 

                         Precursor Solution: SnCl2/GO (1.1 mmol/3 mg) 

Table 5-2: EDS Result of rGO/SnO Composite 

Element (KeV) Mass% Atom% 

C K 0.277 7.10 16.98 

O K 0.525 38.96 69.96 

Sn L* 3.442 53.94 13.06 

Total  100 100 

 

 

5.2.4 FT-IR of rGO/SnO Composite 

The Fig.5-11 shows the FT-IR spectrum of rGO/SnO composite sample. The 

rGO/SnO spectrum shows at ~ 3400 cm-1 their absorption band because of O˗H 

vibration of water molecules absorbed. 

In case of GO, spectrum showing carboxyl group peak at 1729 cm-1 disappeared in 

SnO/rGO spectrum, however composite spectrum showing two strong peaks, one at 
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619 cm-1 attributes to anti-symmetric vibration Sn-O-Sn and second peak at 1629 cm-1 

(C=C) indicate   the formation of graphene network [80, 142]. 

 

 

Figure 5-11: FT-IR of rGO/SnO Composite 

 

5.3 Electrical properties of Graphene and ���/��� composite 

In order to find out the electrical properties of synthesized graphene and rGO/SnO 

composite, the material was deposited by painting  using soft brush on pre-deposited 

gold interdigitated electrode in such a way that bridge up these electrodes. Two probe 

method with the electrical instrument of Keithly source meter (2400-C) and Agilent 

(34401A) digital multimeter were used for the determination of current-voltage 

characteristic of graphene and rGO/SnO composite. 

Fig.5-12 (a) shows the I-V characteristic with black line of rGO and red line of 

rGO/SnO-3 composite. The data represent dramatically change in I-V curve of 

graphene when SnO incorporated in graphene. The current drawn through the 

composite film decrease from mA to µA.Fig.5-12(b) shows the I-V curve of rGO/SnO  

composite prepared with different concentration of GO to SnCl2 (precursor solution: 

SnCl2/GO= 1.1 mmole/1 mg, 1.1 mmol/2mg, 1.1 mmol/3 mg) in hydrothermal 

process at room temperature. The result indicates that increasing the ratio of graphene 

increase the conductivity of composite film. The I-V curve of fabricated rGO and 

rGO/SnO composite shows ohmic behavior. 
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Figure 5-12: I-V characteristic of (a) rGO (b) rGO/SnO composite 

 

The GO/SnO-3 (SnCl2/GO= 1.1mmole/3 mg) composite film was allowed to test their 

resistance variation at different temperatures. We applied different temperature from 

25 oC to 200 oC. Fig.5-13 represents decrease in resistance from 310 kΩ to 297 kΩ) of 

rGO/SnO composite film on temperature increase from 25 oC to 200 oC showing 

semiconductor behavior. 
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Figure 5-13: Temperature effect on rGO/SnO Composite 

  

rGO/SnO-3 
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6. Conclusion 
Graphene oxide (GO) successfully synthesized with the help of “Improved 

method” showing its diffraction peak at 2θ=10.4o with no peak at 26.4o. The 

graphene oxide height profiles determined by AFM in tapping mode were 

typically ranged between 1 nm and 3 nm.  

The tetragonal SnO crystalline structure with average crystallite size of 25-53 nm 

synthesized, evident by XRD peaks.SEM conformed the dispersion of SnO 

nanoparticles on graphene sheet.  

Study of I-V characteristic of graphene and rGO/SnO nanocomposite shows 

ohmic behavior. Significant change in the I-V characteristic of bare graphene 

observed on adding SnO nanoparticles, current drops from mA to µA. The 

nanocomposite conductivity increase with increasing graphene concentration to 

SnO. Resistance of rGO/SnO composite decrease from 310 KΩ to 297 KΩ with 

increase in temperature from 25 C0 to 200 C0, showing semiconductor behavior. 
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