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Abstract 

Graphene has amazing abilities due to its unique band structure characteristics defining its enhanced electrical 

capabilities for a material with the highest characteristic mobility known to exist at room temperature. The high 

mobility of graphene occurs due to electron delocalization and weak electron–phonon interaction, making graphene 

an ideal material for electrical applications requiring high mobility and fast response times. In this chaper, we have 

discussed basic properties of graphene with emphasis on the material, growth, process and the applications. The 

different properties and characteristics techniques has also been discussed based on the corresponding literature 

survey. The chapter points out the necessity of the study of possibility of growing high purity graphene using easily 

available organic materials via cost effective chemical route. 

Introduction   

A thin tightly packed layer of carbon atoms that are bonded together in a hexagonal honeycomb lattice is known as 

graphene. In more complex terms, it is an allotrope of carbon where atoms bonded with a molecule bond length of 

0.142 nanometers in the SP2 plane. Layers of graphene stacked on top of each other form graphite, with an inter 

planar spacing of 0.335 nanometers. It is the thinnest and lightest material known (only one atom thick with around 

0.77 milligrams per square meter area), it is one of the strongest material with a tensile stiffness of 150,000,000 psi, 

(200 times strong than steel), the best conductor of electricity known (studies have shown electron mobility at values 

of more than 15,000 cm2·V-1·s-1)  and also the best conductor of heat at room temperature (2000–4000 W·m-1·K-1).  

Other notable properties of graphene are its unique levels of light absorption at pa ~ 2.3% of white light, and its 

potential suitability for use in spin transport [1-6]. 

Theory of Graphene was firstly explored in 1947 by P. R. Wallce and it was discovered in 2004 by Russian born 

scientists Andre Giem and Kostya Novoselov at Manchester university in UK, for the discovery of graphene from a 

very simple method (direct exfoliation of graphite) they both won Nobel prize in 2010 [7]. In this chapter we have 

discussed the basic understanding the properties of Graphene and its application for newly researchers. The graphene 

has many outstanding properties due to its unique bonding and subsequently band gap characteristics, having 

electronic carriers act as “massless” Dirac-Fermions. The material characteristics of graphene are anisotropic, having 

phenomenal characteristic within a single sheet and diminished material characteristics between sheet with increasing 

sheet number and grain boundaries. We will discuss the integration of graphene into many electronic device 

applications [1-14]. 
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Properties of Graphene  

i. Electronics Properties 

 One most important property of graphene is that it is a semimetal with both holes and electrons as charge carriers 

and graphene have a high electrical conductivity [15-16]. In graphene, each carbon atom is connected to 3 other 

carbon atoms on the two-dimensional plane, (but according to the electronic configuration of carbon atom has 6 

electrons; 2 in the inner shell and 4 in the outermost shell. So, these 4 outer shell electrons take participate in 

chemical bonding) so there in graphene 1 electron of each carbon atom is free in the third dimension for electronic 

conduction. These highly mobile electrons are called pi (π) electrons and are located above and below the graphene 

sheet. These π orbitals overlap and help to enhance the carbon to carbon bonds in graphene. Fundamentally, the 

electronic properties of graphene are dictated by the bonding and anti-bonding (the valance and conduction bands) of 

these π orbitals. These electrons help to enhance c-c bonds in graphene.  

ii. Mechanical Properties 

Another of graphene’s stand-out properties is its inherent strength. Graphene is the strongest material ever 

discovered due to the strength of its carbon bonds, graphene has tensile strength of 13 ×1010 Pascal’s (or 130 giga 

Pascal’s), compared to 4×108 for steel, means graphene is 200 times stronger than steel. Graphene is not only 

extraordinarily strong, it is also lightest material, even it is light than a paper. It is 0.77 milligrams per square meter 

(for comparison purposes, 1 square meter of paper is roughly 1000 times heavier). Graphene also contains elastic 

properties [17]; it is able to take its initial size after strain. It is often said that a single sheet of graphene is sufficient 

enough in size to cover a whole football field, would weight under 1 single gram. In 2007, Atomic force microscopic 

(AFM) tests were carried out on graphene sheets that were keep out over silicone dioxide cavities. These tests showed 

that graphene sheets had spring constants in the region of 1-5 N/m and a Young’s modulus of 0.5 TPa which is 

different to that of three-dimensional graphite.  

 

                        

(a)                                                           (b)   

 

Figure 2. (a) show that it takes an elephant balanced pencil to pierce a sheet of graphene, (b) flexibility of graphene 

transistor. 
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iii. Optical Properties  

One another unique and interesting property of graphene is that it has ability to absorb a rather large 2.3% of white 

light [18]. This is due to its electronic properties, which have previously mentioned. it has proved that the amount of 

absorbed white light is based on the fine structure constant, not on number of layers of material specifics. Adding 

another layer of graphene increases the amount of white light absorbed by approximately the same value (2.3%). 

Graphene’s opacity of pa ˜ 2.3% equates to a universal dynamic conductivity value of G = e2/4, (±2-3%) over the 

visible frequency range. 

Different Types of Graphene 

i. Monolayer graphene: A single layer of carbon arranged in 2 dimension, sp2, hexagonal honeycomb structure 

known as monolayer graphene. the thickness of monolayer graphene is 0.335nm. 

ii. Multilayer graphene: If the graphene has two, three, four or more than layers of hexagonal honeycomb structured 

carbon, that graphene is known as bilayer, triple-layer, four-layer, multilayer graphene respectively. The thickness of 

the bilayer, triple layer, four-layer graphene is 0.81, 1.285, 1.76 nm respectively. 

Applications of graphene 

There are several areas, where graphene is use. 

                                                

Figure 4. Various applications of graphene. 

 

Ultrafiltration 

Graphene can be used as an ultrafiltration medium. it acts as a barrier between two substances, water can pass 

through it. It is beneficial to use graphene as a filter, is that it is only 1 single atom thick and while acting as a barrier 

graphene electronically measures strain and pressures between the 2 substances. A team of researchers at Columbia 

University have managed to create monolayer graphene filters. 
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                             Figure 5. Show the ultrafiltration by using graphene sheet. 

                           

Energy Storage 

 One area of research that is being very highly studied is energy storage. While all area of electronics is advancing 

very fast from the last few decades (according to Moore’s law the number of transistors used in electronic circuitry 

will double every 2 years). But the problem which is always found to storing the energy in batteries and capacitors 

when it is not being used. The problem is this: a battery potentially holds a lot of energy, but it takes a long period to 

charge, on the other hand, a capacitor charges very quickly, but holds less energy than holding by a battery. The 

solution for energy storage is that, develop a component either a super capacitor or a battery which can charge 

quickly as well as store energy. Due to high electronic conductivity of graphene, graphene has developed as super 

capacitors, which charge very quickly, and be able to store a large amount of electricity. currently to enhance lithium 

ion batteries scientist incorporate graphene as an anode to offer much higher storage capacities with much better 

charge rate.  lithium ion batteries are used, in smartphones, laptops etc. 

 

                                      

Figure 6. Show the graphene layers in a lithium ion battery. 

Optical Electronics 

In optoelectronics graphene will be used at commercial scale in future; specifically, in touchscreens, liquid crystal 

displays (LCD) and organic light emitting diodes (OLEDs). A material to use in optoelectronic applications, material 

should be able to transmit more than 90% of light and should have electrical conductivity exceeding 1 × 106 Ω-1m-1.  

Graphene is an almost completely transparent material and can transmit to 97.7% of light. It is also highly 
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conductive, as previously mentioned and so it can be used in optoelectronic applications such as LCD touchscreens 

for smartphones, tablet and desktop computers and televisions. 

Biomedical application (PTT) 

Currently, graphene has very useful biomedical applications graphene-based biosensors for small molecules 

(glucose), graphene-based bio imaging, PTT (photo thermal therapy) are very important applications of graphene in 

biomedical. PTT is a treatment to produce tumor inhibition via nanomaterial structural design Because of the unique 

physical and chemical properties of graphene with infrared absorption properties, graphene-based nanomaterials are 

promising vehicles for cancer treatment. 

 

      

                           [a]                                                             [b] 

Figure 7. (a) and (b) biomedical applications of graphene. 

Characterization of graphene  

Graphene can be characterized by many techniques including atomic force microscopy (AFM), transmission 

electron microscopy (TEM) and Raman spectroscopy. AFM can be used to determine the number of the layers of the 

graphene, and TEM images can show the structure and morphology of the graphene sheets.  Raman spectroscopy is a 

much more important tool for the characterization of graphene. First of all, Raman spectroscopy is a simple tool and 

requires little sample preparation. Raman spectroscopy can not only be used to determine the number of layers, but 

also can identify if the structure of graphene is perfect. these Raman spectra demonstrate the ability to differentiate 

between single layer graphene and graphite. Raman is capable of determining layer thickness at atomic layer 

resolution for graphene layer thicknesses of less than four layers. There are differences in the band positions and the 

band shapes of the G band 2D bands and the relative intensity of these bands are also significantly different.  

G-band arises from the stretching of the C-C bond in graphitic materials and is common to all sp2 carbon systems. 

The D-mode is the presence of disorder in sp2-hybridized carbon systems results in resonance Raman spectra. 2D-

band is a second-order two-phonon process and exhibits a strong frequency dependence on the excitation laser 

energy. the 2D band can be used to determine the number of layers of graphene.  
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                                            [a]                                                        [b] 

Figure 8. (a) Raman spectra for Graphene (b) 2D band peek for multi-layer and single layer graphene.  

Exfoliation of graphite  

A fresh piece of Scotch tape is taken (about six inches long). The adhesive side is pressed onto the HOPG 

(Highly Ordered Pyro Lytic Graphite) for about ten seconds.  The tape is gently peeled away with thick shiny layers 

of graphite attached to it.  The part of the tape with layers from the HOPG was refolded upon a clean adhesive section 

of the same piece of the tape and then the tape is unfolded. This process is repeated several times until the end of the 

tape is no longer shiny but becomes dark/dull and grey.  These graphite layers on the tape are transferred onto the 

surface of the Si/SiO2 wafers by gently pressing them onto the tape for some time and then peeling off. The wafers 

are then examined using various characterization techniques [6]. 

 

                            

                                      [a]                                                           [b] 

 

 Figure 9. (a) Mechanical exfoliation of graphene, (b) Graph between rate and quality for graphene synthesized from 

several methods.                                                                                      

 

Graphene Oxide 

 The graphite is a 3-dimensional carbon-based material which has millions of layers of graphene. by the 

oxidation of graphite, we can fabricate graphite oxide. by using strong oxidizing agents, oxygenated functionalities 

are introduced in the graphite structure which makes the material hydrophilic and also expand the layer separation, 

but. This property enables the graphite oxide to be exfoliated in water by using sonication producing graphene oxide 
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(GO), which has a single or few layers graphene. The main difference between graphite oxide and graphene oxide is, 

thus, the number of layers. the graphite oxide is a multilayer system whereas in graphene oxide a few layers or 

monolayer graphene can be found. 

Conclusion 

In this chapter we, have discussed the basic understanding the properties and characterization of graphene. The 

graphene material to have many amazing properties due to the bonding structure and highly transmittance materials. 

The material parameters of graphene are anisotropic, having phenomenal characteristic within a single sheet and 

diminished material characteristics between sheet with increasing sheet number and grain boundaries. Therefore, the 

integration of graphene oxide film used in printing several electronic device applications. 
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