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Graphene is an allotrope of carbon, whose structure is one-atom-thick planar sheets of sp2-bonded carbon atoms that are densely packed in a honeycomb crystal lattice.[1] The term graphene was coined as a combination of graphite and the suffix-ene by Hanns-Peter Boehm,[2] who described single-layer carbon foils in 1962.[3] Graphene is most easily visualized as an atomic-scale chicken wire made of carbon atoms and their bonds. The crystalline or "flake" form of graphite consists of many graphene sheets stacked together. 
The carbon-carbon bond length in graphene is about 0.142 nanometers.[4] Graphene sheets stack to form graphite with an interplanar spacing of 0.335 nm, which means that a stack of three million sheets would be only one millimeter thick. Graphene is the basic structural element of some carbon allotropes including graphite, charcoal, carbon nanotubes and fullerenes. It can also be considered as an indefinitely large aromatic molecule, the limiting case of the family of flat polycyclic aromatic hydrocarbons.

The Nobel Prize in Physics for 2010 was awarded to Andre Geim and Konstantin Novoselov "for groundbreaking experiments regarding the two-dimensional material graphene".
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                                                                                                                                                                                                                                                            Figure: Graphene is an atomic-scale honeycomb lattice made of carbon atoms.
Description
One definition given in a recent review on graphene is:

Graphene is a flat monolayer of carbon atoms tightly packed into a two-dimensional (2D) honeycomb lattice, and is a basic building block for graphitic materials of all other dimensionalities. It can be wrapped up into 0D fullerenes, rolled into 1D nanotubes or stacked into 3D graphite.[1]
A previous definition is:

A single carbon layer of the graphitic structure can be considered as the final member of the series naphthalene, anthracene, coronene, etc. and the term graphene should therefore be used to designate the individual carbon layers in graphite intercalation compounds. Use of the term "graphene layer" is also considered for the general terminology of carbons.[2]
The IUPAC compendium of technology states: "previously, descriptions such as graphite layers, carbon layers, or carbon sheets have been used for the term graphene... it is not correct to use for a single layer a term which includes the term graphite, which would imply a three-dimensional structure. The term graphene should be used only when the reactions, structural relations or other properties of individual layers are discussed." In this regard, graphene has been referred to as an infinite alternant (only six-member carbon ring) polycyclic aromatic hydrocarbon (PAH). The largest known isolated molecule of this type consists of 222 atoms and is 10 benzene rings across.[5] It has proven difficult to synthesize even slightly bigger molecules, and they still remain "a dream of many organic and polymer chemists".[6]
Furthermore, ab initio calculations show that a graphene sheet is thermodynamically unstable with respect to other fullerene structures if its size is less than about 20 nm (“graphene is the least stable structure until about 6000 atoms” and becomes the most stable one (as within graphite) only for sizes larger than 24,000 carbon atoms).[7] The flat graphene sheet is also known to be unstable with respect to scrolling i.e. curling up, which is its lower-energy state.[8]
A definition of "isolated or free-standing graphene" has also recently been proposed: "graphene is a single atomic plane of graphite, which—and this is essential—is sufficiently isolated from its environment to be considered free-standing."[9] This definition is narrower than the definitions given above and refers to cleaved, transferred and suspended graphene monolayers.

Other forms of graphene, such as graphene grown on various metals, can also become free-standing if, for example, suspended or transferred to silicon dioxide (SiO2). A new example of isolated graphene is graphene on silicon carbide (SiC) after its passivation with hydrogen.[10] 
Occurrence and production
In essence, graphene is an isolated atomic plane of graphite. From this perspective, graphene has been known since the invention of X-ray crystallography. Graphene planes become even better separated in intercalated graphite compounds. In 2004 physicists at the University of Manchester and the Institute for Microelectronics Technology, Chernogolovka, Russia, first isolated individual graphene planes by using adhesive tape.[11] They also measured electronic properties of the obtained flakes and showed their unique properties.[12] In 2005 the same Manchester Geim group together with the Philip Kim group from Columbia University (see the History section) demonstrated that quasiparticles in graphene were massless Dirac fermions. These discoveries led to an explosion of interest in graphene.

Since then, hundreds of researchers have entered the area, resulting in an extensive search for relevant earlier papers. The Manchester researchers themselves published the first literature review.[1] They cite several papers in which graphene or ultra-thin graphitic layers were epitaxially grown on various substrates. Also, they note a number of pre-2004 reports in which intercalated graphite compounds were studied in a transmission electron microscope. In the latter case, researchers occasionally observed extremely thin graphitic flakes ("few-layer graphene" and possibly even individual layers). An early detailed study on few-layer graphene dates back to 1962.[13] The earliest TEM images of few-layer graphene were published by G. Ruess and F. Vogt in 1948.[14] However, already D.C. Brodie was aware of the highly lamellar structure of thermally reduced graphite oxide in 1859[citation needed]. It was studied in detail by V. Kohlschütter and P. Haenni in 1918, who also described the properties of graphite oxide paper.[15]
It is now well known that tiny fragments of graphene sheets are produced (along with quantities of other debris) whenever graphite is abraded, such as when drawing a line with a pencil.[11] There was little interest in this graphitic residue before 2004/05 and, therefore, the discovery of graphene is often attributed to Andre Geim and colleagues who introduced graphene in its modern incarnation.

In 2008, graphene produced by exfoliation was one of the most expensive materials on Earth, with a sample that can be placed at the cross section of a human hair costing more than $1,000 as of April 2008 (about $100,000,000/cm2).[11] Since then, exfoliation procedures have been scaled up, and now companies sell graphene in large quantities.[16] On the other hand, the price of epitaxial graphene on SiC is dominated by the substrate price, which is approximately $100/cm2 as of 2009. Even cheaper graphene has been produced by transfer from nickel by Korean researchers,[17] with wafer sizes up to 30 inches (760 mm) reported.[18]
In 2011 the Institute of Electronic Materials Technology and Department of Physics, Warsaw University announced a joint development of acquisition technology of large pieces of graphene with the best quality so far. In April the same year, Polish scientists with support from the Polish Ministry of Economy began the procedure for granting a patent to their discovery around the world. 
In the literature, specifically that of the surface science community, graphene has also been commonly referred to as monolayer graphite. This community has intensely studied epitaxial graphene on various surfaces (over 300 articles prior to 2004). In some cases, these graphene layers are coupled to the surfaces weakly enough (by Van der Waals forces) to retain the two dimensional electronic band structure of isolated graphene,[19]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-Gall2-28" [20] as also happens[12] with exfoliated graphene flakes with regard to SiO2. An example of weakly coupled epitaxial graphene is the one grown on SiC.

Drawing method
In 2004, the Manchester group obtained graphene by mechanical exfoliation of graphite. They used cohesive tape to repeatedly split graphite crystals into increasingly thinner pieces. The tape with attached optically transparent flakes was dissolved in acetone, and, after a few further steps, the flakes including monolayers were sedimented on a silicon wafer. Individual atomic planes were then hunted in an optical microscope. A year later, the researchers simplified the technique and started using dry deposition, avoiding the stage when graphene floated in a liquid. Relatively large crystallites (first, only a few micrometres in size but, eventually, larger than 1 mm and visible by the naked eye) were obtained by the technique. It is often referred to as a scotch tape or drawing method. The latter name appeared because the dry deposition resembles drawing with a piece of graphite.[21] The key for the success probably was the use of high-throughput visual recognition of graphene on a properly chosen substrate, which provides a small but noticeable optical contrast. The optical properties section below contains a photograph of what graphene looks like.
The isolation of graphene led to the current research boom. Previously, free-standing atomic planes were often "presumed not to exist"[12] because they are thermodynamically unstable on a nanometer scale[7] and, if unsupported, have a tendency to scroll and buckle.[6] It is currently believed that intrinsic microscopic roughening on the scale of 1 nm could be important for the stability of purely 2D crystals.[22]
Not only graphene but also free-standing atomic planes of boron nitride, mica, dichalcogenides and complex oxides were obtained by using the drawing method.[23] Unlike graphene, the other 2D materials have so far attracted surprisingly little attention.

Epitaxial growth on silicon carbide
Another method of obtaining graphene is to heat silicon carbide (SiC) to high temperatures (>1100 °C) to reduce it to graphene.[24] This process produces epitaxial graphene with dimensions dependent upon the size of the SiC substrate (wafer). The face of the SiC used for graphene formation, silicon- or carbon-terminated, highly influences the thickness, mobility and carrier density of the graphene.

Many important graphene properties have been identified in graphene produced by this method. For example, the electronic band-structure (so-called Dirac cone structure) has been first visualized in this material.[25]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-ohta2-34" [26]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-Lanzara06-35" [27] 
Epitaxial growth on metal substrates
This method uses the atomic structure of a metal substrate to seed the growth of the graphene (epitaxial growth). Various metal are used for this method, such as ruthenium, iridium,  nickel, copper etc. High-quality sheets of few-layer graphene exceeding 1 cm2 (0.2 sq in) in area have been synthesized via chemical vapor deposition on thin films. The graphene sheets synthesized using nickel substrates have been successfully transferred to other various substrates, demonstrating viability for numerous electronic applications.[18]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-ByungHeeHong-37" [28]
An improvement of this technique has been found in copper foil; at very low pressure, the growth automatically stops after a single graphene layer forms, and arbitrarily large graphene films can be created.[18]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-CopperGraphene-49" [29] However, in atmospheric-pressure CVD growth, multilayer graphene may form on copper (similar to that seen on nickel films).[30]
Graphite oxide reduction
Graphite oxide reduction was probably historically the first method of graphene synthesis. P. Boehm reported monolayer flakes of reduced graphene oxide already in 1962.[31] In this early work existence of monolayer reduced graphene oxide flakes was demonstrated. Graphite oxide exfoliation can be achieved by rapid heating and yields highly dispersed carbon powder with a few percent of graphene flakes. Reduction of graphite oxide monolayer films e.g. by hydrazine, annealing in argon/hydrogen was reported to yield graphene films. However, the quality of graphene produced by graphite oxide reduction is lower compared to e.g. scotch-tape graphene due to incomplete removal of various functional groups by existing reduction methods. Recently, reduction and exfoliation of graphite oxide by focused solar radiation was reported with less oxygen functionalities.[32]
There are many other methods for production of graphene, such as Growth from metal-carbon melts, Pyrolysis of sodium ethoxide, From nanotubes, From sugar, From graphite by sonication, Dry Ice Method etc.
Properties

Graphene shows various physical and chemical properties which includes:

Atomic structure
The atomic structure of isolated, single-layer graphene was studied by transmission electron microscopy (TEM) on sheets of graphene suspended between bars of a metallic grid.[22] Electron diffraction patterns showed the expected hexagonal lattice of graphene. Suspended graphene also showed "rippling" of the flat sheet, with amplitude of about one nanometer. Atomic resolution real-space images of isolated, single-layer graphene on SiO2 substrates were obtained[33]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-Stolyarova-67" [34] by scanning tunneling microscopy. Graphene processed using lithographic techniques is covered by photoresist residue, which must be cleaned to obtain atomic-resolution images.[33] Such residue may be the "adsorbates" observed in TEM images, and may explain the rippling of suspended graphene. Rippling of graphene on the SiO2 surface was determined by conformation of graphene to the underlying SiO2.
Graphene sheets in solid form (density > 1 g/cm3) usually show evidence in diffraction for graphite's 0.34 nm (002) layering. This is true even of some single-walled carbon nanostructures.[35] However, unlayered graphene with only (hk0) rings has been found in the core of presolar graphite onions.[36] Transmission electron microscope studies show faceting at defects in flat graphene sheets,[37] and suggest a possible role in this unlayered-graphene for two-dimensional crystallization from a melt.
Electronic properties
Graphene differs from most conventional three-dimensional materials. Intrinsic graphene is a semi-metal or zero-gap semiconductor. Understanding the electronic structure of graphene is the starting point for finding the band structure of graphite. 
Electronic transport
Experimental results from transport measurements show that graphene has a remarkably high electron mobility at room temperature, with reported values in excess of 15,000 cm2V−1s−1.[1] The mobility is nearly independent of temperature between 10 K and 100 K,[38]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-GiantMobility-76" [39]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-E-ph-77" [40] which implies that the dominant scattering mechanism is defect scattering. The corresponding resistivity of the graphene sheet would be 10−6 Ω·cm. This is less than the resistivity of silver, the lowest resistivity substance known at room temperature. 

Due to its two-dimensional property, charge fractionalization (where the apparent charge of individual pseudoparticles in low-dimensional systems is less than a single quantum[41]) is thought to occur in graphene. It may therefore be a suitable material for the construction of quantum computers using anyonic circuits.[42]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-85" [43] 
Optical properties

Graphene's unique optical properties produce an unexpectedly high opacity for an atomic monolayer, with a startlingly simple value: it absorbs πα ≈ 2.3% of white light, where α is the fine-structure constant.[44]
Saturable absorption
It is further confirmed that such unique absorption could become saturated when the input optical intensity is above a threshold value. This nonlinear optical behavior is termed saturable absorption and the threshold value is called the saturation fluence. Graphene can be saturated readily under strong excitation over the visible to near-infrared region, due to the universal optical absorption and zero band gap. This has relevance for the mode locking of fiber lasers, where fullband mode locking has been achieved by graphene-based saturable absorber. Due to this special property, graphene has wide application in ultrafast photonics. 

Spin transport
Graphene is thought to be an ideal material for spintronics due to small spin-orbit interaction and near absence of nuclear magnetic moments in carbon. Electrical spin-current injection and detection in graphene was recently demonstrated up to room temperature.[45]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-ChoSpin-96" [46]

 HYPERLINK "file:///E:\\DATAS\\Graphene\\Graphene.htm" \l "cite_note-Ohishi-97" [47]
Anomalous quantum Hall effect
The quantum Hall effect is relevant for accurate measuring standards of electrical quantities, and in 1985 Klaus von Klitzing received the Nobel prize for its discovery. The effect concerns the dependence of a transverse conductivity on a magnetic field, which is perpendicular to a current-carrying stripe. 
Graphene in contrast, besides its high mobility and minimum conductivity, and because of certain peculiarities shows particularly interesting behavior just in the presence of a magnetic field and just with respect to the conductivity-quantization: it displays an anomalous quantum Hall effect with the sequence of steps shifted by 1/2 with respect to the standard sequence, and with an additional factor of 4.
Anomalous quantum Hall effect in strong magnetic fields
The quantum Hall effect in graphene in sufficiently strong magnetic fields (above 10 Teslas or so) reveals some additional interesting features of it. 

Nanostripes: Spin-polarized edge currents
Nanostripes of graphene (in the "zig-zag" orientation) at low temperatures show spin-polarized metallic edge currents, which also suggest applications in the new field of spintronics. (In the "armchair" orientation, the edges behave like semiconductors.)
Graphene oxide
By dispersing oxidized and chemically processed graphite in water, and using paper-making techniques, the monolayer flakes form a single sheet and bond very powerfully. These sheets, called graphene oxide paper have a measured tensile modulus of 32 GPa. The peculiar chemical property of graphite oxide is related to the functional groups attached to graphene sheets. They even can significantly change the pathway of polymerization and similar chemical processes.[48] Graphene Oxide flakes in polymers also shown enhanced photo-conducting properties.[49]
Thermal properties
The near-room temperature thermal conductivity of graphene was recently measured to be between (4.84±0.44) ×103 to (5.30±0.48) ×103 Wm−1K−1. These measurements, made by a non-contact optical technique, are in excess of those measured for carbon nanotubes or diamond.

Mechanical properties
As of 2009, graphene appears to be one of the strongest materials ever tested. Measurements have shown that graphene has a breaking strength 200 times greater than steel, with a tensile strength of 130 GPa (19,000,000 psi).[50]
Casimir effect
The Casimir effect is generated by extremely thin plates of electrically conducting materials. Since graphene fulfils those criteria, it probably can be used for generating a Casimir effect as well. 
Bilayer Graphene
Bilayer graphene is two layers of graphene, which can be separated by a dielectric, and it has been shown to have interesting electrical properties, such as the quantum hall effect, a tunable band gap,[51] and potential for exictonic condensation.[52]
Applications of graphene

Graphene have various applications in day to day life because of its several distinguish properties. The major applications of graphene includes:

· Used for detection of single molecule of gas.

· Used in the creation of nanoribbons (Graphene nanoribbons).

· Used in the construction of transistors (Graphene transistors).
· Used as an excellent component of integrated circuits.

· Used in Electrochromic devices.
· Used in making Transparent conducting electrodes.
· Used as Reference material for characterizing electroconductive and transparent materials.
· Used as Thermal management materials and Thermal interfacial materials.
· Used in solar cells.
· Used in ultracapacitors.

· Used in biodevices (Graphene biodevices).

· Used as an anti-bacterial agent.

History and experimental discovery
The term graphene first appeared in 1987[53] to describe single sheets of graphite as one of the constituents of graphite intercalation compounds (GICs); conceptually a GIC is a crystalline salt of the intercalant and graphene. The term was also used in early descriptions of carbon nanotubes,[54] as well as for epitaxial graphene,[55] and polycyclic aromatic hydrocarbons.[56]
Larger graphene molecules or sheets (so that they can be considered as true isolated 2D crystals) cannot be grown even in principle. An article in Physics Today reads:

Fundamental forces place seemingly insurmountable barriers in the way of creating [2D crystals]... The nascent 2D crystallites try to minimize their surface energy and inevitably morph into one of the rich variety of stable 3D structures that occur in soot. 

But there is a way around the problem. Interactions with 3D structures stabilize 2D crystals during growth. So one can make 2D crystals sandwiched between or placed on top of the atomic planes of a bulk crystal. In that respect, graphene already exists within graphite... One can then hope to fool Nature and extract single-atom-thick crystallites at a low enough temperature that they remain in the quenched state prescribed by the original higher-temperature 3D growth.[21]
Single layers of graphite were previously (starting from the 1970s) grown epitaxially on top of other materials.[57] This "epitaxial graphene" consists of a single-atom-thick hexagonal lattice of sp2-bonded carbon atoms, as in free-standing graphene. However, there is significant charge transfer from the substrate to the epitaxial graphene, and, in some cases, hybridization between the d orbitals of the substrate atoms and π orbitals of graphene, which significantly alters the electronic structure of the epitaxial graphene.

Single layers of graphite were also observed by transmission electron microscopy within bulk materials (see section Occurrence), in particular inside soot obtained by chemical exfoliation.[11] There have also been a number of efforts to make very thin films of graphite by mechanical exfoliation (starting from 1990 and continuing until after 2004)[11] but nothing thinner than 50 to 100 layers was produced during these years.

A key advance in the science of graphene came when Andre Geim and Kostya Novoselov at Manchester University managed to extract single-atom-thick crystallites (graphene) from bulk graphite in 2004.[12] The Manchester researchers pulled out graphene layers from graphite and transferred them onto thin SiO2 on a silicon wafer in a process sometimes called micromechanical cleavage or, simply, the Scotch tape technique. The SiO2 electrically isolated the graphene, and was weakly interacting with the graphene, providing nearly charge-neutral graphene layers. The silicon beneath the SiO2 could be used as a "back gate" electrode to vary the charge density in the graphene layer over a wide range.

The micromechanical cleavage technique led directly to the first observation of the anomalous quantum Hall effect in graphene,[38] which provided direct evidence of the theoretically predicted pi Berry's phase of massless Dirac fermions in graphene. The anomalous quantum Hall effect in graphene was reported around the same time by Geim and Novoselov and by Philip Kim and Yuanbo Zhang in 2005.

Geim has received several awards for his pioneering research on graphene, including the 2007 Mott medal for the "discovery of a new class of materials – free-standing two-dimensional crystals – in particular graphene", the 2008 EuroPhysics Prize (together with Novoselov) "for discovering and isolating a single free-standing atomic layer of carbon (graphene) and elucidating its remarkable electronic properties", and the 2009 Körber Prize for "develop[ing] the first two-dimensional crystals made of carbon atoms". In 2008 and 2009, Reuters (which also runs a bibliometric service Web of Science) tipped him as one of the front-runners for a Nobel prize in Physics. On October 5, 2010, the Nobel Prize in Physics for the year was awarded to Andre Geim and Konstantin Novoselov from the University of Manchester for their work on graphene. 
The theory of graphene was first explored by P. R. Wallace in 1947 as a starting point for understanding the electronic properties of more complex, 3D graphite. The emergent massless Dirac equation was first pointed out by Gordon Walter Semenoff and David P. DeVincenzo and Eugene J. Mele.[58] Semenoff emphasized the occurrence in a magnetic field of an electronic Landau level precisely at the Dirac point. This level is responsible for the anomalous integer quantum Hall effect.[38]Later, single graphene layers were also observed directly by electron microscopy.[22]
More recently, graphene samples prepared on nickel films, and on both the silicon face and carbon face of silicon carbide, have shown the anomalous quantum Hall effect directly in electrical measurements.[28] Graphitic layers on the carbon face of silicon carbide show a clear Dirac spectrum in angle-resolved photoemission experiments, and the anomalous quantum Hall effect is observed in cyclotron resonance and tunneling experiments.[59] Even though graphene on nickel and on silicon carbide have both existed in the laboratory for decades, it was graphene mechanically exfoliated on SiO2 that provided the first proof of the Dirac fermion nature of electrons in graphene.[citation needed]
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