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Synthesis methods.
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1859 Benjamin Brodie : highly lamellar structure of thermally reduced graphite oxide.

1916  Peter Debye and Paul Scherrer : determination of the structure of graphite by powder X-ray diffraction.

1947 P. R. Wallace : graphene as a starting point for understanding the electronic properties of 3D 
graphite.
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Graphene:

“Mother of all graphitic forms.”

K. Novoselov and A. Geim, Nature Mat., 36, 2007



1859 Benjamin Brodie : highly lamellar structure of thermally reduced graphite oxide.

1916  Peter Debye and Paul Scherrer : determination of the structure of graphite by powder X-ray diffraction.

1947 P. R. Wallace : graphene as a starting point for understanding the electronic properties of 3D 
graphite.

Gordon Walter Semenoff,[29] and by David P. DiVincenzo and Eugene J. Mele: emergent massless Dirac 
equation was first pointed. 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.

1984

1961 Hanns-Peter Boehm published a study of extremely thin flakes of graphite, and coined the term 
"graphene" for the hypothetical single-layer structure.

1992 descriptions of carbon nanotubes by R. Saito and Mildred and Gene Dresselhaus in 1992

2004 Graphene was properly isolated and characterized in 2004 by Andre Geim and Konstantin Novoselov at 
the University of Manchester, UK.[
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● Thinnest. At one atom thick, it’s the thinnest material we can see.
● Lightest. One square meter of graphene weighs about 0.77 milligrams. For scale, one square meter of regular 

paper is 1000 times heavier than graphene and a single sheet of graphene big enough to cover a football 
field would weigh less than a gram.

● Strongest. Graphene is stronger than steel and Kevlar, with a tensile strength of 108 N/cm2 psi.
● Stretchiest. Graphene has an amazing ability to retain its initial size after strain. Graphene sheets suspended 

over silicone dioxide cavities had spring constants in the region of 1-5 N/m and a Young’s modulus of 0.5 TPa.
● Best Conductor of Heat. At room temperature, graphene’s heat conductivity is (4.84±0.44) × 10^3 to (5.30

±0.48) × 10^3 W·m−1·K−1.
● Best Conductor of Electricity. In graphene, each carbon atom is connected to three other carbon atoms on a 

two-dimensional plane, which leaves one electron free for electronic conduction. Recent studies have shown 
electron mobility at values more than 15,000 cm2·V-1·s-1. Graphene moves electrons 10 times faster than silicon 
using less energy.

● Best Light Absorber. Graphene can absorb 2.3% of white light, which is remarkable because of its extreme 
thinness. This means that, once optical intensity reaches saturation fluence, saturable absorption takes place, 
which makes it possible to achieve full-band mode locking.

● Most Renewable. Statistically speaking, carbon is the fourth most abundant element in the entire universe 
(by mass). Because of this abundance, graphene could well be a sustainable, ecologically friendly solution for 
an increasingly complex world.

● Most Exceptional. What most captures the imagination is that graphene is one simple material that by itself 
possesses all these astonishing qualities. No other material in the world is the thinnest, strongest, lightest, and 
stretchiest, and can conduct heat and electricity super-fast, all at the same time.

https://www.acsmaterial.com/graphene-facts



Castro Neto et al, Rev. Mod. Phys., 81, 2009

“ One of the most interesting aspects of the 
graphene problem is that its low-energy excitations 
are massless, chiral, Dirac fermions. “ 

Anomalous integer quantum Hall effect (IQHE)



Castro Neto et al, Rev. Mod. Phys., 81, 2009

“ One of the most interesting aspects of the 
graphene problem is that its low-energy excitations 
are massless, chiral, Dirac fermions. “ 

https://www.materialssquare.com/work/34004
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If we consider two carbon atoms: what happens?
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Electronic configuration: 1s2 2s2 2p2
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If we consider two carbon atoms: what happens?



Let’s start by looking at one atom only:

2p
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Carbon: 1s2 2s2 2p2
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Hydrogen
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https://www.astronomy.ohio-state.edu/pogge.1/TeachRes/HandSpec/ato

ms.html

Espectro Atômico
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A = 1/2
sp3

https://www.omundodaquimica.com.br/academica/org1_hibri

dizacao











DiamanteGrafiteGrafeno

https://www.intechopen.com/chapters/86994



A. H. Castro Neto, Les Houches Notes on Graphene, 2010
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A. H. Castro Neto, Les Houches Notes on Graphene, 2010
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A. H. Castro Neto, Les Houches Notes on Graphene, 2010
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“ One of the most interesting aspects of the 
graphene problem is that its low-energy excitations 
are massless, chiral, Dirac fermions. “ 

https://www.materialssquare.com/work/34004




