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• 12C Isotope→ natural abundance (98.93%, 

S=0)

• 13C Isotope → important for NMR (1.07%, 

S=1/2)

• 14C Isotope → important for archaeological 

dating (average lifespan 5730 years)



The energy of each 

electron in multi-electron 

atoms depends not only on 

n, but also on l; a 

fundamental consequence of 

inter-electronic 

interactions.

Splitting of energy levels

into multiple sublevels with 

distinct and increasing 

energy, for a given n value, 

as l increases.

Between level 3 and level 

4, there is an overlap of 

energy levels.



sp3 hybridization

Configuration: [He] 2s2 2p2
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Methane
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Ethylene
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Acetilene



spn hybridization



Allotropic states of carbon

Diamond Graphite





Chaoite



Allotropic states of carbon

Fullerene (C60)

Nanotubi

(Iijima 1991)

Nanostructures…………………Curl,  Kroto e  Smalley, Nobel 

Prize in Chemistry 1996 



Graphene

K. Novoselov, A. Geim

Nobel Prize in Physics 2010





Diamond ↔ Graphite



Phase Diagram



Diamond synthesis



sp2 hybridization

Configuration: [He] 2s2 2p2



sp2 hybridization: benzene



sp2 hybridization: : graphene



hexagonal graphite rhombohedral graphite

Graphite Structure



Hexagonal graphite: 

unit cell

d(C=C) = 1.42 Å



Graphite unit cell

Hexagonal group P 63 MMC #194



Graphite unit cell



2D reciprocal lattice

Kittel, Introduzione alla fisica dello Stato Solido



Graphene: unit cell and 

Ist Brillouin zone

Reciprocal lattice (I B. zone)



Graphene: unit cell and 

Ist Brillouin zone

Direct lattice: a1 e a2 primitive 

vectors, n1, n2 e n3 nearest

neighbours vectors

Reciprocal lattice: b1 e b2

primitive vectors, pink: I B. zone



Tight Binding (LCAO)

Bloch condition

n

 funzioni di Wannier

orbitali atomici (indicati con X(r) di seguito)





If the cell includes a basis……

where φjα(r) are the orbitals of a single isolated atom of atomic number Zj

centered at the origin, identified by the index α ∈ {1s, 2s, 2px ...}. R indicates a 

generic vector of the Bravais lattice, j is an index that identifies the base sites of 

the crystal, dj is the position of the j site within the unitary cell and finally the c jα

are the unknown coefficients of the linear combination.



Graphene: Electronic Properties
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Tight Binding in graphene

(Wallace 1946)

No overlap among pz orbitals

=N (celle 

nel cr.) 

Phys. Rev. 71 (1947) 622



Graphene: Electronic Properties

+ out, - in the 

hexagonal B. zone

putting

Vector connecting nearest neighbors A

By symmetry



Graphene: Electronic Properties

Hamiltonian of an isolated 

C atom

Periodic lattice potential 

Potential of a C atom
Contiguous lattices



Graphene: Electronic Properties



Multigraphene (2 layers)

A-A A-B





Graphite: electronic properties

γ0 γn



Graphite: electronic properties

4 bande (tratteggiate)



Graphite: Fermi surface

Dresselhaus 1964



Graphite: Fermi surface


