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Or… fullerene progression



Nobel prize in Chemistry 1996

Robert F. Curl Jr. (Rice U, USA), Sir Harold 
W. Kroto (U of Sussex, UK) and Richard E. 
Smalley (Rice U, USA) "for their discovery of 
fullerenes".

Nobel prize in Physics 2010

Andre Geim and Konstantin 
Novoselov (U of Manchester, UK) 
"for groundbreaking experiments 
regarding the two-dimensional 
material graphene"

Fullerenes Graphene
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Chemical Bonds

Ionic bonds are formed by the attraction of 
oppositely charged ions.
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Periodic Table of the Elements
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Chemical Bonds

Covalent bonds form when atoms share 2 or 
more valence electrons.

Covalent bond strength depends on the number 
of electron pairs shared by the atoms.

single 
bond

double
bond

triple
bond< <
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Chemical Bonds
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Chemical Bonds

Electronegativity is an atom’s affinity for 
electrons.

Differences in electronegativity dictate how 
electrons are distributed in covalent bonds.

- nonpolar covalent bonds = equal sharing of 
electrons

- polar covalent bonds = unequal sharing of 
electrons



Energy Diagram of Sigma Bond 
Formation by Orbital Overlap



Examples of Sigma Bond Formation
Sigma bond (σ) → A bond where the line of electron density is 
concentrated symmetrically along the line connecting the two atoms.



The one that is lower in energy is called the bonding orbital, 

The one higher in energy is called an antibonding orbital.

These two new orbitals have 
different energies.

BONDING

ANTBONDING

Moleculuar Orbital (MO) Theory



Atomic and Molecular Orbitals
• In atoms, electrons occupy atomic orbitals, but in molecules 

they occupy similar molecular orbitals which surround the 
molecule.

• The two 1s atomic orbitals combine to form two molecular 
orbitals, one bonding (σ) and one antibonding (σ*). 

http://www.ch.ic.ac.uk/vchemlib/course/mo_theory/main.html

• This is an illustration of  
molecular orbital diagram 
of  H2.

• Notice that one electron 
from each atom is being 
“shared” to form a covalent 
bond. This is an example of  
orbital mixing. 



Pi bond (π) → A bond where the overlapping regions exist 
above and below the internuclear axis (with a nodal plane 
along the internuclear axis).



2s

These new orbitals are called hybrid orbitals

The process is called hybridization

What this means is that both s and p orbitals are involved 
in bonding to the connecting atoms

Formation of sp hybrid orbitals 

The combination of an s orbital and a p orbital produces 2 
new orbitals called sp orbitals.



Formation of sp2
 hybrid orbitals



Formation of sp3
 hybrid orbitals



Hybrid orbitals can be used to explain bonding and 
molecular geometry



Example: H2C=CH2



Example: HC≡CH



Delocalized π bonds

The pi electrons can be delocalized over all the atoms that 
have pi bond overlap.



Benzene is an excellent example.  For benzene the π orbitals 
all overlap leading to a very delocalized electron system

Example: C6H6 benzene 



• high mobility (up to ~200,000 cm2/(Vs))
• transparent
• most importantly: opportunities for new effects and for bench-top experiments in
quantum field theory 























Science 306, 666 (2004)









Geometry of stacking and the number of layers strongly affect band structure



Novoselov et al., Nature Physics (2006)
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