
Composti Policiclici Aromatici
e forme allotropiche del carbonio



COMPOSTI AROMATICI POLICICLICI

Quando il carbone viene riscaldato a 1000 °C in assenza di aria subisce una scissione
termica. In queste condizione evapora una miscela di prodotti volatili chiamati catrame 
di carbone. L’ulteriore distillazione frazionata del catrame di carbone fornisce i
seguenti composti: 



COMPOSTI AROMATICI POLICICLICI

Il concetto generale di aromaticità può essere esteso anche ai composti aromatici
policiclici.

naftalene antracene benzo[a]pirene

coronene

il naftalene ha 3 forme di risonanza

il calore di idrogenazione mostra una energia di stabilizzazione aromatica di 250 kJ/mol
(60 kcal/mol)



COMPOSTI AROMATICI POLICICLICI

Br

Br2, Fe

calore
+ HBr

reattività: il naftalene reagisce lentamente con elettrofili fornendo prodotti di 
sostituzione (sostituzione elettrofila aromatica) e non addizione al doppio legame.

1-bromonaftalene  (75%)

gli elettroni sono delocalizzati su entrambi gli anelli



 

Perché sono interessanti questi composti

General structure of a perylene bisimide molecule (PBI).

Es.

These polycyclic aromatic molecules have been considered for their exceptional
features: they have (i) a strong absorption in the visible region (400 < λ < 700 nm)
with a nearly unity quantum yield, (ii) a high thermal and oxidative stability, 

(iii) high electron mobility, (iv) sustainable costs of the raw materials, and 
(v) supramolecular self-assembling properties leading to the formation of
functional architectures, due to the π-stacking between neighbouring molecules.
In addition, due to the easy tunability of the HOMO and LUMO levels, PBIs has

been already used in the field of organic electronics since they exhibit n-type
semiconducting properties (reach of electrons). 

Organic Dyes
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These molecules show intense green color in both solution and solid state and are
highly soluble in dichloromethane and even in nonpolar solvents, such as hexane
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UV-Vis spectra in different solvents
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FORME ALLOTROPICHE DEL CARBONIO

Grafene

materiale noto per 
la sua durezza

Fullerene

Nanotubi di 
carbonio



Graphite is a good electrical conductor, is
greasy and finds wide use as lubricant; it is soI
and black, with a weak metallic brightness.

GRAPHITE

si forma alla temperatura di 1.200 °C 



Tridimensional structure of diamond

DIAMOND

si forma a temperature
comprese fra i 900 °C  ed i 1.200 °C e pressione di circa 50 kbar
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FULLERENE



13C NMR



struttura



C60

scoperto nel 1985 da Kroto, Smalley and Curl, Nature 1985, 318, 162

1996 Chemistry Nobel Prize

"for their discovery of fullerenes" 
ROBERT F. CURL, Jr. , SIR HAROLD W. KROTO , and RICHARD E. SMALLEY
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FULLERENE

truncated icosahedron (Ih symmetry)
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Il fullerene presenta 20 esagoni
e 12 pentagoni
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C60
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Proprietà di ottica non lineare: 

Spettro UV-Vis del C60 in toluene
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Superconduttore se dopato con metalli alcalini a T < 40 K

A3C60



C60
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properties proprietà elettrochimiche
può accettare fino a 6 elettroni
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Science, 1991



X-Ray crystal structure determinations on C60 and on some of its derivatives have
proved the existence of two different types of bonds: ‘short bonds’ or 6,6 junctions
shared by two adjacent hexagons (ca. 1.38 A° long) and ‘long bonds’, 
or 5,6 junctions, fusing a pentagon and a hexagon (ca. 1.45 A° long). 
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and CS2
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The chemical transformations that are possible with C60 could be classified
in five main groups (figure 1.3): 
a) Addition reactions. Formation of exohedral compounds by addition of nucleophiles or radicals, 

cycloadditions, complexations with transition metals and others. 
b) Electron transfer reactions. Chemical reduction of fullerenes can easily be achieved by reaction

with electropositive alkali and alkaline earth metals or organic donor molecules. 
c) Heterofullerenes. Substitution of a carbon atom of the fullerene skeleton for a heteroatom, 

for example nitrogen or boron. 
d) Ring opening reactions. Producing a hole in the C60 skeleton while breaking a discrete number

of bonds. 
e) Formation of endohedrals. Introducing and trapping of atoms inside the spherical carbon cage.
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1,3-dipolar cycloaddition of azomethineylides to C60

41% yield
82% on the consumed C60

the reaction is site selective in that it affords exclusively the product of
cycloaddition across a 6,6 ring junction of the fullerene

the Prato’s reaction
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In the presence of large excesses of reagents, up to nine pyrrolidine rings
can be introduced, as detected by MS analysis of the reaction crude.

FULLERENE



C60 bis-adducts
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