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Synthesis

single layer, one-atom thick
L ≈ 10µm
charge mobility ≈ 1.5 → 6 × 104 cm2/Vs (300 → 4 K)

K. S. Novoselov, A. K. Geim, et al., Science 306, 666 (2004); Meyer et al. (2007); Nair et al. (2008)

G. G. N. Angilella Marcello Baldo’s 80th BDay 5 / 15



Emergence from complexity
sp2 Carbon allotropes

Graphene: synthesis
Graphene: band structure

Graphene Aufbau
Single impurity

Band structure

Two inequivalent “Dirac points” at K± ≡ K,K′

k = K± + q, E±(q) = ±vF|q|+ O((q/K )2)

vF = 3ta/2 ≈ 1 × 106 m/s ≈ c/300
P. R. Wallace, Phys. Rev. 71, 622 (1947)

Zero-gap semiconductor: Linear DOS at the Fermi level
Similarity with nodal superconductors (e.g. d-wave cuprates)

P. A. Lee, Science 50, 277 (1997)
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Graphene: Mechanical properties

Exceptional tensile strength of carbon sp2 compounds
Graphene can (reversibly) sustain elastic strain ε ≲ 20 %
Record breaking strength (∼ 40 N/m) and Young modulus
(∼ 1.0 TPa)

C. Lee et al., Science 321, 385 (2008)

Ab initio studies of uniaxial strain effects
E. Cadelano et al., Phys. Rev. Lett. 102, 235502 (2009)

Origami nanodevices and straintronics
V. M. Pereira and A. H. Castro Neto, Phys. Rev. Lett. 103, 046801 (2009)
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Strained graphene: how to

AFM nano-indentation on
suspended graphene (SiO2)

C. Lee et al., Science 321, 385 (2008)

graphene on flexible substrate

K. S. Kim et al., Nature 457, 706 (2009).

graphene bubbles (R ∼ 4 µm)

R. Huang, Nature Nanotech. 6, 537 (2011)

J. Zabel et al., Nano Lett. 12, 617 (2012)

gate-controlled strain

M. M. Fogler et al., PRL 101, 226804 (2008)
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Correlations in π-electron molecular systems

RPA+LFC in ethylene
M. Baldo and R. Pucci, JChemPhys (1977)

M. Baldo, R. Pucci, and P. Tomasello, JChemPhys (1979)

Electronic structure of linear polyacenes
M. Baldo, A. Grassi, R. Pucci, and P. Tomasello, JChemPhys (1982)

RPA+LCF in benzene
R. Pucci, P. Baeri, M. Baldo, R. Parisi, and P. Tomasello, MolPhys (1980)

SCF-RPA in benzene and naphtalene
M. Baldo, A. Grassi, R. Pucci, and P. Tomasello, ChemPhysLett (1981)

SCF-RPA in linear polyenes chains
M. Baldo, R. Pucci, and P. Tomasello, IntJQuantChem (1983)
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One Ring to rule them all . . .

Benzene, C6H6
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Pyrene, C16H10
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One Ring to rule them all . . .

Circumcoronene, C54H18
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One Ring to rule them all . . .

Circumcircumcoronene, C96H24
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From molecular HOMO-LUMO to solid-state gap
HOMO-LUMO difference (gap energy) from HF+MP2
calculations

G. Forte, A. Grassi, G.M. Lombardo, A. La Magna, GGNA, R. Pucci, R. Vilardi, PLA (2008)G. G. N. Angilella Marcello Baldo’s 80th BDay 11 / 15
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DOS
DOS for coronene 37 from HF+MP2 calculations

G. Forte, A. Grassi, G.M. Lombardo, A. La Magna, GGNA, R. Pucci, R. Vilardi, PLA (2008)

G. G. N. Angilella Marcello Baldo’s 80th BDay 12 / 15



Emergence from complexity
sp2 Carbon allotropes

Graphene: synthesis
Graphene: band structure

Graphene Aufbau
Single impurity

DOS

DOS for solid state graphene (tight-binding calculations)

A. H. Castro-Neto et al., RMP (2009)
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Back to atoms: LDOS at a single impurity in graphene

F.M.D. Pellegrino, GGNA, R. Pucci, PRB (2009)
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Ad altiora!
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