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Motivation:Graphene Properties, Polyaromatic
Hydrocarbons (PAH), chemical reactivity, excited states

K. S. Novoselov, A. K. Geim, et al., Science, 306(2004) 666
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Applications:
chemical sensors, organic 
semiconductors, energy 
storage devices, spintronics
and nonlinear optics

Rectangular graphene sheet Properties:
Å100 times stronger than the 

strongest steel
ÅConducts heat and 

electricity efficiently
ÅZero-gap semiconductor

design new material



Motivation:Chemical reactivity, Radical Character

ά.ŀƴŘƎŀǇ ƻǇŜƴƛƴƎ ƛƴ ƎǊŀǇƘŜƴŜ ƛƴŘǳŎŜŘ 
ōȅ ǇŀǘǘŜǊƴŜŘ ƘȅŘǊƻƎŜƴ ŀŘǎƻǊǇǘƛƻƴέ 

R. Balog, et al. Nat. Mater. 9 (2010) 315

Polycyclic Aromatic Hydrocarbons (PAH)

Polyacenes

Pyrene

chemical doping 



First Collaboration work (2013-2014): 
Single and Double Vacancies Defects in 
Graphene: Pyrene model

c) 1C-relaxed. CASSCF (6,6)a) original unperturbed. 
DFT/B3LYP/6-31G**

e) 2-C relaxed. CASSCF (8,8)

b) unrelaxed 1C-vacancy d) unrelaxed 2C-vacancies
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C7-C8=2.47 Å

F. B. C. Machado, A. J. A. Aquino and H. Lischka, ChemPhysChem15 (2014) 3334
F. B. C. Machado, A. J. A. Aquino and H. Lischka, PCCP  17 (2015) 12778



Electronic States

Å1C-Vacancy- Unrelaxed

The 25a1 and 19b2 orbitals represent 
approximately the degenerate set of 
ŜΩ ƻǊōƛǘŀƭǎΦ

They appear in 3B1 and 3A2 combined 
with 5b1 orbital. 
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