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Graphene: experimental findings 

= 1/137.036=fine structure constant 

~2.3% 

~4.6% 

What about other 2D systems? 

Graphene Absorbance A~1-T~2.3% 

=0.023 A= 



Silicene: does it exist!? 

PRL2012 (in press) 



Graphene! silicene 

No buckling 
Buckling = 0.45 A 

 
Buckling = 0.69 A 

 

germanene 



graphene 

silicene germanene 

ELECTRONIC BAND STRUCTURES 



Graphene! silicene 

No buckling buckling buckling 

germanene 

____C 

____Si 

____Ge 



Silicongraphene  (2D SiC) 

No Dirac cone at K, a gap opens due to different 

electronegativity of C and Si  

No buckling…. 

(see the talk of Paola Gori this afternoon…) 

P. Gori, O. Pulci, M. Marsili, F. Bechstedt, APL 2012 



ABSORBANCE A( ) 

• A( )=Wabs/Win 

 

• A( ) related to 2( ): A( )= /c *L* 2( ) 
with L distance between graphene layers 

 

• 2( ) Ab-initio: no experimental input 

• no a-priori knowledge of the band dispersion 



Our (numerical) method 

• Density Functional Theory  
Hohenberg Kohn 1964, Kohn and Sham 1965 

 

 

• Fermi Golden Rule  
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Ingredients: ab-initio single particle 

eigenvalues and eigenstates 
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~13000 k points in IBZ!!!! 



What we neglect: 

• Many body effects in the band structure 

• Excitonic effects in the optical properties 

                But: for >0 negligible! 

                       See  Louie PRL 2009 

 

 

 

• Only vertical transitions 

 

with and without e-h 

interaction 



RESULTS 

___C 

------Si 

…..Ge 

Graphene: 0.02293 

Silicene :   0.02290 

Germene:  0.02292 

 

   Independent on: 

•Group IV atoms 

•Buckling 

•Fermi velocity 

 

Dirac fermions ( ): 0.022925 

F. Bechstedt, L. Matthes, P. Gori, O. Pulci, submitted 



Van Hove singularities: 

 

 

 

_____C 

---------Si 

……….Ge 

C Si Ge 

M0 M1 M2 



Van Hove singularities: 

 

 

 

_____C 

---------Si 

……….Ge 

C Si Ge 

M0 M1 M2 



Analytic derivation 
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1.0 

near K, K’ 



Analytic derivation 

2 

Fermi Golden rule 

+ =conduction band 

- =valence band 

around K, K’ 

Simple integral 

Universal behavior 



Gauge invariance 

Longitudinal gauge Transverse gauge 



Conclusions 
• “Opacity” of the 2D honeycomb crystals graphene, silicene, and germanene 

        ab-initio calculations within the independent particle approach.   

• ->0 A(0) = πα  as predicted for massless Dirac fermions.  

 

• isotropic linear band structure (K, K′ ) Dirac points +optical interband matrix 
elements related to the Fermi velocity vF of the 2D material 

 

• Independent of the longitudinal or transverse gauge of the electromagnetic field 
and universal for all group-IV crystals independent of the value of vF , the degree 
of sp2 and sp3 hybridization, and the sheet buckling. 

 

• For higher frequencies the absorbance spectra start to deviate significantly with 
the group-IV material.  



Future work 

• Inclusion of Many-Body (GW) effects for a 
refined calculation of the Fermi velocity in 
silicene and germanene 

 

• Effect of substrate (silicene on Ag(111))  
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Next call for projects: deadline 19 April  
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