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We show that the low-frequency optical absorbance of undoped graphene, silicene, and 

germanene has a universal value, only determined by the Sommerfeld fine-structure constant. 

This result is derived by means of ab initio calculations  of the complex dielectric function for 

optical interband transitions applied to two-dimensional (2D) crystals with honeycomb geometry 

[1]. The assumption of chiral massless Dirac fermions is not necessary. The low-frequency 

absorbance does not depend on the group-IV atom, neither on the sheet buckling nor on the 

orbital hybridization. We explain these findings via an analytical derivation of the relationship 

between absorbance and fine-structure constant for 2D Bloch electrons. The effect of deviations 

of the electronic bands from linearity is also discussed [2]. 

Moreover, we present results concerning ab-initio calculations of the optical properties of  

functionalized group IV two-dimensional sheets [3] and compare them with the prediction of an 

analytical model for excitons in two dimensions [4], which we explicitly derive [5]. This comparison 

helps to understand the physics at the basis of the strong many-body effects present in the 

optical spectra of this class of materials. 

Although it demonstrates the need of full ab-initio calculations for an accurate description of the 

two-dimensional excitons, it validates, at the same time, this simple approach to estimate, 

through a Density Functional Theory calculation of the two-dimensional electronic and optical 

properties, the binding energy and the radius of the excitons in this class of materials. 
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