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Graphene and other atomically thick two-dimensional systems (such as group IV honeycomb 
layers silicene, germanene, stanene, or recently synthetized honeycomb group V systems and 
their alloys) have emerged recently as very promising candidates not only for charge 
electronics but also for spintronics. However, prerequisites for spintronic devices based on 
these systems are (i) deep quantitative understanding of the spin-orbit caused spin splitting in 
the electronic structure, and (ii) possibility to tune spin splitting by external factors, such as 
external electric field and/or functionalization of the layers. The commonly accessible codes 
implementing the density functional theory can provide valuable answers in many case, 
however, the dimensions of systems they can be employed for are much too small from the 
point of view of structures used in devices. Therefore, we have developed tight-binding based 
method that accounts for the most important physics ascribed to spin-orbit coupling (SOC), 
and then we have employed the developed computational tool for modeling the layered 
structures and their nanoribbons either pristine or functionalized.  

The zero-field spin splitting is caused by the SOC and it is the main factor that has to be 
included in the tight-binding (T-B) Hamiltonian. It is a common practice in the most of T-B 
schemes that the SOC effects are included only for lattice site diagonal matrix elements of T-
B matrix. However, it has been shown that the inter-site matrix elements of the SOC can be of 
relevance, and they can explain the Rashba type of dispersion relations observed in 
semiconducting structures exhibiting low enough (uniaxial) symmetry [1]. In the developed 
T-B approach, we include both on-site and inter-site SOC elements for the sp3d5 basis orbitals 
centered on each atom. We include the nearest-neighbor and the second nearest-neighbor 
couplings. The inclusion of the px, py orbitals (in addition to the pz) is dictated by the sp2 ! 
sp3 rehybridization that takes place around the backbone atoms to which the functionalizing 
specie is attached. We include the d-states, since there exist reports ascribing spin splitting in 
graphene layers to these states. The second nearest-neighbor hopping integrals are needed to 
account for the coupling of the 2D-layers to metallic or insulating substrates. The parameters 
of the T-B Hamiltonian have been chosen on the basis of the existing data sets, however, we 
have very often performed ab initio calculations to check the T-B method results [2] 
employing SIESTA, VASP, and all electron FHI-aims numerical packages.  In this way, we 
have achieved the T-B scheme that allows for complex treatment of the zero-field splitting in 
the large family of large systems of layered materials. Presently, we work on the 
implementation of the electric and magnetic fields in the scheme.  

In this report, in addition to the developed formalism, we present the results of the spin-
splitting effects in Ge, Sn, Pb decorated zig-zag and armchair graphene nanoribbons (GNR) of 
various width. We considerer free standing GNRs and the ones on the metallic and insulating 
substrates decorated at the edges and in its interior. We pay particular attention to the edge 
states. When possible, we relate the predictions of our semi-empirical T-B scheme with the 
available experimental data and theoretical results of other authors.  
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