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Abstract 

I. Spin splitting in bulk graphene. 

We study the effect of electron interaction on the spin splitting and the g factor in graphene in a 

perpendicular magnetic field using the Hartree and the Hubbard approximations within the Thomas-

Fermi model taking into account the effect of charged impurities in the substrate [1]. We found that the 

effective g factor is enhanced in comparison to its free-electron value g = 2 and oscillates as a function 

of the filling factor ν in the range 2 ≤ g* < 4 reaching maxima at ν = 4N = 0, ± 4, ± 8, . . . and minima at ν 

= 4(N + ½) = ±2, ± 6, ± 10, . . ., with N being the Landau level index, see Fig. 1 We outline the role of 

charged impurities in the substrate, which are shown to suppress the oscillations of the g factor. This 

effect becomes especially pronounced with the increase of the impurity concentration, when the 

effective g factor becomes independent of the filling factor, reaching a value of g* ≈ 2.3. A relation to the 

recent experiment is discussed. 

 

II. Spin splitting in graphene nanoribbons. 

We provide a systematic quantitative description of spin polarization in armchair and zigzag graphene 

nanoribbons (GNRs) in a perpendicular magnetic field [2]. We first address spinless electrons within the 

Hartree approximation, studying the evolution of the magnetoband structure and formation of the 

compressible strips. We discuss the potential profile and the density distribution near the edges and the 

difference and similarities between armchair and zigzag edges. Accounting for the Zeeman interaction 

and describing the spin effects via the Hubbard term, we study the spin-resolved subband structure and 

relate the spin polarization of the system at hand to the formation of the compressible strips for the case 

of spinless electrons. At high magnetic field the calculated effective g factor varies around a value of 

g*≈ 2.25 for armchair GNRs and g* ≈ 3 for zigzag GNRs, see Fig. 2. An important finding is that in 

zigzag GNRs the zero-energy mode remains pinned to the Fermi energy and becomes fully spin 

polarized for all magnetic fields, which, in turn, leads to a strong spin polarization of the electron density 

near the zigzag edge. Because of this the effective g factor in zigzag GNRs is strongly enhanced at low 

fields reaching values up to g* ≈ 30. This is in contrast to armchair GNRs, where the effective g factor at 

low field is close to its bare value, g = 2. 
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Figure 1: The effective g factor in 
bulk graphene as a function of the 
filling factor ν for different concentra-
tions of charged impurities, ni = 0%, 
0.02%, 0.08%, 0.2%, at the constant 
magnetic field B = 35T. 

Figure 2: (a), (g) The local spin 
polarization of the charge density in 
the sublattice A for the (left) 
armchair and (right) zigzag ribbons. 
The polarization for sublattice B (not 
shown here) is symmetric with 
respect to the ribbon’s axis. (b), (h) 
The unit cell occupancy, (c), (i) the 
spin polarization P, (d), (j) the DOS, 
(e), (k) the effective g factor, and (f), 
(l) the conductance as a function of 
magnetic field calculated in the 
Hubbard approximation for the (left) 
armchair and (right) zigzag ribbons. 
The red lines with solid dots show 
the spin-up component, and the blue 
lines with open squares show the 
spin-down component. 


