Graphene model as a lattice of hydrogen-like atoms
with shielded ions in the strong bond approximation
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The simplest graphene model is an approximation of independent hydrogen-like atoms with
a shielded ion. In [1], on the basis of the Thomas-Fermi theory, the distribution of electrons in
shielded atoms of ions with an arbitrary charge of the nucleus was obtained. This electron
distribution was used in [2-3] in the carbon atom model to calculate the emission
characteristics of graphene. At the same time, it was assumed that of the four valence
electrons, three electrons that are connected have little effect on the emission process. It
was shown that the centrally symmetric field of the shielded ion is inhomogeneous in radius.
Therefore, in the variational calculation of the electron energy, the total energy operator was
modified according to [4]. The degeneracy condition was obtained for this operator and the
ground state energy was calculated. In [5], this model, taking info account the Coulomb
intferaction of an electron with a shielding shell, was used to calculate the photo-ionization
energy of light atoms from the ground state. In the presented paper, the distribution of
shielding electrons in the model of an atom with a finite ion shielding radius - ri is obtained.
The radius ri is determined from the condition of equality of the cenftripetal binding forces with
the ion and the centrifugal field forces of the nearest lattice atoms. In [6], this model was
used for a self-similar solution of the self-consistent problem of the evolution of the quantum
state of a weakly bound electron during demoralization from the ion shielding shell Fig. 1.

References

[1]  W.Brandt, M. Kitagawa, Phys. Rev., B25:9 (1982), p. 5631.

[2] B.G. Freinkman, Mathematical Modeling, 27:7(2015), p. 122.

[8] B.G. Freinkman et al., Preprints of the KIAM RAS, 21 (2021), 12 p.

[4] V.A.Fok. Nachala kvantovoi mekhaniki, URSS, Moscow (2013).

[5] B.G. Freinkman, Mathematical Models and Computer Simulations, 14:5 (2022), p.710.
[6] B.G. Freinkman, Mathematical Models and Computer Simulations (2023) (in press).

Figures

AN
AaTVoD e

Elae)

Figure 1: Dependence of the binding energy of the electron of the carbon atom in the 25, 2p and 3p
states on the effective charge of the ion at two values of the lattice step.
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