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Energetic stability of the system 

Here we aim to find the most stable structure of the proposed spin filter device in terms of the H-

passivation of the embedded divacancy. To do this, we employ four different frames in which      

each has a different H-passivation of divacancy (Fig. S1a-e). All of the structures are fully 

relaxed under the conditions mentioned in the main text. We then calculate the total energy (E ) 

and the formation energy (E ) of each relaxed structure. E  is calculated using the 

following equation:  

E =  E −  E + N μ − N μ − N μ  

Where E  is the total energy of pristine ZGNR. N  is the number of removed carbon atoms 

from vacancy while N  and N  represent the total number of nitrogen and hydrogen atoms in the 

proposed system respectively. μ , μ , and μ  denote chemical potentials of carbon, nitrogen, 

and hydrogen atoms, respectively. The chemical potential of carbon (μ ) is defined as the total 

energy of graphene per carbon atom, and the chemical potentials of nitrogen and hydrogen atoms 

are taken as one-half of the total energy of the N2 and H2 molecule in the gas phase respectively.  

The obtained E  and E  values for each structure are represented in Table S1. Comparing 

the E  values indicates that the frame with divacancy in which two diagonally positioned N 

atoms are H-passivated (the structure c) has the highest energetic stability among the four 

possible configurations of the proposed system.  

 



Fig. S1: (a) N4, (b) N4H1, (c) N4H2, (d) N4H3, and (e) N4H4 systems. All the structures are 

fully relaxed. C; gray, N; blue, and H; white. 

 

Table S1: Total energy (Etot) and formation energy (Eform) of each possible configuration of the 
frame.  

Structure Etot (eV) Eform (eV) 
N4 

N4-H1 
-419.715 
-424.85 

4.02 
2.25 

N4-H2 -429.75 0.74 
N4-H3 -432.61 1.25 
N4-H4 -435.33 1.91 

 

 

The effect of the width of ZGNR and the position of divacancy on the magnetic 
configuration of the system 

To investigate the effect of the width of ZGNR on the magnetic ordering of the system, we 
calculate the total energy of the system for its initially ferromagnetic (EFM) or antiferromagnetic 
(EAFM) oriented configurations. We perform the calculation for four different widths, n = 4, n = 5, 
and n = 6, and n = 8 where n stands for the number of C-C dimers along the width of ZGNR. Our 
obtained results confirm that the system in its final magnetic configuration possesses the same 
total energy regardless of its initial magnetic configuration. We also discuss the effect of the 
position of divacancy on the magnetic configuration of the frame. Fig. S2 illustrates the final 
magnetic orderings of frame for its three different configurations in terms of the positions of 
divacancy. While the center of divacancy is located at the same distance from both edges of 
frame in Fig. S2-a, the symmetry is broken for the structures represented in Fig. S2-b and c, 
where the center of divacancy is closer to one edge than the other. However, the calculated spin 
density distributions over the demonstrated three structures reveal that regardless of the position 
of divacancy, the magnetic configuration of the frame is always FM as shown in Fig. S2.   



 

Fig. S2: (a)-(c) Three different structures of the proposed system in terms of the position of 
divacancy and their corresponding spin density distribution maps. C; gray and yellow, N; blue, 
and H; white. Spin up; purple, spin down; maroon.   

 

Applying the effect of strongly correlated electrons to the band structure calculation of Sc 

doped system 

It would be informative to explore the half metallic behavior of the proposed structure with TM 

dopants. In order to apply the effect of strongly correlated electrons, the onsite Coulomb (U) and 

exchange interaction (J) parameters, are included in the calculation. In a simplified rotationally 

invariant formulations,1,2 U and J are combined to form an effective parameter Ueff = U – J. We 

here take a value of Ueff = 3.0 eV (J = 1.0 eV) for TM d orbitals.3,4 The obtained band structure, 

represented in Fig. 3b, shows that the incorporation of Sc in the suggested frame also leads to 

half metallic behavior of the system. 

 

Orbital resolved band structure of the Ge doped system 

We calculate and plot the orbital resolved band structure of the Ge doped frame (Fig. S3) to 

investigate the half metallicity in the doped frame. Only fat band diagrams of carbon atoms with 

main contribution in forming band lines within the chosen energy window are represented. It is 

deduced from the depicted orbital resolved diagrams that the p orbital electrons of Ge adatom 

contribute to the observed magnetism in the electronic structure of the doped frame and lead to 



half metallicity. The calculated magnetic moments of p orbital electrons in the doped systems by 

adatoms indicated in Table 1 are presented in Table S2. 

  

 

Fig. S3: (a) The structure of Ge doped system. C; gray, N; blue, H; white, and Ge; green. (b) 

Contributions of p orbitals of labeled carbon atoms, nitrogen atom, and Ge atom in Fig. S3a to 

the electronic structure of the Ge doped system. 

 

Table S2: Magnetic moments of p orbital electrons in the doped systems  

Structure Magnetic moment 
(bohr) 

Ge-doped 1.97 

Sn-doped 1.991 

Pb-doped 

Sb-doped 

Bi-doped 

Sc-doped 

0.90 

1.00 

1.00 

0.98 
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