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A B S T R A C T 
 
This study investigated and optimized graphene structures simultaneously doped with 

boron and nitrogen in a single layer. Finally, the best graphedine structures doped with 

a boron atom and a nitrogen atom were determined. In pure Graddine PDOS and DOS 

diagrams, only the p-orbitals play a major role around the Fermi region. In fact, the 

peaks around the Fermi region correspond to the p orbitals in the guide bar and the 

capacity bar. In general, capacitance and conduction bands are bands close to the Fermi 

level and determine the amount of electrical conductivity in solids. In the pure bilayer 

graphene strip structure, the zero Fermi energy level is in the energy gap range. The 

energy gap is completely open in the entire Brillouin area, and at the point of the direct 

energy gap, a magnitude (eV) of 0.141 is seen. If the energy gap values are classified 

according to conductivity, semiconductor and insulation, pure two-layer graphite can 

be considered a semiconductor with direct energy gap. If the energy gap is zero 

electron volts, the matter is conductive.  

 

  

Introduction 

he location of boron and nitrogen atoms 

in different places in structures 12 to 17 

is as follows:  

a) Structure 12: Boron instead of carbon 

sp2 in the six-carbon ring (position I) and nitrogen 

instead of carbon sp in the eighteen-carbon ring 

(position II);  

b) Structure 13: Nitrogen instead of carbon sp2 in 

the six-carbon ring (position I) and boron instead 

of carbon sp in the eighteen-carbon ring (position 

II);  

c) Structure 14: Nitrogen instead of carbon sp2 in 

the six-carbon ring (position I) and boron instead 

of carbon sp;  

The second acetylene group in the eighteen-

carbon ring (position III);  

d) Structure 15: Boron instead of carbon sp2 in the 

six-carbon ring (position I) and nitrogen instead of 

carbon sp;  

The second acetylene group in the eighteen-

carbon ring (position III);  

e) Structure 16: Nitrogen instead of carbon sp in 

the eighteen-carbon ring (position II) and boron 

instead of carbon sp;  

T 
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The second carbon of the acetylene group in the 

eighteen-carbon ring (position III);  

f) Structure 17: Boron instead of sp carbon in the 

eighteen-carbon ring (position II) and nitrogen 

instead of carbon sp [1-5]. 

The second carbon of the acetylene group in the 

eighteen-carbon ring (position III) 

 

Figure 1. A view of the simultaneous doping of 

boron and nitrogen on a layer of two-layer 

graphite of structures 12 to 17 

Investigation of The Effect of Adsorption of 

Hydrogen Cyanide Molecule on Graphene 

Doped with Boron and Nitrogen  

According to the obtained results and diagrams 

of band structure and density of states, it was 

determined that the best graphedine structure 

doped with boron or nitrogen atoms is structure 10 

and 11. To investigate the ability of hydrogen 

cyanide molecule to adsorb on these structures, the 

effect of adsorption of hydrogen cyanide molecule 

on different sites of these structures was 

investigated [6-9]. The absorption energy is 

obtained from the following Equation: 

𝐸𝐴𝑑𝑠  =  𝐸(𝑑𝑜𝑝𝑒𝑑 𝑔𝑟𝑎𝑝ℎ𝑑𝑖𝑦𝑛𝑒+𝐻𝐶𝑁 )

−  𝐸(𝑑𝑜𝑝𝑒𝑑 𝑔𝑟𝑎𝑝ℎ𝑑𝑖𝑦𝑛𝑒) − 𝐸𝐻𝐶𝑁 

In this formula, at each site, the hydrogen 

cyanide molecule was placed horizontally and 

vertically from the ends of nitrogen and hydrogen 

on the structure to determine in which state a 

stronger interaction with the carbon structure 

occurs. 

Investigation of Properties of Pure Bilayer 

Graphene  

In this study, 2 2 2 two-layer graphite supercell 

cells were used for calculations. Figure (6) shows 

the band structure and density of partial states for 

the bilayer graphene supercell. In general, the 

number of electron states in an electron strip 

(conduction or capacitance) is very large [10-15]. 

The concept of state density is used to express 

the number of these states. Due to the symmetry, 

it is sufficient to obtain the state density in the 

Brillouin region, and then by it, the state density is 

obtained at all points of the crystal. Higher and 

sharper peaks in the DOS and PDOS diagrams 

indicate that there are more states in the 

corresponding energy. The Fermi surface is 

defined as the surface in space k where all the 

states inside it are occupied by capacitance 

electrons. All states outside this level are empty. 

There are two types of carbon atoms in the 

graphedine plate with sp and sp2 hybrids, due to 

which there are three types of sp-sp, sp-sp2 and 

sp2-sp2 bonds in graphene [16-18]. 

 

Figure 2. Two-layer graphite strip structure 

The sp2-sp2 bond has the properties π and σ, 

where σ's share is related to the s, px and py 

orbitals, and π's share is related to the pz orbitals. 

The sp-sp bond is divided into one-part σ and two 

parts π. The σ segment, like the sp2-sp2 bond, 

depends on the s, px, and py orbitals, and the π 

segment, like the sp2-sp2 bond, binds to the pz 

orbitals. The other part π, which was absent in the 

sp2-sp2 bond, depending on px and py. The bond 

between sp-sp2 is also unique and depends only 

on the s, px and py orbitals []. 
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Figure 3. DOS and PDOS diagrams of pure bilayer graphite  

Investigation of The Results of Placement of 

Hydrogen Cyanide Molecule on Pure 18-

Carbon Graphite Ring of Pure Bilayer  

To investigate whether the doping of boron and 

nitrogen atoms is an effective way to increase the 

energy of hydrogen cyanide adsorption on two-

layer graphene, place the hydrogen cyanide 

molecule in the center of the eighteen-carbon ring, 

in the vertical direction from both nitrogen and 

hydrogen. Horizontal to the pure two-layer 

graphite, the plate was placed. The best position 

for adsorption of the hydrogen cyanide molecule 

in the center of the 18-carbon ring of structure 1 is 

horizontally parallel to the sp-sp bond on the ring. 

The amount of energy gap in this structure is 

reduced compared with structures doped with 

boron and nitrogen atoms (structures 10 and 11). 

The energy gap in pure bilayer graphene decreased 

to 1.155 eV and when hydrogen cyanide was 

adsorbed on the 18-carbon ring to 0.154 eV. The 

Fermi energy level in pure bilayer graphene 

reached -5.501 electron volts and reached 5.508 

when hydrogen cyanide was adsorbed on the 18-

carbon ring. The hydrogen cyanide molecule is 

calculated in structure 1 and the corresponding 

diagram is shown in Figure (4), the structure of 

pure bilayer graphene contaminated with 

hydrogen cyanide molecule in structure 1. In order 

to further investigate the electron properties of 

pure bilayer graphedine nanosheets contaminated 

with hydrogen cyanide molecule, DOS has been 

calculated for structure 1. The presence of the 

hydrogen cyanide molecule on the bilayer 

graphene compared with the pure bilayer graphene 

increased the density of the electron states. This is 

due to the fact that the overlap between the orbitals 

increases and as a result the charge transitions 

between the atoms also increase. Figure (9) shows 

the PDOS curve of adsorption of pure hydrogen 

cyanide molecule on pure bilayer graphene 

nanoplate. As can be seen, the available electron 

states around the Fermi surface are increased by 

the adsorption of hydrogen cyanide relative to the 

pure bilayer graphene [19-22]. 

 

Figure 4. PDOS curve of two-layer graphene 

nanoplate contaminated with hydrogen cyanide 

molecule in structure 1 

Investigation of The Results of Placement of 

Hydrogen Cyanide Molecule on The Structure 

of Pure Bilayer Graphene in The Center of a 

Carbon Six Ring  

In the center of the carbon six ring, the 

hydrogen cyanide molecule was placed vertically 

and horizontally at a distance of 2 from the pure 

bilayer plate. The hydrogen cyanide molecule in 

structure 2 was placed vertically at the center of 

the carbon six ring horizontally from the two ends 



 

 
 

59 

 

2021, Volume 2, Number 2 

of nitrogen and hydrogen. In Structure 2, the 

amount of adsorption energy was negative. The 

amount of absorption energy in the structure was 

2 times -1.8269 electron volts, which shows that 

the doping of boron and nitrogen atoms on a pure 

two-layer graphene plate greatly reduces the 

amount of absorption energy. It also shows that 

this structure is not desirable in terms of energy 

and stability [23-25]. Pure bilayer is seen in 

graphene. In the carbon six ring, if the hydrogen 

cyanide molecule is horizontal, the adsorption 

energy is higher, and in the carbon six ring, the 

horizontal position is better. The amount of energy 

gap obtained in structure 2 is 0.161 electron volts. 

The reduction of the energy gap is due to the 

interaction between the atomic orbitals of the 

hydrogen cyanide molecule and the pure bilayer 

plate. Also, the amount of Fermi energy in 

structure 2 is 5.516 electron volts, which is 

reduced compared to -5.501 in pure two-layer 

graphene. In order to study the electron properties 

of two-layer graphite nanoparticles contaminated 

with hydrogen cyanide molecule, the band 

structure for pure bilayer graphedine 

contaminated with hydrogen cyanide molecule in 

structure 2 is calculated and the corresponding 

diagram is shown in Figure (5) [26-29]. 

 

Figure 5. Structure of a pure bilayer graphene 

contaminated with a hydrogen cyanide molecule 

in structure 2 

In order to further investigate the electronic 

properties of pure bilayer graphene nanoplate 

contaminated with hydrogen cyanide molecule, 

DOS is computed for structure 2 and its related 

diagrams. Contamination of the pure bilayer 

graphene plate with the hydrogen cyanide 

molecule increases the density of the electron 

states relative to the pure bilayer graphene [30-

33]. 

 

Figure 6. DOS curve of two-layer pure graphene 

nanoplate contaminated with hydrogen cyanide 

molecule in structure 2 

The results obtained from the PDOS diagram 

show that the placement of the hydrogen cyanide 

molecule on the pure bilayer graphene increases 

the density of minor states near the Fermi surface 

and thus improves the conductivity properties 

relative to the pure bilayer graphene [33-35]. 

Evaluation of The Impact of Placement of 

Hydrogen Molecules on The Structure of Pure 

Bilayer Graphene In The Acetylene Group  

In the acetylene functional group in graphene, 

the pure bilayer of the hydrogen cyanide molecule 

was placed vertically and horizontally at both ends 

of the hydrogen and nitrogen at a distance of 2 

from the graphene plate of the pure bilayer. 

Nitrogen, hydrogen and horizontal ends were 

placed on the acetylene group. In Structure 3, the 

amount of adsorption energy was negative. The 

amount of absorption energy in the structure is 3 

times 1.8011/electron volts, which is a negative 

value, indicating that the doping of boron and 

nitrogen atoms on a pure two-layer graphene plate 

greatly reduces the amount of absorption energy. 

It also shows that this structure is not a desirable 

structure in terms of energy and stability [38-40].  

Pure bilayer is seen in graphene. In the carbon six 

ring, if the hydrogen cyanide molecule is 

horizontal, the adsorption energy is higher, and in 

the twelve-carbon ring, the horizontal position is 

better. The amount of energy gap obtained in 

structure 3 is 0.155 electron volts. The increase in 

the energy gap is due to the interaction between 
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the atomic orbitals of the hydrogen cyanide 

molecule and the pure bilayer plate. 

Investigation of Monolayer Results of Two-

Layer Graphene Structure with Boron Or 

Nitrogen Atoms  

To investigate the doped interaction of boron 

and nitrogen atoms in a two-layer graphene plate, 

these atoms were each placed in three different 

positions on the graphene plate: Boron instead of 

carbon sp2 in the six carbon ring (position I) 

(structure 4), Nitrogen instead of carbon sp2 in the 

six carbon ring (position I) (structure 5), Boron 

instead of carbon sp in the ring Eighteen carbon 

(position II) (structure 6), nitrogen instead of 

carbon sp in the eighteen carbon ring (position II) 

(structure 7), boron instead of carbon sp attached 

to the second acetylene group in the eighteen 

carbon ring (position) III) (structure 8) and 

nitrogen instead of carbon sp attached to the 

second acetylene group in the eighteen carbon ring 

(position III) (structure 9). Examination of the 

results of the obtained structures shows that the 

binding energy in the presence of nitrogen atoms 

on the graphene plate, the two layers of structure 

7 in which the nitrogen in position (II) is equal to 

1808/8-electron volts and the best position for 

placing the boron atom on graphene Two-layer (I) 

which has a value of 1671/8 electron volts, having 

the lowest amount of nitrogen compared with 

other structures (Structure 4). Therefore, it can be 

said that the structure of a bilayer graphene that 

has one nitrogen atom in position (II) and one 

boron atom in position (I) is more stable. The 

energy gap decreases to zero electron volts after 

the nitrogen and boron atoms are doubled on a 

pure bilayer plate. This reduction in the energy 

band gap is due to the interaction between the 

orbitals of the bipolar atoms and the bilayer 

graphene nanoplate. The band gap is reduced from 

0.141 eV for pure bilayer nanoparticles to zero for 

these six structures. According to the obtained 

band structure diagrams, the amount of energy 

band gap in the structures of 4 to 9 zero electron 

volts was obtained. These results show that, due to 

the doubling of the carbon atom with boron and 

nitrogen atoms on the bilayer graphene nanosheet, 

the energy level of the capacitance and conduction 

bands has changed significantly and due to the 

collision of the Fermi energy level with the 

capacity level or conduction energy gap, the value 

is zero. And the composition has found a quasi-

metallic property. 

Comparison of DOS diagrams of structures 4 

to 9 shows that the doping of boron and nitrogen 

atoms at different sites has a significant effect on 

two-layer graphene DOS diagrams. The biggest 

change to the DOS graph is the bilayer doped with 

nitrogen atoms, with the graph moving more 

towards more negative energies. Of the three 

nitrogen-doped sites, structure 7 and among the 

three boron-doped sites, structure 4 has the lowest 

energy. As can be seen in the DOS diagram, in the 

structure of 7 peaks, more negative energy is 

transferred to the more negative ones. In fact, the 

doping of boron and nitrogen atoms causes a 

change in the DOS graph; Structure 5 Structure 4 

Structure 7 Structure 6 Structure 9 Structure 8. 

For a more detailed study, the PDOS curves of 

structures 4 to 9 are presented in Figure (8). As can 

be seen, only p-orbital states are available around 

the Fermi surface in pure bilayer graphite 

structure, while near the Fermi surface there are 

more available states in boron and nitrogen-doped 

structures. As a result, increasing the available 

densities improves the conductivity of doped 

graphene compared with pure graphene. 

Comparison of structures 4 to 9 with pure bilayer 

graphene shows that the doping of boron and 

nitrogen atoms at different sites has increased the 

density of the electron states. 
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Figure 7. DOS curve of bilayer bilayer graphedine nanosheet with boron and nitrogen atoms at different 

doping sites, structure 4: B (I), structure 5: N (I), structure 6: B (II), structure 7: N (II), Structure 8: B (III), 

structure 9: N (III). 

 

Figure 8. PDOS curve of a bilayer bilayer structure structured with boron and nitrogen atoms at different 

doping sites: Structure 4: B (I), structure 5: N (I), structure 6: B (II), structure 7: N (II), structure 8: B (III), 

structure 9: N (III).
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Conclusion  

In this paper, different structures of bilayer 

graphene and the effect of boron and nitrogen 

atoms in different locations of graphene bilayer 

nanoplate on its optical and electron properties 

were investigated. Also, the effect of hydrogen 

cyanide adsorption on pure bilayer graphene 

nanoparticles and graphene doped with boron and 

nitrogen atoms alone was studied and the general 

results are as follows:  

1) When the hydrogen cyanide molecule is on a 

boron atom doped with boron atoms (structures 18 

to 21), structure 18 has the shortest distance and 

the most negative amount of adsorption energy.  

2) When the hydrogen cyanide molecule is 

horizontally and vertically of both nitrogen and 

hydrogen at different positions on a bilayer doped 

with nitrogen atoms, all structures 22 to 25 have 

zero energy gap.  

3) In all cases where the hydrogen cyanide 

molecule is placed horizontally and vertically 

from both ends of nitrogen and hydrogen on a 

graphene nanoplate doped with boron atoms in 

different places, all structures 18 to 21 have zero 

energy gap.  

4) Of all the structures in different states, the 

structures 18 and 22 have the highest absorption 

energy.  

5) According to the results obtained in all doped 

structures, structures 10 and 11 are very effective 

sites for increasing the energy of hydrogen 

cyanide adsorption on graphene nanoplate.  

6) Examination of band structure diagrams and 

DOS shows that the amount of energy gap is 

reduced after doping of boron and nitrogen atoms 

in two-layer graphene structures contaminated 

with hydrogen cyanide molecule. In general, 

contamination of the hydrogen cyanide molecule 

and the doping of boron and nitrogen atoms leads 

to an increase in the density of electron states near 

the Fermi surface, thereby increasing the 

conductivity of pure bilayer graphene nanosheets.  
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