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Coronene ������ can be considered as graphene nanoflakes. This aromatic 

hydrocarbon allows for detailed calculations and the rapid evaluation of a 

variety of doped structures while maintaining the periodic aromaticity of 

graphene.  In this study, through density functional theory (DFT) at the 

B3LYP (BECKE 3-PARAMETER LEE-YANG-PARR) functional with a 

6-31G (d) basis set, we have investigated the effects of substituting carbon 

atoms with B, N, and O on the electronic structure, linear and nonlinear 

optical properties of graphene. 

Therefore, we found that the bandgap varies as a function of the considered 

structure. 

 

 

1. Introduction 

In the past few years, especially since 2010, the two 

physicists Geim and Novoselov have been awarded the 

Nobel Prize for Physics for discovering the existence of 

an important substance [1]. Material can create a major 

revolution in our daily. This material is graphene "for gr

oundbreaking experiments regarding the two-

dimensional material graphene". Why is it so important? 

As a two-dimensional material with magical properties 

in terms of hardness and conductivity [2], we also talked 

about flexibility [3, 4, 5]. Not only that but because it 

only contains carbon atoms that are abundant in nature, it 

can be used in various fields, whether it involves medical 

or industrial, etc.      

With this discovery related to graphene, the carbon 

family has been completed, and it plays a variety of roles 

in promoting our lives, from carbon, through graphite, to 

diamonds.      

 As for the application of graphene, we may find 

it in electronic devices because it is a completely 

different semiconductor material from all other materials 

because it has no ribbon. The barrier between the valence 

band and the conduction band (zero bandgaps) [6], 

which  

 

 

gives us a lot of electron movement and therefore a high 

conductivity, we are talking about mobility with a value 

of 15 000 cm2.v-1.s-1 [7], which may be the lowest in the 

field-effect transistor it can also be used in solar cells in 

gas sensors, especially in receiving light.   

There are two types of methods to extract and produce 

graphene. We know that graphene is a single-layer 

carbon monad that forms a hexagon, such as a bee ring, 

the first type, or so-called top-down [8]. This method 

mainly relies on exfoliating and isolating the graphite 

layer until we finally get a very thin layer called 

graphene. In the method that relies on this process, we 

mentioned mechanical as well as chemical exfoliation.

  The second type is called bottom-up. Unlike 

the first type, bottom-up occurs by forming a network of 

carbon atoms until graphene is obtained. Among the 

ways this process depends, there is Chemical Vapor 

Deposition (CVD) [9].   

 However, due to the number and diversity of 

these processes and methods, only a very small amount 

of graphene can be extracted, and it was only regarded as 

samples and it was considered very expensive. From 

here we will start our purity, which will be the basis of 
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the material coronene. We will increase the number of 

carbon atoms in a honeycomb like a manner.

 The present work investigates the properties of 

C24H12, C54H18, C18N6H12, ����������� and C18B6H12. to 

study the electronic properties of graphene. This kind of 

molecule enables us to achieve the same magical 

properties of this latter. However, we demonstrated the 

linear and nonlinear optical properties of doped and 

undoped grapheme using DFT calculations, of the 

maximum doping rate   of typical coronene in the goal to

 several applications. 

2. Computational Methods 

In this work, on one hand, we calculated a set of 
properties of five molecules that depend on the coronene 
molecule which are C24H12, C54H18, C18N6H12, 
�����������and C18B6H12. As for how to calculate 
these features and characteristics, the DFT method is an 
ideal choice for this work, in addition to choosing the 
B3LYP functional with a 6-31G(d) basis set. Except for 
the Gauss-View, all these tools exist in the Gaussian v09. 

All of these are for studying nonlinear optical (NLO), 
linear and electronic characteristics, become a good 
key in several applications, such as photovoltaics 
telecommunications, information storage, light-emitting 
diodes (LEDs), dynamic image processing, field effects 
Transistor (FET) optical switches, and other laser 
devices [10]. 

On the other hand, to calculate nonlinear optics (NLO) 
properties, we use the DFT method. As for the 
polarization tensor and hyperpolarization (�		, �	
, �

, 
�	�, �
�, ��� �� �			, �	
, �	

, �


, �		�, �	
�; �

�, 
�	��, �
��, ����), they can be determined by the Gaussian 
frequency job output file, but the values obtained are 
actually in atomic units (a.u), so we must change them to 
electronic units (esu). 

Polarizability average ˂�˃, polarizability anisotropy Δα, 
second Hyperpolarizability � � �, the average value of 
the first hyperpolarizability � � � can be calculated 
using the following formula [11,12,13].

 

< � >= 1/3 (�		 + �

 + ���) 

<β> = [(βxxx + βxyy + βxzz )2 + (βyyy + βyzz + βyxx )2 + (βzzz + βzxx + βzyy )2 ]1/2 

Δα=
�

√�
((�		 - �yy)2 + (�yy – �zz)2 +(�zz – �xx)2 + 6α��

� + 6α��
�  +6α��

�  ) 1/2 

γ =1/5 {γxxxx + γyyyy + γzzzz+2 [γxxyy + γ xxzz+ γyyzz]} 

 

3. Results and discussion 

i) Molecular Geometry Optimization 

In this study, we utilized a few molecules exuding     
from the base molecule, which is coronene C24H12, 
and   we moreover expanded the number of carbons 
C54H18.  After that, we doped coronene with 
heterogeneous atoms, such as: boron (B) C18B6H12, 
nitrogen (N) C18N6H12, Oxygen  

 

 

 

 

(O) �����������. This study was done using 
B3LYP functional using 6-31G basis set to obtain 
fully optimized structures of undoped C24H12, C54H18, 
and doped C18N6H12, ����������� and C18B6H12 
(Figure 1). 

C24H12                                     C18B6H12 
C54H18 ����������  
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Fig 1. Optimized molecules of (coronene), (circumcoronene), doped to Nitrogen (C18N6H12) and doped to Oxygen 

(�����������) and doped to Boron (C18B6H12) with B3LYP/6-31G(d) basis set. 

ii) Electronic properties 

The energy gap is the difference between LUMO 
(Lowest Unoccupied Molecular Orbital) and HOMO 
(Highest Occupied Molecular Orbital) [14]. This 
parameter is very important for explanation of 
structural stability and reactivity. The table 1 gives 
the specific value of each LUMO and HOMO, as 
well as we allow calculating the value of the energy 
of the gap of each molecule [15].          

Table 1 shows the values we have obtained through 

the DFT method, using B3LYP/6-31 G(d). However, 
we have calculated the energy gap of HOMO, LUMO 
for five molecules, these values are partly close, so 
the minimum energy gap of the C18B6H12 molecule is 
1.39 eV, and the energy gap of the C18N6H12             
molecule is 1.63 eV. These last values for both C18B6

H12 and C18N6H12 decrease compared to the values 
obtained from undoped C24H12. 

Table 1. Calculated Energy values of C24H12, C54H18, !����������"�, C18N6H12, and C18B6H12 using DFT and B3LYP 

functional with 6-31G(d) basis set. 

The coronene C24H12 whose carbon number is not 
even added with other atoms gives us great value, its 
value is 4.04 eV. This result is comparable to those 
obtained in the literature, it confirms our method used
. Hence, C18B6H12 and C18N6H12 are great conductors 
compared to the rest of the molecules. Comparing 
these values with the results of several other fields, 
we find that the values of C24H12, C54H18, and 
����������� are almost equal, while for C18N6H12 
and C18B6H12, and we found that the obtained results 
are slightly larger, because we used different base. 
We note   also that the estimation of the gap energy   

has changed drastically from   the value 4.04 eV for   
the coronene molecule, which is the premise of our  
work, which   the obtained value close   to 1.39 eV fo
r the C18B6H12 molecule. The most reduced esteem of
 the gap energy has diminished altogether, but usuall 
futile because the esteem of the gap energy within the
 graphene   is zero, here remains the plausibility that 
if we increment the number of carbons by taking 
after the same arrangement of its hexagonal shape,we
 are going definitely get the esteem of the gap energy 
of zero, and typically what recognizes graphene        
because it encompasses an exceptionally conductivity

         

 

Eg= 4,04 eV 

Compound HOMO (eV) LUMO (eV)  Eg=L-H (eV) Eg : other 

works (eV) 

The margin 

of error (eV) 

C54H18  -4,88 -1,99 2,88 2,86 0,02 
 

[16] 

C24H12  -5,45 -1,41 4,04 4,01       0,03 

[C24H12COOH]- 
 -0,17 2,2 2,36 2,35       0,01 

C18N6H12  -3,58 -1,95 1,63 1,27       0,36 [17] 

C18B6H12  -5,17 -3,78 1,39 0,91       0,48 

HOMO 
LUMO 

C24H12 

C18N6H12 

Boron 

Carbone 

Nitrogen 

Oxygen 

Hydrogen 
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Fig 2. LUMO and HOMO molecular orbital charts of the considered atomic structures utilizing B3LYP /6-31G(d). 

iii) Non-Linear Optical properties (NLO) 

Nonlinear optics play an imperative part in current   

worldwide inquire about, as NLO dynamic materials 

find applications in broadcast communications, 

potential applications in cutting edge communication 

technologies, optical flag handling, and information   

capacity [15]. In arrange to get the connections betwe

en atomic structure and nonlinear optical properties,  

 the primary arrange polarizabilities and 

hyperpolarizabilities of coronene and their   doped     

subordinates were calculated utilizing the DFT /  

B3LYP strategy with a 6 31G (d)  basis set. It is well 

known that higher values of to begin with arranging   

dipole moment, polarizability, and hyperpolarizabilit

y are vital for more dynamic NLO properties

Table 2 displayed the values of the moment, all of 

which are against zero, which leads to the conviction 

that these values are polar particles as well. We note  

that these values alter with the alter of the doped       

administrations, which shows up clearly when the     

particle contains expansive esteem of around 1.56    

Debye. And this is distinct from the utilitarian           

particle by the boron iota and with the increment      

C24H12COOH-
 

C18B6H12 

C54H18 

C18N6H12 
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within the number of  carbon molecules,  since they  

contain electrons on their external shell, which makes

 the framework more curiously, concerning 

polarizability <α>, we discover that both C54H18 and 

C18B6H12 molecules have two huge values compared  

to other molecules, particularly the C54H18 molecule 

which  is break even with to 101.97 #$%, all  these info

rmation are display within the table 3, which we extri

cated utilizing  

 

 

 

 

Table 2. Dipolar moment (Debye units), calculated with B3LYP and correlation functionals, 6-31G (d, p) 

Table 3. Average polarizability < � > #$% and Anisotropy ∆ #$%, calculated with B3LYP and correlation functionals, 6-31G (d, p). 

Table 4. first order hyperpolarizability �&'( (esu), calculated with B3LYP and correlation functionals, 6-31G (d, p), with 

(1)*+
*. -. ∗∗ 2(1) ∗ -$�) = 8.6393 × 10�%% *<=) 

The B3LYP /6-31G (d) work. For the first-

order atomic hyperpolarization β, all its information 

is in the table 4, we note that these values are diverse 

from one atom to another; the littlest esteem is the     

one that coronene has with a little esteem. We conver

sation around 2.02 × 10�%� *<=, but when doped 

pristine with heterogeneous like nitrogen, boron, and 

oxygen, we take notes of  an increment within the est

eem of atomic hyperpolarization β, as the greatest     

esteem for the ����������� atom is at 

 5.80 ×  10�%� *<= too when we increase the number

 of  carbon particles. Consequently, we find esteem as

 expansive as the one we found with the C54H18 mol

ecule with esteem of 1.52 ×  10�%� *<=. By getting   

these expansive values, we accept that these             

molecules can be utilized in non-linear applications 

that have no limits by comparing the results of the 

average polarization rate, we found by the results 

Compound αxx (#$ 3) αyy (#$ 3) αzz (#$ 3) <α> (#$ 3) <α> compare (#$ 3) Δα (#$ 3) 

C24H12  362.73 362.74 69.39 39.26 39.6 [16] 679903.27 

C54H18 994.69 979.46 164.76 101.97 109.3 5154212.98 

[C24H12COOH]- 447.48 414.84 81.70 46.63 42.5 1023380.89 

C18N6H12 391.01 389.60 110.88 44.04 - [17] 759090.72 

C18B6H12 490.66 397.53 84.93 48.07 - 1213047.36 

Compound  C24H12 C54H18 C18N6H12 [C24H12COOH]- C18B6H12 

βxxx   

 

 

 

 

(? ∗ @$ �) 

-0.0001 17.3021 -0.0563 -5.9455 0.0017 

βxyy -0.0003 -14.0368 -0.0139 -6.2278 -0.0001 

βxzz 0.0001 3.2171 0.0148 24.1209 0.0001 

βyyy 0.0007 -4.6307 -0.0573 4.4265 0.0115 

βyxx 0.0004 -13.8737 0.0496 -3.4734 -0.0111 

βyzz 0 2.1091 -0.002 8.5727 0.0029 

βzzz 0.0001 0.0003 -0.0038 39.8778 -0.0048 

βzxx -0.0077 -0.0109 -0.0467 17.9569 -0.0086 

βzyy 0.0310 0.0103 -0.0335 7.4954 -0.0229 

β 0.0234 17,6303 0,1011 67,0933 0,0365 

β  (esu) 2.02×10-34 1.52×10-31 8.73×10-34 5.79×10-31 3.15×10-34 

Compound µ(x) (eV) µ(y) (eV) µ(z) (eV) µ(total) (eV) 

C54H18 0 0 0.0006 0.0006 

C24H12 0.0002 -0.0004 0 0.0005 

[C24H12COOH]- -0.002 0 -0.0054 0.0058 

C18N6H12 -1.2618 0.8824 0.1988 1.5525 

C18B6H12 0.0001 0.0003 -0.0009 0.0009 
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obtained by other researchers using the same working 

method and the same rules, we found that the final 

value has great convergence. As for each of C18N6H12 

and C18B6H12, we did not find that the researchers 

calculated their values related to the average 

polarizability  

There’s too something almost atomic hyperpolarizati
on of the moment degree as shown in Table 5. These 
values are diverse from iotas constituting the particle. 
Within the particle C54H18, which has the most notew

orthy esteem of 6.51 × 10�%A esu, this is often due 
to the composition   and shape of the atom,   which   
contains an expansive number of carbon particles,      
taken after by the coronene particle doped with a 
���� with the esteem of 1.7 × 10�%A esu, at that 
point the two Coronene atoms doped with each of the 
Nitrogen  and Boron particles, and the fundamental  c
oronene atom has the most reduced esteem with1.3 ×
10�%A*<=

Table 5. second-order hyperpolarizability γav (*10-36 esu), calculated with B3LYP and correlation functionals, 6-31G (d, p). 

with (1)*+
*. -. ∗∗ 3(1) ∗ -$%) = 5.03661 × 10��C *<=) 

 

4. Conclusion 

In this study, we collected several different 

molecules based on the basic molecule of coronene 

(C24H12) to determine the adequate molecule that is 

close to the graphene in terms of electronic, linear, 

and nonlinear properties. Therefore, we used the DFT 

method, which allows us to find each of the 

polarization (�) rate, the first hyperpolarization (�) 

rate, and the second hyperpolarization (�) rate, and 

the gap energy. All these values we were extracted 

allow us to know what information we want and what 

we search for it. In brief, the linear, non-linear, 

and electronic properties of fundamental coronene 

conjointly doped with nitrogen, boron, and oxygen, 

our objective was to discover the ideal particle that 

has great properties   like   graphene, since it   is         

troublesome to create it at   the display time since it   

requires more cash and   so distant there's no   way     

to extricate a huge sum from   him. The results          

obtained from the B3LYP   theory   level   with         

631G   (d)   basis set, appear that both C18B6H12  and 

C18N6H12  molecules  have low  bandgap values.  

Therefore, doped coronene have good electrical 

conductivity compared to undoped coronene due to 

their high chemical softness and low chemical 

hardness.     

However, the relevant properties of these molecules 

offer several applications such as semiconductors 

devices, photovoltaic, as for the two C54H18              

molecules   and(�����������), which have a solid   

nonlinear optical behavior (NLO), can be utilized in  

(NLO) applications.    

  Therefore, the obtained results present the 

similar value as some other studies. In the case of the 

electronic properties, we found that C18B6H12 

molecule has the least gap energy with value of 

1.39 eV, which is closer to the other studies. We 

found also, the same value as the other studies for 

average polarizability, especially for the C24H12 

molecule with 39.26 #$ %.  

 

 

 

Compound C24H12 C54H18 C18N6H12 [C24H12COOH]- C18B6H12 

γxxx  

 

 

(? ∗ @$ D) 

-3815.3034 -18468.3101 -4177.9022 -4820.5588 -4967.4342 

γyyyy -3815.2974 -18166.0611 -3472.7927 -4403.7135 -3247.2715 

γzzzz -146.7299 -359.2025 -238.5939 -777.7221 -158.7427 

γxxyy -1271.7566 -6075.4044 -1246.7713 -1550.5247 -1389.4437 

γxxzz -796.1257 -3923.4718 -881.5519 -928.0529 -1026.3598 

γyyzz -796.1207 -3832.3501 -733.2104 -930.5193 -689.0756 

γ 2701,0673 12931,2053 2722,4712 3364,0376 2916,6413 

γ   (*10-36 esu) 1.36 6.51 1.37 1.69 1.46 
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