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Abstract: In this study, using density functional theory and the SIESTA computational 
code, we investigate the electronic and optical properties of the armchair graphene 
nanoribbons and the armchair boron nitride nanoribbons of width 25 in the presence of a 
transverse external electric field. We have observed that in the absence of the electric 
field, these structures are semiconductors with a direct energy band gap at Γ point and 
applying electric field on them causes to change in the band structure, decreasing the 
band gap and even eliminating the band gap. Increasing the intensity of the applying 
field on the graphene nanoribbons reduces the distance between the maximum of the 
highest valence band and the minimum of the lowest conduction band and shifts the 
convergence of these two bands in K space from the Γ point to the X point. The energy 
band gap of the boron nitride nanoribbons also has been decreased from 4.46 eV to less 
than 32.6 meV in presence of a transverse electric field of intensity about 0.30 V/Ang 
and a semiconductor-metal transition was observed in the presence of the stronger 
fields. 

Next, we investigate the effect of the transverse electric field on the optical properties 
of both nanoribbons. Of course, in order to study the optical behavior of these systems, 
we apply only a radiation with the parallel polarization. According to the changes that 
the electric field makes on the band structure, we observed changes in the location and 
intensity of the optical graphs peaks. Also with increasing the intensity of the field, we 
observe a significant increase in the static dielectric constant and the plasmonic 
behavior of these structures. 
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1. INTRODUCTION  
 
When graphene be confined to one dimension, a finite energy band gap appears 
in its electronic band structure. The resulting structure is called nanoribbon and 
the value of its energy band gap is depending on the width and chirality of 
nanoribbon [1, 2]. Similar to graphene, the boron nitride nanoribbons may be 
formed by cutting the hexagonal sheets or unrolling the nanotubes [3]. 
The chirality of the nanoribbons depends on the shape of their edges and 
accordingly they are classified into armchair and zigzag types. The width of the 
nanoribbons is also specified by the number N which is number of the zigzag 
chains or number of the dimer lines in the zigzag or armchair type, respectively. 
The atoms at the edges of the nanoribbons can be passivated by chemical 
bonding with the hydrogen atoms. For this purpose, all the carbon atoms on the 
edges of the graphene nanoribbons are usually attached to the hydrogen atoms 
[4]. But in the boron nitride nanoribbons, usually only the boron atoms, the 
nitrogen atoms, or both atoms on the edges are passivated in this way [5]. 
The investigation of the graphene nanoribbons shows that their armchair types 
are metallic or semiconductor and the zigzag types are metallic in nature [2, 6] . 
 Also, by changing the width of the semiconductor armchair graphene 
nanoribbons, the energy band gap exhibits an oscillating behavior [7]. 
Accordingly, they are classified into three: α, β and γ which their width are 
N=5, 8, 11, …, N=3, 6, 9, … and N=4, 7, 10, … respectively [2]. The α-type 
graphene nanoribbons are metallic and the β and γ-types are semiconductor [8]. 
Regardless of their chirality and width, the boron nitride nanoribbons are also 
semiconductor [9-11]. The energy band gap for the zigzag boron nitride 
nanoribbons, decreases uniformly with increasing the width of nanoribbons and 
for the armchair type, it exhibits an oscillating behavior [12, 13]. 
The ability to change and tune the energy band gap of the semiconductor 
nanoribbons, which is very important in the development of their application, is 
achieved in various ways such as bending, stretching, doping and applying a 
transverse electric field [13-22]. However, the use of the electric field is more 
important and applicable than other methods in tuning the energy band gap.  
The band structure and the effect of a transverse electric field on it for the β and 
γ semiconductor graphene armchair nanoribbons have been investigated and 
elimination of their energy band gap was observed in the presence of a field of 
intensity 0.1 V/Ang [2]. By applying a transverse electric field, The band gap of 
the zigzag or armchair BN nanoribbons can be reduced  and  even be closed at a 
critical field that decreases with increasing ribbon width [20]. 
Since the energy band gap of the structure undergoes a shift from a finite value 
to zero in presence of an electric field, which corresponds to the frequency 
range from ultraviolet to visible, so studying the optical excitations in the 
electronic structure investigation of these materials is very important. Therefore, 
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studies have also been conducted focusing on the effect of external electric field 
on the optical properties of nanoribbons [23-26]. For example, it has been 
shown that applying the electric field changes feature of the optical absorption 
graph of graphene nanoribbons [23]. Also utilizing the tight-binding model, the 
optical properties of zigzag and armchair BN nanoribbons has been studied in 
presence of the electric field [24]. 
In light of this introduction, we have investigated the electronic properties of 
armchair graphene nanoribbons and armchair BN nanoribbons in presence of a 
transverse external electric field. The widths of these nanoribbons are N = 25 
and we have named them AGNR-25 and ABNNR-25 respectively, each of 
which contains 54 atoms. We have also investigated the effect of the field on the 
optical behavior of these nanoribbons.  
The effect of the electric field on the band gap reduction for β and γ 
nanoribbons increases with increasing the nanoribbons width, so that weaker 
fields are needed to close the band gap in wider nanoribbons [2]. That's why 
we've chosen relatively wide (N=25) nanoribbons for study. 
The order is that the details of calculations are presented in the first section and 
in the second part, we analyze the results. Also, the final conclusions have been 
presented in the end section. 
 

2. METHOD AND DETAILS OF CALCULATION 
The calculations have been performed using the SIESTA computational code 
[27]. The Correlation-Exchange Energies have been calculated with (LDA) 
approximation and the (DZP) base set is used. The nanoribbons are extended 
along the x-axis and the external electric field is applied in the positive direction 
of the y-axis. To avoid interactions between adjacent nanoribbons, a vacuum 
distance of 10Å along the z axis is considered. The value of the plane-wave 
cutoff was considered 450Ry and number of the optimal K points for 
calculation of the electronic properties was also taken into account equal to 
30×1×1. Both structures are so relaxed that the residual forces are less than 
0.01eV/Å. Of course, relaxation is done only in absence of the electric field. 
In the study of the optical properties of these structures, the electric field of 
radiation has the perpendicular polarization. The optical mesh and the optical 
broaden are considered 90×1×1 and 0.025 respectively. Also, the bond lengths 
were considered for the AGNR-25 nanoribbons equal to 1.42Å [6], and for the 
ABNNR-25 nanoribbons equal to 1.44Å [28] . The images of both structures are 
presented in Fig. 1. 
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Fig. 1. (a:) AGNR-25 structure, (b): ABNNR-25 structure. 

 

3. RESULTS 

3.1 Electronic Properties 

The band structure of AGNR-25 and ABNNR-25 in absence and presence of the 
transverse electric field is presented in Fig. 2. According to Fig. 2(a) and 2(c) in 
absence of electric field both structures appear as semiconductors with direct 
energy band gap at the   point [29]. We calculated the energy band gap for 
AGNR-25 equal to 0.4398 eV and for ABNNR-25 equal to 4.457 eV[2]. 
According to Fig. 2(b) and 2(d), it is observed that applying and increasing the 
intensity of the field cause to change in the energy dispersion, increase the 
interband distance and decrease the energy band gap of both structures. 
Therefore, the band gap of AGNR-25 reduces to 0.1544 eV in presence a field 
of intensity 0.3 V/Ang. 
In Fig. 2 (b), increasing the intensity of the field cause to reduce the distance 
between the maximum of the highest valence band and the minimum of the 
lowest conduction band of AGNR-25 and moves converges of two bands in  K 
space from   point to the  X point. Applying of electric field causes  to increase 
the distance between the bands, especially in the vicinity of the Fermi level [30].  
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Fig. 2. (a), (b): band structure of AGNR-25 and (c), (d): the ABNNR-25 in absence and 
in presence of a field of intensity 0.3 V/Ang. 
 
In the ABNNR-25 nanoribbons, HOMO, which contain the π states, are 
distributed upon N atoms and LUMO, which contain the π* states, are 
distributed upon B atoms. Applying a field on the structure causes the electric 
potential felt by the electrons to be different at two different ends of the 
nanoribbon, then HOMO tend to edge where its potential is increased and 
LUMO also tend to edge where its potential is decreased [20]. 
Thus, according to Fig. 2(d), the energy band gap of the structure is reduced 
from 4.457 eV in absence of the field to less than 32.6 meV in presence of a 
field of intensity 0.30 V/Ang. Increasing the intensity of field to above this 
value will result in a metal-semiconductor transition. 
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The graph of the energy band gap value with respect to the field intensity for 
AGNR-25 and ABNNR-25 are also presented in Fig. 3(a) and 3(b), respectively. 
As we can see in Fig. 3(a) for the AGNR-25 structure, by increasing the 
intensity of the field, the value of the energy band gap was increased a small 
amount about 0. 6 meV firstly, then exponentially decreased to zero. In Fig. 3(b) 
for the ABNNR-25 structure, we also see a linear decrease in the value of the 
energy band gap with increasing electric field intensity [29]. 
 

 
 

Fig. 3. graph of the energy band gap value with respect to the field intensity for (a): 
AGNR-25 and (b): ABNNR-25. 
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Fig. 4. Density of states for (a): AGNR-25 nanoribbons and (b): ABNNR-25 
nanoribbons in absence and in presence of the electric field.  
 
The densities of states (DOS) in absence and in presence of an electric field 
with intensity 0.2 V/Ang are separately illustrated for each of the structures in 
Fig. 4. The positions of the peaks appearing in the DOS graph are related to the 
energy of the band edge states and the intensity of these peaks is also related to 
the inverse of the second root of the curvature of the bands. 
In the graph of the density of states for AGNR-25, Fig. 4(a), two adjacent peaks 
of the Fermi energy which appear in absence of the electric field around the 
energies -0.2493 eV and 0.2493 eV, after applying an electric field of intensity 
0.2 V/Ang appear with some displacement at -0.1652 eV and 0.1171 eV. The 
intensity of the peaks also increases slightly. These changes can be justified by 
the edge shape of the adjacent bands of the Fermi level in absence and presence 
of the field. In the graph of the density of states for ABNNR-25, Fig. 4(b), the 
most noticeable effect of the field is to close the large band gap of this structure. 
Also, the changes caused by the field in the curvature and energy of the edges of 
bands has resulted in the displacement of the peaks of DOS and changing their 
intensity. two adjacent peaks of the Fermi energy which appear in absence of 
the field around the energies -2.123 eV and 2.495 eV, after applying an electric 
field of intensity 0.2 V/Ang appear with some displacement around the energies 
-0.1231 eV and 0.1291 eV. 
 
3.2 Optical Properties 
In the following, we investigate the optical behavior of the desired nanoribbons. 
For this purpose, we applied a radiation with parallel polarization whose electric 
field vector is parallel to the positive direction of the x axis. We investigate the 
dielectric function and optical absorption coefficient of these structures in 
absence and in presence of the transverse electric field. The dielectric function 



56 * Journal of Optoelectronical Nanostructures     Spring 2020 / Vol. 5, No. 2 
 

contains useful optical information about the system and includes two real and 
imaginary parts: 

( ) ( )re imε ω ε ω iε (ω)= +                                                                                  (1) 

 
The imaginary part of the dielectric function, εim, can be defined using 
momentum matrix elements at the base of the occupied and unoccupied wave 
functions [31]: 
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The real part of the dielectric function, εre, is also obtained by means of the 
Kramers–Kronig relation as follows [31]:  
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According the Beer-Lambert law, the intensity of the incident ray in the 
environment is exponentially attenuated. The absorption coefficient is the 
distance which by going it, the intensity of radiation reaches to e-1 times its 
initial value [32]: 
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The graph of the real and imaginary parts of the dielectric function as well as 
the optical absorption coefficient for the AGNR-25 nanoribbons is presented in 
Fig. 5. First, in Fig. 5(a), we describe the graph for AGNR-25. The static 
dielectric function for this structure, εre(ω=0), is equal to 11.01. The first peak of 
the graph also appeared at 0.4225 eV and a negative peak is visible at 0.4875 
eV. The value of εre function is zero at the energies 0.4713 eV and 0.5132 eV, 
and at interval 0.4713 eV<E<0.5132 eV is negative. It is worth mentioning that 
at energies in which εre function are negative, the waves are not emitted and we 
will see the absorption and loss of radiation. The zeroes of the εre function are 
also associated with the plasmonic excitations of the system [33]. 
In presence of a field of intensity 0.3 V/Ang, the first peak shifts to the lower 
energy 0.1375 eV and its intensity also increases significantly. Also, the first 
negative peak shifts to energy 0.1875 eV.  
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Fig. 5: graph of (a): The real part of the dielectric function, (b): The imaginary part of 
the dielectric function, and (c): Optical absorption coefficient for AGNR-25 structure in 
absence and presence of the electric field. 
 
In presence of this electric field, the static dielectric function is enhanced to 
47.75 and the energy interval in which the function is negative, also changes to 
0.1681 eV<E<0.4929 eV.  
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According to Fig. 5(b), it can be seen that the first and second peaks of εim graph 
in absence of the electric field appear at 0.465 eV and 0.5525 eV respectively.  
As a consequence of the decrease of the energy band gap, in presence of the 
field the first peak shifts to the lower energy 0.165 eV. The intensity of this 
peak is also increased. The second peak has a red shift too, and appears at 
energy 0.33 eV, but its intensity decreases. Due to the presence of the field, the 
distance between the two peaks has increased. 
According to Fig. 5(c), the first and second peaks of α graph in absence of the 
field appear at 0.4825 eV and 0.5625 eV respectively. The location of the first 
peak of this graph named optical gap literally. As shown in the diagram, the 
absorption value is relatively high in the interval of 0.5 eV to 1.0 eV. By 
applying the field and decreasing the band gap, the first two peaks of this graph 
are shifted to lower energies 0.1825 eV and 0.2475 eV. The intensity of the first 
peak is also slightly reduced. In the presence of the field, the distance between 
the first two peaks decreases and, the absorption value increases relatively from 
0.1 V to 0.4 V. 
The optical graphs of the ABNNR-25 nanoribbons are presented in Fig. 6. 
According to Fig. 6(a), the static dielectric function for this structure is equal to 
1.706. The first peak of the graph also appeares at 4.463 eV and a negative peak 
is visible at 5.672 eV. The value of εre function is zero at the energies 5.649 eV 
and 5.968 eV, and at interval 5.649 eV <E<5.968 eV is negative. In presence of 
the field, the first peak shifts to the lower energy 0.5425 eV and its intensity is 
greatly reduced. Also, the first negative peak shifts to energy 6.032 eV. The 
static dielectric function is enhanced to 1.746 and the energy interval in which 
the function is negative, also changes to 5.707 eV<E<6.080 eV.  
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Fig. 6: graph of (a): The real part of the dielectric function, (b): The imaginary part of 
the dielectric function, and (c): Optical absorption coefficient for ABNNR-25 structure 
in absence and presence of the electric field. 
 
According to Fig. 6(b), it can be seen that the first and second peaks of εim graph 
in absence of the electric field appear at 4.488 eV and 4.62 eV respectively.  
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In presence of the field, the first peak shifts to the lower energy 0.05 eV. The 
intensity of this peak is also increased significantly. The second peak has a red 
shift too, and appears at energy 0.565 eV. Due to the presence of the field, the 
distance between the two peaks has increased. 
According to Fig. 5(c), the first and second peaks of α graph in absence of the 
field appear at 4.49 eV and 4.628 eV respectively. By applying the electric field, 
the first two peaks of this graph are shifted to lower energies 0.06 eV and 
0.1875 eV. The intensity of the first peak is also significantly reduced. Also, In 
the presence of the field, the distance between the first two peaks decreases. 

4. CONCLUSION 
In this study, we investigate the electronic and optical behavior of AGNR-25 
and ABNNR-25 nanoribbons in presence of an electric field by using density 
functional theory. If the electric field intensity is large enough, the band gap is 
almost completely removed. These critical field intensities are 0.5 V/Ang and 
0.3 V/Ang for AGNR-25 and ABNNR-25 respectively. Because of the electric 
field applying, the convergence point of the highest valence band and the lowest 
conduction band is shifted from   point to X point for the AGNR-25. For the 
ABNNR-25, the semiconductor-metal transition was achieved in the presence of 
field of intensity 0.3 V/Ang. Increasing the field intensity on the AGNR-25 
significantly increased the static dielectric function. But, the presence of the 
field causes a slight increase in the static dielectric function of the ABNNR-25. 
Optical band gaps of both system also have undergo a red shift due to the field 
presence. Finally, displacement of the zeroes of εre indicates that the plasmonic 
behavior of these systems is affected by the electric field. This gap modulation 
and the resulting changes in the electronic and optical properties promise 
potential applications in future electronic and optical devices. 
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