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Abstract Compared with carbon nanocones, Boron Nitride Nanocones (BNNCs) are
characterized by different physical, chemical, and electronic properties. Since BNNCs are
in three types of covalent bonds (B-N), B-B, and (N-N), carbon nanocones contain only
C-C bonds. Given that the structural properties of nano cones depend on the disclination
angle of the cone, the current study aims to discuss the electronic and structural properties
of boron nitride nanocones in different sizes (height and disclination angle) using Density
Functional Theory (DFT) calculations. To this end, the relevant calculations were done
for boron nitride nanocones with the cone heights of 1 to 5 angstroms at the disclination
angle of 60°, 3 to 7 angstroms at the disclination angle of 120°, and 4 to 8 angstroms at
the disclination angles of 180 and 240°. In this work, the density of states, quantum
parameters, analysis of bond order, bond length, polarizability, anisotropic polarization,
dipole moment, atomic charges, and frequencies were calculated using the DFT.
According to the results, the best structure was identified based on the height and
disclination angles to be further used in the next calculations. It is hoped that the results
of this project can be useful in expanding the experimental works and effective in the
design of nanocones as well in order to absorb gases, drugs, etc.
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1. INTRODUCTION

Nanocones are considered intermediate structures
between nanotubes and graphene, hence an interesting
structure for technological applications. Their shape
facilitates their applications in the storage as well as
absorption of gases of gases such as hydrogen (Hsieh et
al., 2009; Liao, 2012; Sripirom et al., 2011). Boron
Nitride Nanocones (BNNCs) are a type of BN
nanostructures with hollow structures made of boron
and nitrogen that are conical in shape. Considerable
research has been done on the BN nanocones with the
density functional theory calculations (Doroudi & Jalali
Sarvestani, 2020; Mirzaei et al., 2012). However, no
study has been carried out on the effect of the height and
disclination angle of the bornitride nanocones on their
structural properties. In this regard, for the first time, this
study attempts to investigate the effect of height and
disclination angle of the bornitride nanocones on their
structural and electronic properties in order to determine
how charge would be distributed through the molecule.
2. MATERIALS AND METHODS

Computational simulation for the BNNCs structures

in gas phase was performed using Gaussian 09 program
(Frisch et al., 2010) by Becke’s three-parameter Lee-
Yang-Parr hybrid functional (B3LYP) (Becke, 1992)
with cc-pvdz basis set. In addition, frequency
calculations were done through the DFT/B3LYP/cc-
pvdz method. Both DFT and B3LYP methods have been
widely used in calculations (Arjmandi et al., 2018;
Kalantarian, 2019). In the DFT calculations, the cost of
analysis is greatly reduced, and experimental errors are
eliminated. In addition, they give us excellent insights
into the structural geometric changes, mutual energy,
and load distribution in the encapsulation process. It
should be noted that the B3LYP Method is one of the
most accurate methods for calculating energy (Lépez &
Illas, 1998). The frequencies of all structures are
positive, indicating that there is a minimum of energy on
the potential energy level in all BNNCs structures. The
Hirshfeld and Atomic Dipole Moment Corrected
Hirshfeld (ADCH) (Lu & Chen, 2012a) charges was
performed using a Multifunctional Wavefunction
(Multiwfn) Analyzer (Lu & Chen, 2012b). The charges,
calculated through these methods, give information
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about charge concentration or depletion on each atomic
site. Both Mayer Bond Order (MBO) (Mayer, 1983) and
Fuzzy Bond Order (FBO) (Mayer & Salvador, 2004) of
the BNNCs structures were calculated based on the
Multiwfn code. The quantum chemical parameters can
be also used to obtain information about the chemical
reactivity of the molecules. The most important of these
descriptors are energy gap (Eg), global hardness (n), and
electronegativity (). To determine the nonlinear optical
properties of the studied compounds, the values of
polarizability (a), polarizability anisotropy (Aa), and
dipole moment (u) should be calculated.

3. RESULTS AND DISCUSSION

Table 1 confirms the low energy gap (low global
hardness) of BasgNa2Hzo when compared to other
complexes with the disclination angle 60°; therefore, it
has more reactivity than others. While comparing
electronegativity, it can be concluded that BsNsHig
complex tends to absorb more electron than other
complexes at the disclination angle of 60°. In these
structures, as the height of the nano-cone increases, the
average lengths of the bond, dipole moment,
polarizability, and anisotropy polarizability —will
increase while the average orders of the bond will
decrease. Thus, in the B2NsHs molecule, the average
bond lengths of B-N and N-N reach their lowest value
while the average bond order reaches its highest value in

both methods. According to the findings, BasNa2H2o has
the highest dipole moment, polarizability, and
anisotropy polarizability; in other words, this molecule
is softer and more reactive than other ones. In the
BNNCs structures with the disclination angle 120°,
B24N24H24 has less energy gap, less hardness, and thus
more  reactivity. BioNi2Hig has  the  highest
electronegativity and for this reason, it tends to absorb
more electrons. B3;NsHie has the minimum value of
average bond length and the maximum dipole moment,
polarizability, and anisotropy polarizability. Among the
BNNC:s structures with the disclination angle of 180°,
B22N2sH12 has more reactivity due to its less energy gap
and hardness. B22NzsHi2 has the highest value of the
average bond order, dipole moment, polarizability, and
anisotropy polarizability as well as the lowest value of
the average bond length of N-N in the BNNCs with the
disclination angle of 180 °. BsNgHi2 has the lowest value
of the average bond order and the highest value of the
average bond length of N-N. In BNNCs structures with
the disclination angle of 240°, Bi14Ni4Hio has more
reactivity (the lowest energy gap and hardness but the
highest dipole moment, polarizability, and anisotropy
polarizability), and it also tends to absorb more
electrons. BsN4Hs has the highest value of the average
bond length. As the height of nano-cone increases, the
average bond length between the boron and nitrogen
atoms decreases.

Table 1. The gap energy, global hardness, electronegativity, polarizability, polarizability anisotropy and dipole moment for the
studied compound

Disclination angle Complex Eq(eV) n(eV) x(eV) Hot(D)  o10t.10723 (esu)  Aa.1023 (esu)

B2N3Hs 6.969 3.484 2.461 1.360 0.639 0.384

BsNsHio 5.332 2.666 3.851 1.915 1.467 1.031

60 B1sN1sH20 4.891 2.446 3.283 3.064 4.186 2.614
B21N24H15 4.927 2.463 2.664 5.107 5.661 3.674

B3sNaz2H20 4.683 2.341 2.604 7.031 10.306 6.833

BsNsHs 6.730 3.365 3.613 2.611 1.934 0.813

B12N12H16 6.017 3.008 3.893 1.829 3.186 1.516

120 B1sN1sH12 6.232 3.116 3.727 4.069 4.344 1.677
B24N24H24 5.792 2.896 3.688 4.359 6.223 2.379

B32N32H16 6.320 3.160 3.557 5.352 7.874 3.002

BsN7Hs 5.145 2.573 3.617 4.664 1.361 0.315

BgoNgH12 5.610 2.805 4.404 6.478 2.420 0.841

180 B12N1sHo 4.755 2.377 3.515 5.503 3.043 0.447
B1sN1sHas 4,733 2.366 3.551 8.651 4.566 0.848

B22N2sH12 4.157 2.079 3.161 8.747 5.520 0.461

B4N4Hs 6.888 3.444 3.493 2.960 0.987 0.109

BsNesH10 5.978 2.989 3.680 2.607 1.632 0.439

240 B7N7Hs 5.672 2.836 3.759 1.462 1.722 0.250
B1oN1oH10 5.471 2.735 4.012 1.311 2.448 0.662

B14N14H10 5.265 2.633 4.023 4,557 3.252 0.689

Density of States (DOS) spectra may help gain a
deeper understanding of the BNNCs structures. The
DOS for these structures were calculated and plotted in
Figure 1, showing that the DOS increases upon
increasing the cone height in the optimized BNNCs
structures. It should be noted that DOS spectra follows

a trend similar to that of energy gap. The difference
between the minimum and maximum energy gap at the
disclination angles 60°, 120°, 180°, and 240° is equal to
2.286, 0.938, 1.453 and 1.623 angstroms, respectively,
and these differences can also be seen in Figure 1.
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Figure 1. DOS of geometrically optimized for BNNCs
structures with disclination angle 60°, 120° , 180° and
240°and the cone heights 1-5A, 3-7A, 4-8A,
and 4-8A respectively.

4. CONCLUSION
In order to better understand the effect of the height

and disclination angle of nanocones on the calculations

of the structural properties, the heights of the selected

cone were assumedtobe 1t05,3t07,4t08,and4t0 8

A at the disclination angles of 60°, 120°,180°, and 240°,

respectively. The findings of this study are summarized

in the following:

1- In the DOS diagrams, the energy gap was in the
range of HOMO and LUMO energies.

2- The bond order among all atoms was the first order,
and the results of the MBO method were almost the
same as the FBO method.

3- Analysis of the atomic charges using Hirshfeld and
ADCH methods showed that all nitrogen atoms had
a negative charge while all boron atoms had a
positive charge.

4-  The IR spectrum results revealed that the highest
vibration frequencies were attributed to the

stretching modes of the last ring, and the vibration
frequencies of N-H or H-N-H stretching modes
were higher than those of B-H or H-B-H stretching
modes. The highest intensity resulted from the
deformation state of the nanocone.
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BsNsHao 1.432 1.320 1.240 1.410 0.928 1.169
60 B1sN1sHz20 1.448 1.252 1.162 1.441 0.933 1.158
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B14N14H10 1.462 1.213 1.121 - - -
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angle Complex  Eg(eV) n(eV) yx(eV)

B2N3zHs 6.969 3.484 2.461

BsNsH10 5.332 2.666 3.851

60 BisNisHo  4.891  2.446 3.283
B21N2saHis  4.927  2.463 2.664

BssNa2H2o  4.683  2.341 2.604

BsNsHs 6.730 3.365 3.613

B12N12His  6.017  3.008 3.893

120 BisNigH12  6.232 3.116 3.727
B2sN2saH24  5.792 2.896 3.688

Ba2Ns2Hie  6.320 3.160 3.557

BsN7Hs 5.145 2573 3.617
BoNgH12 5.610 2.805 4.404
180 B12N1sHe  4.755  2.377 3.515
BisNigHis 4.733 2.366 3.551
B22N2sH12  4.157 2.079 3.161

B4NsHs 6.888 3.444 3.493
BsNeH1o  5.978 2.989 3.680
240 B7N7Hs 5.672 2.836 3.759
BioNioH1o 5.471 2735 4.012
BusN1sHio  5.265 2.633 4.023
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B2N3Hs 1.360 0.639 0.384

BsNsHio  1.915 1.467 1.031

60 BisNisH2o  3.064 4.186 2.614
B21N24aH15  5.107 5.661 3.674

BasNa2H20  7.031 10.306 6.833

BsNsHs 2.611 1.934 0.813

B12N12H1s  1.829 3.186 1.516

120 Bi1sNisH12  4.069 4.344 1.677
B2aN24aH24  4.359 6.223 2.379
Bs2N32His  5.352 7.874 3.002

BsN7Hs 4.664 1.361 0.315

BoNgH12  6.478 2.420 0.841

180 B12NisHg  5.503 3.043 0.447
Bi1sNisHis  8.651 4.566 0.848
B22N2sH12  8.747 5.520 0.461

BsN4Hs 2.960 0.987 0.109

BsNeH10  2.607 1.632 0.439

240 B7N7Hs 1.462 1.722 0.250
BioN1oH10  1.311 2.448 0.662
B1sN1aH10  4.557 3.252 0.689
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