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Abstract: Due to their unique geometry and favorable mechanical and electrical

properties, carbon nanocones (CNCs) are increasingly studied for applications in electronics,
optics, energy storage, and biomedicine. In this computational study, we investigate the
structural and electronic stability of several CNC systems with different disclination angles,
using two modern semi-empirical methods: GFN2-xTB and g-xTB. Geometry optimizations
and property calculations were performed for each system, with particular focus on the
HOMO-LUMO gap as a measure of molecular stability. In addition, dipole moments were
computed to gain insight into charge separation and polarity across the nanocone series. All
calculations were carried out using the Atomistica.online (https://atomistica.online/) 2025
platform. The results show that the NC60 nanocone, corresponding to a 60° disclination
angle, exhibits the highest stability among the systems studied. This work provides valuable
comparative data and further insight into the structure-property relationships of carbon
nanocones, contributing to their potential application in nanotechnology and materials
science.
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1. Introduction

Carbon nanocones (CNC) are hollow cone-shaped structures made of graphitic
carbon [1]. Eight classes of different CNC structures were identified along with their
subclasses [2]. These structures were first noticed in 1994 [3], but only in the following years
was their significance and potential discovered. It is possible to mathematically model CNC
as three-dimensional planar infinite graphs with the formation of a network of carbon atoms
[4]. Unlike other carbon nanomaterials, CNC has an open structure, high mechanical strength
and conductivity, as well as a larger surface area and porosity, which makes it useful for a
wide range of potential applications [5].
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Because of its excellent mechanical and electrical properties, CNC has become an
attractive nanomaterial that still attracts the attention of many scientists. It is increasingly
used in gas storage devices, biofuel cells, supercapacitors and sensors such as biochemical
and electrochemical [6-9]. It is useful in the fields of optics and electronics. CNC can also be
used as an anode material for various ion batteries [10, 11]. Due to its curvature, it stands
out as very successful in storing hydrogen [12-14]. This nanomaterial is characterized by
biocompatibility, which makes it suitable for use in the medical field. [15, 16]. They have
been investigated as possible carriers of platforms for the delivery of drugs, vaccines and
gene therapy [17-19].

In this work, we investigated several nanocone structures that differ in their
disclination angle, a geometric parameter that defines the opening angle of the cone. The
number in each nanocone label (e.g., NC60, NC120) corresponds to the disclination angle in
degrees. These nanocones were optimized using two modern semi-empirical quantum
chemical methods: GFN2 and g-xTB. In addition to evaluating stability through the HOMO-
LUMO gap, we also examined charge separation in these systems by calculating their dipole
moments.

The initial nanocone structures were generated using Nanotube Modeler (Generation
of Nano-Geometries, JCrystalSoft, 2005-2018) [20,21], a software tool that allows the
construction of carbon nanostructures based on user-defined parameters. Each nanocone
was built with a specific disclination angle, which determines the cone's opening angle and
corresponds to the value in the structure's label (e.g., NC60, NC120).

Geometry optimizations and property calculations were performed using two
modern semi-empirical quantum chemical methods: GFN2-xTB [22] and g-xTB [23],
developed by Prof. Grimme and coworkers. Both methods are part of the extended tight-
binding framework developed to provide reliable results with reduced computational cost
[24-26].

All calculations were conducted using the Atomistica.online 2025 platform [27,28],
which integrates xtb and g-xtb codes into a browser-based environment for accessible
atomistic modeling. The platform enabled efficient geometry optimization and analysis of
electronic properties, including HOMO-LUMO gaps and dipole moments, for all nanocone
systems investigated in this study.
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‘ 3. Results and discussion

3.1. Stability of nanocones

Optimization calculations were performed using two semi-empirical methods: GFN2
and g-xTB. Both methods yielded very similar geometries, which is expected due to the high
symmetry and rigidity of the nanocone structures. These similarities suggest that either
method can be reliably used for structural optimization of such systems. In addition, the
optimized structures obtained here can serve as a suitable starting point for further

refinement using more advanced quantum chemical methods. Optimized geometries of
studied CNCs are presented in Figure 1.

Figure 1. Geometrically optimized structures of the nanocones obtained by the g-xTB
method: (a) NC60, (b) NC120, (c)NC240, (d) NC300

To assess the stability, we calculated the energy gap (Eg), defined as the difference
between the energies of the lowest unoccupied molecular orbital (LUMO) and the highest
occupied molecular orbital (HOMO):

Eg = Erymo — Enomo €Y)

The HOMO-LUMO gap (Eg) values for each nanocone system, calculated using both
the GFN2 and g-xTB methods, are presented in Table 1.
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Table 1. The value of the HOMO-LUMO gap of systems optimized by the GFN2 method

Nanocone system Eg [eV] GFN2 Eg [eV] g-xTB
NC60 1.43 5.18
NC120 0.15 3.47
NC240 0.37 3.67
NC300 0.19 3.75

Eg values for each nanocone system, calculated using both the GFN2 and g-xTB
methods, are presented in Table 1. While both methods identify NC60 as the most stable
system, they differ in the absolute Eg values. The g-xTB method consistently predicts
significantly larger energy gaps than GFNZ2. For example, the Eg for NC60 is 1.43 eV with
GFN2Z and 5.18 eV with g-xTB. For NC120 and NC240, both methods follow the expected
trend of decreasing stability with increasing size, as reflected by smaller Eg values. However,
a slight discrepancy appears with NC300. The GFN2 method suggests a further decrease in
the HOMO-LUMO gap for NC300 (0.19 eV), indicating continued destabilization. In contrast,
g-xTB predicts a slightly larger gap for NC300 (3.75 eV) than for NC240 (3.67 eV), suggesting
a slight reversal or plateau in the stability trend.

This difference may be a consequence of how each method treats the frontier orbitals
in extended systems or from differences in basis set approximations and treatment of
electronic delocalization. Despite this inconsistency for NC300, both methods agree on the
general trend and relative ranking of smaller nanocones, particularly highlighting NC60 as
the most electronically stable structure.

Dipole moment is a fundamental molecular property that gives insights into the
separation of positive and negative charges within a molecule. It arises from an uneven
distribution of electron density and is a direct measure of molecular polarity. Nanostructures
like carbon nanocones often possess intrinsic asymmetry due to their conical geometry,
because of which dipole moments can provide valuable insight into electronic distribution
and surface reactivity. Even in systems composed of a single element such as carbon, the
geometry alone can induce local polarizations, especially when the structure lacks mirror or
inversion symmetry.

Understanding the dipole moment of nanocones is important because it affects how
these structures behave in different environments. Charge separation plays a key role in how
nanocones interact with electric fields, solvents, or polar molecules. This kind of information
is especially useful when designing devices like sensors, capacitors, or electrochemical
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systems that rely on those interactions. Also, dipole moments can affect the orientation and
self-assembly of nanostructures in complex environments. Finally, dipole moment values
serve as an additional indicator of structural asymmetry and can complement other
electronic parameters such as the HOMO-LUMO gap. By analyzing dipole moments of
nanocones of different sizes, it is possible to obtain a better understanding of how structural
growth impacts charge distribution and polarity. Dipole moments have also been calculated
using the GFN2 method, and the results are presented in Table 2.

Table 2. Dipole moments of nanocone systems calculated with the GFN2 method

Nanocone system Dipole moment GFN2 Dipole moment g-xTB
NC60 4.08 7.08
NC120 5.11 9.06
NC240 6.65 9.54
NC300 12.46 24.60

As shown in Table 2, the dipole moment increases with the size of the nanocone. This
trend is expected due to the growing asymmetry and elongation of the structures as more
atoms are added. The NC60 system, which is the smallest, has the lowest dipole moment,
while NC300 exhibits the highest value, more than three times larger. This increase suggests
a progressive polarization of the charge distribution as the nanocone becomes larger.

These results indicate that larger nanocones may have a stronger interaction with
external electric fields or polar environments, which could be important for applications in
sensing, alignment in external fields, or self-assembly. Additionally, the presence of nonzero
dipole moments in all systems, despite being composed only of carbon atoms, confirms that
geometry alone can induce significant charge separation in conical nanostructures.

Based on the research conducted, it can be concluded that the electronic stability of
carbon nanocones depends on their size, ie geometry. The values of the HOMO-LUMO gap
(Eg) calculated using the GFN2 and g-xTB methods unambiguously indicate that the NC60
system is the most stable. The values of the dipole moment serve as a complement to the
electronic parameters and increase with the size of the nanocone. The NC300 system has the
highest dipole moment value, which is expected. Overall, the obtained results contribute to
a better understanding of the structural and electronic stability of carbon nanocones, which
contributes to further research and potential applications of the observed systems.
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