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Abstract 
The rapid exhaustion of fossil fuel resources, coupled with increasing environ-
mental degradation, has driven the pursuit of sustainable and clean energy 
carriers. Hydrogen, in particular, has attracted considerable attention as a po-
tential alternative energy medium capable of addressing these challenges, while 
also aligning with the performance targets established by DOE. This study sys-
tematically investigates the synergistic effects of mono-vacancy engineering 
(V1 at the apex, V2 away from the apex) on the hydrogen adsorption proper-
ties of carbon nanocones (CNCs) across five disclination angles (60˚ - 300˚). 
First-principles DFT calculations (B3LYP/6-31G) reveal that the C89H10-V1-
HS2 configuration at a 300˚ disclination angle possesses the most favorable ad-
sorption energy of −4.95 eV, a peak dipole moment of 24.21 D, and a mini-
mum energy gap of 0.02 eV. Complementary Monte Carlo simulations per-
formed via PHITS 3.35 provide a macroscopic validation, demonstrating that 
these vacancy sites act as focal points for energy localization. The results indi-
cate a maximum localized temperature rise of 34.8 K and an absorbed dose of 
0.82 Gy. These findings confirm that vacancy-induced electronic modulation, 
combined with localized thermal excitation, significantly enhances the hydro-
gen storage potential of CNCs for irradiation-assisted applications. 
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1. Introduction 

Nanomaterials have emerged as one of the most transformative innovations in 
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modern science and engineering, offering an extensive range of applications that 
span across electronics, energy storage, medicine, catalysis, and aerospace tech-
nologies. Their properties are uniquely defined by quantum confinement, pro-
nounced surface-to-volume ratios, and tunable electronic structures, setting them 
apart from bulk forms. These features have enabled nanomaterials to play an in-
creasingly significant role in the miniaturization and performance optimization 
of contemporary devices, from everyday consumer electronics to complex on-
board satellite systems. As the demand for faster, lighter, and more energy-effi-
cient technologies continues to rise, research in nanoscience and nanotechnology 
has intensified considerably over the past few decades [1]-[6]. 

The 1991 discovery of carbon nanotubes (CNTs) by Iijima [7] marked a turning 
point in the study of low dimensional carbon-based materials. Owing to their ex-
traordinary electrical conductivity, exceptional tensile strength, high aspect ratio, 
and chemical stability, CNTs rapidly became the focus of extensive theoretical and 
experimental investigations. Their versatile properties have led to exploration in 
a wide variety of applications, including nanoscale transistors, hydrogen storage 
systems, biosensors, and composite materials. Following this discovery, research-
ers extended their attention to other related carbon nanostructures such as fuller-
enes, graphene, and carbon nanocones (CNCs), each possessing distinctive geo-
metrical and electronic features [8]-[10]. 

Carbon nanocones, in particular, have drawn substantial interest due to their 
conical geometry, which introduces localized strain and curvature dependent 
properties that differ from those observed in CNTs. Despite their structural simi-
larity to nanotubes, CNCs exhibit unique edge states, apex reactivity, and potential 
field-emission characteristics that make them attractive for applications in catalysis, 
energy storage, and nanoelectronics [11] [12]. More recently, attention has ex-
tended to carbon nanocones (CNCs), the conical analogues of CNTs, which com-
bine many of their advantageous characteristics with unique geometrical features 
that offer new opportunities for nanoscale precision engineering [2] [13]-[20]. 

Parallel developments in hydrogen energy storage have intensified research into 
nanostructured carbon materials as potential hydrogen storage media. CNTs, gra-
phene derivatives, and porous carbon frameworks are being studied for their abil-
ity to store hydrogen through physisorption and chemisorption, enabled by their 
high surface-to-volume ratios and adjustable pore architectures [21]-[32]. The 
hollow cylindrical morphology and low mass density of CNTs, in particular, sup-
port efficient hydrogen adsorption and release, processes that are highly sensitive 
to temperature and therefore controllable for practical applications [33]-[36]. 
Mechanistic studies have shown that hydrogen adsorption often begins with cat-
alytic dissociation of H2 molecules at metal nanoparticle sites residual from syn-
thesis followed by the migration of atomic hydrogen onto the carbon substrate 
[37]-[41]. Such findings underscore the combined roles of catalytic impurities and 
nanoscale design in enhancing hydrogen uptake efficiency and optimizing mate-
rial performance for clean energy storage. 
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This study bridges this gap by investigating the hydrogenation of mono-va-
cancy engineered CNCs (V1 at the apex and V2 distal to the apex) across five 
disclination angles (60˚ - 300˚). By employing a dual-methodological approach, 
we utilize Density Functional Theory (DFT) to resolve atomic-scale adsorption 
energetics and electronic reactivity (HS1, HS2, and HS3 sites), while simultaneously 
implementing Monte Carlo simulations via PHITS 3.35 to evaluate the macro-
scopic radiation-matter interactions and thermal responses [42]. This multiscale 
framework aims to elucidate the role of structural vacancies in governing both the 
chemical binding stability and the irradiation-assisted activation of hydrogen 
storage in CNC-based systems. 

2. Materials and Methods 
2.1. Computational Framework: DFT Analysis 

Atomic-scale investigations were conducted using Density Functional Theory 
(DFT) as implemented in the Gaussian 09W package [43]. The B3LYP hybrid 
functional [44] [45] was employed in conjunction with the 6-31G basis set for all 
constituent atoms. Geometric models were constructed and analyzed using the 
Gauss View 5 interface [46]. The study focused on hydrogenated CNCs featuring 
mono-vacancy defects (V1 and V2) across disclination angles of 60˚, 120˚, 180˚, 
240˚, and 300˚ (Figure 1). For each disclination angle, the atomic composition was 
uniquely determined by the topological construction of the truncated graphene 
cone followed by edge reconstruction and hydrogen passivation of all under-
coordinated rim atoms. This procedure produces the parent stoichiometries 
shown in Figure 1, namely C80H20 for 60˚, C92H20 for 120˚, C102H18 for 180˚, C94H14 
for 240˚, and C90H10 for 300˚, reflecting the systematic variation of rim length and  
 

 
Figure 1. Schematic representation of mono-vacancy CNCs: (a) C80H20 with disclination 
angle 60˚, (b) C92H20 with disclination angle 120˚, (c) C102H18 with disclination angle 180˚, 
(d) C94H14 with disclination angle 240˚ and (e) C90H10 with disclination angle 300˚ (grey 
atoms are represented carbon atoms and white atoms are represented hydrogen atoms). 
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coordination number with increasing disclination. To eliminate edge-effect arti-
facts and ensure electronic stabilization, peripheral dangling bonds were saturated 
with hydrogen atoms. Mono-vacancy defects (V1 and V2) were then introduced 
by removing a single carbon atom from the optimized parent structures without 
modifying the hydrogen termination, yielding the defected systems illustrated in 
Figure 2, including C79H20-V1, C79H20-V2, C89H10-V1, and C89H10-V2. Geometry 
optimizations were performed without symmetry constraints, allowing for the 
complete relaxation of bond lengths and bond angles until stringent convergence 
criteria for energy and forces were satisfied. Adsorption energies (Eads), HOMO-
LUMO gaps, and density of states (DOS) were systematically evaluated for three 
distinct sites (HS1, HS2, and HS3) across varying cone sizes (Figure 2). 
 

 
Figure 2. Optimized structures for hydrogenation sites 1-HS1, 2-HS2, 3-HS3 of mono-va-
cancy CNCs with disclination angle 60˚ for structures (a) C79H20-V1, (b) C79H20-V2, and 
with disclination angle 300˚ for structures (c) C89H10-V1, (d) C89H10-V2. 

2.2. Macroscopic Simulation: PHITS 3.35 Implementation 

To extend the analysis to macroscopic irradiation response and thermal beha- 
vior, Monte Carlo simulations were executed using the Particle and Heavy Ion 
Transport Code System (PHITS), version 3.35 [42] [47]. In these simulations, the 
CNC frameworks were irradiated by a monoenergetic proton beam with a kinetic 
energy of 10 MeV and electron beam with a kinetic energy of 1 MeV, selected to 
ensure effective coupling between the incident particles and the light-element lat-
tice of carbon nanocones. This phase of the study aimed to quantify the energy 
deposition density, absorbed dose, and localized temperature rise (∆T) within the 
CNC frameworks under irradiation. The chosen proton energy lies within the re-
gime of high stopping power for carbon-based materials, allowing simultaneous 
treatment of ionization losses and elastic nuclear scattering, which is essential for 
capturing both electronic excitation and atomic-scale energy transfer. The simu-
lation geometry mirrored the optimized DFT structures, accounting for the local-
ized electronic environment induced by V1 and V2 vacancies. Incident particle 
interactions were modeled to assess how structural disclinations influence the in-
teraction cross-section and energy dissipation pathways under 5 MeV proton ir-
radiation. By integrating the microscopic binding energetics from DFT with the 
macroscopic energy deposition spectra from PHITS, a synergistic correlation was 
established to identify the most responsive configurations for irradiation-assisted 
hydrogen activation. 

https://doi.org/10.4236/ojcm.2026.162004


M. A. Al-Khateeb, A. El-Barbary 
 

 

DOI: 10.4236/ojcm.2026.162004 63 Open Journal of Composite Materials 
 

3. Results and Discussion 
3.1. Hydrogen Adsorption Energetics and Electronic Structure 

The adsorption behavior of a single hydrogen atom on mono-vacancy (V1 and 
V2) carbon nanocones (CNCs) was systematically examined at three hydrogena-
tion sites (HS1, HS2, and HS3), as shown in Figure 2. The calculated adsorption 
energies listed in Table 1, demonstrate that HS2 is consistently the most energet-
ically favorable site. In all cases, V1-containing CNCs exhibit more negative ad-
sorption energies than their V2 counterparts, indicating stronger thermodynamic 
stability when hydrogen atoms bind to carbon atoms adjacent to mono-vacancies. 
The most stable adsorption energies were determined to be −2.45 eV, −3.46 eV, 
−3.55 eV, −2.87 eV, and −4.95 eV at disclination angles of 60˚, 120˚, 180˚, 240˚, 
and 300˚, respectively, revealing that hydrogen binding strength increases with 
cone size and disclination angle. This trend is consistent with previous theoretical 
reports [1] [48], with the C89H10-HS2-V1 configuration at 300˚ identified as the 
most stable system (−4.95 eV). Correspondingly, the electronic band gaps of hy-
drogenated mono-vacancy CNCs, summarized in Table 2, show that V1 systems 
consistently possess narrower gaps than V2 systems. The minimum and maxi-
mum band gaps were found to be 0.02 eV for C89H10-V1-HS2 at 300˚ and 0.08 eV 
for C79H20-V2-HS1 at 60˚, respectively, with the band gap decreasing as cone angle 
and size increase, in agreement with earlier studies [31]-[33]. As illustrated in Fig-
ure 3, the HOMO of hydrogenated C89H10-V1 at 300˚ is highly localized around 
the vacancy and neighboring carbon atoms, while the LUMO extends over the 
conical surface toward the defect region, facilitating charge transfer through the 
vacancy site. The resulting reduction in the HOMO-LUMO gap enhances elec-
tronic conductivity and surface reactivity, providing a coherent electronic expla-
nation for the observed adsorption trends and confirming the critical role of 
mono-vacancy engineering in improving the hydrogen storage potential of CNCs. 
 

 
Figure 3. The molecular orbital of HOMOs, LUMOs for hydrogenated mono-vacancy 
C89H10-V1 with disclination angle 300˚. 
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Table 1. The configuration structures and the adsorption energy of hydrogenated mono-vacancy (V1 and V2) CNCs for disclination 
angles 60˚, 120˚, 180˚, 240˚, and 300˚. All energies are given by eV. 

 Angle 60˚ Angle 120˚ Angle 180˚ Angle 240˚ Angle 300˚ 

 Structures H
adsE  Structures H

adsE  Structures H
adsE  Structures H

adsE  Structures H
adsE  

V1 

C79H20-HS1 −1.35 C91H20-HS1 −2.40 C101H18-HS1 −1.83 C93H14-HS1 −2.87 C89H10-HS1 −3.78 

C79H20-HS2 −2.45 C91H20-HS2 −3.46 C101H18-HS2 −3.55 C93H14-HS2 −2.02 C89H10-HS2 −4. 95 

C79H20-HS3 −1.82 C91H20-HS3 −0.34 C101H18-HS3 −2.04 C93H14-HS3 −2.25 C89H10-HS3 −3.20 

V2 

C79H20-HS1 −0.63 C91H20-HS1 −2.49 C101H18-HS1 −1.63 C93H14-HS1 −1.07 C89H10-HS1 −1.10 

C79H20-HS2 −1.80 C91H20-HS2 −1.34 C101H18-HS2 −2.91 C93H14-HS2 −1.75 C89H10-HS2 −2.80 

C79H20-HS3 −0.39 C91H20-HS3 −1.21 C101H18-HS3 −0.47 C93H14-HS3 −2.08 C89H10-HS3 −1.64 

 
Table 2. The configuration structures and the energy gap of hydrogenated mono-vacancy (V1 and V2) CNCs for disclination angles 
60˚, 120˚, 180˚, 240˚, and 300˚. All energies are given by eV. 

 Angle 60˚ Angle 120˚ Angle 180˚ Angle 240˚ Angle 300˚ 

 Structures Eg Structures Eg Structures Eg Structures Eg Structures Eg 

V1 

C79H20-HS1 0.06 C91H20-HS1 0.04 C101H18-HS1 0.05 C93H14-HS1 0.03 C89H10-HS1 0.03 

C79H20-HS2 0.04 C91H20-HS2 0.03 C101H18-HS2 0.05 C93H14-HS2 0.03 C89H10-HS2 0.02 

C79H20-HS3 0.04 C91H20-HS3 0.03 C101H18-HS3 0.04 C93H14-HS3 0.03 C89H10-HS3 0.03 

V2 

C79H20-HS1 0.08 C91H20-HS1 0.04 C101H18-HS1 0.05 C93H14-HS1 0.04 C89H10-HS1 0.05 

C79H20-HS2 0.06 C91H20-HS2 0.03 C101H18-HS2 0.06 C93H14-HS2 0.03 C89H10-HS2 0.04 

C79H20-HS3 0.04 C91H20-HS3 0.04 C101H18-HS3 0.04 C93H14-HS3 0.03 C89H10-HS3 0.04 

3.2. Surface Reactivity and Density of States Characteristics 

The surface reactivity of hydrogenated mono-vacancy (V1 and V2) carbon nano-
cones (CNCs) with different disclination angles (n × 60˚, n = 1 - 5) and cone sizes 
was evaluated using dipole moments as reliable reactivity indicators [49] [50], as 
summarized in Table 3. In general, higher dipole moments correspond to en-
hanced surface reactivity, whereas lower values indicate improved structural sta-
bility. Mono-hydrogenation was examined at three adsorption sites (HS1, HS2, and 
HS3), revealing a strong dependence on both adsorption site and angular configu-
ration. Among all systems, the C89H10-V1-HS2 structure at a 300˚ disclination angle 
exhibits the highest dipole moment (~24.21 D), indicating pronounced surface 
reactivity, while the C79H20-V2-HS3 configuration at 60˚ shows the lowest value 
(~5.42 D), reflecting enhanced stability. Overall, surface reactivity increases with 
increasing cone angle and cone size, consistent with experimental observations 
reporting hydrogen storage capacities exceeding 7 wt% in highly curved nanostruc-
tures [51].  

The corresponding electronic response is elucidated through density of states 
(DOS) analysis shown in Figure 4. For the C79H20-V1 structure at a 60˚ disclina-
tion angle, distinct defect-induced states appear near the Fermi level and are sig-
nificantly reduced upon hydrogen adsorption, indicating partial defect pas-
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sivation and improved electronic stability. In contrast, the C89H10-V1 structure at 
300˚ exhibits broader DOS features and a reduced band gap, reflecting stronger 
hydrogen-carbon interactions and increased curvature effects. The redistribution 
of electronic states around the Fermi level confirms enhanced charge transfer and 
adsorption strength at higher disclination angles, demonstrating that hydrogena-
tion effectively modulates defect states and stabilizes the electronic structure of 
mono-vacancy CNCs. 
 

Table 3. The configuration structures and the dipole moments of hydrogenated mono-vacancy CNCs, for disclination angles 60˚, 
120˚, 180˚, 240˚ and 300˚. The dipole moment is given by Debye. 

 Angle 60˚ Angle 120˚ Angle 180˚ Angle 240˚ Angle 300˚ 

 Structures dipole Structures dipole Structures dipole Structures dipole Structures dipole 

V1 

C79H20-HS1 7.78 C91H20-HS1 9.45 C101H18-HS1 11.41 C93H14-HS1 12.28 C89H10-HS1 24.02 

C79H20-HS2 7.68 C91H20-HS2 11.11 C101H18-HS2 12.96 C93H14-HS2 15.74 C89H10-HS2 24.21 

C79H20-HS3 7.26 C91H20-HS3 7.23 C101H18-HS3 12.78 C93H14-HS3 11.23 C89H10-HS3 23.66 

V2 

C79H20-HS1 6.09 C91H20-HS1 10.78 C101H18-HS1 11.08 C93H14-HS1 9.11 C89H10-HS1 18.02 

C79H20-HS2 6.57 C91H20-HS2 9.25 C101H18-HS2 10.75 C93H14-HS2 10.52 C89H10-HS2 22.35 

C79H20-HS3 5.42 C91H20-HS3 8.75 C101H18-HS3 12.83 C93H14-HS3 7.85 C89H10-HS3 21.86 

 

 
Figure 4. Density of states for hydrogenated mono-vacancy V1 (a) C79H20 with disclination angle 60˚ and (b) C89H10 with disclination 
angle 300˚. 

3.3. Energy Deposition, Thermal Response, and Vacancy-Induced 
Localization 

The analysis focuses on the HS2 site as it represents the most thermodynamically 
stable configuration with the strongest adsorption energy, thereby serving as the 
primary model for evaluating the synergistic effects between DFT energetics and 
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PHITS irradiation responses. Monte Carlo simulations performed using PHITS 
3.35 provide detailed insight into the energy deposition and thermal response of 
pristine and vacancy-engineered CNC structures listed in Table 4 [41] [46]. 

 
Table 4. The configuration structures and the deposited energy, adsorbed dose, irradiation rate and temperature rise of hydrogen-
ated mono-vacancy CNCs, for disclination angles 60˚, 120˚, 180˚, 240˚ and 300˚.  

Structures 

Deposited Energy 
(×10−9 MeV·cm−3) 

Adsorbed Dose (Gy) Irradiation Rate (Gy·S−1) ∆T (k) 

V1 V2 V1 V2 V1 V2 V1 V2 

C79H20-60 

HS1 0.33 0.27 0.67 0.54 1.8 × 10−3 1.3 × 10−3 25.4 17.2 

HS2 0.37 0.31 0.73 0.60 2.0 × 10−3 1.6 × 10−3 29.3 20.2 

HS3 0.35 0.29 0.70 0.57 1.9 × 10−3 1.4 × 10−3 27.1 18.5 

C91H20-120 

HS1 0.35 0.29 0.71 0.58 1.9 × 10−3 1.4 × 10−3 27.2 18.6 

HS2 0.39 0.33 0.77 0.64 2.1 × 10−3 1.7 × 10−3 31.1 21.8 

HS3 0.37 0.31 0.74 0.61 2.0 × 10−3 1.6 × 10−3 29.0 20.0 

C101H18-180 

HS1 0.38 0.32 0.76 0.63 2.1 × 10−3 1.6 × 10−3 30.1 21.0 

HS2 0.40 0.34 0.79 0.66 2.2 × 10−3 1.7 × 10−3 32.4 22.6 

HS3 0.38 0.32 0.75 0.62 2.1 × 10−3 1.8 × 10−3 30.6 21.0 

C93H14-240 

HS1 0.36 0.30 0.73 0.60 2.0 × 10−3 1.5 × 10−3 28.6 19.5 

HS2 0.40 0.34 0.79 0.66 2.2 × 10−3 1.8 × 10−3 33.0 22.9 

HS3 0.38 0.32 0.76 0.63 2.1 × 10−3 1.6 × 10−3 30.6 21.0 

C89H10-300 

HS1 0.34 0.28 0.69 0.56 1.9 × 10−3 1.4 × 10−3 26.3 18.1 

HS2 0.42 0.36 0.82 0.69 2.3 × 10−3 1.9 × 10−3 34.8 24.5 

HS3 0.36 0.30 0.72 0.59 2.0 × 10−3 1.5 × 10−3 28.2 19.3 

 
For the pristine CNC, the deposited energy density remains relatively uniform 

along the carbon framework, with an average of approximately 0.18 - 0.22 MeV/ 
cm3, reflecting a homogeneous electronic environment. In contrast, vacancy-con-
taining CNCs exhibit pronounced localization of deposited energy around defect 
sites [52]. Single-vacancy structures show enhanced local energy deposition of ap-
proximately ~0.30 MeV/cm3, a phenomenon that correlates with the structural 
distortions and electronic redistribution observed in defective carbon systems 
[53] [54]. The conversion of this energy into thermal energy reveals a correspond-
ing increase in temperature rise (∆T), which directly reflects localized phonon ex-
citation. As illustrated in Figure 5(a), the localized temperature rise (∆T) exhibits 
a linear upward trend with the increase of the disclination angle for both V1 and 
V2 sites. While the pristine CNC exhibits a modest (∆T) of approximately 8 - 12 
K, single-vacancy systems experience higher temperature increases of ~18 - 22 K. 
Specifically, the C89H10-V1-HS2 configuration at 300˚ reaches a peak of 34.8 K, 
whereas the V2 counterpart reaches 24.5 K, indicating that the V1 apex vacancy 
provides a more efficient environment for phonon confinement. From a practical 
standpoint, this magnitude of thermal enhancement remains well below the 
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threshold for carbon framework degradation, yet is sufficiently high to promote 
thermally assisted hydrogen mobility. The localized ∆T of 34.8 K acts to lower 
kinetic barriers for hydrogen diffusion and reorientation at adsorption sites, 
thereby facilitating reversible adsorption-desorption processes without inducing 
lattice instability.  
 

 
Figure 5. Comprehensive multiscale analysis of the vacancy-engineered CNCs: (a) Localized thermal response (∆T) across various 
disclination angles at HS2 sites; and (b) Synergistic correlation between DFT-based adsorption energetics and PHITS-simulated 
energy deposition for the C89H10-V1-HS2 configuration. 
 

Furthermore, as shown in the synergistic correlation in Figure 5(b), this ther-
mal enhancement is intrinsically linked to thermodynamic stability; the configu-
ration with the highest energy deposition 0.42 MeV/cm3 also exhibits the strongest 
adsorption energy −4.95 eV. The integration of PHITS 3.35 therefore establishes 
that structural defects function as controlled “thermal hotspots”, enhancing hy-
drogen activation and transport while preserving the structural integrity of the 
CNC lattice [55]. 

3.4. Irradiation Response and Spectral Characteristics of 
Defective CNCs 

The irradiation behavior of CNC structures was further quantified in terms of ab-
sorbed dose, irradiation rate, and deposited energy spectra. The pristine CNC ex-
hibits an average absorbed dose of approximately ~0.45 Gy, whereas vacancy-en-
gineered CNCs show significant dose accumulation at defect sites. As compared 
in Figure 6, single-vacancy configurations display absorbed doses in the range of 
~0.60 - 0.65 Gy, while specific configurations reach values up to 0.82 Gy for the 
V1-HS2 site at 300˚. This indicates an increased interaction cross-section resulting 
from vacancy-induced electronic distortion. Spectral analysis reveals that va-
cancy-containing structures exhibit broadened energy spectra with extended tails 
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reaching ~30 - 40 keV, reflecting enhanced secondary electron generation [56]. 
These irradiation characteristics corroborate DFT-based analyses, which predict 
increased electronic activity and stronger hydrogen trapping at vacancy sites [57]. 
And from Table 4, the irradiation rate exhibits a synergistic dependence on both 
the disclination angle and the localized electronic density induced by vacancy de-
fects. Higher irradiation rates are observed in configurations with larger disclina-
tion angle, particularly at the V1 apex site, which correlates directly with the in-
crease energy deposition density and the cumulative absorbed does. Consequently, 
this combined PHITS-DFT analysis establishes a consistent multiscale interpreta-
tion of hydrogen adsorption in vacancy-engineered CNCs. While DFT predicts 
enhanced hydrogen binding and localized charge accumulation at defect sites, the 
PHITS simulations confirm that these coordinates act as focal points for energy 
deposition, thermal excitation, and irradiation-induced enhancement. This syn-
ergy demonstrates that vacancy engineering not only optimizes hydrogen adsorp-
tion energetics at the atomic scale but also improves macroscopic radiation-en-
ergy interaction characteristics, which is critical for real-world hydrogen storage 
and irradiation-assisted activation processes.  
 

 
Figure 6. Comparative analysis of the absorbed dose (Gy) across different CNC disclina-
tion angles, highlighting the radiation interaction efficiency at V1 and V2 defect sites. 

4. Conclusion 

The adsorption behavior and electronic properties of carbon nanocones (CNCs) 
were systematically investigated using a combined DFT and PHITS 3.35 approach. 
Adsorption energies show a decreasing trend with increasing cone size and discli-
nation angle for hydrogenated mono-vacancy CNCs (V1, V2), with the lowest 
value of −4.95 eV obtained for C89H10-V1-HS2. The smallest energy gap, 0.02 eV, 
and a maximum dipole moment of 24.21 D were observed for the same system at 
300˚. Beyond the atomic-scale analysis, the integration of PHITS 3.35 confirms 
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that vacancy sites function as macroscopic focal points for energy deposition and 
localized thermal excitation, peaking at 34.8 K and 0.82 Gy. This synergistic con-
clusion proves that structural defects not only stabilize hydrogen binding but also 
enhance the material’s interaction with irradiation, providing a robust mechanism 
for irradiation-assisted hydrogen storage. Consequently, mono-vacancy CNCs 
emerge as highly promising candidates for lightweight and high-efficiency hydro-
gen storage technologies. 
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