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Abstract

Nonlinear optical (NLO) materials are rapidly gaining attention due to their broad potential for various technical
applications. In this research a group of decorated Boron Nitride nanocones (BNNCs) have been introduced as potential
NLO active drug carriers. DFT study of the electronic structure of BNNCs indicates that Zn- and Mg-decorated BNNCs
can serve as nanocarriers for the anticancer agent Nitrosourea (NU). These structures undergo a significant alteration
in their electronic properties when they bond with NU. This renders them highly suitable for therapeutic and diagnostic
applications. TD-DFT analysis confirms the red shift in UV-Vis absorption peaks of BNNCs due to complex formation
with NU. Moreover, results demonstrate the impact of band gaps on different linear and nonlinear optical properties of
BNNCs.
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Introduction

Finding new nonlinear optical (NLO) materials is demanding in different areas of optical signal processing, optical
communication, ultrafast photonics, optical switching, data storage, holographic imaging, telecommunications, and
optical switches [1-6]. Various organic, inorganic, and organo-metallic NLO materials have been explored in research [7-
9]. Small NLO active organic molecules are not ideal for practical use due to their low stability, while inorganic materials
offer higher mechanical strength and stability [10, 11].

Recently, NLO active materials have been extensively studied theoretically [6, 12-15] and experimentally [1, 16-20].
Scientists have tried diverse methods to enhance the NLO activity of inorganic and organic materials. Utilizing donor-
acceptor bridges, extended = conjugation, and designing metal-ligand frameworks based on charge transfer from the
metal to the ligand [21, 22], push-pull effects [23], and introducing excess electrons [3, 4] are some of these strategies.
Among these methods, using excess electrons is a popular choice, providing benefits such as impressive charge transfer
and reduced energy of transition. Doping alkaline earth metals, alkali metals, and transition metals are commonly used
to introduce excess electrons into molecules and enhance the NLO response [24].

In recent decades, various types of nanostructure have been widely utilized as sensors and drug carriers [25-32].
High selectivity, improved absorption, decreased side effects, and low drug toxicity are significant advantages of drug
nanocarriers [33-35]. The rapid growth of nanotechnology in the past few years has sparked innovative ideas and
approaches for treating and diagnosing diseases that were previously untreatable [36]. Utilizing nanostructures to deliver
drugs solves several issues in traditional drug delivery methods, such as low solubility, short duration of effectiveness,
toxicity, abrupt release, difficulty in absorption, and compatibility with the body [37]. This has revolutionized the field of
medicine by providing a way to maintain the effectiveness of medications while minimizing side effects.

Nitrosourea (NU), CH3N302, is an anticancer drug capable of treating different malignancies, including solid tumors,

brain tumors, leukemia, lymphomas, and Hodgkin's disease [34, 38-40]. Nitrosourea inhibits the DNA repair mechanisms
of cancer cells through the alkylation process. As a result, it causes DNA damage and cellular death [41]. However, severe

Res J Cell Sci, 2025 1


https://www.primeopenaccess.com/international-journals/research-journal-of-cell-sciences.asp

side effects, including pulmonary fibrosis, myelosuppression, neurotoxicity, bone marrow suppression, nausea, vomiting,
hepatotoxicity, nephrotoxicity, and ocular toxicity, significantly limit the use of this drug [34]. Different nanostructures,
including nanocages graphene nanoribbons nanosheets, nanoclusters monolayers and two-dimensional system have
been previously introduced as successful nitrosourea carriers [39, 42-51].

BN nanostructures are characterized by exceptional structural and chemical stability, excellent oxidation resistance, and
remarkable mechanical properties [52]. These qualities make the BN family a promising option for various technical
uses. The semi-ionic nature of the B-N bond, due to the difference in electronegativity between Nitrogen and Boron
atoms, allows for electrophilic or nucleophilic interactions at each Nitrogen or Boron atom in BN nanostructures [53-
55]. It has shown that the characteristics of the BN nanocones, produced by rolling BN nanosheets, vary based on the
specific segment deleted from the original hanosheet [56]. Recent advancements in nanotechnology have highlighted
the potential of boron nitride (BN) nanotubes as effective nanocarriers for anti-cancer drugs. Makiabadi et al. introduced
BN nanotubes specifically for the delivery of Azacitidine and Decitabine [57]. In a complementary study, Aiswarya et
al. employed density functional theory (DFT) to evaluate boron carbon nitride nanocages and boron nitride nanosheets
as carriers for the melphalan drug, further underscoring the versatility of BN materials in drug delivery applications.
Additionally, Saadh et al. utilized DFT estimations to investigate the interactions between BN-biphenyl nanosheets
and the anti-cancer drug 5-fluorouracil (5-FU), revealing insights into the binding mechanisms that could enhance
therapeutic outcomes. BN nanocones have been employed as detectors and biosensors because of their absorption
capacity [27,58-61]. Additionally, their non-toxicity and biocompatibility make BN nanostructures suitable for medical
applications, mainly as nanocarriers [52]. Combining a drug's medical effects with the nonlinear optical properties of
a drug-carrier complex could lead to the development of theranostic agents. One of the well-known nonlinear optical
operations is second harmonic generation, where a light wave passing through a nonlinear material changes to a
wave with double its frequency [62]. This process allows for operation in electromagnetic spectrum regions that are
usually not reachable. NLO materials play a significant role in advancements in medicine, such as the development of
bioimaging and photonic lasers [63-65].

The electronic properties and optical feature of B17N18H15 nanocone ond some of its derivatives have been studied
in our previous work and Ni- Decorated nanocone has been introduced as the most hopeful NLO active nanocarrier
[66]. In this research, a group of decorated B17N18H15 nanocones have been considered NLO active nanocarriers
of nitrosourea anticancer drug. The role of doped elements on the electronic characteristics of nanocones has been
studied. Also, different optical properties of nanostructures have been traced before and after complexation with NU.

Asif et al. conducted research on the nonlinear optical (NLO) response of n-conjugated polyaromatic hydrocarbons,
revealing that the optical efficiency of these structures is enhanced through doping with super halogens. In another
study, Rashid et al. demonstrated improved NLO response of boron phosphide nanosheets due to alkali metal doping.
Yaghoob et al. further investigated the enhancement of NLO properties in silicon carbide nanosheets resulting from
similar alkali metal doping [6,9,67]. Additionally, Rasool et al. utilized gold doping to boost the NLO performance
of graphyne [68]. In the current research, metal decoration has been employed as a strategy to improve both the
absorption capacity and NLO activity of B17N18H15 nanocones, focusing on their electronic properties and optical
features as potential NLO-active nanocarriers for the nitrosourea anticancer drug.

Computational Method

The B3LYP functional is recognized for its ability to efficiently and accurately calculate the electronic properties of wide
range of materials [69, 70]. In previous studies on Boron Nitride systems the B3LYP functional has been used commonly
[71-76]. In this study, calculations were conducted using the B3LYP hybrid DFT functional and def2-SVP basis set. The
polarizability and hyperpolarizability of nanostructures were considered through static frequencies. UV-vis spectra and
pertaining electronic transitions were computed in TD-B3LYP/def2-SVP level of theory. The electronic characteristics of
nanocones were further understood by analyzing the frontier molecular orbitals (FMOs) and density of states (DOS)
diagrams. The Gaussian 09 program package was employed for all calculations. Moreover, GaussSum 3.0 was used to
visualize UV-vis spectra and DOS diagrams [77,78].

Results and Discussion

Frontier Molecular Orbital (FMO) Analysis

Nanocones, characterized by their disclination angle, are cone-shaped structures. When a flat sheet transforms into a
cone shape, a section of the sheet must be removed in order to form the cone. The size of this section is determined
by the disclination angle. The disclination angle of all Boron Nitride nanocones (BNNCs) considered in this study is
60°. To minimize boundary effects, the ends of the BNNCs were saturated with Hydrogen atoms. The optimization of
the nanostructures was carried out without imposing any symmetry constraints. Figure 1 summarized the structure of
studied decorated BNNCs and NU agent.
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Figure 1: a) and b) the general structure of considered decorated BNNCs (including Mg-BNNC, Si-BNNC,
Ni-BNNC, Zn-BNNC), top view, and side view, respectively. c) optimized structure of anticancer agent,
Nitrosourea (NU)

Understanding the electronic structure and reactivity of molecules can be aided by considering their frontier molecular
orbitals (FMOs). FMO analysis is a valuable tool for assessing the efficiency of charge transport within a molecule. Figure
2 summarizes the Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) of
the considered nanocones. HOMOs of all nanostructures are located around the doping area. Comparatively, LUMOs
are more concentrated on the doping position. Based on it, this area of the molecule is recognized as a potential
intermolecular interaction site. This region is ready to bond to the NU molecule.

Based on the energy of FMOs, indicated in Figure 2, the band gaps, Eg, have been calculated and mentioned in this

figure. The lowest Eg belongs to Zn-BNNC. The Eg of Mg-BNNC is almost the same as Zn-BNNC. Si-BNNC and Ni-BNNC
are in the following ranks, respectively.
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Figure 2: The FMOs profiles of the decorated BNNCs. Related energies and band gaps (in eV) have been
mentioned, too

Figure 3 illustrates the density of states (DOS) profiles for the considered nanostructures. DOS analysis provides insights
into the electron density distribution within the frontier molecular orbitals (FMOs) and helps understand electronic
transitions. Examination of the DOS diagrams reveals a consistent pattern across all nanocones. Notably, the DOS is
lower near the active orbitals involved in molecular interactions, specifically the FMOs.
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Figure 3: The DOS diagrams of studied BNNCs

Global reactivity descriptors like Fermi energy level (E, ), ionization potential (IP), electron affinity (EA), chemical
hardness (h), and global softness (s) are dependent to the E_. Table 1 summarized the Global reactivity descriptors of
considered BNNCs. The total energies of nanocones are indicated in this table, too.

The higher E, corresponds to a lower charge transfer probability. Consequently, it lessen the chemical reactivity, and
enhance the kinetic stability [79]. With the most significant band gap, Ni-BNNC is predicted to be the most stable
nanocone studied and, correspondingly, the least reactive. Si-BNNC shows almost the same measure of stability. Also,
two other nanocones Mg-BNNC and Zn-BNNC almost equally have the least stability (the most remarkable chemical
reactivity). The Fermi energy level (E; ) represents the thermodynamic work required to add an electron to a molecule.
It is typically approximated as the midpoint of the band gap [80]. The minimum Fermi energy belongs to Zn-BNNC. E
increases gradually in Si-BNC, Mg-BNC, and Ni-BNC, respectively.

The ionization potential (IP) is a measure of the amount of energy required to excite electrons from the HOMO. At the
same time, EA is the energy released during the placement of an electron in the LUMO. In other words, the ability to
accept and donate electrons by a molecule is described by EA and IP values, respectively. Greater chemical stability
of a substance is indicated by higher IP values. According to Koopman's theorem the negative of the HOMO energy is
considered as IP [81]. Conversely the negative of the LUMO energy is considered as EA [82, 83]. IP decreases in this
trend: Si-BNNC, Ni-BNNC, Zn-BNNC, and Mg-BNNC. On the other hand, Zn-BNNC has the greatest EA. Mg-BNNC, Si-
BNNC, and Ni-BNNC are in following ranks, respectively.

The chemical hardness (h) indicates the amount of charge transfer in a molecule. It could be calculated as ”’"ZEA [81].
Intramolecular charge transfer enhances the chemical stability of a molecule and consequently reduces the chemical
reactivity. In other words, increased hardness causes more kinetical stability [82]. The global softness (s) is defined as
. qurdness alterations is totally in agreement with E_trend. Having the greatest E_, Ni-BNNC shows the highest hardness
(and the least softness). It is expected to show the minimum chemical reactivity. Si-BNNC, Mg-BNNC, and Zn-BNNC are

in the following ranks, respectively. The softness of considered nanostructures decrease in trend: Mg-BNNC~ Zn-BNNC>Si-
BNNC~Ni-BNNC.
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Molecule ([Total energy | ErL 1P EA h s

Mg-BNNC | _1617.73 | -4.10 | 5.61 2.58 1.52 0.66
Si-BNNC -1707.13 | -4.11 | 6.09 2.12 1.99 0.50
Ni-BNNC -2925.86 | -3.90 | 5091 1.89 2.01 0.50
Zn-BNNC | 3196.85 | -4.32 | 5.84 2.81 1.51 0.66

Table 1: Total energy (in a.u.), Fermi energy level (EFL), ionization potential (IP), electron affinity (EA),
Chemical hardness (h), and Global softness (s) (in eV) of modified BNNCs

Optical Properties

There are different criteria to describe the optical properties of a molecule, Including average polarizability (a), first-
order hyperpolarizability (8) and second-order hyperpolarizability (y). When a molecule is exposed to a weak, uniform
electric field, the energy of the molecule depends on the electric field's intensity. The energy expansion in terms of the
Taylor series is as follows:

1 1 1
E =E° — wF; — S a;jFiF; — = Bije FiFFie — 3, Vijia FiFjFiFy — -+ (eq. 1)

E° is the molecule’s energy in the absence of an electronic field and E is the energy of the perturbed condition. p, is
the component of the dipole moment? F, is the component of field strength? a,, B, and v, are the components of
polarizability, first-order hyperpolarizability, and second-order hyperpolarizability, respectively [83] .

In this study, different optical parameters have been calculated using the DFT computational method. y, a, a, B, and y
of NU, and different BNNCs have been summarized in Table 2. It is important to note that the primary focus of this work
is the qualitative comparison of NLO properties across different nanocone structures. Therefore, the absolute values of
hyperpolarizability should be interpreted with caution. Utilizing higher-level computations, such as the M06 and PBEO
methods and the def2-TZVP basis set, may provide a more accurate representation of the electronic characteristics of
the nanostructures under consideration

Molecule u a, a B )4

NU 5.72 37.75 33.39 69.45 3970.53
Mg-BNNC | 5.35 318.10 125.86 875.71 | 105680.00
Si-BNNC 2.09 322.70 156.59 4.78 56684.10
Ni-BNNC 1.40 327.63 156.61 763.76 | 77214.20
Zn-BNNC | 3.04 318.29 130.83 375.80 | 78608.00

Table 2: p (in Debye), a, a, B and y (in au) of studied BNNCs

The dipole moment indicates the net polarity of the molecule. As mentioned in Table 2, Ni decorated nanocone has the
least polarity among considered nanocones. p increases in this order: Si-BNNC, Zn-BNNC and Mg-BNNC. Doping cause
kind of torsion on the structure of BNNC. The amount of this torsion is different in various considered nanocones. It
causes such a variation in p values of them.

The q, of studied nanocones are so close together. There are less than 5% difference between them. a of the nanocones
don't show considerable difference, too. However, Si-BNNC and Ni-BNNC have the maximum amount of a. Their a value
is almost the same, 156.6 au. The first and second hyperpolarizability are nonlinear optical properties of a material. The
NLO activity of a molecule is described in terms of its B and y values. There are significant differences between 3 and y
amounts of BNNCs. Mg-BNNC has the highest 8 value, about 876 au. After that, Ni-BNNC, Zn-BNNC, and Si-BNNC are
in the next orders, respectively. Mg-BNNC has the highest y value, too. Ni-BNNC and Zn-BNNC have almost similar y
values. Si-BNNC shows the least y value.

Molecular Electrostatic Potentials

Molecular Electrostatic Potential (MEP) profiles provide a clear insight into the distribution pattern of electrostatic charges
at the surface of the molecule. By identifying the nucleophilic and electrophilic regions of the molecule, MEP facilitates
the study of molecular reactivity. In the MEP diagram, the blue areas represent electron poverty and propensity for
nucleophilic attack. On the other hand, the red areas indicate electron accumulation and electrophilic attack tendency.
The MEP profiles of doped BNNCs and NU are shown in Figure 4.
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Figure 4: The MEP profiles of studied nanostructures. The shift from red to blue indicates a change from
areas of high electrical potential to low electrical potential

According to the MEP maps, the metal-doped BNNCs show a significant electrophilic area around the doping position.
However, the Si-BNNC doesn’t have such an area. In other word all considered BNNCs except Si-BNNC are expected to
get involved in an intermolecular interaction with a nucleophile species. On the other hand, NU molecule has an electron
reach area in a side contains two Oxygen atoms and a Nitrogen. It seems that NU can attack to the BNNCs via this area.

NU Absorption by BNNCs

One of the critical hurdles in developing intelligent drug delivery systems is identifying a suitable carrier that does not
compromise the integrity and efficacy of the medication. The ideal carrier should have a structure that allows some of
its properties to change when it binds to the drug, enabling the ability to monitor the drug's whereabouts in the body
through detection methods. This study explores the potential of four BNNCs, for delivering the anticancer agent, NU.
The optimized structure of these complexes is illustrated in Figure 5. Crucial atomic distances have been mentioned in
this figure, too. To clarify the structures, they have been shown in two viewpoints.

L gﬁ‘}

Mg-BNCN&NU Si-BNCN&NU

9
]
Ni-BNCN&NU 9 Zn-BNCN&NU

Figure 5: The optimized structure of NU&BNNCs. Distances are in A
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The interaction of Si-BNNC with NU is a weak, side to side one. In other complexes, O atom in CO group of NU interacts
effectively with the doping atom. The shortest O-X (X=Mg, Ni, and Zn) distance belongs to Ni-BNNC&NU (1.97A). Mg-
BNNC&NU is in the next rank. Finally, the O-Zn distance is 2.11 A.

The interactions between the Nu molecule and nanocone have been studied using a theoretical framework at the B3LYP/
def2-SVP level.

The drug-nanocone adsorption energy has been calculated to be:

Ead = ENU&nanocone - (Enanocone + ENU) (eq~ 10)

Where, E,  anoconer Enanocone @Nd Ey, are the total energy of NU&nanocone complex, nanocone, and NU, respectively. The
energy of adsorption of NU on different BNNCs has been calculated and summarized in Table 3. (Total energies of NU
and BNNCs are mentioned in Table 1.) Higher adsorption energy indicates stronger binding between the nanocone and
the drug molecule. Mg-BNNC showed the highest adsorption energy, making it a promising candidate for NU delivery.
Zn-BNNC&NU, Ni-BNNC&NU, and Si-BNNC&NU is in the next order of E,_,, respectively. The small amount of E_; in Si-

BNNC&NU complex agrees with the side to side interaction of Si-BNNC and NU, shown in

Figure 5; Also, the global reactivity descriptors predict this, well

Mg-BNNC&NU Si-BNNC&NU Ni-BNNC&NU Zn-BNNC&NU
Total energy -1972.08 -2061.42 -3280.19 -3551.20
E_ad -40.39 -4.84 -26.98 -38.48

Table 3: Total energy of NU&BNNCS (in a.u.) and absorption energies (in kcal/mol)

FMO energies of considered drug-nanocone complexes and different global reactivity descriptors have been summarized
in Table 4. % AE _in this table is the decreased percentage of band gap as a result of complex formation. It has been
calculated as: ok, = S E0 M 100,

BNNC
Eg

Molecule Enomo | ELumo E; %AE g ErL EA h S 1P
Mg-BNNC&NU | 465 | -3.94 | 0.71 | 76.52 | -430 | 3.94 0.36 2.81 4.65
Si-BNNC&NU | 599 | 2,08 | 3.91 | 1.58 | -4.03 | 2.08 1.95 0.51 5.99
Ni-BNNC&NU | 529 | 277 | 252 | 37.22 | -4.03 | 2.77 1.26 0.79 5.29
Zn-BNNC&NU | 486 | -3.67 | 1.19 | 60.69 | -4.26 | 3.67 0.59 1.68 4.86
Table 4: E_ s E,,us Band gap (Eg), Fermi energy level (E_), electron affinity (EA), Chemical hardness

(h), Global softness (s), ionization potential (IP), (in eV), and % AE calculated for different NU&BNNCs

A significant alteration in the band gap after drug adsorption facilitates traceability through optical methods. Results
show that complexation causes the band gap of all considered species to decrease. Mg-BNNC&NU and Zn-BNNC&NU
exhibit the most substantial band gap changes compared with correlated bare nanocone, enhancing their suitability
for theranostic applications. % AEg of two other complexes decrease in this order: Ni-BNNC&NU, and Si-BNNC&NU. As
global reactivity descriptors are dependent on E_, their values are differing in single nanocones and drug- nanocones
states. For the sake of simplicity comparison of gﬁobal reactivity descriptors have been visualized in BNNCs have higher
h and IP and lower EA and s, compared with NU-BNNCs. Mg-BNNC and Ni-BNNC have higher E_ compared with related
complexes with NU. However, Si-BNNC and Zn-BNNC have lower E, . Among considered nanocones Mg-BNNC shows
more significant difference in single and complex forms.

BNNCs

Mg-BNNC  Si-BNNC  Ni-BNNC  Zn-BNNC
38 s
4

-39
o 4
>
<
4 's——/
=
= -

NU&BNNCs

—

EA (eV)

\

Mg-BNNC Si-BNNC  Ni-BNNC  Zn-BNNC

.
—

IP (¢V)

— N —7 -

Mg-BNNC Si-BNNC  Ni-BNNC  Zn-BNNC Mg-BNNC  SiBNNC  Ni-BNNC  Zn-BNNC Mg-BNNC = Si-BNNC ~ Ni-BNNC  Zn-BNNC

Figure 6: Comparison of global reactivity descriptors of Single BNNCs and NU&BNNCs.
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M, @, a, B, and y of different NU-BNNCs has been summarized in Table 5. Si containing complex show the least
dipole moments. Three other complexes have considerable dipole moments. The maximum p belongs to Mg-BNNC&NU.
The same trend is seen in a, data. a, values alter in the range of 361.22 (for Si-BNNC&NU ) and 466.46 (for Mg-
BNNC&NU). Unlike other properties in Table 5, the lowest value of a belongs to Ni-BNNC&NU. Zn-BNNC&NU, Si-
BNNC&NU, and Mg-BNNC&NU is in the next orders, respectively. Studied complexes don’t show considerable a values.
The first hyperpolarizability of complexes alters from 200.78 au, for Si-BNNC&NU, to 4147 au, for Zn-BNNC&NU. The B
value of Mg-BNNC&NU is close to Zn-BNNC&NU's. y alteration is according to this trend: Ni-BNNC&NU> Mg-BNNC&NU
> Zn-BNNC&NU > Si-BNNC&NU.

n a, a B Y
Mg-BNNC&NU 15.29 446.46 201.27 4012.60 175718.00
Si-BNNC&NU 3.34 361.22 153.10 200.78 75440.10
Ni-BNNC&NU 10.33 376.77 127.87 2429.69 207879.00
Zn-BNNC&NU 13.35 420.67 148.17 4147.46 76293.20

Table 5: p (in Debye), a, a, B, and y (in au) of studied 5-NU&BNNCs

In order to clarify the effect of complexation with drug, the comparison of different optical properties of hanocones in a
single form and complex with NU molecule have been summarized in Figure 7. The graphs show that, interaction with
NU drug enhances p and B of Si-BNNC partially and other BNNCs sharply. Both parameters were markedly higher for
Mg-BNNC and Zn-BNNC upon drug adsorption, indicating their potential for monitoring drug delivery. a, of all nanocones
increase as a result of complexation. Interaction with NU does not make considerable alteration in a values. However,
Mg-BNNC is an exception. Complexation enhances its a value, significantly. Mg-BNNC and Ni-BNNC show a significant
increase in y after complex formation. However, y of two other nanocones don’t change considerably by interaction with
drug molecule.
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Figure 7: The comparison of y, a, a, B, and y of nanocones in the single form and complex with NU
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As mentioned before, the FMO energies and resulting band gaps affect the linear and nonlinear optical properties of
materials. A small energy gap between the ground state and excited state suggests that it is relatively easy for an
electron to jump from its current state to a higher energy state. This ease of excitation is thought to lead to significant
electron transfer, likely to result in a robust optical response.

As shown in Figure 8. a good correlation has been found between energy gap of BNNCs (in single and complex with
NU) and 4, a, and B. The decrease of the E is accompanied with increase in y, a, and B. However, no meaningful
correlation has been seen between E, and aory.
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Figure 8: The correlation between optical properties (i, a, and B) of BNNCs and relate band gaps (Eg)

Absorption Analysis

To investigate the absorption features of doped systems, an ultraviolet-visible (UV-Vis) study has been conducted. A
common and effective method for analyzing the absorption spectra, excitation energy, and oscillator strength of molecules
is time-dependent analysis. While the long-range corrected DFT methods often provide more accurate estimates of
electronic excitations of systems where charge-transfer interactions or extended conjugation play a significant role TD-
B3LYP is widely used because of low cost and fair efficiency [84-87]. Using time-dependent density functional theory
(TD-DFT), we have calculated and listed in Table 6 the dominant transition energies, excitation energies, oscillator
strengths (f) and wavelengths of maximum absorption (A__ ). This table reveals notable contributions to each electronic
transition. Also, the UV-Vis absorption spectra of each BNNC and its complex with the NU molecule have been visualized
in Figure 9.

Res J Cell Sci, 2025 9


https://www.primeopenaccess.com/international-journals/research-journal-of-cell-sciences.asp

8000 - 6000
Mg-BNCN _— Si-BNCN —_—
7000 -
Mg-BNCN&NU so00 Si-BNCN&NU
6000 {

4000
5000

w
=
=
=3

4000 4

Absorption
Absorption

3000 4

2000 \/
1000
1000 { \_—"\ \\
- " ‘ 0 4

0 +—

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700

5
=)
=
=)

Wavelenght (nm) Wavelenght (nm)
4500 - 6000 -
4000 - Ni-BNCN —_— Zn-BNCN ——
3500 Ni-BNCN&NU 001 Zn-BNCN&NU
3000 4 4000 -
§ 2500 E
g‘ 2000 ‘é. 3000
ﬁ 1500 - ﬁ 2000

1000 - \)
1000
500 -

0 200 400 600 800 1000 1200 1400 —0 560 10'00 15'00 20'00 25'00 3(;00
Wavelenght (nm) Wavelenght (nm)

Figure 9: UV-vis absorption spectra of BNNCs in single form and complex with NU

All considered BNNCs show sharp UV-Vis absorption peaks in the UV region. Mg-BNNC has the most absorption intensity.
The excitation energy responsible for this peak is 4.86eV. The related oscillator strength is 0.04. Zn-BNNC, Si-BNNC,
and Ni-BNNC are in the following orders, respectively. Excitation energies of BNNCs are between 3.05 and 5.2 eV. The
oscillator strength, f__, quantifies the likelihood of absorption occurring. Oscillator strength of BNNCs alter in the range
of 0.01 and 0.08.

Absorption intensity decreases significantly as a result of complexation with the NU molecule. A red shift in absorption is
observed in all complexes compared to their corresponding BNNCs. A comparable red shift has been previously reported
due to the adsorption of drugs onto BN nanomaterials [88, 89]. The maximum absorption of Mg-BNNC&NU and Si-
BNNC&NU happen in the UV region. Ni-BNNC&NU has a sharp UV-Vis absorption peak in the UV area and a broad one in
the visible region. Zn-BNNC&NU shows a peak having low absorption intensity in visible area and a broad high intensity
one in near infrared (NIR) region. For NU-BNNCs A__ alters between 258.65 and 895.37, and f___is between 0.01 and

0.06. All in all, NU-BNNCs show lower excitation energies and less probability of absorption compared with their relative
BNNCs.

AE (eV) | Amax (nm) | fosc Major contributions
Mg-BNNC 3.58 346.76 0.01 | H-3—>L (68%)

4.86 255.14 0.04 | H-15L+1 (59%)
Mg-BNNC&NU 3.47 357.30 0.01 | H-13—>L (39%), H-12—L (32%)
Si-BNNC 3.64 340.95 0.02 | H-1-L (81%)

5.03 246.29 0.04 | H>L+3 (87%)
Si-BNNC&NU 4.79 258.65 0.03 | H>L+2 (73%)
Ni-BNNC 3.32 373.03 0.08 | H-2—>L+1 (81%)
4.95 250.38 0.03 | H-8>L+1 (58%)
Ni-BNNC&NU 2.08 595.04 0.02 | H-2—L (88%)

4.13 299.88 0.05 | H-55L+1 (65%)
Zn-BNNC 3.05 406.61 0.02 | H-1-L (69%)

5.20 238.18 0.03 | H-15L+1 (51%)
Zn-BNNC&NU 1.38 895.37 0.06 | H-1-L (75%)

3.11 398.32 0.03 | H-8>L (95%)

Table 6: Excitation energy (AE in eV), maximum absorption wavelength (Amax in nm), highest oscillator
strength (fosc), and transitions with significant contributions for BNNCs and their complexes with NU. (H
is HOMO, and L is LUMO)
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According to Table 6, various transitions are responsible for the absorption behavior of the nanocones being studied. Not
only the HOMO and LUMO, but also orbitals below HOMO or above LUMO are crucially involved in the most significant
transitions. The percentage contribution of each critical transition in each nanostructure is detailed in Table 6.

Conclusion

BNNCs have received considerable interest in the medical field because of their distinct characteristics and possible uses.
In this research four decorated BNNCs have been investigated to find efficient nanocarrier for anticancer drug, NU. The
NLO response of nanostructure has been checked because of its crucial role in theranostic utilizations.

FMO analysis and considering global reactivity indices show that Mg-BNNC and Zn-BNNC are more reactive than Si-BNNC
and Ni-BNNC. These species are capable for adsorption of drug agent, NU. Also, these nanocones show considerable
NLO response. Mg-BNNC and Zn-BNNC show significant alterations in optical properties when they adsorb NU. This
make trace of drug possible in medical applications. Different UV-vis absorption patterns in single form comparing with
in complex, is another advantage of these nanocarriers.

MEP analysis and interaction energy consideration show that the Si-BNNC isn't a reliable candidate as a NU nanocarrier.
It couldnt adsorb the drug molecule, effectively. Also, Si-BNNC shows the least NLO response among studied nanocones.
It suffers the least variation in B and y as a result of complexation with NU.

This study primarily focuses on theoretical assessments to elucidate the potential of BN nanocones as NLO-active
nanocarriers for the nitrosourea anticancer drug. However, further experimental investigations are necessary to validate
the findings of this article regarding stability under physiological conditions and to assess biocompatibility.
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