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Abstract: Carbon nanotubes (CNTs) are applied in a drug delivery system, which can be reacted
with different structures such biomolecules. Bones have vital functions and are the locations of
biochemical reactions in cells that might be exposed various diseases. As different metal ions are
integral components of bone tissue with different functions in the physiological cellular medium
as well as in bone treatment, they can be used differently as a basis or as a supplement for various
materials in the field of bone repair. Therefore, this research aims to represent the recent progress
in conjugated bisphosphonate (BP)-divalent transition metal ions of Mn?*, Fe?*, and Co?* with an
emphasis on the properties of interaction with a (6, 6) armchair carbon nanotube as a nanocarrier
to exhibit the potential biomedical application of drug delivery. In this article, “CNT” linked to
“BP” of alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid, which are chelated
to transition metal cations of Mn?*, Fe?*, and Co?*, was investigated based on DFT insights for
obtaining the electron charge density. Transition metals chelating with phosphonate groups, which
are large with six O atoms with negative charges, are active in generating chelated complexes
with the bisphosphonates [BPs- Mn?* /Fe?* /Co?*] through the status of drug design. In this work,
B3LYP/6-311+G(d,p)/lanl2dz we have estimated the susceptibility of CNT for conjugating alendronic
acid, ibandronic acid, neridronic acid, and pamidronic acid, which are chelated to transition metal
cations of Mn?*, Fe2*, and Co?* through NMR, NQR, IR, UV-VIS spectroscopy, and HOMO-LUMO
analysis. Finally, the obtained results have confirmed that the possibility of applying CNT and BPs of
alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid becomes suitable in transition
metal chelating for delivery application. The calculated HOMO-LUMO energy gaps for BPs of
alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid at the B3LYP/6-311+G (d,p)
level have revealed that the energy gap reflects the chemical activity of the molecule.

Keywords: nanocarrier; BPs; alendronic acid; ibandronic acid; neridronic acid; pamidronic acid;
transition metal ion

1. Introduction

Bisphosphonates (BPs) are the principal group of drugs utilized to inhibit extensive
disease in skeletal-related events. These structures coordinate with different transition
metal ions and regulate homeostasis in the bone cells. Because of the intrinsic dynamic
characteristics of ion-ligand conjugates of non-bonded transition metal, BPs adsorbed
on the surface of nanocarriers of carbon atoms have harmonic mechanical properties
with strong dynamic coordination, and the ability to detect the release of transition metal
cations that consequently make them practical in different biomedical applications. BPs are
primary medications for the cure of different bone disorders. The substituting a variety
of side chains on the central carbon atom leads to the structural diversity of BPs. Due
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to the pair of phosphate groups, BPs have the capacity to bind transition metal ions via
coordination bonds, thereby forming self-assembled nanoparticles and nanostructures. In
addition, many transition metal ions are involved in various biological activities in the
human body [1-3].

Bone tissue tolerates constant rebuilding and achieves equilibrium by osteoblasts
producing bone and osteoclasts destroying bone. The compounds of BPs prevent the
digestion of bone by causing osteoclast cell death or apoptosis, which diminishes the speed
of bone destruction [4].

The principal impact of the active BPs is to prevent bone resorption. In fact, these
structures manifest as really strong inhibitors of resorption when tested in various condi-
tions in vivo and in vitro. BP compounds stop bone resorption caused by different reasons
in cells and organs. They prevent the formation of holes by isolated osteoclasts on mineral
layers [5].

Generally, the physicochemical impacts of BPs are very close to those of pyrophos-
phate. Therefore, they prevent the formation, postpone the association, and decrease the
dissolution of calcium phosphate compounds. All these impacts depend on the identified
intention of these structures for solid-phase calcium phosphate, on the surface of which
they attach strongly. This notable characteristic is the basis for the employment of these
structures as skeletal markers in nuclear medicine and the foundation for their selective
localization in bone when employed as drugs. Attention has been paid to enhancing
the bioavailability and duration of action of a drug to modify therapeutic consequences.
Drug delivery technique is able to change a drug’s pharmacokinetics and specificity by
formulating it with various ingredients, drug carriers, and medical equipment [6-10].

Nanomedicine covers a wide range of therapeutic applications, from nanoparticulate
drug delivery systems including carbon nanotubes and layered double hydroxides, to
in vitro (biosensor) and in vivo (imaging and implantable devices) diagnostics [11-16].
Nanomedicine in drug delivery is used to achieve the improved delivery of water insoluble
drugs, delivery of large macromolecule drugs to intracellular sites of action, and codeliv-
ery of two or more drugs or therapeutic factors for combination therapy [17-19]. Since
the exploration of CNTs in 1990s and the progress of their application in nanomedicine,
these compounds are significant through their properties including rich electronic and
thermal factors, great mechanical strength, high chemical stability, and extremely light
weight [20-22]. These carriers indicate capability for transferring therapeutic factors such
as proteins, DNA, antibodies, and drugs through the external wall or trapping them in
cavity nanotubes as a capsule [23-27].

Nanotubes, with their intrinsic properties, have been considered potential candidates
for drug delivery carriers. The capped ends of nanotubes may be opened up by oxidation,
allowing for the insertion of molecules of interest inside the nanotube. Carbon nanotubes
(CNTs) can easily penetrate cells, delivering drugs directly to the cytoplasm or nucleus.

CNTs are large molecules which are built by repeating a pattern of sp? hybridized car-
bon atoms in a hexagonal composition, rolled into a cylinder of approximately 2.5-100 nm
in diameter. CNTs are long and tubular fullerene structures, which can be either single-
walled (SWCNTs) or multiwalled (MWCNTs). SWCNTs are formed by rolling a single
layer of graphite cylinder with a tube diameter of approximately 0.4-2 nm, while MWCNTs
are multiple concentric cylindrical shells of graphite layers with length about 0.36 nm and
diameter about 2-100 nm. Nanotubes conform to a perpendicular position with the cell
membrane during uptake, perforating and diffusing through the lipid bilayer to enter
the cytoplasm. Functionalized CNTs are easily internalized by cells through passive and
endocytosis-independent mechanisms [28-33].

Bone cells in the human body are gradually and continually taken away and substi-
tuted with new ones by osteoblasts throughout life. The BPs act by reducing osteoclast
activity and then reducing the overturn of bone or replacement of old bone cells. Once
we start becoming old and, in particular, when we contract disease, bone is damaged or
removed more quickly than our body can substitute it. This makes bones weakened, thin,



Chemistry 2023, 5 367

and much easier to break with even a small impact or a fall from standing height. Therefore,
BP medications support us to maintain bone density and bone strength.

In fact, the most popular BP medications have a high amount of transition metal
cations, among them CaZt, with which they can produce both soluble and insoluble com-
pounds and aggregates, depending on the pH of the solution and the transition metal
present. The BPs are separated into chemical branches based on the side chains of R1 and
R2. A central carbon can be seen in BPs with two side chains of R1, R2, and two phosphate
branches, which are bonded to Ca?* through O- of PO3 groups to maintain a high amount
of Ca%* in human bone cells (Scheme 1) [34-40].
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Scheme 1. Medication of BP-transition metal ion chelation of Mn?*, Fe?*, and Co?* through the O~
of two POj3 (phosphonate) groups covalently linked to carbon for six compounds of alendronic acid,
ibandronic acid, neridronic acid, and pamidronic acid, and delivery to the bone tissue.

The metal ions are functionalized for different biochemical reactions, which are essen-
tial for the various steps of bone regeneration, because they affect the equilibrium between
osteoblasts, osteoclasts, and osteocytes. Manganese is a vital element and is necessary for
the appropriate function of a multitude of enzymes in living organisms. Mn?* also has a
considerable impact on cell migration by modulating focal adhesion through integrins and
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actin stress fiber formation, which makes Mn an appropriate selection for augmenting the
growth and integration of bone-implantable materials [41].

Some researchers have reported a positive influence of iron oxide nanoparticles
“IONPs” on the osteogenic differentiation of human “BMSCs” in vitro mediated by “MAPK”
signaling. They illustrated that the negative effect of iron on osteogenesis resulting from
enhanced reactive oxygen species “ROS” formation and ferritin activity can be prohibited
by nanostructure compounds [42].

Based on previous studies, despite the negative impact of Co?* cations on osteogenic
cells, hydroxyapatite (HAp) nanoparticles doped with Co?* indicated dose-dependent
acceleration of osteogenesis, osteoporotic bone regeneration, and graft material replacement
compared to HA-nanoparticles without Co?* [43].

In this article, we have focused more on recent BP drugs such as alendronic acid,
ibandronic acid, neridronic acid, and pamidronic acid, which have been chelated with
Mn?2*, Fe?*, and Co?* conjugated on the surface of the (6, 6) armchair CNT, respectively
(Scheme 1). This new generation of BPs of alendronic acid, ibandronic acid, neridronic acid,
and pamidronic acid as the second and third generations of BP consists of nitrogen atoms
in a side chain of R2 for promoting osteoclast apoptosis (Scheme 1). Therefore, patients
obtain the cure with more intense nitrogen BPs rather than the earlier non-nitrogen BPs.

The conjugating of BPs of alendronic acid, ibandronic acid, neridronic acid, and
pamidronic acid with Mn?*, Fe?*, and Co?* has been investigated in this study by forming
relatively stable drugs for embedding on the (6, 6) armchair CNT as a drug delivery method
(Scheme 2).

Thus, a series of quantum theoretical approaches has been accomplished for finding
the optimized coordination of [BP- transition metal ion] chelation including O—Mn?*, O—
Fe?*, and O— Co?* about 1.82A with a DFT method of computations using the Gaussian
16 revision C.01 program (Scheme 2) [44].

(b)

Scheme 2. Cont.
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Scheme 2. Drug delivery of (a) alendronic acid, (b) ibandronic acid, and (c) neridronic acid conjugated
with Mn?*, Fe?*, and Co?*, respectively, adsorbed on the surface of (6, 6) armchair CNT.

2. Theoretical Foundation and Computational Methodology

In this study, the geometries were optimized at the framework of DFT using the three-
parameter Becke’s exchange [45,46] and Lee—Yang—Parr’s correlation non-local function [47],
usually known as the B3LYP method, and basis sets of Inl2dz for transition metal cations
of Mn?*, Fe?*, and Co?*, and 6-311+G(d,p) for other atoms including H, C, N, O, F, and P.
Then, we described the electronic structure of the conjugated (6, 6) armchair CNT by BPs of
alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid chelated with Mn?2+,
Fe?*, and Co?* for measuring physico-chemical properties (Scheme 2).

In this investigation, the Onsager model was used, which was developed by Frisch,
Wong and Wiberg, and utilizes spherical cavities. Even though this implies a less accurate
description of the solute-solvent interface, this approximation simplifies the evaluation of
energy formatives in geometry optimizations and frequency analysis [48].

Moreover, Cramer and Truhlar improved this model at the dipole level [49-53]. In fact,
a cavity must have a physical sense such as the Onsager model, and a mathematical ability
as often occurs in other descriptions of solvent impacts [54]. Specifically, the cavity has to
keep out the solvent, and its frontiers must be the highest-probability part of the solute
charge distribution [54,55].

Then, the gauge including atomic orbitals (GIAO) was adopted to solve the gauge
problem in the calculation of nuclear magnetic shielding for the complexes of alendronic
acid, ibandronic acid, neridronic acid, and pamidronic acid chelated with Mn2*, Fe?*, and
Co?* conjugated onto the (6, 6) armchair SWCNT using density functional theory (DFT)
calculations [56].

Chelation can be used between drugs and transition metal ions. For example, antibiotic
drugs of the tetracycline and quinolone families are chelated with Fe?*, Ca?*, and Mg?*
ions [57,58].

The chelation of BPs with cations in bone cells has been accomplished in this research
by forming relatively stable complexes. Therefore, a group of quantum theoretical methods
has been carried out for exploring the optimized structures of [BP-cations of Mn?*, Fe?*,
Co?*] cluster chelation conjugated onto the surface of the (6, 6) armchair SWCNT as the
drug delivery method in human bone, with thermodynamic calculations and nuclear
magnetic resonance analysis using the Gaussian 16 revision C.01 program [59].

3. Results and Discussion

In this work, we concentrated on the physical and chemical characteristics of BP—
metal ion conjugates that have been embedded on the surface of the (6, 6) armchair CNT
based on their linkage and stability. The intrinsic dynamic and energetic properties of
the coordination bonds give these structures their special characteristics, which might be
effective for drug delivery for the treatment of bone diseases.
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The strength of the BP-metal ion-CNT depends on different factors such as the
optimized geometry coordinates of interaction between BP and CNT, radius of transition
metal ions, and other physico-chemical properties of BP compounds and CNT crystal.

The dynamic property of the BP-transition metal coordination bonds adsorbed on
the surface of the (6, 6) armchair CNT exhibits electron transferring between the complex
the and surface, which is related to the chelation bonding of the BPs of alendronic acid,
ibandronic acid, neridronic acid, and pamidronic acid and transition metal ions of Mn?2+,
FeZ*, and Co?*.

The embedded (6, 6) armchair CNT enables the facile encapsulation of BP medications
of alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid on its surface, and
then the release of the encapsulated drug in the bone cell through a drug delivery approach.

The BP-based carbon nanotube stabilized by the dynamic BP-transition metal coordi-
nation has rich physiochemical characteristics consisting of thermodynamic properties of
infrared (IR) spectrum, nuclear magnetic resonance (NMR), nuclear quadrupole resonance
(NQR), electric potential, charge transfer, dipole moment, frontier of the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO), polariz-
ability and hyperpolarizability, and UV-VIS properties during the adsorption mechanism.

3.1. NMR Analysis

The BPs of alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid have
approximately shown identical behavior (30-590 ppm) for various atoms in the active sites
of these compounds through the NMR properties (Figure 1). The sharpest NMR spectrum
peak has been observed in almost 30 ppm for four BPs (alendronic acid, ibandronic acid,
neridronic acid, and pamidronic acid). The weakest NMR spectrum peaks have appeared
in approximately 200, 300, 400, and 600 ppm for all four BPs of alendronic acid, ibandronic
acid, neridronic acid, and pamidronic acid (Figure 1).

The parameters of isotropic shielding tensor (ois), anisotropic shielding tensor (oaniso),
and eigenvalues of chemical shielding including 011, 02, and o33 resulted in NMR data
for alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid conjugated
on the surface of the (6, 6) armchair CNT, respectively (Figure 2). The calculated results
have indicated the SCF GIAO magnetic shielding tensor in ppm and charge transfer for
oxygen (O), nitrogen (N), and phosphorus (P), exploring the active site of alendronic acid,
ibandronic acid, neridronic acid, and pamidronic acid complexes of BPs as drugs for one
disease’s treatment. The computations have been run based on the B3LYP/6-311+G (d,p)
level of theory using the Gaussian 16 revision C.01 program.
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Figure 2. Calculated 0,5, Of 0Xygen, nitrogen, and phosphorus atoms for alendronic acid, ibandronic
acid, neridronic acid, and pamidronic acid in ppm conjugated on (6, 6) armchair using B3LYP/6-
311+G(2d,p) level of theory.

Quantum chemical methods introduce the CS tensors in the principal axes system
to evaluate the two parameters CSI (isotropic chemical-shielding) and CSA (anisotropic
chemical-shielding) according to the equations [60]: CSI (ppm) = (033+ 022 + 011)/3; CSA
(ppm) = 033 — (022 + 011)/2.

Furthermore, the fluctuation in o,p;5, versus atom number for BPs declares the
maximum amounts for atoms of P3, P7, and O10 through alendronic acid, ibandronic
acid, neridronic acid, and pamidronic acid, which represent the relation coefficients of
R%jen = 0.9141, R%jp,p, = 0.9253, R?eri = 0.9202, and R?papmi = 0.9177, respectively.

3.2. NOR Method and Electric Potential

A N-NQR approach has been accomplished for achieving the electric potential of
carbon, nitrogen, oxygen, and phosphorus atoms for alendronic acid, ibandronic acid,
neridronic acid, and pamidronic acid using the B3LYP/6-311+G (2d,p) level (Table 1).

There are two parameters that must be obtained from NQR experiments; the quadrupole
coupling constant, X, and asymmetry parameter of the EFG tensor n: x = ¢ Qq../h;
= (qux — ny)/QZz-

Table 1 shows the polynomial graphs (order = 3) of carbon, nitrogen, oxygen, and
phosphorus atoms for alendronic acid, ibandronic acid, neridronic acid, and pamidronic
acid with relation coefficients of R?,jen = 0.965, R?%jpan = 0.8951, R = 0.9323, and
Rzpami = 0.9657, respectively, due to the electric potential versus atomic charge, which
have been achieved using the B3LYP/6-311+G (2d,p) method.
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Table 1. Electric potential of some atoms resulting from *N-NQR spectra for alendronic acid,
ibandronic acid, neridronic acid, and pamidronic acid using B3LYP/6-311+G (d,p) level.

Alendronic Acid Ibandronic Acid Neridronic Acid Pamidronic Acid
Electric Electric Electric Electric
Atom Potential Atom Potential Atom Potential Atom Potential
C2 —14.613324 C2 —14.611785 (@ —14.614456 Cc2 —14.610934
06 —22.360828 06 —22.34179 010 —22.351188 010 —22.354277
010 —22.355359 010 —22.340417 06 —22.364336 06 —22.361082
04 —22.245017 05 —22.247502 (O] —22.232377 09 —22.235109
09 —22.237996 C18 —14.736878 05 —22.24993 05 —22.247644
05 —22.250791 (O] —22.220021 O4 —22.252005 O4 —22.242675
08 —22.248466 09 —22.24676 C14 —14.727871 08 —22.246312
N14 —18.350535 C16 —14.72923 08 —22.245526 N13 —18.342792
o1 —22.261584 O4 —22.245061 N16 —18.355079 C12 —14.686243
C13 —14.692506 C14 —14.701593 10 —22.264629 10 —22.262453
C12 —14.714985 C12 —14.686639 C15 —14.702393 Cl11 —14.699855
C11 —14.700335 C19 —14.706144 C12 —14.720226 p7 —53.958423
p7 —53.959567 0O1 —22.265669 C13 —14.722867 P3 —53.957842
P3 —53.959198 Cc17 —14.729206 C11 —14.699184
C15 —14.729499 P3 —53.961477
N13 —18.333606 p7 —53.957784
C11 —14.699677
P7 —53.952902
P3 —53.960793
3.3. IR Spectra Analysis and Thermodynamic Properties

The infrared (IR) technique for BPs conjugated on the surface of the (6, 6) armchair
CNT has been accomplished using the B3LYP method and basis sets of Inl2dz for transition
metal cations of Mn%*, Fe?*, and Co?*, and 6-311+G(2d,p) for other atoms including H, C,
N, O, and P to obtain the best amounts for geometrical coordination and thermochemical
parameters. The greatest frequency fluctuation of IR spectra for alendronic acid, ibandronic
acid, neridronic acid, and pamidronic acid can been seen between approximately 0 and
500 cm ™!, and 1000 and 1500 cm !, respectively (Figure 3).

Therefore, the physico-chemical properties of the relative harmonic frequencies, IR
intensities, dipole moment, virial coefficient (—V/T), and AH, AG, and AS have determined
the stability of BPs among [alendronic acid, ibandronic acid, neridronic acid, pamidronic
acid -Mn?*, Fe?*, Co?"] complexes conjugated on the surface of the (6, 6) armchair CNT
as drugs for bone disorder treatment (Table 2). These nanostructures have proved the
characteristics of the chelated bonding with transition metal cations of Mn?*, Fe?*, and
Co?* using the drug delivery method (Table 2).

500 — — 1400
300 - L 1200
o0 4 Alendronic acid T o002
~_ 600 L =
5 s00 ] o L
'3 400 — 600 %J
w300 7 400 3

200 L 2
100 ll_ - 200
0 —— Lo
(R L L L N L L L L R L R R L R R RN LR |
0 500 1000 1500 2,000 2500 3000 3500 4000 4500 5,000

Frequency (cml)

Figure 3. Cont.
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Figure 3. Computed IR spectra for alendronic acid, ibandronic acid, neridronic acid, and pamidronic

acid of BPs conjugated onto (6, 6) armchair CNT using 6-311+G (2d,p) calculations.

Table 2. Calculated functions of harmonic frequencies (cm~!); IR intensities (km /mol) in different
normal modes; thermodynamic properties of AG and AH in kcal/mol, and AS in cal/mol. K~ at

300K; and optimized dipole moment (Debye).

AG x 10-3  AH x 10-3 AS Dipole Virial
Compounds olfmol)  (kcalfmol)  (cal/Kmol)  oment — Coefficient
) (Debye) (—V/T)
Alendronic
. o ~879.232 ~879.200 108.813 3.3359 1.8754
acid-Mn
Ibandronic ;45 175 ~1000.137 128.466 2.9955 1.8643
acid-Fe
Neridronic ~927.610 —927.575 118.208 4.4226 1.9722

acid-Co?*
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These transition metal ions chelated to BPs medications help in the treatment of bone
diseases such as fracture, osteoporosis, scoliosis, Paget’s disease, rheumatoid arthritis, gout,
bursitis, and other related disorders. The calculated properties explain the permeability
and the solubility for the chosen BPs through biological membranes, which emerge as
effective bioavailability indicators of the discovered BPs.

3.4. Frontier Molecular Orbital of HOMO and LUMO

In this part, the ionization makes the highest occupied molecular orbital (HOMO)
energy, and the electron affinity generates the lowest unoccupied molecular orbital (LUMO)
energy, which have been measured and introduced for alendronic acid, ibandronic acid,
neridronic acid, and pamidronic acid (Scheme 3). The HOMO, LUMO, and band energy
gap (ev) represent the figurative description of the frontier molecular orbitals and their
relative positive and negative districts, which are substantial operators for recognizing the
molecular specifications of BPs.

As a matter of fact, the HOMO displays the susceptibility for giving an electron, while
the LUMO, as an electron acceptor, depicts the ability to receive an electron. The energy gap
(AE = ELumo — Enomo) demonstrates the energy difference between the frontier HOMO
and LUMO orbital, representing the resistance of the structure, and demonstrates the
chemical activity of the compound. In this work, the energy gap shows how alendronic
acid, ibandronic acid, neridronic acid, and pamidronic acid interact with the surface of
the (6, 6) armchair CNT (Figure 4). In addition, the frontier molecular orbitals show an
important function in the optical and electrical properties, like in UV-Vis spectra [61].

Figure 4 demonstrates the changes in energy gap (ELumo — EHomo) versus various
effective compounds in BPs containing alendronic acid, ibandronic acid, neridronic acid,
and pamidronic acid conjugated on the surface of the (6, 6) armchair CNT at the B3LYP/6-
311+G(2d,p) level of theory.

3.5. UV-VIS Spectroscopy Analysis

There is a critical factor as an energy gap between HOMO and LUMO for recognizing
the characteristics of molecular electrical transport [62]. Based on the Frank—Condon
principle, the maximum absorption peak (max) is related to a UV-visible spectrum of
vertical excitation.

In this investigation, TD-DFT/6-311+G(2d,p) calculations have been carried out to
identify the low-lying excited states of BPs. The results contain the vertical excitation
energies, oscillator strength, and wavelength.

In the calculated value of the UV-visible spectrum of BPs, there is a maximum absorp-
tion band between 200 nm and 250 nm for alendronic acid, ibandronic acid, neridronic acid,
and pamidronic acid. Strong adsorption has been observed for alendronic acid at about
225 nm; for ibandronic acid, 237.5 nm; for neridronic acid, 230 nm; and for pamidronic acid,
222 nm.
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Scheme 3. Frontier orbitals of HOMO (a.u.), LUMO (a.u.), and band energy gap (AE = Erymo — Eromo)
(ev) for effective compounds of (a) alendronic acid, (b) ibandronic acid, (c) neridronic acid, and (d)
pamidronic acid as the BP-targeted conjugates on the surface of (6, 6) armchair CNT.
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Figure 4. The band gap (ev) of HOMO-LUMO for BP-targeted alendronate, ibandronate, neridronate,
and pamidronate.
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4. Conclusions

The physico-chemical mode of action of various metal cations and their effect on
bone tissue has indicated that their addition to present bone replacement materials can
be the start of bone repair. Furthermore, metals can be captured with some drugs into
carbon nanotubes, which support a continuous release to support the early induction
of osteoblast differentiation. Drug delivery has the potential to ameliorate remedies for
bone maladies. Some medication groups and nanostructures have illustrated potential, in
particular, in terms of the delivery of drugs to bones, and enhanced the yield of treatment.
Currently, bisphosphonates (BP) are being studied as targets for the delivery of conjugated
medications to bone sites. BPs of alendronic acid, ibandronic acid, neridronic acid, and
pamidronic acid have been considered for bone disease treatment due to the fact that they
raise the osteoclast-mediated bone intake. In this research, through the incorporation of
chelated cations of manganese, iron, cobalt, and nickel to BP drugs conjugated on the
surface of the (6, 6) armchair CNT, the molecular geometry of the compounds in the ground
state has been computed by using DFT/6-311+G(2d,p)/lanl2dz methods for obtaining
several physical and chemical parameters.

Then, electronic, vibrational, and NMR measurements on complexes of [BPs-Mn?*/
Fe?* /Co%*] joined to a (6, 6) armchair carbon nanotube have been performed using
B3LYP/6-311+G (2d,p)/lanl2dz. The HOMO-LUMO energy gap supported the analy-
sis of the chemical reactivity of the molecule. TD-DFT calculations have indicated a strong
effect for the most intense transition peak predicted in the case of the [BPs-X?*] complexes.
Third-order perturbation analyses of the NQR spectrum have been performed to investigate
the effect of the metal transition cations’ coordination on the different interactions within
the studied molecules.

The outcomes of the above perceptions can support the recommendation of the various
data gained for alendronic acid, ibandronic acid, neridronic acid, and pamidronic acid in
the solvent, mainly because basis set functions are derived from a shift in the polarization of
the ambience. It is notable that a growth in the dielectric constants raises the resistance and
turnover of these BP medications for prohibiting the loss of bone density, osteoporosis cure,
and other bone disorders. Finally, in this article, it has been observed that target-specific
linkages between BPs and the chelated particles permit the liberation of drug upon bone
binding. In fact, different drugs, nanostructures, and conjugation methodologies promise
considerable scope for targeted drugs and the effective treatment of bone diseases.
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