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The adsorption of Fluorouracil on Cgy and Sigp nanocages is investigated by theoretical methods. The main
parameters of adsorption of Cgy, Sigp, Ti-Cgz and Ti-Sigz nanocages on Fluorouracil are calculated. The Sigy has
higher ability to adsorb the Fluorouracil than Cgy. Energy of adoption (Eadoption), cohesive energy, HOMO-LUMO
energy difference, Gibbs free energy (AG) and recovery time (t) values of Fluorouracil-nanocage complexes are
calculated. The 7 index of Ti-Cgp-Fluorouracil and Ti-Sige-Fluorouracil are higher than Cgp-Fluorouracil and Sigy-
Fluorouracil. Ti adoption of Ti-Cgp and Ti-Sigp can improve the adsorption of Cgy and Sigy with Fluorouracil.

Finally, the Ti-Sigy is acceptable nanocage to deliver and adsorb the Fluorouracil with high performance.

1. Introduction

In recent years, cancer is one of the leading causes of human mor-
tality in developed countries and Fluorouracil is important drug to
cancer treat [1-3]. When this drug is injected into a cancer patient, the
active ingredients of the drug react with DNA and prevent the growth
and development of cancer cells inside the body [4-6].

The metal doped materials with high thermodynamic stability,
structural and high-temperature stability [7-9], hydrophobic properties
to drugs [10-12] and acceptable physical and chemical forms [13-15]
are potential candidates to carry and transfer of various types of cancer
drugs [16,17].

In this study, the carbon and silicon atoms of Cgy and Sigy nanocages
are replaced with Ti atoms and the Ti-Cgy and Ti-Sigy nanocages are
produced. The electrons in orbitals of d of Ti have high potential to
interaction with electrons of orbitals of p, d of carbon and silicon. These
acceptable interactions between the Ti and C and Si atom in Ti-Cgy and

Ti-Sigy nanocages can increase the potential of nanocages to deliver of
Fluorouracil, significantly.

Bautista et al [18] investigated the potential of boron nitride nano-
structures to adsorb the acetylsalicylic acid by theoretical models. Their
results demonstrated that boron nitride nanostructures can adsorb the
acetylsalicylic acid with physical interaction [18].

Shakerzadeh et al [19] studied the fluorouracil interactions and
adsorption by boron nitride nanomaterials. They show that boron
nitride nanocages have valuable interactions with fluorouracil as well as
BN nanostructures [19].

Gholami et al [20] investigated the abilities of BN fullerenes to
deliver the hydroxyurea drugs. Their data indicated that the hydroxy-
urea and nitrosourea drugs have significant interaction with BN fuller-
enes in gas phase and water [20].

Anota et al. [21] studied the potential of some types of nanomaterials
for drug delivery of anti-cancer Lapachone drug by calculation methods.
They indicated that the studied drugs inside of nanomaterials can
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Fig. 1. Structures of Cgs, Sigs, Ti-Cgs, Ti-Siga nanocages.

improve the adsorption abilities of fullerene to deliver the anti-cancer
Lapachone drug, significantly [21].

Here, properties of Ti doped carbon (Ti-Cgs) and Ti doped silicon (Ti-
Sigp) nanostructures as drug carriers are examined by computational
methods. The structural and electronic properties of nanocages and their
complexes with Fluorouracil are examined. The important parameters
for Fluorouracil-nanocages are examined to find the best carriers of
anticancer drugs.

2. Computational details

Structures of nanocages (Cgy, Sige, Ti-Cgp, Ti-Sigz) and their com-
plexes with Fluorouracil (Cgp-Fluorouracil, Sigp-Fluorouracil, Ti-Cgs-
Fluorouracil and Ti-Sigy-Fluorouracil) are optimized by PW91PW91 and
MO06-2X in GAMESS software [22-24].

The optimized material frequencies (Cgp, Sigs, Ti-Cgo, Ti-Sigz) and
complexes (Cgy-Fluorouracil, Sigy-Fluorouracil, Ti-Cgy-Fluorouracil and
Ti-Sigs-Fluorouracil) are examined in order to demonstrate that com-
plexes are stable structures and complexes and they have the minimum
energy, from thermodynamic view point [22-24].

Table 1
The Eadoption’ Enomo-Lumo and Ecohesive in eV of nanocages.

PW91PW91/6-311+G (2d, 2p) MO06-2X/cc-pVQZ

Nanocages  Eadoption  Enomo- Ecohesive  Eadoption ~ Enomo- Ecohesive
LUMO LUMO

Cs2 - 2.51 -7.67 - 2.54 —7.60

Siga - 2.18 —7.98 - 2.21 -7.91

Ti-Cga —4.12 2.27 - —4.06 2.32 -

Ti-Siga —4.23 2.00 - —4.18 2.03 -

Convergence threshold of optimized nanocages and their complexes
with Fluorouracil are 1.5 x 10° Hartree/Bohr and 6.0 x 10" Angstrom
[22-24]. The 90 k-point is used to optimize the nanocages and their
complexes with Fluorouracil [25-27].

In this study, the global charge for complexes of nanocages with
Fluorouracil (Cgz-Fluorouracil, Sigp-Fluorouracil, Ti-Cgp-Fluorouracil
and Ti-Sigy-Fluorouracil) are calculated by Natural Bond Orbital (NBO)
model [22-25]. Here, the all possible multiplicity values for studied
nanocages (Cga, Sigo, Ti-Cgo, Ti-Sigp) and their complexes with Fluoro-
uracil are considered and the structures with the minimum energy are
used to calculated the related parameters of drug delivery of Fluoro-
uracil with nanocages [25-27].

3. Results and discussions
3.1. Cgy, Sigy, Ti-Cgy, Ti-Sigz nanocages

The potential of Cgp, Sigy, Ti-Cgo, Ti-Sigo nanocages to deliver the
Fluorouracil as anticancer drug are examined [28-30]. The optimized
structures of Cgy, Sigg, Ti-Cgy, Ti-Sigs and Fluorouracil are presented in
Fig. 1.

Properties of Ti doped carbon (Ti-Cgy) and Ti doped silicon (Ti-Sigs)
nanostructures as drug carriers are examined by computational
methods. The structural and electronic properties of nanocages and their
complexes with Fluorouracil are examined. The important parameters
for Fluorouracil-nanocages are examined to find the best carriers of
anticancer drugs.

The metal doped nanostructures (Ti-doped nanocages) with high
thermodynamic stability, structural and high-temperature stability,
hydrophobic properties, suitable sensitivity to drugs, unique globular
shape and acceptable physical and chemical forms are potential
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Table 2
The data of Fluorouracil on surfaces of nanocages in gas phase.

PW91PW91/6-311+G (2d, 2p)

Complexes AGadsorption Enomo-Lumo q (e) T (sec)
a —2.75 3.52 0.359 43.85
c —2.87 3.23 0.377 46.51
e —-3.41 3.31 0.435 49.34
g -3.49 3.03 0.455 53.32
b -2.70 3.56 0.354 42.97
d —2.81 3.27 0.372 45.58
f -3.34 3.36 0.430 48.35
h —-3.42 3.08 0.451 52.25
M06-2X/cc-pVQZ

Complexes AGadsorption Enomo-Lumo q(e) 7 (sec)
a —2.67 3.63 0.341 41.66
c —2.78 3.33 0.358 44.18
e -3.31 3.41 0.413 46.87
g -3.39 3.12 0.432 50.65
b —2.62 3.68 0.338 40.83
d —-2.72 3.37 0.354 43.30
f —-3.24 3.44 0.408 45.93
h -3.32 3.16 0.428 49.64

candidates to carry and transfer of various types of cancer drugs. In this
study, the carbon and silicon atoms of Cgy and Sigp nanocages are
replaced with Ti atoms and the Ti-Cgy and Ti-Sigp nanocages are pro-
duced. The electrons in orbitals of d of Ti have high potential to

Inorganic Chemistry Communications 155 (2023) 111115

interaction with electrons of orbitals of p, d of carbon and silicon. These
acceptable interactions between the Ti and C and Si atom in Ti-Cgy and
Ti-Sigy nanocages can increase the potential of nanocages to deliver of
Fluorouracil, significantly.

The adoption energy (Eadoption), cohesive energy, HOMO-LUMO en-
ergy difference, Gibbs free energy (AG) and recovery time (t) values
(Tables 1 and 2) are calculated [31-33] as following:

Evdopiion = Eri. —E —Erp €))]
Ecoesive = (Emm()z‘age - 82*E(.arbnnamm) / 32 (2)
Eromo-rumo = Erumo — Enomo 3
AG gsorpiion = Gri it -(G + Gr ") (4)
7= (1/9)*exp( — Eadsorprion/ KT) 5)

Results indicated that the Eagoption Of Ti-Cg2 are negative values. The
Ti-C and Ti-Si bonds in Ti-Cgy and Ti-Sigy nanocages are strong [34-37].
Results shown that the negative values of Ecopesive can demonstrate the
Cs2 and Sigy structures have suitable structural stability and thermody-
namic stability [38-41].

3.2. Complexes of Fluorouracil with Cgy, Sigs, Ti-Cgs, Ti-Sigz nanocages

The possible positions for adsorption of Fluorouracil on nanocages
are presented in Figs. 2 and 3. The Fluorouracil are interacted with Ti
atoms of nanocages. The calculated Egomo-Lumo, q, T index and
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Fig. 2. Complexes of of Cgy and Ti-Cgy with Fluorouracil.
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Fig. 3. Complexes of Sig, and Ti-Sig, with Fluorouracil.

AGadsorption  (Table  2) of mnanoacge-Fluorouracil complexes are
calculated.

Properties of Ti doped carbon (Ti-Cgz) and Ti doped silicon (Ti-Sigz)
nanostructures as drug carriers are examined by computational
methods. The structural and electronic properties of nanocages and their
complexes with Fluorouracil are examined. The important parameters
for Fluorouracil-nanocages are examined to find the best carriers of
anticancer drugs.

The AGadsorption are negative and Fluorouracil adsorption on Cga,
Sigy, Ti-Cgy, Ti-Sigy are exothermic reactions. The metal adoption of
nanocage can improve the potential of nanocage to adsorb the Fluoro-
uracil. The Si nanocage has higher ability to adsorb the Fluorouracil
than C nanocage [42-45].

The 1 index of Ti-Cgy-Fluorouracil and Ti-Sigs-Fluorouracil are higher
than Cgy-Fluorouracil and Sigs-Fluorouracil. The t index of Ti-Sigo-
Fluorouracil are higher than Ti-Cgy-Fluorouracil. The t index of Sigs-
Fluorouracil is bigger than Cgy-Fluorouracil.

In water, AGagsorption values (Table 3) are negative and the

Table 3

The data of Fluorouracil on surfaces of nanocages in water.
Complexes AGadsorption Enomo-Lumo q (e) T (sec)
a —2.83 3.41 0.377 46.04
c —2.96 3.13 0.396 48.84
e -3.50 3.21 0.457 51.81
g —3.58 2.94 0.478 55.99
b —-2.77 3.45 0.372 45.12
d —2.90 3.17 0.393 47.86
f —3.43 3.24 0.451 50.77
h —-3.51 2.99 0.472 54.87

interactions of Fluorouracil with Cgy, Sigo, Ti-Cgy and Ti-Sigz nanocages
are exothermic reactions. The water is improved the adsorption of
Fluorouracil on nanocages and Eadsorption a1d AGadsorption are acceptable
values [46-48].

The t index of Ti-Sigp-Fluorouracil are higher than Ti-Cgy-Fluoro-
uracil [49,50]. Finally, Ti-Sigs and Ti-Cgo have high potential to adsorb
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the Fluorouracil.
4. Conclusions

The adoption energy (Eadoption), cohesive energy, HOMO-LUMO en-
ergy difference, Gibbs free energy (AG) and recovery time (t) values of
complexes of Fluorouracil-nanocages are calculated. The calculated
AGagdsorption Of nanocages-Fluorouracil are negative and these processes
are exothermic reactions. The t of Ti-Cgy-Fluorouracil and Ti-Sigs-
Fluorouracil are higher than Cgy-Fluorouracil and Sige-Fluorouracil. The
main parameters of interactions of Cgy, Sigy, Ti-Cgy and Ti-Sigy nanoc-
ages with Fluorouracil are calculated. The Sigy has higher ability to
adsorb the Fluorouracil than Cgs. The 1 index of Ti-Sigp-Fluorouracil are
higher than Ti-Cgp-Fluorouracil. The Ti-Sigp is valuable material to
adsorb the Fluorouracil from theoretical viewpoint.
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