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ABSTRACT

This research involved drawing the structures and optimizing the drug molecule carmustine and a single-
walled carbon nanotube (8,0) using Gaussian09, GaussView, and Nanotube Modeler software. By
employing Density Functional Theory (DFT) and the 6-31G basis set, we examined the interaction of the
drug molecule carmustine with the surface of the carbon nanotube from various angles.

Additionally, we calculated physical properties such as ionization potential, chemical potential, electron
affinity, hardness, softness, and the gap between the Highest Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO) of the drug molecule both before and after placement on
the nanotubes. The results indicate that the drug molecule shows the highest absorption and interaction
with the carbon nanotube surface when approached from the oxygen side.
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1. INTRODUCTION

Carmustine is used as an alkylating agent to treat various types of brain cancer, including glioma,
glioblastoma multiforme, medulloblastoma, astrocytoma, multiple myeloma, and lymphoma (both Hodgkin's
and non-Hodgkin's). It is also used as part of a chemotherapeutic protocol in preparation for hematological
stem cell transplantation, a type of bone marrow transplant, in order to reduce the white blood cell count in
the recipient.Carbon nanotubes (CNTs) have exceptional electrical conductivity, heat conductivity, and
mechanical properties. They are considered the best electron field emitters available. CNTs are polymers of
pure carbon that can be reacted and manipulated using the well-known and rich chemistry of carbon.

There has been significant practical interest in the conductivity of CNTs. CNTs with specific combinations of
structural parameters (N and M) indicating the amount of twist in the nanotube can be highly conducting,
making them metallic. Their conductivity is influenced by their chirality (degree of twist) and diameter. CNTs
can exhibit either metallic or semi-conducting behavior electrically.

Carbon nanotubes are remarkable objects with the potential to revolutionize the technology world. Their
fascinating physical, optical, and electrical properties make them a promising material for future research.
This research primarily focuses on the physical properties of CNTs and provides an overview of factors that
affect these properties, such as structural differences, purity, tube diameter, and density.

In the current research, our main goal is to theoretically study the absorption of drug molecules on the surface
of carbon nanotubes. Therefore, theoretical calculations were performed using the DFT method and 6-31g
basis set. We hope that the results presented could provide improved conditions for the use of nanostructures,
particularly carbon nanotubes, as drug carriers.[1] to [3]
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2. Methodology

In this research, the carmustine drug molecule and carbon nanotube were drawn using GaussView and
Nanotube Modeler software, respectively. They were then optimized using the Density Functional Theory
(DFT) method and 6-31g basis set in the Gaussian09 program. Next, the optimized drug molecule was
positioned near the surface of the carbon nanotube from various directions, and the binding energies (BE)
were calculated using the following equation:

BE=Ecnt-DrUG — (EcnT + EDRUG) (1)

Ecnt and Epruc represent the electronic energies of a carbon nanotube (8,8) and the drug molecule carmustine,
respectively. Additionally, Ecnt-oruc is associated with the total electronic energy of nanotubes loaded with
the drug molecule carmustine after full geometric optimization. The quantum molecular descriptors for the
nanotubes were determined as follows:

u=-U+4)/2 (2

X= —u 3)
n=>u-4)/2 4)
S=1/2n (5)
w = (u?/2n) (6)

ANmax = —H/U (7)

Where | (-Enomo) represents the energy of the Fermi level and A (-ELumo) is the initial value of the conduction
band. The electronegativity () is calculated as the negative of the chemical potential (1), expressed as: y=-u.
Furthermore, hardness (1) can be estimated using Koopmans' theorem. | (-Enomo) stands for the ionization
potential, and A (-ELuwmo) represents the electron affinity of the molecule. The maximum amount of electronic
charge, ANmax, that the electronic system can accept is determined by Eq. (7) [4]and [7] to [11].

3. Results and discussion
The optimized structures of the anticancer drug molecule, zigzag carbon nanotube (8,0), and the structures in

which the carmustine drug molecule approaches the surface of the nanotube through oxygen and chlorine are
presented in Figures 1 and 2.

Fig. 1. Optimized geometrical parameters of CNT(8,0) and Carmustine
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Fig. 2. Optimized geometrical parameters of Carmustine on the surfaces of CNT(8,0) from the side of
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chlorine and oxygen atoms
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Table 1. Enomo and ELumo, bond gap (EQ), adsorption energy (Ead), energy of Fermi level (Eg), chemical
potential (i), electron affinity (A), hardness (), softness (S), ANmax, and electrophilicity (x) of carmustin
adsorbed on the CNT(8,0). The parameters are in units of eV.

property carmustine  CNT(8,0) CNT- CNT- CNT- CNT-
DRUGO1(A) DRUGO2(B) DRUGCIL(C) DRUGCI2(D)
Eromo -6.98 -3.30 -3.22 -3.57 -3.28 -3.18
ELumo -2.82 -2.90 -2.86 -3.16 -3.02 -2.84
Egap 4.16 040 0.36 0.41 0.26 0.34
Ead - - -183.73 -184.53 -179.33 -175.53
Ee -4.90 -3.10 -3.04 -3.36 -3.15 -3.01
I=-Eromo 6.98 3.30 3.22 3.57 3.28 3.18
A=-ELumo 2.82 2.90 2.86 3.16 3.02 2.84
n=(>-A4)/2 2.08 0.20 0.18 0.20 0.13 0.17
u=—I+4)/2 -4.90 -3.10 -3.04 -3.36 -3.15 -3.01
S=1/2n 1.04 0.10 0.09 0.10 0.06 0.08
w = (u?/2n) 5.77 24.02 25.67 27.62 38.16 26.65
ANy a = —§/1 2.35 15.50 16.89 16.41 24.23 17.70

The amount of absorption depends on the chemical potential. The more negative the numerical value of the
chemical potential, the greater the absorption. Therefore, based on the values obtained for the chemical
potential, it can be concluded that the absorption rate of the carmustine drug molecule on the carbon nanotube
surface is higher in structure B (-3.36 V).

Additionally, the interaction energies of branches A, B, C, and D are equal to -183.73, -184.53, -179.33, and
-175.53 electron volts, respectively. Therefore, the amount of interaction of the carmustine drug molecule is
higher due to the more negative interaction energy in structure B. This result is in perfect agreement with the
absorption of structure B. It can be said that the most interaction and absorption of the drug molecule occur
in structure B and from the side of oxygen.

HOMO (Highest Occupied Molecular Orbital) and LUMO (Lowest Unoccupied Molecular Orbital) are
molecular orbitals. They are very important electronic parameters for chemists and physicists. The LUMO is
referred to as the innermost orbital containing available locations to accept electrons [5].

The eigenvalues of the LUMO-HOMO energy gap reflect the chemical activity of the molecule [6].The
difference between the HOMO and LUMO molecular orbitals indicates the energy gap (Egap). The higher the
gap energy, the less energy the electron transfer from HOMO to LUMO requires, making electron transfer
easier and increasing electrical conductivity.

The results obtained show that when the carmustine drug molecule approaches the surface of the carbon
nanotube, the gap energy of the drug molecule decreases significantly. In structures a, b, and c, there is a
decrease in gap energy, while in structure d, the gap energy remains almost constant.

According to the results, structure C has the lowest gap energy (0.26 V) and the highest electrical conductivity,
while structure B has the highest gap energy (0.41 eV) and the lowest electrical conductivity.

The density of states (DOS) of a material gives a measure of the number of energy states available in the system
that electrons are allowed to occupy. DOS is an essential quantity to predict a material’s conductivity.
Calculating the density of states for small structures shows that the distribution of electrons changes as
dimensionality is reduced.

The density diagram shows the interaction mode of the carmustine drug molecule with CNT(8,0) in structures
A, B, C, and D in Figure 3. In the graph of the state density function, the boundary distance between virtual
orbitals (red line) and occupied orbitals (green line) indicates the energy gap. This reveals that the lowest
bandgap is associated with structure C, while the highest energy gap is linked to structure B.
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Fig. 3. Calculated density of state (DOS) plots for carmustine adsorbed on the CNT(8,0)
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HOMO D LUMO D

Fig. 4. The surfaces of HOMO and LUMO of carmustine,CNT(8,0) and carmustine-adsorbed (8,0) SWCNTs.
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In the drug molecule carmustine, the concentration of the HOMO and LUMO molecular orbitals is located in
the center of the molecule and on the oxygen and nitrogen atoms. In CNT(8,0), however, these orbitals are
found at the ends of the nanotubes and on the terminal carbon atoms.

In structure A, mostly HOMO molecular orbitals are observed on oxygen and nitrogen atoms away from the
nanotube, as well as at both ends of the nanotube. LUMO molecular orbitals are only present in the carmustine
drug molecule and around oxygen and nitrogen atoms. Therefore, it can be concluded that in structure A,
electron transfer occurs from the nanotube to the carmustine molecule.

In structure B, the concentration of HOMO and LUMO molecular orbitals is on the carbon atoms at both ends
of the nanotube. In structure C, the dispersion of HOMO molecular orbitals is mainly around the chlorine
atom near the nanotube and throughout the nanotube. However, the density of LUMO molecular orbitals on
the chlorine atom of the carmustine molecule is close to the nanotube and on the same side of the nanotube.
Additionally, in structure D, the HOMO molecular orbitals are located on the chlorine atom of the carmustine
molecule, and in the nanotube, the HOMO and LUMO orbitals are mainly distributed on the carbon atoms
close to the drug molecule but on the opposite side of the nanotube.

The hardness index for CNT(8,0) is 0.2 eV. After the carmustine molecule approaches its surface in
nanostructures A, B, C, and D, the hardness index becomes 0.18, 0.20, 0.13, and 0.17, respectively. It is evident
that the hardness index decreases in nanostructures A, C, and D, while remaining constant in B. A decrease in
the hardness index signifies a decrease in stability and an increase in reactivity. Therefore, it can be inferred
that nanostructure C is the least stable and most reactive among the nanostructures.

Furthermore, the ionization potential and electron affinity of nanostructure B are 3.57 and 3.16 eV,
respectively, which are the highest among the nanostructures. This indicates that nanostructure B has the
highest resistance to electron loss and the greatest tendency to absorb electrons.
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