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ABSTRACT: Graphene oxide (GO) has become a very interesting structure in recent years due to its important

results in biomedical applications of nano-bio researchers. Graphene oxide is a form of graphene decorated with

oxygen-containing groups. When compared to graphene, GO is easily dispersible in water as well as any other

solvents. It is easy to process and also make graphene too. Graphene-based materials are also widely used studied in

biomedical applications in smart medicine and genetic engineering. In this work, the electronic properties of

commercially available pyrimidine-2,4(1H,3H)-dione used in antihypertensive treatment and its adsorption on GO

nanocage were calculated using density functional theory (DFT). Based on calculations, it is probable that the

urapidil molecule's -NH group will interact with the GO surface's acid group. Most likely, proton exchange is the

basis for the adsorption taking place in this section. The N-O interaction bond length was found to be 2.05115A° in

the computation done within the context of this option.
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1 INTRODUCTION

GO was synthesized by oxidation of
graphite to graphite oxide followed by
exfoliation [1]. GO has a large surface area and
contains many epoxy and hydroxyl groups on
its surface [2-6]. GO are important for material
science because of thermal, optical, electrical
and magnetic properties [7-9]. GO chemistry
is largely based on Brodie's work on graphite
oxide in the 18th century [10]. Generally
accepted models of GO structure are those
based on hydroxyl, carboxylic acid and
epoxide groups as the dominant functional

groups (Figure 1). It also contains groups such
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as ketones, phenols, lactols and lactones in its
structure [11]. There are many outstanding
properties that define such materials in terms
of reactivity. Oxygen-containing functional
groups cause GO to function as a solid acid.
The nanovoids present in GO give it unpaired
spins, which helps in the activation of small
molecules by the spin flip process. GO is an
ideal material where covalent modification or
non-covalent interactions occur [12]. Figure 1
shows potential active sites that can be added
to the GO scaffold. The bonding between GO

and organic materials can be covalent bond or
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non-covalent bond interaction. GO has been
extensively researched to develop biosensors
due to its functionalizable surface and
sensitive electrical properties [13, 14].
Detection of important biomolecules such as
nucleic acids, proteins, and growth factors has
been successfully achieved using

appropriately functionalized graphene
derivatives [15]. In addition to biomolecules
in buffered solutions, hormonal catechol
amine molecules secreted from living
neuroendocrine cells have been also detected

using GO [16].

Figure 1. Proposed structure of GO [17].

Single malaria-infected red blood cells
have also been detected by devices fabricated
on microfluidic channel arrays and graphene
films functionalized with receptor proteins
[18].

Patients with hypertension are at an
increased risk of morbidity and mortality
from cardiovascular diseases (stroke and

coronary events). The magnitude of this risk
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depends on the severity of hypertension. The
goal of treatment is to lower blood pressure,
thereby reducing the risk of stroke and
coronary events. Drugs commonly used to
treat hypertension include diuretics, [-
receptor  blocking  drugs, angiotensin-
converting enzyme (ACE) inhibitors, calcium
antagonists, and a-adrenoceptor antagonists
[19]. This pyrimidine derivative (Figure 2) is
a widely used drug with antihypertensive
effects in central and peripheral areas. This
compound blocks the effects of the nervous

system on the vascular muscular system.

Figure 2. Pyrimidine derivative.

Quantum chemistry methods play an
important role in obtaining extremely precise
geometries for molecules and predicting
various properties of molecules. Density
functional theory (DFT) methods offer an
alternative use of inexpensive computational
methods in studying the properties of
relatively large molecules [20]. DFT is widely
used to study the electronic properties,
molecular structure, chemical reactivity and
hydrogen
compounds [21]. With DFT calculations, the

bonding of  pharmaceutical
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molecular orbitals and geometries of organic
compounds are characterized by their
activities. The properties of the components
are related to the highest occupied molecular
orbital energy (EHomo), the lowest unoccupied
molecular orbital energy (ELumo) and the use
of frontier orbital energy difference (AE =
ELumo- Enomo) [22]. In this study, the
geometric and electronic structures of the 6-
(3-(4-(2-methoxyphenyl) piperazin -1-
ylpropylamino) -1,3- dimethylpyrimidine-2,4
(1H,3H) -dione (urapidil) , used as an
antihypertensive drug, were examined by the
DFT method. The adsorption of compound on
graphene oxide was studied with the same
method.
2 MATERIAL AND METHOD
2.1 Materials

The adsorption of urapidil molecule on
the GO nanocage surface was investigated by
DFT calculations. The calculations are made
on  Gaussian09  program  using the
B3LYP/DGTZVP basis set [23-25]. To
accurately the interaction, the adsorption
energies (AEad) were calculated as follows:
AEad = AE(complex)- AE(GO) —
AE(pyrimidine derivative) (1)
Quantum chemical parameters AEnomo,
AELumo and AEgsp were calculated and
discussed for all types of interactions.
In addition, electronegativity “y”, chemical
softness “S”, ionization potential “I”, dipole

(X Pedd

moment “u”, chemical hardness “n” and
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electron affinity “A” [26, 27] calculations
were performed for GO and pyrimidine
derivative.
3 RESULTS AND DISCUSSION

Full geometry optimizations of the GO
nanocage and urapidil were performed using
DFT based on Beck and Lee—Yang—Parr [28]
non-local correlation functional (B3LYP)
DGTZVP basis sets in the Gaussian09
program [23] (Fig. 3a,b).

LUMO
Figure 3a. GO nanocage HOMO and LUMO

profile.
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LUMO
Figure 3b. Pyrimidine derivative HOMO and

LUMO profile.

When the electronic structure of the
GO nanocage is examined, it is seen that
electrons are concentrated in the epoxy
regions. It is seen that the electrophilic
character is concentrated in the carboxylic
acid regions. This shows that the aliphatic
nitrogen atom on the pyrimidine derivative
will attach to the carboxylic acid region of
GO. The adsorption of pyrimidine derivative
on the GO surface can be analyzed by
theoretical calculations. HOMO and LUMO
values are the most important parameters used
to predict the adsorption activity of
pyrimidine derivative on the GO surface. In

addition, parameters such as ionization
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potential, electron affinity, chemical softness,
dipole moment, chemical hardness and
electronegativity can be obtained through
quantum calculations.

The absolute electronegativity (x) of
the compounds is calculated with the
following equation (2), depending on the

ionization potential and electron affinity [29].
I+A
= (5) @

The chemical hardness of the compound is
calculated based on its ionization potential

and electron affinity (equality) (3).

_I(TEY _1(ow)_I4
=3 (6N2)3(r) T2 (aN) T2 )
Another important parameter that shows the
reactivity of compounds is chemical softness.
Chemical hardness and softness are also

connected to each other as in the equation

below.
1
S=1 (4)

Obtained HOMO, LUMO, I, A, x, n and S
values as a result of the calculations are given
in table 1.

Table 1. The quantum chemical parameters
for GO and pyrimidine derivative (eV).

EHomo ELumo AE | A

GO -7.169 -0.975 6.194 7.169  0.975
Ura -4.941 -1.899  3.042 4941  1.899

n S X u(D)

GO 6.194 0.161  4.072 6.472
Ura 1521 0.657 3.420 4.923

155



Akbas B.C., et al., Anat. J. Pharm. Sci., 2024:3(1)

Nonlinear optical properties for GO and
pyrimidine derivative were calculated. As a
result of these calculations, total dipole
moment W, average polarizability (otr) and

average first hyperpolarizability (Btwt) were

calculated.
utot = ug + up + Uz (5)
atot = (Uxy + ayy + a;;)/3 (6)

ptot = [(.Bxxx + ﬂxyy + .szz)z +
(,Byxx + ,Byxx + .[))yzz)2 + (ﬁzzz + Baxx +

[ (7)

The wvalues of the resulting
calculations are given in Table 2. The high
dipole moment, molecular polarizability and
hyper polarizability values of the compound
are directly proportional to its good nonlinear
optical (NLO) properties. According to the
values obtained as a result of the calculations,
it was determined that the compounds studied
had very good NLO properties.

The molecular electrostatic potential
maps (MEPs) were calculated using DFT and
DGTZVP base set in the Gaussian09 program
for GO and pyrimidine derivative. In MEPs,
which provide important information about
the charge distribution of the molecules, the
charge distributions are given in different
colors. In the MEPs given in Figure 4a,b the
areas represented in red represent the regions
where negativity is concentrated in the

molecule (nucleophile), and the regions in
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Table 2. NLO properties of GO, pyrimidine
derivative and complex structure.

Parameters pyrimidine

(a.u) GO derivative Complex
Procx 580.8926  -105.3978 ~ "803.5864
Bryy 1557559 32.8724 -144.4748
Prz -60.7116 24.9881 -32.0193
Byyy 2693956  2.4770 1059.2316
Byxx -2281507 360261 136.2827
Byzz 78.0111 -7.3493 16.9900
Pz -51.6876 180063 368272
Boc 69.4933 -56.0057 256.9811
Payy 7.4148 -26.0346 168.5767
Brot (esu) 10%° g0z 607 1150637  1606,79
Oxx 17.9609 1535790 4417985
COyy -1.5240 156.9748 ~ ~953.2645
Ozz -16.4370 1806349  -577.7118
owt (esU) 103 900003 -163.7206  “524.2582
Hx 4.3060 -0.7441 -9.8410
Hy -4.6709 35837 8.2756

Uz 1.2362 -3.2930 5.0619
Hot (esu) 103 64720 4.9234 13.8186

blue color represent the areas in the molecule
where positivity is concentrated
(electrophile). The electrostatic potential
increases during red> orange> yellow>
green> blue. In these our compounds the

highest potential is on oxygen atoms.

Figure 4a. MEP of GO.
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Figure 4b. MEP of pyrimidine derivative.

Calculations show that the -NH group
in the pyrimidine derivative is likely to
interact with the acid group on the GO
surface. The adsorption occurring in this part
is most likely based on proton exchange. In
the calculation made within the framework of
this possibility, it was determined that the N-
O interaction bond length was 2.0511A°
(Figure 5).

Figure 5. Complex of pyrimidine
derivative/GO.

The electronic energy of the
pyrimidine derivative /GO complex was

calculated by the following equation.
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AEad = AE(complex)- AE(GO)
— AE(pyrimidine derivative)
AEad = (—164,50)- AE(—117,49)
— AE(—46,99)
AEad = —0.02 eV
Accordingly, the two main mechanisms
involved in the adsorption of pyrimidine
derivative to the carboxylic acid site on the
GO nanocage surface are orbital and charge-
induced interactions (electrostatic effect). In
particular, the hydrogen atom bonded to the
nitrogen atom interacts with the oxygen in the
carboxylic acid group, inducing
intermolecular  electrostatic  interactions.
Consequently, complex is the most stable
from its NH side due to the interaction
between pyrimidine derivative and the GO
nanocage.

Figure 6 shows the density of the state
spectra for pyrimidine derivative and
complex. The decrease in the Eg value of the
GO- pyrimidine derivative compared to the
GO nanocage is due to this opposite electric
peak after the adsorption process of
pyrimidine derivative. Furthermore, a closer
examination of the DOS spectrum reveals that
the HOMO and especially the LUMO levels
are shifted to the higher energy region after
adsorption of pyrimidine derivative.

Based on the computation findings, it
is possible to conclude that the pyrimidine
derivative molecule's -NH group will create a

strong bond through proton transfer with the
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acid group on the GO surface during

adsorption.

21
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Energy (eV)

-20.0 -17.5 -15.0 -125 -10.0 -1.5 -5.0 -2.5 0.0
Energy (eV)

Figure 6. DOS plots of pristine pyrimidine

derivative and complex, respectively.
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