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Abstract:

activities of the compound based on these findings.

In this study, the electronic structure of the antioxidant compound 2,2'-Dithymoquinone was investigated
using the Density Functional Theory (DFT) method. The molecular geometry of 2,2'-Dithymoquinone was
optimized in the gas phase using the Gaussian program. From the optimized structure, the electronic
properties were determined, and theoretical evaluations were made regarding the potential biological
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1. Introduction

Natural compounds [1], especially their antioxidant [2] properties, hold
significant potential in the treatment of diseases associated with oxidative
stress. Antioxidants [3] neutralize free radicals, preventing cellular
damage and strengthening the body's defense mechanisms. In this context,
thymoquinone and its derivatives are among the important compounds
that stand out for their antioxidant properties.

2,2'-Dithymoquinone, a dimeric derivative of thymoquinone, exhibits
strong antioxidant [4] effects due to its unique bond structures provided
by its molecular framework. Understanding the chemical and biological
properties of this compound is crucial for potential therapeutic
applications. However, the properties of 2,2'-Dithymoquinone have
primarily been investigated through experimental methods, with
theoretical analyses remaining limited.

The aim of this study is to theoretically investigate 2,2'-Dithymoquinone
by performing electronic analyses using the Density Functional Theory
(DFT) method, taking into account the compound's antioxidant activity.

2. Computational Detalls

The geometric structure of the antioxidant compound 2,2'-
Dithymoquinone was initially visualized [5] using the Gaussian View [6]
program. Subsequently, theoretical calculations were performed using the

Density Functional Theory (DFT) method, with the B3LYP [7, 8]
functional and the 6-311G(d,p) basis set. This computational approach
aimed to investigate the electronic structure of 2,2'-Dithymoquinone.

3. Results And Discussion
3.1. Analysis of Molecular Geometry Structure

The molecular structure of 2,2'-Dithymoquinone was optimized using the
Density Functional Theory (DFT) method [9] with the B3LYP/6-
311++G(d,p) functional in the gas phase. The molecule is composed of
20 carbon (C), 24 hydrogen (H), and 4 oxygen (O) atoms. 2,2'-
Dithymoquinone exhibits a dimeric structure formed by the bonding of
two thymogquinone units. It belongs to the P-1 space group and displays a
symmetric configuration, which has a significant impact on its electronic
properties.

The optimization process provided insights into the molecule’s overall
geometry, yielding a stable structure. Geometric optimization plays a key
role in accurately evaluating the compound’s potential biological activity,
as the correct three-dimensional structure governs its ability to interact
with other molecules. Furthermore, this process directly influences the
molecule’s energy levels and stability. The optimized structure of 2,2'-
Dithymoquinone is presented in Figure 1.
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Figure 1. Optimized geometry of 2,2'-Dithymoquinone calculated using the B3LYP/6-311++G(d,p) method

3.2. Analysis of Molecular Electronic Properties

The highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) are fundamental components in
understanding a molecule’s reactivity, stability, and interaction behavior.

While the HOMO energy reflects the molecule’s electron-donating
capability (m-donor), the LUMO energy is related to its electron-accepting
ability (m-acceptor). These frontier molecular [10] orbitals provide
insights into possible electron transfer processes and are highly relevant
for assessing biological activity.

Table 1. Molecular orbital energy calculations of 2,2'-Dithymoquinone.
Parameters B3LYP /6-311++G(d,p)
Enomo (eV) -7.04971

ELumo (eV) -3.06838

AE = Erumo-EHomo (8V) | 3.98133

1 (eV) 7.04971

A (eV) 3.06838

% (eV) 5.059045

n (eV) 1.990665

S (eVY) 0.070925

EtotaL (a.u) -1077.7311

Table : Presents the calculated electronic parameters of 2,2'-Dithymoquinone, which were obtained using Density Functional Theory (DFT)
at the B3LYP/6-311++G(d,p) level.

According to the results in Table 1, the HOMO and LUMO energy levels
of 2,2'-Dithymoquinone were calculated as —7.04971 eV and —3.06838
eV, respectively. The energy gap (AE) of 3.98133 eV indicates moderate
reactivity along with good electronic stability, suggesting the compound’s
suitability for biological interactions.

The ionization potential () and electron affinity (A), determined as
7.04971 eV and 3.06838 eV respectively, reveal the molecule’s ability to
participate in redox reactions. Additionally, the chemical potential (—

5.059045 eV), chemical hardness (1.990665 eV), and softness (0.070925
eV!) further support its potential for selective interaction with
electrophilic and nucleophilic species. The total electronic energy of the
optimized structure was computed as —1077.7311 atomic units (a.u.),
indicating a stable ground-state configuration.

A visual representation of the frontier orbitals is provided in Figure 2,
which illustrates the spatial distribution of the HOMO and LUMO regions
in the molecule.
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Figure 2. 3D representation of the HOMO and LUMO energy levels of 2,2'-Dithymoquinone.

The spatial distribution of the HOMO and LUMO orbitals provides
valuable insight into the reactive sites of the molecule. As visualized in
Figure 2, the HOMO orbital is primarily localized over the quinone rings,
suggesting that these regions are likely to act as electron-donating centers
in redox or charge-transfer processes. In contrast, the LUMO orbital
extends across similar n-conjugated regions, indicating the molecule’s
propensity to accept electrons in electrophilic interactions.

This orbital alignment supports the hypothesis that 2,2'-Dithymoquinone
may act as an effective antioxidant, by stabilizing free radicals through
delocalization of unpaired electrons. The moderate HOMO-LUMO
energy gap (AE = 3.98133 eV) further suggests that the molecule
maintains a balance between chemical stability and reactivity an
important feature for compounds that participate in redox cycling without
undergoing rapid degradation.

Moreover, the values of global reactivity descriptors such as ionization
potential (1), electron affinity (A), and chemical softness (S) are consistent
with known antioxidant agents. The relatively low chemical hardness (0
=1.990665 eV) and non-zero softness (S = 0.070925 eV™') imply that the
molecule has a flexible electronic structure, which may enhance its
interaction with reactive oxygen species or other electrophilic agents in
biological systems.

In conclusion, the combination of spatial orbital distribution and energetic
properties suggests that 2,2'-Dithymoquinone could play a significant role
as an electron donor in biochemical environments, supporting its potential
use in therapeutic strategies targeting oxidative stress.

4. Conclusion

In this study, the electronic structure of the antioxidant compound 2,2'-
Dithymoquinone was thoroughly investigated using the Density
Functional Theory (DFT) method. Geometry optimization performed at
the B3LYP/6-311++G(d,p) level revealed that the compound possesses a
stable and symmetric structure. Its dimeric nature and molecular
symmetry provided important insights into its electronic characteristics.

Analysis of the HOMO and LUMO energy levels enabled predictions
about the chemical reactivity and potential biological effects of the
molecule. These theoretical findings offer a fundamental basis for
evaluating the pharmaceutical and therapeutic potential of 2,2'-
Dithymoquinone.

This study complements the predominantly experimental literature on
2,2'-Dithymoquinone by providing theoretical data, and it may serve as a
guide for future experimental and computational research on this
compound.
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