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This is the first theoretical report on chlorohydrogquinone (2-chlorobenzene-1,4-
diol) molecules formed by adding lithium to the ortho position of the benzene ring.
Our extensive examination of the Chlorohydroquinone (2-chlorobenzene-1,4-diol
compounds) molecule utilizing DFT/6-31G++(d) basis set Gaussian program
simulations and substituted lithium (Li) revealed crucial chemical characteristics.
The fundamental purpose of this research was the theoretical computational
investigation of the chlorohydroquinone molecule by Li. Theoretical computations
were conducted to understand the physical and electronic properties of this
compound, including its Exomo, ELumo, band gap (EG), ionization energy (1A),
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DFT electron affinity (EA), absolute electronegativity (), global hardness (), and
HOMO-LUMO global softness (S), U-V spectroscopy, and electrostatic potential (ESP) map. The
E'\SAPO 2-chlorobenzene-1,4-diol - Lithium compound, with areduced energy gap of 2.619

eV, exhibits strong electronic distribution, low chemical stability, high electrical
conductivity, and high reactivity.

1. Introduction

Chlorophenols (CPs) are a common type of persistent
organic pollutant that may be extremely harmful to
human health. They are found in wastewater and
accumulate in organisms through the food chain [1, 2].
2-chlorohydroquinone (H2QCI), one of the CPs, has
been employed as a developing agent, fungicide, and
pharmaceutical intermediary. A benzene ring, a -OH
group, and one or more atoms of chlorine connected to
the ring are the characteristics of chlorophenols. The
electrophilic group radical targets the electron-rich
regions at the ortho- and para-sites because the phenyl
(Ph) rings, OH groups, and CI groups in the ortho- and
para-position concern one another [3-5]. Because
H2QCI is very dangerous and has alow concentrationin
water, aquick and sensitive analytical approach must be
established to identify and detect it. Thus far, high-
performance liquid chromatography (HPLC) and other
traditional techniques for the identification of organic

pollutants have been the primary means of determining
H2QCl.

Chlorohydroquinone is a significant result of the
photocatalytic degradation of chlorophenol. In the
nitrogen-or  air-free  solution, chlorohydroquinone
(H2QCl) is photolyzed to hydroquinone (QH2) and
chlorobenzoquinone (QCI) during the process. Then, an
inverse reaction takes place, producing QH2 and
photolyzing it to create H2QCI. Furthermore, acetic,
maleic, and fumaric acids are produced by further
oxidation of this QCl and other hydroxylated products by
decarboxylation, which splits the aromatic rings [ 6, 7].
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Fig. 1. 2-chlorohydroquinone-1,4-diol structure
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A substance in chemistry known as H2QCI has been
used as an aromatic agent. It's an ether, acohol, and
water-soluble white crystaline solid. Also called 2-
chlorohydroquinone-1,4-diol asseenin Figure 1. With a
molecular weight of 144.55 g/mol and a chemical
formula of C6H5CIO2, the mass-charge ratio (m/z) is
143. Ph molecule H2QCI is used as an intermediate in
several various chemical industries, but it posesaserious
risk to the environment. They are utilized in research
labs, plastics, and insecticides. Additionaly, it can be
used as a fungicide, developmental agent, and
pharmacological intermediary, among other things.
H2QCl's propensity to seep into natural water is
increasing with its widespread usage, and even at low
concentrations, it might have disastrous effects on the
biological environment [2, 8-10].
These characteristics are crucia for comprehending the
structure-function relationships of molecules, forecasting
their behavior in diverse settings, creating new materials
with particular properties, and developing fields like
materials science, drug discovery, and the chemical
synthesis of compounds containing
chlorohydroquinones(2-chl orobenzene-1,4-diol) by
subgtituting lithium (Li) element. Through the use of DFT
to examine these characteristics in chlorohydroquinone
molecules, the study advances our knowledge of
molecular behavior and offers insights that apply to a
variety of scientific fields.

2. Methodology

For this study, we employed the Gaussian 09 computer
tool to do arithmetic at the Density Functiona Theory
(DFT)/B3LYPlevel of theory [11-14]. The 6-31G ++(d)
basis set was used to optimize the structure of
Chlorohydroguinone (2-chlorobenzene-1,4-diol). This
study ams primarily to theoreticaly and
computationally examine the 2-chlorobenzene-1,4-diol
mol ecul e by substituting lithium (Li) element. The study
included analyzing shape-optimized structures to
determine several electrical parameters, including
energy gap (Eg), electronegativity (), softness (S),
hardness (H), chemical potential (Pi), uv spectroscopy,
and electrostatic potential (ESP) map.

3. Result And Discussion
Geometric Shape
According to the data shown in Figure 1, the optimal
shape was produced by using the Gaussian software in
combination with the DFT/ 6-31G ++(d) basis that was
adjusted to correspond with the structure of the
Chlorohydroquinone (2-chlorobenzene-1,4-diol). It is

74

important to note that molecules have their unique
orbitals, which are separate from the orbitas that are
found in atoms. Thefirst stage of a geometry optimization
strategy that is beneficial for this approach focuses on the
energy that is associated with a certain starting molecule
shape. This technique may be used for this approach [14-
16]. The physicochemical characteristics and chemical
interactions of the compounds 2-chlorobenzene-1,4-diol,
and 2-chlorobenzene-1,4-dial - Lithium are influenced by
electrostatic potential (ESP) maps and electron charge
densities, as seen on the right side of Figure 2. The
addition of Lithium (Li) caused a modification in the
charge digtribution of  2-chlorobenzene-1,4-diol
molecules, as reported. Quantitatively illustrates the
generation of an electric potential around molecules at a
certain location and point r (measured in atomic units).
Molecular electrostatic potential (MEP) analysis is a
potent technique used to investigate the distribution of
charge inside a molecule. MEP analysis establishes a
connection between the physiochemical properties of the
system, such as chemical reactivity, dipole moment, and
partia charges, and the geometric form of the system [17].
The ESP is influenced by many elements, such as partial
charges, el ectronegativity, dipolar moment, and the spatial
arrangement of chemical processes inside the molecular
structure. The color zones associated with each molecule
are correlated with different electronegativities, which are
listed in the following order: The electronegativity values
for the elements are as follows: 0=3.44> C=2.55> H =
2.20.> Li=0.98 eV. In an electrostatic potential map,
regions exhibiting higher electronegativity are often
associated with redder areas, indicating a greater negative
potential.  Conversely, regions with a low
el ectronegativity would appear as more positively charged
(bluer) regions. The element blue has a greater amount of
positive charge, a reduced electron density, and a
diminished proton affinity [18].

Global Activities

The values of the molecular orbital parametersthat were
computed during the study to investigate the chemical
reactivity are shown in Table 1. It was necessary to
determine the energies that correspond to the HOMO-
LUMO states to successfully calculate the global
reaction parameters. The DFT/B3LYP level of theory
(method) on the foundation sets 6-31G ++(d,) was used
to ascertain the HOMO-LUMO [14, 17]. On display in
Figure 3 are the energy gap, the connections between the
HOMO and LUMO of compounds, and the front
molecular orbital (FMO) diagrams.
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Fig. 2. Geometry optimization, and ESP map with the DFT method, 6-31G +(d) basis set
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Fig. 3. Front molecular orbita (FMOs) for the title
compounds DFT/ 6-31G ++(d)

The expression "Enomo-ELumo energy gap" is used in
molecular orbital theory to denote the least energy
required to transition amolecular orbital fromits occupied
state to its unoccupied state. In molecular orbita theory,
the term "Enomo-ELumo energy gap" refers to the
minimum energy needed to transition a molecular orbital
from its occupied state to its unoccupied state [15, 19].
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According to Table 1, the 2-chlorobenzene-1,4-diol -
Lithium molecule, which has an energy gap of 2.610 eV,
exhibits traits such as abundant electronic dispersion,
limited chemical dtability, elevated €ectrical
conductivity, and notable reactivity. The energy gap with
the lowest value (2.610 eV) Chlorohydroquinone-
Lithium exhibits a significant electronic spread between
the donor and acceptor orbitals. According to Table 1,
molecular hardnesses are listed from greatest to lowest:
the 2-chlorobenzene-1,4-diol > the 2-chlorobenzene-1,4-
diol - Lithium while molecul ar softness 2-chlorobenzene-
1,4-diol - Lithium > the 2-chlorobenzene-1,4-diol
compounds. The 2-chlorobenzene-1,4-diol - Lithium
mol ecul e has asoftness of 0.383 eV, which indicates that
it isvery capable of transferring electrons. From this, we
might infer that a greater energy band gap corresponds to
a reduced molecule softness. Electronegativity, denoted
by the symbol y, quantifies an atom's capacity to attract
and acquire an electron. A high electronegativity value of
2.865 eV for the 2-chlorobenzene-1,4-diol compounds
indicates astrong ability of the element to attract electrons
with alarger force [20, 21].
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Table 1. Quantum chemica parameters using DFT/ 6-31G ++(d)

Parameters Chlor ohydroquinone Chlorohydroguinone- Lithium
HOMO (eV) -4.97156 -4.15818
LUMO (eV) -0.75918 -1.54813
lonization energy (eV) I = —HOMO 4972 4.158
Electron Affinity (eV) A= —-LUMO 0.759 1.548
Energy gap (eV) HOMO — LUMO 4.212 2.610
Hardness (eV) _IE—FA

= 2.106 1.305
Softness (eV?) g= 1

T q 0.237 0.383

Electronegativity (eV) _IE+EA

X= > 2.865 2.853
Chemical potential (eV) M= —x -2.865 -2.853

UV- Spectroscopy

The discovery of molecular structure was probably
achieved by chemists using UV -visible spectroscopy at
first. Optical tools have made it possible to better study
the optical and electrical properties of nanoscale particles
[22]. The absorbance spectrum is shown in Figure 4. The
Lithium-doped 2-chlorobenzene-1,4-diol structure's peak
and absorbance spectra are shown in Figure 4 for 6-31G
++(d,). The eectronic shift from HOMO to LUMO is
pardleled by the greatest absorption wavelength,
according to the transition and absorption spectra [23].
Sincelithiumionsinteract with the compound's molecular
structure, the location of peaks changes when lithium is
doped into the structure of 2-chlorobenzene-1,4-diol.
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Fig. 4. UV-visible absorption spectrum

4. Conclusion

Finally, our thorough analysis using DFT/6-31G ++(d)
basis set Gaussian program simulations and substituted
hal ogens in the Chlorohydroquinone (2-chlorobenzene-
1,4-diol compounds) compounds molecule provided
important insights into their molecular characteristics.

Information on electronic structure, chemica stability,
and reactivity may be obtained from front molecular
orbitals (FMQs), which include HOMO, LUMO, and
other molecular orbitals. In an electrostatic potentia
map, regions exhibiting higher electronegativity are
often associated with redder areas, indicating a greater
negative potential. The energy gap with the lowest value
(2.610 eV) exhibits a significant electronic spread
between the donor and acceptor orbitals. The 2-
chlorobenzene-1,4-diol - Lithium molecule has a
softness of 0.383 eV, which indicates that it is very
capable of transferring €eectrons. A high
electronegativity value of 2865 eV for the 2-
chlorobenzene-1,4-diol compounds indicates a strong
ability of the element to attract el ectrons.
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