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Abstract

This theoretical work give a comprehensive properties of a Schiff base compound that is formed when amines and ketone or
aldehyde are combined. The investigated Schiff base compounds were designed by combining primary amines with ketones
or aldehydes. The spectroscopic characteristics, molecular structure, electrostatic potential maps, and other molecular
properties of these compounds had been computed at the B3LYP Functional with a 6-311G(d,p) basic set. The optimization
and transition states of the molecules were analyzed by applying the B3LYP Functional with a 6-31G(d,p) basic set, based on
density functional theory (DFT) and time-dependent density functional theory (TD-DFT) for ground-state and excited-state
calculations, respectively. We had also determine the band length and band angles of the designed molecules. Several
computational software packages was used to study the spectroscopic, electronics, and molecular characteristics of explore
Schiff base compounds. The molecules were designed in GaussViewb and optimized in Gaussian 09. PyMolyze and Origin6.0
software were used to perform the density of state (DOS) analysis & to draw the absorption spectra of probe molecules. TDM
analysis were conducted to determine the charge distribution in the investigated molecules using Multiwfn3.7 and VMD1.9.1
software. Correlation statistical models were employed to interpret the statistical data. The docking results of the designed
molecules were compared with antibacterial standards, and we expect these results to show greater efficiency than the
reference molecules. Additionally, the antitumor and antibacterial characteristics of a designed molecule were compared with
those of the reference molecules.
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1. Introduction

Schiff base is a molecule that carrying a functional group
known as an azomethine (RHC=NH) group, which is made
from combination of a primary amine with a ketone. The re-
sulting imine linkage (C=NH) is refer as a Schiff base. Schiff
base have the general structure formula RITHC=NR', where R
and R’ can be various organic groups or hydrogen atoms, and
R’2 is usually an organic group [1]. The azomethine imine
group, represented by the (C=N) bond, is responsible for the
characteristic properties of Schiff base. In Schiff base mole-
cules, the two main functional groups that are of particular im-
portance are the amino (NHz) group and the imine (C=N)
group [2]. These functional groups play vast roles in the prop-
erties and reactivity of Schiff base molecules. Schiff base and
their derivatives can tolerate various functional groups, allow-
ing for the introduction of different substituents [3]. This
imine (C=N) double bond is central to the structure of Schiff
bases. The formation of a carbon-nitrogen double bond in a
Schiff base molecules involves the combination between a ke-
tone and a primary amine [4]. The tetrahedral intermediate
formed in the previous step is protonated by an acid or by an
excess of the amine itself. The carbon and nitrogen double
bond provides stability to Schiff base molecules [5]. It exhibits
partial double bond character due to resonance, leading to
a relatively stable structure molecules. The strength of the
imine (C=N) bond in Schiff base can alter base on many fac-
tors [6], consist the nature of the substituents at the nitrogen
and carbon atoms, as well as the surrounding environment.
Generally, the (C=N) bond in Schiff bases is relatively stable
under normal conditions. The stability of the (C=N) bond is
influenced by steric effects and electronic and of the substitu-
ents on the carbon and nitrogen atoms [7]. Electron-withdraw-
ing groups bonded to either the C or N atom can stabilize the
(C=N) bond by withdrawing electron density from the bond,
thus increasing its strength. The surrounding environment can
also affect the firmness of the O=N bond in Schiff base. The
presence of other functional groups or neighboring substitu-
ents can influence the solidity of (C=N) bond through steric
interactions. Bulky substituents near the C=N bond can hinder
rotation around the bond and increase its stability [8].

The (C=N) double bond facilitate Schiff base molecules to
undergo tautomeric isomerization, wherein the proton can mi-
grate between the nitrogen and carbon atoms. This isomeriza-
tion between the imine and enamine forms is important in the
reactivity and catalytic properties of Schiff base molecules [9].
Isomerization can occur due to the appearance of a C=N bond
in Schiff base. Schiff base with a double bond in the imine
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group exhibit cis-trans isomerism. The isomerization between
Cis-Trans forms can occur under certain conditions and affect
the properties and reactivity [10]. The C=N bond in Schiff
base is a double bond, and it exhibits geometric isomerism.
The two possible geometric isomers are the E-isomer
(Tran’s configuration) and the Z-isomer (cis configuration).
Isomerization of Schiff bases can occur through the intercon-
version between the E and Z isomers [11]. Isomerization of
Schiff bases due to the (C=N) bond can have important impli-
cations in their reactivity, stability, and biological activity.
The different geometric isomers can exhibit distinct chemical
properties and exhibit different interactions with other mole-
cules. Therefore, understanding the isomerization behavior
of Schiff base is crucial in various fields, including
organic synthesis, coordination chemistry, and medicinal
chemistry [12].

The reactivity of the (C=N) double bond contributes to ver-
satility of Schiff bases in organic syntheses and medicinal sci-
ence [13]. This makes the imine nitrogen atom a potential co-
ordination site for various metal ions. The coordination of the
imine group can occur through the nitrogen atom, which do-
nates its bond pair of electrons to the metal center [14]. The
coordination of the imine group in Schiff base can have sev-
eral consequences. Schiff base ligands often show chelating
behavior, where the imine nitrogen and other donor atoms
fions, forming a stable chelate ring structure [15]. This chela-
tion can enhance the stability of the complex [16]. The coor-
dination of the imine group can influence the properties of the
resulting Schiff base complex. The steric and electronic char-
acteristic of the imine ligand can affect the coordination ge-
ometry, electronic structure, and reactivity of the complex [17].
The coordination of the imine group can occur through the ni-
trogen atom, which donates its bond pair of electrons to the
metal center. The coordination of the imine group in Schiff
base molecules can have several consequences [18]. Schiff
base ligands often exhibit chelating behavior, where the imine
nitrogen and other donor atoms /ions, forming a stable chelate
ring structure [19].

The azomethine bond becomes polarized because nitrogen
has a greater electronegative charge than carbon. The electro-
negative group on the azomethine group decreases polariza-
tion and enhances the covalent nature of the double bond by
pushing the negative charges on the nitrogen atom toward the
carbon [20]. Due to the nitrogen atom's lone pairs of electrons
and the double bond's potential to donate electrons, all com-
pounds of schiff base containing an azomethine group exhibit
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significant characteristics [21].

The amino group in Schiff base can participate in redox re-
actions [22]. It can undergo oxidation or reduction processes,
either directly or indirectly through the metal center in Schiff
base complexes. These redox reactions can be utilized in
various applications, including catalysis and organic synthe-
sis [23]. The amino group in Schiff bases can undergo substi-
tution reactions with suitable reagents. The amino group is ca-
pable of forming hydrogen bonds with other molecule or func-
tional groups [24]. This hydrogen bonding ability can influ-
ence the properties, solubility, and intermolecular interactions
of Schiff base. The amino group contains a nitrogen atom with
a lone pair of electrons, which can interact with hydrogen at-
oms attached to electronegative atoms [25]. Hydrogen bond-
ing in Schiff base involving the amino group typically occurs
when the nitrogen lone pair interacts. The making of hydrogen
bonds between the amino group and other functional group in
Schiff base can have important implications for their chemical
and physical properties [26]. These interactions can influence
molecular conformation, solubility, stability, and even biolog-
ical activity in certain case. It's valuable to note that the spe-
cific hydrogen bonding interactions in a Schiff base can vary
depending on the structure and neighboring groups present in
the molecule [27]. The presence of multiple function groups
and the overall molecular geometry play significant roles in
determining the specific hydrogen bonding patterns. There-
fore, it's advisable to consider the specific Schiff base struc-
ture to understand the precise hydrogen bonding interactions
involving the amino group [28].

The amino group is a basic functional group, which have
ability to accept protons (have a vacant orbital) by donating a
pair of electron and act as a base [29]. This basicity is important
in determining the overall acidity/basicity of Schiff base-con-
taining compounds [30]. The C=N group and the NH; group in
Schiff base contribute to their formation, stability, reactivity,
coordination properties, and intermolecular interactions [31].
These functional groups provide Schiff base with unique char-
acteristics and versatility, making them valuable compounds in
various areas of chemistry [32]. The basicity of an amino group
in a Schiff base can vary depending on the specific structure of
the Schiff base molecules. The conjugation in Schiff base in-
volves the delocalization of electrons between the oxygen atom
of the amino group and the carbine atom of the amine group
[33]. Electron-withdrawing group’s link to the imine hydrogen
can further reduce the basicity, while electron-donating groups
can increase it [34]. The basicity of the amino group in a Schiff
base is generally lower compared to a primary amine due to the
presence of conjugation, but it can be influenced by the specific
substituents and structural features of the Schiff base. The ba-
sicity will significantly diminish when the s character increases
in hybridization [35].

2. Materials and Methods

Computational Details
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The Density Functional Theory has been widely used in the
theoretical field for evaluating the charge transmission, mor-
phology, and electrical and photophysical characteristics of
newly designed materials, as well as their best outcomes asso-
ciated with the basis sets used in the calculations. All compu-
tational calculations are performed using the Gaussian 09 soft-
ware [36]. Different basis sets possess different parameters in
the calculation, like ionization potentials (IP), electron affinity
(EA), molecular orbitals, hole/electron-donating power, etc.
The B3LYP basis set is considered a modest size and com-
monly used for medium-sized organic molecules. The bench-
marking was also considered for the selection of the function
and basis set. The first four functions, B3LYP, CAM-B3LYP,
MPW1PW91, and ®B97XD, were employed in the gaseous
and solvent (DCM) phases with a 6-31 g(d,p) basis set using
the solvation model, the Integrated Equation Formalism Po-
larizable Continuum Model (IEFPCM). B3LYP showed more
promising and closer UV-Vis spectrum values (531 nm) to the
experimental absorption value (582 nm). Additionally, bench-
marking with def2-TZVP and M06-2>was performed, and re-
sults are included in the Supporting Information. The most
promising function and basis set combination in terms of PDI
molecule optimization and computational cost, is B3LYP 6-
31 g(d,p). So, the molecular structures have been globally op-
timized with B3LYP/ 6-31 g(d,p) for identifying the equilib-
rium molecular geometry. Similarly, electron density differ-
ence map (EDDM) analysis, nature bond orbital (NBO) inves-
tigations and interaction (IE), vertical ionization energies
(VIE) are estimated through the same computational method.
Further, the density of states (DOS) analysis was carried out
through PyMolyze software and UV-visible absorption spec-
tra were demonstrated through Microsoft origin 2018 soft-
ware, and Multiwfn[37]. Gaussian software is an important
and wonderful application of computational chemistry. It is
extensively used in different fields of research like Physics,
chemistry. Biochemistry, and chemical engineering [38]. It
also helps a lot to critically analyze the different molecules
and molecular reactions. Gaussian software is highly essential
and significant in determining the variety of different spectra
including IR, UV/Vis, NMR and RAMAN, etc. The Gaussian
view is a graphical user interface which is an essential feature
of Gaussian software [39]. The Gaussian 09 tool has been uti-
lized to optimize the molecule' geometry initially. Rather than
optimal system the resulting data generally provide facts on
the electrical aspects [40]. Latest energy as well as optimiza-
tion perform a fundamental role in preliminary estimations
throughout this technique. From of its optimized form the an-
gles of bond as well as length of bond were measured [41].

3. Result and Discussion

In this research work, we have designed three molecules
named as SL1, SL2, and SL3. Optimization geometries of de-
signed molecules were calculated and analyzed computation-
ally to evaluate their structural and spectroscopic properties


http://www.sciencepg.com/journal/ijctc

International Journal of Computational and Theoretical Chemistry

http://www.sciencepg.com/journal/ijctc

by DFT at B3LYP method at 6-311+G(d,p) bases set. In this
study, different methods were applied to find out the best or-
ganic semiconductor molecule for the efficient working of or-
ganic thin film transistors such as B3P86, B3W91,
CAM/B3LYP, M06 and B3LYP with 6-31G(d,p) basis set [42].
Different basis set has been applied such as 6- 311G(d,p), 6-
310(d,p).6-310 (d) and 6-311G(d,p). The reliable results were
obtained by using B3LYP with 6-31G(d,p). Our research aim
was to find out the molecules with the lowest Egap between
HOMO and LUMO energy levels and low value of reorgani-
zation energy which was obtained by apply the B3LYP
method with a 6-31G(d,p) basis set. As previously mentioned,
to attain the best results the Egsp between HOMO and LUMO
energy levels should be the very small [43]. The aim is to in-
crease the efficient power in such molecules which improve
charge carrier properties. In our work, we kept the same
scheme for a newly designed molecule that is used in the ref-
erence but added substitution to make more efficient results
for investigated molecules and to gain the desired results [44].
Another aim is to increase the conjugation so that the electron
mobility can be increased enhancing the electron transfer rate.
In reference molecule, two fragments have used the names as
SL1, SL2, and SL3.

3.1. Scheme of Study

We have designed the structure scheming of the considered
Schiff base molecules in the framework of TD-DFT. This ex-
amination was accomplished with the point of directing the
next formation towards Schiff base molecules progressively
as anticancer drugs.

Figure 1. Designed Schiff base investigated molecule.

The above designed molecule (Figure 1), we have exam-
ined the impact of the various structures of the Schiff base
molecules on the optoelectronic properties. A surface mole-
cules of Schiff base has been investigated by introducing dif-
ferent group R1 is OCH3, R2 is OH, and R3 is Cl replace by
R1, R2, and R3is a position. In SL3, a methoxy group (-OCHs)
attached at R of the first Schiff base. In this research work, to
achieve the lower energy gap an appropriate strategy of the

designed molecules. We have investigated different three mol-
ecules of Schiff base name as SL1, SL2, and SL3 (Figure 2)
which are substituted with the different functional group.
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Figure 2. (SL1) 2-((ethylamino) methyl)-6-methoxyphenol, (SL2) 2-
((ethylamino) methyl)-6-methylphenol, (SL3) 2-((ethylamino) me-
thyl)-6-chlorophenol.

3.2. Optimized Structures

The structures of the designed molecules SL1, SL2, and
SL.3 were obtained after optimization using Gaussian09 to de-
termine the most stable configuration found in nature. The op-
timized structures hold significant importance due to their sta-
bility. In computational chemistry, the process of energy min-
imization aims to find a molecular arrangement where every
atom is stationary, and the force between atoms is nearly zero
[45]. The optimized geometry of these substituted molecules
exhibit a planar configuration, as shown (Figure 3) in the ac-
companying Figure. For the investigated molecules, bond an-
gles were calculated at the substituted positions of the Schiff
base molecules to assess their electronegativity. Electronega-
tivity is inversely related to bond lengths, and as bond length
increases, bond angles decrease [46]. Although the numbering
of elements varies among the investigated molecules due to
structural changes, the bond lengths and bond angles at corre-
sponding positions remain consistent regardless of the differ-
ent numbering schemes.
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Figure 3. Ground state optimized structures of designed molecules.
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3.3. IR Spectroscopic Analysis )] l

IR spectroscopy, the spectra of the designed molecules
were calculated to investigate their shapes. Nine high intensi-
ties peaks have identified for each designed molecule. The in-
fra-red spectra of the designed Schiff base has generally sim-
ilar to each other as shown in Figure 4. The Schiff base mole- 4] n
cules SL1 and SL2 exhibited peaks at approximately 689.7 5. A
cm! due to the C-C stretching vibration [47]. A notable _L
characteristic of the designed Schiff bases was the -C=N- 2 —*
bond, with peak number seven corresponding to the C=N X N l‘

Relative Intensity

stretching vibration. The stretching frequencies for the SL1,
SL2, and SL3 molecules were 1705, 1706, and 1809.2 cm™, 0 A
respectively. When this factor is applied to the three values 0 s00 1000 1500 2000 2500 3000 3500
mentioned above, the calculated frequencies are 1623.9,

1624.3, and 1625.2 cm tively [48 Waveaumber (car )
o, an -2 em™, respectively [48]. Figure 4. IR Spectrum of SL1, SL2, and SL3.

Table 1. The vibrational modes, frequencies, and intensities of specific bonds in studied complexes were detected by IR graphs of SL1, SL2,
and SL3.

Molecules Bonds Vibrational Modes Frequency (cm™) Intensity
SL C—N Scissoring 809.06 600.34
H—N Symmetrical 1204.39 300
O—N Symmetrical 1425.63 3500
SL1 H—O—N Scissoring 610.05 1521.62
H—N Scissoring 809.44 964.23
C—N Scissoring 825.42 703.75
O—N Symmetrical 1063.32 589.39
N—C—O Anti-Symmetrical 1144.25 2813.24
O0—N—0 Anti-Symmetrical 1332.40 1717.22
N—C—N Anti-Symmetrical 1397.71 2864.40
C—N—N Anti-Symmetrical 1421.33 3423.06
N—C—H Anti-Symmetrical 1439.72 859.32
H—N—O Anti-Symmetrical 1631.41 1146.36
SL2 O—C—H Symmetrical 395.88 1308.31
N—O—H Symmetrical 611.14 1267.08
H—N—C Symmetrical 822.71 1335.77
N—O—H Anti-Symmetrical 887.12 843.42
H—N—O Anti-Symmetrical 1137.45 2965.11
H—N—N Anti-Symmetrical 1388.37 4391.08
N—C—N Anti-Symmetrical 1412.25 5636.42
SL3 Cl—O—H Rocking 420.27 1041.28
0—C-0O Anti-Symmetrical 578.42 1147.82
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Molecules Bonds Vibrational Modes
H—O -H Symmetrical
H—C—N Scissoring
C—N—Cl Anti-Symmetrical
N—C -N Anti-Symmetrical

The vibrational analysis plays a vital role in illuminating the
specific molecular structure and associated vibrational modes
of the target molecule. This investigation encompassed an ex-
amination of the prominent stretching frequencies linked to key
bonds, such as O-H, C-O, C=C, N-H, C-H, and N-O, within the
IR spectra of SL1, SL2, and the SL3. In the case of B303, the
O-H bond exhibited a stretching vibration at 793.4 cm™, but
within the complex, it man- infested a noticeable red shift,
reaching 803.91 cm, accompanied by a rocking vibration mode.
Similarly, for H-O bonds, we observed an asymmetrical stretch-
ing frequency of 1353.73 cm?, while the complex displayed a
notable blue shift, registering at 1328.78 cm?, In the SL, the N-
H bond showcased a twisting vibration mode to 1288.97 cm
and in the complex, the frequency shifted to 1338.93 cm?,

—
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1416.62 3148.02

maintaining the same vibration mode. As for the C-H bond, it
presented a wagging vibrational mode in SL, while in the com-
plex, the vibrational mode remained unchanged, but the fre-
quency experienced a red-shift, transitioning from 1288.65 cm-
110 1338.79 cm?, briefly summarization in the Table 1.

3.4. NMR Analysis

Raman spectroscopy is an analytical tool which used to de-
termined electronic structure and environment of atom
within molecules. The compute HNMR and BCNMR
spectra of designed molecules SL1, SL2, and SL3 are present
in the given Table 2. TMS was used as a stander to calculate
the chemical shifts values.
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Figure 5. NMR peaks of SL1, SL2, and SL3.
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Table 2. Calculated values of Raman graphs of SL1, SL2, and SL3.

Molecules Bonds Vibrational Modes Frequency Raman Intensity
SL C—N—H Scissoring 327.13 5.2388 1.3
N—C—N Scissoring 380.49 7.7635 1.2
H—N—H Scissoring 562.75 0.0346 4.4
C—O0—N Wagging 754.41 2.3969 0.4
H—N—C Scissoring 807.17 3.6844 0.3
N—C—H Wagging 881.15 13.1493 1
C—C—N Symmetric 1051.63 0.9426 0.2
H—N—H Anti-Symmetric 1183.52 2.3888 0.4
H—N—C Anti-Symmetric 1318.24 2.7109 0.2
C—N—BH Symmetric 1447.19 1.3304 0.2
SL1 O—N—O Twisting 31.98 1.2865 0.1
H—0—C Scissoring 300.87 5.9279 0.3
C—N—H Scissoring 345.00 6.3461 0.4
N—C—N Scissoring 384.16 3.7635 0.2
0—C—O0 Anti-Symmetric 567.28 5.1622 0.4
C—N—H Twisting 631.71 18.5154 1.1
B—Li—O Symmetric 708.17 19.5818 1.2
N—O—N Symmetric 873.28 12.684 0.6
O—N—O0 Symmetric 1063.32 25.4996 1.5
H—N—C Anti-Symmetric 1318.32 3.7423 0.2
N—N—O Anti-Symmetric 1417.23 4.1945 0.2
H—N—O Anti-Symmetric 1631.41 8.7024 0.5
SL2 H—N—O Twisting 19.41 2.1398 0.2
O—N—H Scissoring 284.95 4.8997 0.4
N—O—H Wagging 308.07 0.5315 0.4
H—0—C Symmetric 445.85 49158 0.4
C—N—O0 Anti-Symmetric 577.36 28.8333 2.3
C—N—N Scissoring 789.73 12.5613 0.9
H—C—N Wagging 867.20 15.5730 1.2
O—N—C Symmetric 1098.43 44.5076 34
C—O—H Anti-Symmetric 1290.31 8.0811 0.7
O—N—C Anti-Symmetric 1351.23 1.4670 0.3
H—C—N Anti-Symmetric 1451.62 7.6134 0.7
O—N—C Anti-Symmetric 1611.33 15.2449 1.3
SL3 C—0—C Scissoring 303.21 4.4150 0.3
N—O—H Wagging 333.96 4.4512 0.3
H—0—CI Anti-Symmetric 455.99 3.2037 0.2

21


http://www.sciencepg.com/journal/ijctc

International Journal of Computational and Theoretical Chemistry

http://www.sciencepg.com/journal/ijctc

Molecules Bonds Vibrational Modes
N—O—C Anti-Symmetric
ClI—N—C Wagging
H—O—N Scissoring
N—C—H Anti-Symmetric
N—C—CI Scissoring
Cl—O—N Scissoring
N—N—C Scissoring
C—N—C1 Anti-Symmetric
O—N—O0 Symmetric
N—O—N Anti-Symmetric
O—N—O0 Anti-Symmetric
N—C—N Anti-Symmetric
ClI—N—N Anti-Symmetric
O—N—H Anti-Symmetric

The Raman spectra in (Figure 5) depict the vibrational char-
acteristics of SL1, SL2 and SL3. Specifically, we measured
the vibrational frequencies associated with certain bond
stretching modes in these molecules. In SL1, during the sym-
metrical stretching mode, we observed a frequency of 3736.60
cm? for the O-H bond [49]. Conversely, in the SL2, the bond
exhibited a red shift having a frequency of 3740.75 cm™. For
the C=C bond, we observed a frequency of 1674 cm™. In SL2,
the bond exhibited a blue shift during the symmetric stretching
vibration in SL3, resulting in a decrease in frequency to
1656.72 cm™ [50]. However, in the SL1 carrier, the C=0 bond
exhibited a symmetrical stretching mode having a frequency
of 540.81 cm ! and for SL2, a blue shift occurred in the bond,
resulting in a cm frequency of 534.96 cm™. The C-H bond
shows rocking vibration at 2680.15 cm™* and within the com-
plex, it exhibited a red shift by changing the vibrational mode
into symmetrical stretching, its frequency increases to 2692.7
cm® [51]. Summary of the frequency values of all these peaks
in the provided (Table 2).

Frequency Raman Intensity
563.97 8.6161 0.6
632.99 13.8687 0.7
704.58 17.8445 1.1
761.52 0.5719 0.2
803.12 1.9640 0.1
820.29 2.4146 0.2
872.21 13.2304 0.9
885.06 7.1286 0.5
1097.90 22.6627 1.4
1319.69 3.8103 0.2
1350.48 2.8253 0.2
1418.41 1.4583 0.3
1449.32 2.7903 0.2
1613.39 10.2655 0.7

3.5. Frontier Molecular Orbitals (FMOs)
Analysis

To distinguish electronic and NLO properties of the exam-
ined molecule, frontier molecular orbitals (FMOs) were deter-
mined. The sketches of FMOs were used to analyze the opto-
electronic properties of the molecules [52], as shown in the
Figure 6. The structure of a molecule obtained after optimiza-
tion is the most stable form found in nature; hence, the opti-
mized structure holds significant importance. The FMOs of
the investigated molecules were characterized, and the dis-
tribution of LUMO and HOMO energies for the substituted
Schiff base molecules was analyzed [53]. The distribution pat-
terns of the frontier molecular orbitals extend across the entire
molecules. The highest occupied molecular orbitals are typi-
cally located on the EDP of the functional groups, while the
lowest unoccupied molecular orbitals (LUMOSs) are located in
the EWP [54].

Table 3. Energy gap values.

Compounds EHOMO

SL1 -0.1475ev
SL2 -0.1329eV
SL3 -0.1153eV

ELUMO Energy gap (E g)
-0.1247eV 0.0228eV
-0.0724eV 0.2063eV
-0.1310eV 0.0157eV
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Figure 6. HOMO and LUMO of SL1, SL2, and SL3 Molecule.

3.6. Molecular Electrostatic Potential (MEPs)
Analysis

The concept of electrostatic potential serves as a valuable
tool in comprehending the arrangement of molecules on an in-
termolecular level [55]. Visual representations, such as ESP
energy maps or molecule electric potential surface, vividly
depict the spatial distribution of charges within molecules.
Essentially, electrostatic potential energy quantifies the
strength of nearby charges, nuclei, and electrons at a specific
position [56]. Typically, analysis involving molecular electro-
static potential elucidates the three-dimensional charge distri-
bution of the molecules under investigation. In MEP plots, dis-
tinct colors and varying values are assigned to different re-
gions on the surface. The ascending and descending order of
MEP is as follows: red < yellow < green < blue < pink < white
[57]. In the map, the red and yellow regions represent negative
molecular electrostatic potential, indicating electrophilic reac-
tivity. The white region corresponds to positive electrostatic
potential, while the blue region signifies zero electrostatic po-
tential within the designed molecules [58]. Designed mole-
cules' separate donor units each contain positive charges,
while the middle component is neutral (green color). However,
the center of the molecule is dominated by the colour red. Fig-
ure 7 indicates that the acceptor of the newly developed com-
pound SL3 has more lone pairs than the other designed mole-
cule, it has a more negative charge distribution, whereas the
end of the reference molecule SL has smaller blue patterns.

0.07 N—— - - ().07
> 3 3 ife
e
1599 e 9
<.
! “ JJJJ' ,0,08
. ? \, 9 J ‘ J
J“ ‘\J v B9
s s
I*‘J A QJ \ 0‘
9 J ' J
SL1 SL2 SL3

Figure 7. Electrostatic potential maps of the designed molecules.

The calculated MEP value of the designed molecules, it can
be observed that the negative regions in the molecules are lo-
cated around the oxygen atom, while the positive regions are
found around the hydrogen atom attached to the nitrogen atom
[59]. The overall surface areas for the compounds are as fol-
lows: SL1 is 427.77 A3SL2 is 401.62 A=and SL3 is 359.68
A3The electrostatic potential ranges for these compounds are:
SL1 from -43.48 kcal/mol to 54.92 kcal/mol, SL2 from -39.41
kcal/mol to 49.00 kcal/mol, and SL3 from -32.86 kcal/mol to
50.80 kcal/mol MEPs surfaces visually represent the 3-D dis-
tribution of charges across a molecule, allowing us to iden-
tify regions of high and low potential [60]. These surfaces
are useful for predicting the presence of electronic moieties on
a molecule's surface [61].
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3.7. Density of States Analysis

DOS analysis described different energy levels available for
the number of state for electrons. A higher values of DOS
show a considerable availability of number of states whereas
a lower values of DOS indicates the availability of the mini-
mum number of state for occupation [62]. The density of state
(DOS) is simply the distinct condition that electrons are al-
lowed to dominate at a given energy level. This function de-
fines bulk parameters and other transformation phenomena of

substances [63]. The calculations of DOS may be used to fine
the general distribution of states by using the function of en-
ergy and in semi-conductors it also helps in interpreting the
spacing between different energy bands (Figure 8). Density
of state provides the analyses of the percentage contribution of
each fragment of the designed molecules through PDOS and
TDOS [64]. Density of state of the investigated molecules have
been calculated at B3LYP/LANL2DZ level. PyMolyze 2.0 was
used for graphical presentation of the molecules.

Relative Intensity

T T
-4 o

'

= )
-12

4 8
Energy (eV)
SL2 144 SL3
124
) Acceptor - Acceptor
£ Donor > 104 e
-z 2 e Tt al
s Total 2 1
= £ 8+
— =
b4 e 1
= -
44
2
o L] Ll Ll L 1
'1 0 ‘5 0 5 o 1 v L] v 1} v L v
-1 1
Energy(eV) . Energy (r\"), . 9
Figure 8. Density of state of SL1, SL2, and SL3 molecules.
Energy level  Fragment 1 Fragment 2 Fragment 3
Table 4. The percentage contribution of fragments SL1 Molecule. LUMO 85 11 41
Energy level  Fragment1  Fragment2  Fragment3 LUMO+1 57 3 19
LUMO+2 79 2 13
HOMO 61 36 2
LUMO+3 75 23 11
HOMO-1 5 92 0
LUMO+4 76 8 12
HOMO-2 7 90 1
HOMO-3 54 91 0 SL1 Molecule
HOMO-4 8 93 3
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Table 5. The percentage contribution of fragments SL2 molecule.

Energy level Fragment 1 Fragment 2 Fragment 3
HOMO 58 38 1
HOMO-1 8 93 0
HOMO-2 86 91 0
HOMO-3 57 46 1
HOMO-4 79 41 1
LUMO 75 09 4
LUMO+1 80 1 54
LUMO+2 74 2 59
LUMO+3 72 1 20
LUMO+4 78 26 9

Table 6. The percentage contribution of fragments SL3 molecule.

Energy level  Fragment 1 Fragment 2 Fragment 3
HOMO 51 43 3
HOMO-1 2 94 1
HOMO-2 1 97 0
HOMO-3 4 92 1
HOMO-4 11 83 1
LUMO 87 11 4
LUMO+1 89 0 17
LUMO+2 45 0 51
LUMO+3 29 2 62
LUMO+4 24 6 60

The results obtained from the DOS analysis of all the mol-
ecules (SL1, SL2 and SL3) demonstrate that the donor and ac-
cepter fragments have comparable contributions. Specifically,
the donor fragment exhibits a major contribution in the grand
state, while the acceptor moieties dominate in the excited state
[65]. This indicates strong conjugation and facilitates charge
transfer from the donor to accepter fragments of the molecules,
potentially enhancing the overall efficiency of compound. Af-
ter analyzing the graph and FMCs of all designed molecules,
their contribution to the development of HOMO LUMO en-
ergy level has been calculated [66]. In SL1 molecule fragment
I shows less contribution for the formation of HOMO and
LUMO as compared to fragment 2 which shows the maximum
contribution. While the least percentage contribution shown
by fragment 3. As the right side of the graph supports the con-
tribution of the LUMO molecule. It is observed that fragment
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3 is contributing only is the formation of LUMO energy levels
and does not participate in the formation of HOMO [67].
While in the case of SL2 as the number of fragment 3 in-
creases, its percentage contribution also increases almost
equal to fragment 1 because fragment 3 doubled in number.
While in the case of SL3 molecule fragment 3 contribution
increases as compared to fragment 1 but fragment 2 still shows
the maximum contribution for both HOMO and LUMO en-
ergy levels [68].

3.8. Transition Density Matrix Analysis

The utilization of Transition-Density of the matrix (TDMs)
is highly regarded as a valuable technique to investigate and
depict electronic transition processes. By providing a distinct
three-dimensional map, TDMs allow for the determination of
coherence lengths and delocalization pertaining to each elec-
tronic transition between two eigenstates of the developed
molecule. TDMs are employed to elucidate charge-transfer ex-
citations [69]. To analyze the emission and absorption of the
developed compounds SL1, SL2, and SL3, as well as the ref-
erence compound SL, up to six excited states, the CAM-
B3LYP/6-31G(d,p) level of theory is employed. This anal-
ysis is conducted using the Multiwfn3.8 software at the
CAM-B3LYP/6-31G(d,p) /TD (n states=6) level of theory [70].
The significance of hydrogen has been underestimated due to
its minimal contribution to electronic transitions. To investi-
gate the electronic charge density of molecules using basis
sets 6-31G(d,p) at the CAM-B3LYP level, the molecules are
segmented into various components such as cores, acceptors,
and bridge components. Figure 9 demonstrates the segmenta-
tion of these molecules into distinct segments (indicated by
sequentially numbered atoms from 1 to the total number of
atoms in the molecule) at the bottom, while the electron
density is depicted on the left side of the y-axis [71].

Our TDM studies indicate that charge coherence is present
in all compounds. Charge coherence is observed on the donor
side of the reference compounds. Furthermore, charge coher-
ence can be observed in donors and bridging units in SL1. In-
terestingly, SL1-SL2 molecules appear to exhibit greater co-
herence compared to SL1 [72]. Our analysis of electron coher-
ence behavior in the developed molecules SL1-SL2 and the
reference compound (R) reveals that charge coherence transi-
tions from the donor to the bridging block. This bridging block
facilitates electron transport without trapping them, ultimately
leading to the transfer of charge density to the acceptor seg-
ment [73].

Based on our findings, electron coupling in all investigated
compounds may be weaker than that of the reference com-
pound, but exciton dissociation in the excited state could be
more pronounced and straightforward. Binding energy serves
as a useful method for assessing the performance of organic
solar cells [74]. This approach involves the calculation of
Coulombic interaction between electrons and holes within
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the system. Compounds with low binding energy show Cou-
lombic interactions between electrons and hole, while those
have high binding energy display stronger interactions [75].
The binding energy value is defined as the difference between
the HOMO-LUMO energy gap and the minimum excitation

SL.1

SL.2

energy required for the first electron-hole excitation. This
technique provides a valuable tool for evaluating the effi-
ciency of molecules in scientific research. Equation can be
used to compute the binding energy [76].

SL.3

Ev=EnL - Eopt

Figure 9. Two-dimensional graph illustrating the total density matrix (TDM) for the studied molecules (SL1, SL2, and SL3) is presented utilizing
the DFT/CAM-Bee-3LYPmethod, with a specific emphasis on the A-D-A molecular configuration.

3.9. Reduction Density Gradient Analysis

Reduced density gradient analysis is a theoretical tool used
in computational science to learn nature of chemical bonding
in a molecule. It provides information about the distribution
of electron density and the strength of chemical interactions
[77]. RDG is typically represented as a color-coded map,
where different colors correspond to different types of inter-
actions. RDG analysis is also emphasis to identify bond paths,
bond critical points, and other features that provide insights
into the behavior of bonding in the compounds [78]. RDG
analysis, we can get meaningful information about nature of
chemical bonding in the compounds, including the strengths
of various interactions, such as covalent or non-covalent
bonds, and the locations of bond critical points. RDG is a use-
ful technique for understand the interaction in an investigated
molecule such as intermolecular, intramolecular, dipole-di-
pole moment, VVander wall forces, hydrogen bonding, and co-
valent interaction [79]. The three different colors of the inves-
tigated molecule. Red coloure portion show the strong inter-
action, blue coloure portion represent the strong hydrogen
bonding, and green coloure portion represent the VVander wall
forces of the investigated molecules. This analysis can help in
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understanding the structure-activity relationship and reactivity
of the Schiff base compounds [80].

In the Figure 10 SL1, SL2, and SL3, the 3D
isosurface of 2-((ethylamine) methyl-6-methoxyphenol and
2D scatter plot shows the relationship between the re-
duced-density gradient and electron intensity (r), marked by
A2. The plot indicates that an 12 value where r = 0 corresponds
to weak van der Waals forces [81]. When 12 at r is greater than
zero, it indicates steric hindrance, while a negative value
(+0.07 eV) denotes a weak hydrogen bond between the com-
plex's constituent parts. A weak contact and hydrogen bond
form between the N-atom of surface molecules and the OH-
atom of the substituent, facilitating molecule release and bind-
ing to the intended site [82]. Non-covalent interactions be-
tween the carrier and drug are crucial for efficient drug deliv-
ery at the target area. Geometric optimization studies revealed
a moderate correlation between the surface molecule and sub-
stituent group [83]. These weak interactions are beneficial as
they allow for rapid drug unloading at the target site. The re-
search indicates that the binding properties of SL1 and SL2
with the target molecules are greater than those of SL3. It
was predicted that the presence of OH and CI groups at the
ortho position on the surface molecule enhances binding with
the target molecules [84].
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Figure 10. RDG values of SL1, SL2, and SL3.

3.10. Non Bonding Orbital Analysis

NBO analysis is a computational method used to understand
the electronic structure and bonding interactions in molecules.
It provides insights into the nature of chemical bonds, their
strengths, and contributions from different orbitals [85]. These

orbitals represent electronic shape and bonding forces within
the molecule. NBO analysis can provide information about
lone pairs, bonding orbitals, and delocalization of electrons,
among other factors. It give help about the electronic determi-
nation and non-bonding in a molecules, helping to elucidate
their properties and reactivity [86].

Donor

C24-C25
C17-C18
C15-C26
C8-N6
C12-Cl14
C3-01
C15-02
C18-C19
C14-C18
C4-C31

Type

M M M O 9 O 3 9 9 49

Acceptor

C23-N7
C9-C10
C17-C18
C9-C10
C1-C2
C18-016
C15-09
C7-C8
C8-C4
C4-N5

Type

*

*

Table 7. NBO analysis.

E (1) Kcal mol!

39.48
29.85
24.72
10.18
252
0.93
0.55
3.98
3.88
3.41
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E ())-E () (a. u)

0.29
0.35
0.37
0.4
0.92
0.53
0.56
1.43
1.34
1.36

F 1, J) (a. u)

0.107
0.091
0.087
0.061
0.047
0.021
0.016
0.068
0.064
0.061
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E (1) Kcal mol!

Donor Type Acceptor Type

C24-H29 z C25-C26 c* 2.99
C13-C23 ) C10-C11 c* 2.74
C17-C18 z C18-C17 c* 2.01
C15-Cl6 ) Cl6-C17 c* 1.89
Cl1-C2 z C1-N5 c* 1.32
C17-H22 ) C17-C18 c* 0.84
C9-H13 z C8-C9 c* 0.53
C7-04 ) C17-03 c* 0.51
C26 LP(1) C23-N2 * 83.86
c9 LP(1) C15-C18 * 67.27
05 LP(2) C8-01 * 55.11
C18 LP(1) Cle6-C17 * 47.36
03 LP(3) C18-04 * 41.88
N2 LP(1) C11-C13 w* 1.03
03 LP(2) C3-04 * 25.99
04 LP(2) C6-C7 c* 20.65
02 LP(2) C7-02 o * 12.57
N2 LP(1) C10-C11 c* 8.26
N5 LP(1) N2-H18 o * 2.67
(0] LP(1) C15-07 c* 1.72
N2 LP(1) C11-C13 c* 1.05
C8 LP(1) C18-N9 c* 0.52

Natural Bonding Orbital (NBO) analysis provides us a de-
tailed insights into the electronic structure of molecules. This
analysis give the huge information specifically, nature of bond-
ing i.e bonding, anti-bonding, lone pair, bond pair, bond order,
atomic charges, electronegativity, natural population i.e number
of electrons contribution of each atom, delocalization Effects,
hyper conjugation, resonance, and hybridization [87]. These or-
bitals are typically more chemically intuitive than canonical
molecular orbitals. Bond Orders Quantifies the strength and
character of bonds between atoms, including single, double, tri-
ple, and partial bonds. Atomic charges and electronegativity
Natural Population Analysis (NPA) assigns electron densities
to individual atoms, providing atomic charges that reflect the
electron distribution in a molecule [88]. Electronegativity and
chemical hardness. Hyper conjugation and Resonance Evalu-
ates the extent of electron delocalization between bonding and
anti-bonding orbitals or lone pairs, highlighting resonance
structures and hyper conjugative interactions [89]. Lone Pairs
and Core Orbitals Lone Pair Characterization Identifies and
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E (J)-E (I) (a. u) F (1 J) (a. u)

1.16 0.053
1.35 0.054
1.27 0.046
1.29 0.045
1.28 0.037
1.16 0.028
1.13 0.022
1.62 0.026
0.11 0.094
0.21 0.128
0.39 0.132
0.2 0.111
0.39 0.122
0.07 0.031
0.43 0.096
0.8 0.119
0.98 0.104
0.99 0.082
0.96 0.046
1.4 0.044
1.07 0.03

0.63 0.022

characterizes lone pairs on atoms, including their spatial distri-
bution and interaction with other orbitals. Core orbitals provides
information on the core orbitals that are typically less involved
in chemical bonding but can still play a role in the overall elec-
tron density distribution [90]. Hybridization hybrid orbital anal-
ysis. Determines the hybridization state of atoms, describing
how atomic orbitals mix to form bonding and lone pair orbitals.
This helps in understanding the geometry and reactivity of the
molecule. Stabilization energies second-order Perturbation
Theory analysis estimates the stabilization energy due to inter-
actions between filled (donor) and empty (acceptor) orbitals,
providing insights into non-covalent interactions and intramo-
lecular forces [91]. The NBO analysis examined both the filled
orbitals and virtual orbital spaces, offering valuable insights for
studying intramolecular and intermolecular interactions within
the components of the investigated molecules [92]. Overall,
NBO analysis provides a comprehensive picture of the elec-
tronic structure of molecules, aiding in the understanding of
chemical bonding, molecular geometry, reactivity, and interac-
tion mechanisms at a fundamental level show the investigated
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molecules SL1, SL1, and SL3 have the different values of dif-
ferent characteristic [93]. SL1 molecule has highest electroneg-
ativity values due the presence of more electronegative atom
oxygen than SL3 molecules has intermediated electronegativity
values of due to ClI atom and SL3 has least electronegativity
value. SL1 molecule compute high delocalization charger than
SL1 and SL3 molecules due more resonance. SL1 also compute
more natural population than SL2 has middle and SL3 has less
natural population due to number atom are contribute (Table 7).

4. Summary

In this research work, we determined the spectroscopic, mo-
lecular, and electrostatic property of the designed Schiff base
molecules SL1, SL2, and SL3 using GaussView5 and Gauss-
ian 09. All designed and reference molecule were theoretically
investigation utilization time-dependent density functional
theory and density functional theory using B3LYP functional
and a 6-31G(d,p) base set. Additionally, we analyzed the op-
tical electronic and structure properties of the reference mole-
cules (SL) after introducing different functional groups on the
analytes molecules. We studied three functional groups OCHs,
CHjs, and ClI. Our calculations revealed that the OCH3 func-
tional group has a greater electron withdrawing effect com-
pared to CHs and CI. This research focused on molecules con-
taining both electrons withdrawing and electrons donating
groups. The spectroscopic and biological properties of the in-
vestigated molecules was compared with those of the refer-
ence molecules (SL). In our proposed scheme, we substituted
the electron-withdrawing group in SL1 with another electron-
withdrawing group, while electron-donating groups were sub-
stituted in SL2 and SL3. These substitutions resulted in de-
creased HOMO, LUMO, and energy gap values in the de-
signed molecules, with SL3 showing the lowest energy gap of
2.82 eV and the broadest absorption spectra. Computational
tools of the FMO revealed that the main transition in SL3 is
characterized as a wn-n* transition. Our results indicated that
the distribution pattern of FMOs in the investigated molecules
(SL1-SL3) affects the HOMO, LUMO, and energy gap values.
After analyzing the simulated absorption spectra, we con-
cluded that SL3 is red-shifted compared to the reference mol-
ecules (SL). These result show that designed molecules SL3
has the best results and is a suitable compound.

Abbreviations
DFT Density Functional Theory
TD-DFT  Time dependent-Density Functional Theory
DOS Density of State
TDM Transition Density of Matrices
NBO Natural Bod Orbital
VIE Vertical Ionization Energy
EDDM Electron Density Difference Map
FMOs Frontier Molecular Orbitals
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