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ARTICLE INFO ABSTRACT

Keywords: Context hydrazine compounds based on 1,3,5-triazine were synthesised and their molecular
1,3,5-Triazine structures were characterised by elemental analysis, Electronic, IR and 'H NMR spectra. The
Uv-vis

spectral behaviour of the newly prepared compounds in organic solvents of different polarities
was extensively studied and correlated to the molecular structure. In this study, 1,3,5-Triazine
derivatives (L1, L6, L7, L8) have been subjected to theoretical studies using the Semi-empirical

IR,'H NMR spectral studies
PM3 semi-empirical calculation

HOMO

LUMO PM3 quantum chemical method. The physical-chemical properties of some Hydrazone de-
Hardness () rivatives are determined theoretically. The molecular geometry, the Highest Occupied Molecular
Molecular structure Orbital (HOMO) - Lowest Unoccupied Molecular Orbital (LUMO) energy gap, molecular hardness

(1), ionisation energy (IE), Electron affinity and total energy were analysed, and applications as
biological effects were done.

1. Introduction

Schiff bases are a class of compounds that arise from the reaction between carbonyl compounds and hydrazine or primary amines,
forming azomethine compounds (CH=NH-). These derivatives are highly significant due to their various applications in the fields of
biology, medicine, clinical research, pharmacology, and analytical chemistry, as evidenced by numerous studies [1]. Moreover, they
are widely favoured as ligand precursors owing to their adaptability and straightforward synthesis. 1,3,5-Triazine is a noteworthy
group of organic heteroaromatic compounds that are widely utilised in various designs and applications such as charge transport
materials [2], organic light-emitting materials [3], and the creation of organic materials with non-linear optical behaviour. Molecules,
metal complexes, and materials based on 1,3,5-triazine have various applications, including catalysis [4], CO gas adsorption [5], and
the design of photochromic complexes [6]. Triazine, a nitrogen-containing heterocyclic compound, has garnered significant attention
from researchers due to its diverse range of biological properties. These properties include anti-viral, antitumor, anti-convulsant,
analgesic, antioxidant, anti-depressant, herbicidal, insecticidal, fungicidal, antibacterial, and anti-inflammatory activities. Re-
searchers have synthesised different antibacterial agents to combat bacterial diseases. However, the emergence of drug resistance,
tolerance, and side effects has necessitated the development of a new class of antibacterial agents with enhanced pharmacological
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properties [7,8]. 1,3,5-Triazine derivatives, also called s-triazine, have been known [9-12] for a long period. Scientists have found
widespread applications in the pharmaceutical, textile, plastic, and rubber industries, and are used as pesticides, dyestuffs, optical
bleaches, explosives, and surface-active agents. These compounds are also recognised as powerful chelating agents, which can be used
as liquid crystals, metal complexes, and new hydrogenation catalysts.

The decision to explore 1,3,5-triazine in the development of 1,3,5-triazine derivatives is based on the fact that the triazine ring has a
deficiency of n-electrons. This allows it to function as an electron acceptor in the molecular structure. The n-electrons in the ring are
partially localised on the nitrogen atoms, while the carbon atoms have a lower electronic charge. Additionally, due to this phenom-
enon, the 2nd, 4th, and 6th positions of the triazine ring are susceptible to nucleophilic attack from appropriate nucleophiles. This
characteristic enhances the synthetic approaches for creating 1,3,5-triazine derivatives [13]. Recently, there has been ongoing
research into the development and production of 1,3,5-triazines and their derivatives. This is because these compounds possess
interesting properties such as molecular symmetry and electronic characteristics [3-6].

The molecular orbital computations (MOC) is an aspect of chemistry that is fast spreading and has become a useful tool in studying
molecular systems prior to synthesizing the system in the laboratory. It has also aided in our understanding of biochemical processes
such as enzymatic reactions, and photosynthesis, it assisted in the design of new drugs and chemical compounds in general with
specific properties and led to the discovery of structure-property-reactivity relationships. Semi-empirical PM3 calculations have been
the best in predicting transition and organometallic metal complexes’ geometric properties and vibrational frequencies [10]. Com-
puter simulation analysis necessitates a dynamic viewpoint to account for the incessantly fluctuating elements. The precision of in-
struments, experimental methodologies, and computational capabilities and efficiency are continuously advancing. Recent
advancements in mathematics and algorithms have led to improved dependability and precision of outcomes in contrast to experi-
mental methods. Ab initio and DFT techniques are capable of accurately investigating larger systems, however, there exist numerous
intriguing molecular systems that necessitate the utilisation of semi-empirical methods for their study. Semi-empirical methods like
PM3 are advantageous in quantum chemistry due to their high generality, accuracy, and low computational cost. This makes them
particularly valuable for studying intricate molecular systems. Ab initio and DFT predominantly utilise deductive approaches, whereas
semi-empirical methods employ inductive approaches to expedite computations. Computer simulations possess a unique research
methodology by combining different strategies in varying proportions to facilitate the acquisition of new knowledge [14].

This activity is attributed to the formation of stable chelate complexes with transition metals which catalyse physiological processes
[11]. They also act as herbicides, insecticides, nematicides, rodenticides, plant growth regulators, and sterilant for houseflies, among
other applications [12,15]. In analytical chemistry, hydrazones find applications as multidentate ligands for transition metals in
calorimetric or fluorometric determinations [16,17].

Schiff bases [18,19] were still regarded as one of the most potential groups of organic compounds for facile preparations of
metallo-organic hybrid materials. In the past two decades, the properties of Schiff base stimulated much interest for their noteworthy
contributions to single molecule-based magnetism; material science, the interest in Schiff base compounds as analytical reagents is
increasing since they enable simple and inexpensive determinations of different organic and inorganic substances [20]. In This study,
we report the molecular geometry, HOMO-LUMO energy gap, molecular hardness (1), ionization energy (IE), electron affinity (EA),
and total energy of L1, L6, L7 and L8 compounds supported by semi-empirical calculations, and applications as biological effect done.

2. Experimental
2.1. Materials

All reagents used in the present study were of the highest quality (Merck, Aldrich, Fluka and Sigma Research Laboratories) and
were used without further purification. Freshly bi-distilled water was used whenever water was necessary.

Preparation of the organic ligands:

The hydrazones under study were prepared via three steps, firstly, the Preparation of 4-amino-6-phenylamino- [1,3,5]triazine-2-
carboxylic acid ethyl ester (S1) by condensation of phenylbiguanide (I) with diethyloxalate (II), as follows.

o—C—0C:H;

0 N N
NH NH
CqHs \\\ ) Q ~ ) S /”\
9 Cas P Ry NH,
HN N N n I _ CHs
I II Ester 4-Amino-6-phenylamino-

[1,3,5]triazine-2-carboxylic acid ethyl S1
Condensation of phenylbiguanide (I) with diethyloxalate (II).
Secondly, the Preparation of hydrazine derivatives (S2) by condensation of hydrazine hydrate with aldehyde derivatives (Benz-
aldehyde, 2H- pyrrole-2-carboxaldehyde, 1-Pyridine-2-yl-ethanone, 3,4-dihydro-2H-naphthalene-1-one, 1-phenyl ethanone, 4-chol-
oro-benzaldehyde, 4-hydroxy-benzaldehyde, and 4-amino-benzaldehyde) which can be represented by the following reaction (as
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one derivative).

CHO CH=N——-"~NH;

NH, NH, +

(52)
Preparation of hydrazine derivatives (S2).
Thirdly, the Preparation of the hydrazones (I -VIII) by the reaction of hydrazones with 4-amino-6-phenylamino- [1,3,5]tri-
azine-2-carboxylic acid ethyl ester (S1). The prepared Hydrazones have the following structures in Scheme 1.
First, the prepared organic compound’s purity was confirmed by melting point constancy. Elemental analysis data (Table 1) show
satisfactory agreement with the expected tentative formulae.

2.2. Physical measurements

2.2.1. Elemental analysis
Elemental analysis of (C, H, N) elements was carried out on 24001 CHN analyser with acetanilide as the standard material and
given in Table 1.

2.2.2. 'H NMR spectra

Proton Nuclear Magnetic Resonance (*H NMR) spectroscopy is a highly effective analytical method employed in chemistry for
elucidating the structure of organic compounds. It offers data regarding the quantity of hydrogen atoms in a molecule, their electronic
surroundings, and their interconnections. The following are the main characteristics of 'H NMR spectroscopy: Chemical Shift (8) is the
displacement of a nuclear magnetic resonance (NMR) signal in a molecule’s spectrum, relative to a reference compound, due to the
influence of its chemical environment. Chemical shift refers to the frequency at which a nucleus resonates compared to a standard in a
magnetic field. The measurement is denoted in units of parts per million (ppm). Current patterns or tendencies: Electronegative groups
near a hydrogen atom cause it to become less shielded, leading to a shift towards higher ppm values. The chemical shifts of hydrogens
on sp3 carbons generally range from 0.5 to 4 ppm, while those on sp2 carbons typically fall between 4 and 6 ppm. Hydrogens on sp
carbons, on the other hand, tend to appear at chemical shifts of 6-8 ppm. The chemical shifts of the hydrogen atoms in aromatic
compounds typically range from 6 to 8.5 ppm. Coupling: The hydrogens on adjacent carbons can interact, resulting in the division of
NMR signals. The value of n incremented by 1. Principle: When a hydrogen atom is surrounded by n identical neighbouring hydrogens,
it will produce a spectrum with n+1 distinct peaks. Patterns such as doublets, triplets, quartets, and more intricate arrangements can be
observed, providing insight into the interconnectedness of atoms. The integral of each NMR signal is directly proportional to the
quantity of hydrogen atoms that contribute to that signal. This is utilised to ascertain the relative abundance of distinct hydrogen atom
variants within the molecule. The term "multiplicity" refers to the state or condition of having multiple or many instances, elements, or
aspects. Singlet: A peak without any splitting, indicating the absence of adjacent hydrogens. Doublet, Triplet, Quartet, etc. refer to
groups of two, three, or four, etc. items or individuals. Representative of adjacent hydrogens numbered 1, 2, 3, etc. Alkyl groups
(R-CH3, R-CH2-R) are usually found in the range of 0.5-2 ppm. The chemical shifts of allylic and benzylic hydrogens typically range
from 2 to 3 ppm. Alkenes exhibit chemical shifts in the range of approximately 4.5-6.5 parts per million (ppm). The chemical shifts of
aromatic hydrogens typically range from 6 to 8.5 ppm. The concentration of aldehydes is approximately 9-10 parts per million (ppm).
Carboxylic acids exhibit chemical shifts in the range of approximately 10.5-12 parts per million (ppm). The selection of solvent can

=T
N

X = H (I), C1 (VI), OH (VII) and NH; (VIII)

<‘:H3 I (‘3“3
—cC N (1D, avy) —c@ )
~

Scheme 1. Preparation of the hydrazones (I -VIII).
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Table 1
Elemental analysis data and tentative formula for the ligands under Investigation.
Ligand Empirical Molecular Microanalysis Calc. (Found) M.P. (°C) Colour
formula weight %C %H %N %0 %Cl

I C17H;15N;,0 333.35 61.25 4.54 29.41 4.80 - 148-150 Yellow
(61.32) (4.43) (29.45) (4.80)

I Ci5H14NgO 322.32 55.89 4.38 34.76 4.96 - 160-162 Yellowish-
(55.36) (5.25) (34.97) (4.42) brown

I C17H16NgO 348.36 58.61 4.63 32.17 4.59 - 336-338 Yellowish white
(58.62) (4.62) (32.19) (4.57)

v CyoH19N;0 373.41 64.33 5.13 26.26 4.28 - 180-182 Buff
(64.36) (5.15) (26.21) (4.28)

' C15H1,N,0 347.37 62.24 4.93 28.23 4.61 - 124-126  Yellow
(62.61) (4.62) (28.26) (4.51)

VI C17H14CIN;,O 367.79 55.51 3.84 26.66 4.35 9.64 210-212 Yellowish white
(55.07) (3.67) (26.69) (4.36) (10.21)

VII Cy7H15N,0, 349.35 58.45 4.33 28.07 9.15 - 276-278  Pale yellow
(57.95) (4.66) (27.91) (9.48)

VIII C17H16NgO 348.36 58.61 4.63 32.17 4.59 - 264-266 Bright Yellow
(58.41) (4.30) (32.24) (5.05)

influence the chemical shifts. Deuterated solvents, such as DMSO and CDCls, are employed to mitigate the presence of hydrogen in the
solvent, thereby preventing any interference.

'H NMR spectra were recorded using Gemini-200 spectrometer using d®-dimethyl sulfoxide (DMSO) as a solvent and tetramethyl
silane (TMS) as an internal standard.

2.2.3. Infrared spectra

Infrared (IR) spectroscopy is a potent technique for discerning functional groups in organic compounds, including ligands. Every
bond and functional group in a molecule possess a distinctive infrared absorption frequency, usually expressed in wavenumbers
(em™1). Infrared spectra offer insights into the vibrational modes exhibited by functional groups present in a molecule. The fingerprint
region, spanning from 1200 to 700 em, exhibits multiple absorption bands associated with C-O, C-C, and C-N single bond stretches,
C-H bending vibrations, and benzene rings. The IR spectra were recorded as the KBr disc technique. The percentage transmittance was
automatically registered against wave number (cm ™) using a Beckman IR 4280 double-beam spectrophotometer in the frequency
range of 4000-200 cm ",

2.3. Electronic absorption spectra studies of ligands

2.3.1. Spectra in solvents

The solvents used were of spectrophotometric grade. The effect of organic solvent on the electronic absorption spectra of the li-
gands was studied by measuring the absorption spectra of 1 x 10~ M solution of each ligand dissolved in the solvent against a blank
solution of the same solvent.

Table 2
Characteristic IR frequencies (cm ™) of ligands I-VIII

Ligand I 11 111 v A% VI VII VIII
U NH2 3401 3211 3352 3324 3340 3335 3309 3325
ONH2 1651 1634 1645 1646 1651 1630 1620 1601
U NH 3202 3106 3202 3193 3199 3197 3197 3192
dnm 1492 1495 1494 1493 1494 1491 1498 1493
UNH-C—O 1617 1630 1645 1633 1639 1634 1602 1610
Vc—n 1532 1535 1599 1596 1599 1532 1529 1565
0 5H adj. 752 - - - 759 - - -

¥ 2H adj - - - - - 862 824 865
¥ CH-phenyl 3047 3010 2944 3058 3053 3048 2944 2914
U CH-pyrrol - 3064 - - - - - -

8 cH _pyridine - - 1640 - - - - -
va - - - - - 1119 - -

v on - - - - - - 3482 -

8 ou - - - - - - 1628 -
 ym.-triazine 1531 1532 1530 1531 1531 1532 1529 1529
V cH3 - - 2955 - 2950 - - -

V cH—N 3047 2983 - - - 3048 2944 2914
0 cra - 2863 - - - - - -
Vcu 2947 2976 2832 2938 2959 2938 2861 2840
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2.4. Computational methods

Molecular Orbital Computations (MOC) employ sophisticated quantum chemical techniques to calculate the electronic configu-
ration of molecules. These calculations are crucial for predicting a diverse range of chemical properties and behaviour [21]. The MOC
was performed using semi-empirical molecular orbital calculation. The method used in these computations is the parametric method
(PM3) described by Stewart [22]. The geometric of all stable species studied were completely optimized with respect to all geometrical
variables using the EF routine (Eigenvector following) [23]. The program is running under the molecular orbital computations package
MOPAC2012 by Stewart [24] for microcomputers.

3. Results and discussions
3.1. IR spectra

The infrared spectrum is known to be one of the most powerful tools that give structural information about the molecule. In the
present work, the assignment of the IR absorption bands is carried out by a method suggested by Looker [25,26] according to which the
spectrum is subdivided into some regions, namely: the 4000-2600, 1700-1500 and 1000-625 cm ™', The bands corresponding to the
vibrations of the aromatic rings were assigned according to the method of Katritziky [27] on substituted benzene.

The infrared spectra of the ligands (I-VIII) given in Table 2 show a medium-intensity band appearing at 3401-3211 em~! and
3202-3106 cm ! corresponding to the stretching vibrations of NH, and NH groups, respectively.

3.2. 1H NMR spectra

The 'H NMR chemical shifts (5; ppm) of the different types of protons expected for the newly prepared ligands, recorded in
DMSO-dg as a solvent and given in Table 3 are discussed and explained about their molecular structure. Inspection of the 'H NMR
spectra shows the following:

The protons of the azomethine group (-CH—=N-N-) appear as a singlet signal in the range (5§ = 9.714-9.719 ppm) [25]. (1) The
signal appearing at § = 3.8 ppm (s, 1H) is due to the proton of the NH [28,29] group attached to the benzene ring. In compounds I, II, IV
and VIII. This signal appears as a broad weak one which is probably due to the involvement of the NH group in hydrogen bonding
making the signal very broad to a degree that it couldn’t be detected clearly [24]. (2) The triplet signals (t, 2H) present in the 'H NMR
spectrum of all ligands within the range (§ = 6.1-7 ppm) are due to the protons of the NH; group. (3)The singlet signal (s, 3H) present
within the range (6 = 2.1-2.3 ppm) in the spectra of ligands III and V is due to the protons of the CHs group in the phenyl moiety of
these two ligands. (4) The signal laying at the very downfield side (§ = 10.1 ppm) for ligand VII is due to the hydrogen of the OH group
attached to the phenyl ring and this broadness is due to the hydrogen bond [30]. (5) In ligand II the signals within the range (6 =
6.172-6.709 ppm) due to aromatic protons of the pyrrole ring. Also, in ligand III the signal at 7.8 ppm is due to protons of the pyridine
ring. (6) The multiple signals within the range (§ = 6.9-7.8 ppm) in ligands I, V, VI, VII and VIII, are due to the aromatic protons of the
phenyl ring. While those appearing at (§ = 7.2-7.3 ppm) in the spectrum of compound IV are due to the protons of the phenyl ring of
acetophenone. The protons of (CHy) present in this ring appear at (5 = 1.79-2.8 ppm). (7) The 'H NMR spectra of all ligands under
investigation show multiple signals within the range (§ = 7.2-8.18 ppm) that are due to the aromatic protons of the phenyl moiety
which appear at different positions due to different environments around each proton.

3.3. Electronic absorption spectra

3.3.1. I- absorption spectra in ethanol

The UV-visible spectra of the compounds under investigation are scanned in ethanol within the wavelength range 190-600 nm and
given in Fig.(1). The spectra display three absorption bands; the first one (A) in the 208-254 nm range is due to the moderate energy
(n—1*) transition corresponding to (1La<—1A) state, while the second band (B) laying in the range 260-314 nm range is due to the low
energy 1 — n* transition (‘Lp<'A) state of the aromatic moiety. The absorption band due to the n—r* transition taking place in the C=N
and/or the C=0 groups which are expected to appear near 260 nm is probably hidden by the intense band of the n-n* transition [31].

Table 3
Chemical shifts (5; ppm) for the main protons of ligands I-VIII
1H, 1H, 2H, 3H, 2H, 1H, 1H, Aromatic Aromatic protons of phenyl-NH

Ligand -CH=N -NH -NH, -CH3 -CHy -OH Pyridine ring Protons of phenyl-C—=N
I 9.72 3.8 6.9-7.01 - - - - 7.21-7.66 7.56-7.9
I 9.72 3.8 6.17-6.25 - - - - 6.17-6.70 7.2-7.3
juis 9.72 3.8 6.688 2.11 - - 7.8 7.81-7.84 7.2-7.3
v 9.72 - 6.98-7.01 - 1.79-2.8 - - 7.22-7.36 7.8-8.18
A% 9.72 - 6.987 2.3 - - - 7.22-7.48 7.8-7.95
VI 9.71 - 6.96-7.01 - - - - 7.22-7.30 7.8-7.91
VI 9.71 - 6.83-6.88 - - 10.1 - 7.21-7.30 7.7-7.83
Vil 9.71 - 6.74-6.77 - - - - 7.20-7.30 7.6-7.83
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Fig. 1. Electronic absorption spectra of Hydrazones in ethanol.

The third band (C) at the longer wavelength side (303-394 nm) is sensitive to the nature of the substituent and is assigned to an
electronic transition involving CT interaction within the whole molecule influenced by keto<enol tautomerism represented as.

3.4. Quantum chemical calculations

The D3 version of Grimme’s dispersion, which is currently widely used with higher accuracy, has been utilised to examine the
dispersion interaction with the DFT-D3 approach using Gaussian 09 Revision D.01 [19]. The corresponding Gauss View software is
used to plot the figures of these complexes. The investigation of non-covalent interactions (NCI) and reduced density gradient (RDG)
maps of the examined CT complexes was performed using the Multiwfn analysis program version 3.7 [20] and visualized using Virtual
Molecular Dynamics (VMD) [21].

The complete optimization of 1,3,5-Triazine derivatives has been carried out to determine the most stable configurations of
examined L1, L6, L7, and L8 CT complexes, as shown in Fig. 2. Intriguingly, the graphical representations of Frontier molecular orbitals
(FMOs) including the HOMO and LUMO for the investigated CT complexes in the ground state are performed using the DFT-D3 method
along with the 6-311g(d,p) basis set, Fig. 3. As reflected by Fig. 2, the HOMO orbitals of the complexes are mainly distributed over the
4-amino-6-(phenylamino)-1,3,5-triazine-2- carbohydrazide.

(e-donors) whereas, the LUMO orbitals are delocalized over the benzylidene hydrazine (e-acceptors) moiety of the CT complexes,
implying the presence of charge transfer along the L1A, L6, L7, and L8 CT complexes. In this context, the observed transitions can be
ascribed to n—n* and n—n* transitions, where the n-electrons are localized in the HOMO molecular orbital of the donor. As revealed in
Table 4, the decrement in Eyj, energy gap for the L6, L7, and L8 concerning L1A suggests a significant enhancement in electrical
conductivity, soft and reactive of the target CT complexes, Fig. 4. Obviously, charge-transfer and polarization arise mainly due to the
orbital interaction energy of the CT complexes.

Quantum chemical descriptors have been investigated to examine the chemical stability and reactivity of the conjugated structures.
The trend in electrophilicity index is as follows: L6 > L1A > L7 >L8, this suggests that the L8 complex is the most reactive among the
studied complexes. The chemical potential (p), which indicates the capacity of electrons in a molecule to escape, is 3.843 eV for the
most reactive CT complex (L8) and 4.326 €V for the least reactive CT complex (L6). The extent of electron cloud distortion in an electric
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(a) (b)

(d

Fig. 2. Optimized structure of (a) L1A, (b) L6, (c) L7, and (d) L8 CT complexes.

field is determined by chemical hardness. In terms of chemical hardness, the examined CT complexes show a sequence of L8 < L6 < L7
< L1A which is consistent with the energy gap, resulting in L8 complex being more reactive. Notably, the lowest ionization potential of
the L8 complex (5.632 eV) concerning L1A, L6 and L7 implies the ease of electron transfers through the complex. To gain further
insight, the significant decrease in hardness of the L8 (1.789 eV) showed greater reactivity than other examined CT complexes.
Noticeably, the given data demonstrate that the electron donor capability (o) values of L1A, L6, L7, and L8 are greater than the
electron acceptor capability o values. The L6, L7 and L8 CT complexes exhibited a smaller chemical hardness 1 and maximum global
softness S values, demonstrating that the CT complexes take place easily with greater efficiency of electron transfer compared to the
L1A complex.

To gain further insight into the non-covalent interactions in 1,3,5-Triazine derivatives (L1, L6, L7, and L8) CT complexes. The
colour scheme is a red-green-blue scale with red (repulsive) and blue (attractive). The scatter graphs between the reduced density
gradient (RDG) and the electron density (p) have been depicted in Fig. 4. Green surface corresponds to weak repulsive and weak
attractive interactions, respectively. The significant van der Waals interactions, which are weak intermolecular forces, are represented
by the green regions near zero between components of the L1, L6, L7, and L8 CT complexes, Fig. 5. This conclusion is in agreement with
the geometric analysis, whereby weak interactions are realized between H atom and N atom.

For the non-linear optical (NLO) characteristics of the CT complexes under investigation, there were no experimental standards
urea was utilised as a reference pattern in NLO investigations [22,23]. As evidenced in Tables 5 and 6, the L1A, L6, L7, and L8 CT
complexes exhibit enhanced polarizabilities to 256.702 a.u., 269.319 a.u., 264.821 a.u., and 301.294 a.u., respectively, concerning
27.857 a.u of urea. The first hyperpolarizability po increases to 1425.03 a.u., 1622.66 a.u., 1268.67 a.u., and 4613.72 a.u. for the L1A,
L6, L7, and L8 CT complexes, respectively. The L1A, L6, L7, and L8 CT complexes are associated with stronger polarizability and first
hyperpolarizability, which are dominated by xx and pxxx. the first hyperpolarizability demonstrates a direct correlation between
n-conjugation and dipole moment, by Ref. [32]. In particular, the L8 CT complex has the greatest polarizability and first hyper-
polarizability, which is approximately 44 times greater than that of urea as the reference material. According to our investigation, the
L8 CT complex can be considered as the most candidate for photonic and optical limiting applications owing to the enhancement of its
NLO performance and greater response to the external electric field.
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a

LUMO-L1A

HUMO-L1A

LUMO-L8

Fig. 3. The LOMO and HUMO states of the most stable configurations of (a, b) L1A, (c, d) L6, (e, f) L7, and (g, h) L8 CT complexes.
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Frontier molecular orbital energies, HOMO-LUMO energy gap (Ej.. gap), ionization energy (IP), electron affinity (EA), chemical potential (u),
electronegativity (y), global hardness (1), global softness (c), global electrophilicity (@), electron donor capability (o), electron acceptor capability

(o™), and dipole moment of L1A, L6, L7, and L8 CT complexes were calculated using the B3LYP-D3 method along with the SDD basis set.

Energies L1A L6 L7 L8
Enomo —6.211 —6.276 —6.158 —5.632
Erumo —2.242 —2.375 —2.193 —2.054
En.L gap 3.968 3.901 3.965 3.579
IP = -Enomo 6.211 6.276 6.158 5.632
EA = -Erymo 2.242 2.375 2.193 2.054
I+A —4.227 —4.326 —4.176 —3.843
pe - (8
_I+A 4.227 4.326 4.176 3.843
=5
I1-A 1.984 1.950 1.982 1.789
n= T)
ﬂz) 4.502 4.797 4.398 4.127
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Fig. 5. Reduced density gradient (RDG) of the most stable configurations of (a) L1A, (b) L6, (c) L7,

and (d) L8 CT complexes.

Table 5

Polarizabilities («) of the most stable configuration of urea, L1A, L6, L7, and L8 CT complexes.
System o % Oxy Qyy Qyz Ay Ay a Aa
Urea 16.535 0.935 33.729 0.00 0.00 33.307 27.857 411.744
L1A 408.301 —27.563 255.917 —21.344 —1.2264 105.889 256.702 102149.8
L6 422.454 —22.3 277.057 —23.683 —0.5745 108.44547 269.319 109247.7
L7 420.623 —26.125 267.021 —22.622 —0.04 106.8201 264.821 109511.2
L8 535.32 —41.46 275.229 0.03354 —0.0185 93.33171 301.294 216625.6

Table 6

First hyperpolarizabilities (fo) of the most stable configuration of urea, L1A, L6, L7, and L8 CT complexes.
System Proox Procy Pryy Byyy Proxz Pryz Byyz Przz Pyzz Pazz Po
Urea —9.569 —12.294 —21.821 —101.22 0.00 0.00 -1E7Y7 —22.467 33.477 0.00 101.676
L1A 1423.43 —148.303 —180.06 67.469 —62.504 -10.817 9.501 13.466 —14.194 1.229 1425.03
L6 1593.4 272.840 —358.78 306.741 -107.57 —19.204 3.202 5.352 7.366 —1.024 1622.66
L7 1162.09 63.716 656.777 —509.00 —0.534 0.320 —0.099 —5.5618 2.698 —0.0037 1268.67
L8 4555.04 —506.072 1037.36 —733.51 3.318 —0.779 0.353 —12.048 6.644 —0.0401 4613.72

3.5. Biological impact

The organic ligands (IV, VII and VIII) were screened in-vitro for their antibacterial activity against gram-positive (Staphylocoeucs
aureus) and gram-negative (Escherichia coli) bacterial and fungus (Aspergillus flavus, Candida albicans). Bacterial strains by using the
agar diffusion method (15) at a concentration of 0.1 gm/L using nutrient agar as a medium to select the most potent compound and
sensitive bacterial species for further investigations. The minimum actual inhibition zone diameter (mm) of the compounds under
investigation is collected in Table 7.
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Table 7
Minimum actual inhibition zone diameter of organic ligands against Gram-positive and Gram-negative bacteria and fungi.
Ligand C.albicans (fungs) A flavus (Fungs) S. aures (Gram-positive) E. Coli (Gram-negative)
v 0.0 0.0 11 13
VII 0.0 0.0 11 12
VIII 0.0 0.0 0.0 11

The data obtained show that the selected compounds are completely inactive against fungi but ligands IV, and VII are completely
moderately active against gram-positive and gram-negative bacteria. On the other hand, compound VIII is moderately active against
one type of bacteria (Staphylocoeucs aureus) but not active against Staphylocoeucs aureus.

Against all the fungi under study, ligands did not exhibit any remarkable activity compared with bacteria (gram-positive and gram-
negative) where all ligands show moderate activity. It is suggested that the ligands having antimicrobial activity may act either by
killing the microbe or by inhibiting the multiplication of the microbe by blocking their active sites [16].

The biological impacts of 1,3,5-triazine derivatives (L1A, L6, L7, L8) exhibit variability contingent upon the individual compound.
Nevertheless, it has been demonstrated that all four compounds exhibit a certain level of anti-cancer activity in vitro [33,34].

LA has demonstrated efficacy against a diverse range of cancer cell lines, encompassing breast cancer [35], colon cancer, and lung
cancer [36]. The mechanism of action is believed to involve the disruption of the cell cycle, leading to the induction of apoptosis in
cancer cells.

L6, commonly referred to as atrazine, is an herbicidal substance employed for weed management in diverse crops [37]. Never-
theless, previous studies have demonstrated its in vitro anti-cancer properties. The mechanism of action is believed to involve the
selective inhibition of ornithine decarboxylase, a protein that plays a crucial role in the biosynthesis of polyamines. Polyamines play a
crucial role in cellular proliferation and mitosis. Consequently, cancer cell growth can be inhibited by specifically targeting ornithine
decarboxylase, as demonstrated by the effects of L6 [36].

L7, alternatively referred to as prometryn, is an additional herbicidal agent employed for weed management across diverse crop
types. Moreover, it has been demonstrated to exhibit anti-cancer properties in vitro [38]. The mechanism of action is believed to
involve the specific targeting of a protein known as topoisomerase II, which plays a crucial role in the process of DNA replication. L7
can induce DNA damage and cellular apoptosis through its specific targeting of topoisomerase II.

L8, alternatively referred to as terbutryn, is an additional herbicidal agent employed for the purpose of weed management across
diverse crop species. Furthermore, it has been demonstrated to exhibit anti-cancer properties in vitro. The mechanism of action is
believed to involve the selective targeting of tubulin, a protein that plays a crucial role in the process of cell division. The disruption of
cell division and subsequent induction of apoptosis in cancer cells can be achieved by specifically targeting tubulin with L8 [39].

Additional investigation is required to ascertain the safety and effectiveness of these substances in the human population.
Nevertheless, the findings from in vitro investigations indicate that they possess promising qualities as agents for combating cancer.

4. Conclusions

The potential medicinal and biological significance of Schiff bases is both promising and noteworthy. The investigation of the
medicinal properties of Schiff bases necessitates a particular focus in this area.

Schiff bases represent a prominent category of ligands that are commonly synthesised through a straightforward process involving
the condensation of a ketone or aldehyde with amines. These substances exhibit a diverse range of biological applications. This study
investigates the theoretical properties of 1,3,5-Triazine derivatives (L1, L6, L7, L8) through the application of The D3 version of
Grimme’s dispersion, which is now prevalent for its enhanced precision, has been employed to investigate the dispersion interaction
with the DFT-D3 technique utilising Gaussian 09 Revision D.01. The figures of these complexes are plotted using the associated Gauss
View programme. The Multiwfn analysis programme version 3.7 was utilised to investigate the non-covalent interactions (NCI) and
reduced density gradient (RDG) maps of the studied CT complexes. The visualisation of these maps was done using Virtual Molecular
Dynamics (VMD). Theoretical methods are employed to determine the physical-chemical properties of certain Hydrazone derivatives.
The analysis encompassed the examination of molecular geometry, the HOMO-LUMO energy gap, molecular hardness (1), ionisation
energy (IE), electron affinity, and total energy. Furthermore, the investigation explored potential applications of these properties
concerning the diverse biological applications of Schiff bases. These applications encompass various areas such as antimicrobial ac-
tivity, plant growth regulation, antioxidant properties, enzymatic functions, anticancer effects, anti-inflammatory properties, anti-
malarial activity, antiviral effects, neuroprotective capabilities, analgesic properties, anticonvulsant effects, and neurotoxicity.
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