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Abstract: In this study, the quantum chemical computations of 3-(p-methoxybenzyl)-4-(4-
hydroxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one that is a triazole derivaties were calculated using
DFT method in the 6-311++G(d,p) basis set. Firstly, the molecule was optimized for the most stable positions of
the atoms. The nuclear magnetic rezonans (**C-NMR and *H-NMR) data were calculated with the GIAO
method in the Gaussian O9W package program and the results were compared with the experimental values in
the literature. Furthermore, theoretical infrared (IR) vibration frequencies values which were scaled with certain
scala factor were obtained using the Veda 4 program. In this study, compound’s thermodynamic parameters
such as (entropy S°, heat capacity CV® and enthalpy H°), geometric properties (bond angle and length),
electronic parameters (global hardness (1), electron affinity (A), electronegativity (y), softness () and ionization
potential (1), E, umo-Eromo energy gap, HOMO-LUMO energy), dipole moment, mulliken atomic charges were
also studied.
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Introduction

Schiff Bases are compounds containing azomethine (-CH=N-) in their structure. These compounds are obtained
result of reaction of primary amine with aldehyde or kethone (Berhanu et al., 2019, Antony et al., 2019). The
seynthesis of Schiff Base can be done by different methods such as solvent free and catalyst, solvent and
cataysy free or solvent free by microvwave irradiation (Uddin et al., 2020). The Schiff bases are compouns that
have used for biological, medicinal, clinical, pharmacological, and analytical applications (Zafar et al., 2021).
For years, researcers have interested in Schiff Bases and their derivatives synthesis due to taking short time and
obtanied high yield (Kardas et al., 2016; Bahceci et al., 2017; Beytur et al., 2019; Irak and Beytur, 2019; Giirsoy
Kol et al.,2020; Kog et al., 2020; Kotan et al., 2020; Beytur, 2020; Ugurlu & Beytur, 2020; Beytur & Avinca,
2021; Boy et al., 2021). In addition, since these compounds have active (-HC=N-) structure they have enabled
the synthesis of new active compounds. Literatiire surveys have shown that Schiff Bases and their derivatives
are very important compounds both in healty fields as bioactive molecule and technology fields as catalist,
sensor (Antony et al., 2019; Ashraf et al., 2021). Especially, metal complexs of Shchiff Bases have tested anti-
bacterial (Chohan et al., 2001), anti-fungal (Chohan et el., 2010) herbidical and anticancer (Duff et al., 2012;
Kaczmarek et al.,2018; Gowdhami et al., 2021).

Many investigaters raported that 1,2,4- Triazol derivatived Schiff bases have also shown pharmacologcial
properties as anti-microbial (Bayrak et al., 2009; Kotan, 2021) anti-oxidant (Manap et al., 2020),
antileishmanial (Stileymanoglu et al., 2017), anti-fungal, anti-bacterial (Jin et al., 2018) anti-cancer,anti-diabetic
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(Zafar et al., 2021). In this study, teorical analysis of 3-(p-methoxybenzyl)-4-(4-hydroxybenzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one was performed with Gaussian O9W package program (Frichs et al., 2009). The
nuclear magnetic rezonans values, theoretical infrared (IR) values, thermodynamic parameters of bioactive
triazole derivative compound were found and interpered by the comparing experimental data.

Results and Discussion

Gaussian Computations

All quantum chemical computations were calculated by using Gaussian 09W packet program. The three-
dimensional structure of molecule was drawn in the GaussView program (Dennington et al., 2009). The
optimized geometric stable structure and formule is shown in Figure 1.
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Figure 1. The optimized structure and formule of the molecule

The R? Values of the Compound

The GIAO method (Wolinski et al., 1990) was used for nuclear magnetic rezonans analysis of molecule. The
experimental data in literatiire and calculational results were evuluated and were listed in Table 1. The proton
and carbon chemical shifts ratios of compound were abtained according to results and R? valuse of compound
were composed and shown in Figure 2.
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Table 1. **C and ‘H-NMR(DMSO) isotropic chemical shifts (5/ppm)

1H-NMR B3LYP/HF theoretical values

No Experimental DFT No Experimental DFT
C1 146,46 153,52 H18 11,85 8,07
Cc2 151,37 153,68 H19 9,50 10,67
C3 154,23 153,44 H20 7,65 9,17
C4 124,42 130,47 H21 6,87 7,85
C5 129,65 129,84 H22 6,87 7,54
C6 115,87 118,79 H23 7,65 8,08
C7 160,62 166,05 H24 10,14 5,40
C8 115,87 116,65 H25 3,94 4,44
C9 129,65 138,56 H26 3,94 474
C10 30,23 33,93 H27 7,22 8,38
Cc11 127,66 132,96 H28 6,86 7,42
C12 129,82 135,12 H29 6,86 7,68
C13 113,85 110,97 H30 7,22 8,21
Cl4 158,06 164,66 H31 3,70 4,22
C15 113,85 120,60 H32 3,70 4,30
C16 129,82 133,62 H33 3,70 4,65
C17 55,01 54,47
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Figure 2. The correlation graphs *H and *C NMR chemical shifts for B3LYP
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FT-IR Study of Molecule

The veda 4f program was used for calculate theoretically IR values of compound. The obtained scala vibration
values of compound were compared with data in literatlire (Jamrdéz, 2004). Theoretically IR details and
experimentally IR values were listed in Table 2.

Table 2. Significant vibrational frequencies (cm™)

Vibrational Experimental Scaled
frequencies IR B3LYP
v (OH) 3161 3707

v (NH) 3118 3565

v (C=0) 1714 1747

v (C=N) 1608,1598 1613
1,4-Dislbstitlie-benzen 839 860

Molecular Geometric Parameter

The bond lenght data of Schiff base were calculated by using B3LYP/ 6-311++G(d,p) basis set and then
interpreted by using experimental data (Coruh et al., 2003; Kdysal et al., 2006; Ustabas, et al., 2007). The
theoretically values were given in Tablo 3.

Table 3. Bond legths theoretical and experimental

Bond Lenght (A) B3LYP (A) Literatire (A)

N(37)-C(3) 1.28 1.28

N-C 1.36 1.47

C2=039 1.21 1.21

N-N 1.37 1.35

Fenil halkasindaki C-C 1.40 1,40

Fenil halkasindaki C-H 1.08 1.08

Table 4. The calculated bond legths (A% theoretical data
bond lengths DFT bond lengths DFT
C(1)-N(34) 1.29 C(15)-C(16) 1.38
C(1)-N(36) 1.38 C(16)-H(30) 1.08
C(1)-C(10) 1.49 N(37)-C(3) 1.28
N(34)-N(35) 1.37 C(3)-H(19) 1.08
N(35)-H(18) 1.00 C(3)-C(4) 1.46
N(35)-C(2) 1.36 C(4)-C(5) 1.40
C(2)-N(36) 1.41 C(5)-H(20) 1.08
C(2)-0(39) 1.21 C(5)-C(6) 1.38
N(36)-N(37) 1.37 C(6)-H(21) 1.08
C(10)-H(25) 1.09 C(6)-C(7) 1.40
C(10)-H(26) 1.09 C(7)-0(41) 1.36
C(10)-C(112) 1.52 0(32)-H(26) 0.96
C(11)-C(12) 1.39 C(7)-C(8) 1.39
C(12)-H(27) 1.08 C(8)-H(22) 1.08
C(12)-C(13) 1.39 C(8)-C(9) 1.39
C(13)-H(28) 1.08 C(9)-H(23) 1.08
C(13)-C(14) 1.39 C(4)-C(9) 1.40
C(14)-C(15) 1.40
C(15)-H(29) 1.08
MEP Analysis

The molecular electrostatic potential (MEP) data of compound (Siileymanoglu et al., 2022) were obtained with
the B3LYP/6-311++G(d,p) basis set. Negative and positive regions of the molecule were detected. The positive
potential regions are nearby the hydrogen and in blue but the negative potential region are on electronegative
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oxygen, nitrogen atoms and in red. In our compound, the electronegative atom, oxygen, is surrounded by red,
while the acidic N-H proton is blue (Mathammal et al., 2016). The MEP map of the title compound are
displayed in Figure 5.
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Figure 5. MEP and surface contour maps

Table 5. The calculated dipole moments and total energy data of the molecule

Dft
Lx 0.9190
Ly -1.4469
e 1.1203
HToplam 2.0477
Total energy -1102.36299926

Mulliken Charge

Mulliken atomic charges of atoms in molecule were detected by same method. It is important for quantum
chemical calculations because atomic charges have an effect on the reactivity and electrostatics of molecules
(Mulliken et al., 1955).

Table 6. The calculated mulliken charges datas of the molecule

NO DFT NO DFT
C1 0,371 H20 0,108
Cc2 0,532 H21 0,107
C3 0,131 H22 0,093
C4 -0,17 H23 0,1

C5 -0,013 H24 0,25
C6 -0,095 H25 0,148
Cc7 0,165 H26 0,137
C8 -0,127 H27 0,088
C9 -0,058 H28 0,102
C10 -0,178 H29 0,102
Cl11 -0,131 H30 0,097
C12 -0,054 H31 0,111
C13 -0,14 H32 0,11
Cl4 0,175 H33 0,129
C15 -0,088 N34 -0,222
C16 -0,035 N35 -0,312
C17 -0,132 N36 -0,383
H18 0,249 N37 -0,212
H19 0,138 039 -0,392
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Figure 6. The mulliken charge data
The results of calculating the Mulliken atomic charge distributions of the compound in the gas phase were given
in Table 5 and also shown the mulliken charge data graphic in Figure 6. According to data of the B3LYP

program, "C4, C5, C6, N35, N36, N37, 039" atoms are negatively charged, "H18-H33" and "C1, C2-C13" are
positively charged.

Frontier Molecular Orbitals
The energy values and combinations of HOMO and LUMO of compound were measured with DFT (B3LYP) 6-

311++G (d,p) basis set. (Fukui, 1982). All electronic parameters have been determined using "AEg" value
obtained of the Schiff base (Table 7).
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Figure 7. Homo-Lumo energy

Investigation of Thermodynamics Properties of Compound
Thermodynamic parameters such as Enthalpy "H®', Heat capacity "CV°" and Entropy "S” of molecule were

calculated 298.044 K and 1 atm of pressure. The obtained thermodynamic parameters at the B3LYP were given
in the table 7 (Kotan et al., 2022).
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Table 7. The calculated thermodynamic parameters of the molecule

Rotational temperatures (Kelvin) DFT

A 0.01168

B 0.00711

C 0.00481
Rotational constants (GHZ)

A 0.24347

B 0.14820

C 0.10029
Thermal Energies E(kcal/mol)

Translational 0.889
Rotational 0.889
Vibrational 206.892
Total 208.670
Thermal Capacity CV/(cal/mol-K)

Translational 2.981
Rotational 2.981
Vibrational 74.597

Total 80.559
Entropy S(cal/mol-K)

Translational 43.223
Rotational 35.739
Vibrational 79.543

Total 158.506
Zero-point correction (Hartree/Particle) 0.311533
Thermal correction to Energy 0.332536
Thermal correction to Enthalpy 0.333480
Thermal correction to Gibbs Free Energy 0.258169
Sum of electronic and zero-point Energies -1102.051466
Sum of electronic and thermal Energies -1102.030463
Sum of electronic and thermal Enthalpies -1102.029519
Sum of electronic and thermal Free Energies -1102.104830
Zero-point vibrational energy (Kcal/mol) 195.49012

Conclusions

The **C and H-NMR, IR spectroscopic properties and structual parameters of compound were calculated by
DFT method with the 6311G++(d,p) basis set. The results of teorical study were compared with the
experimental data. The *C/"H-NMR and IR chemical shifts values of molecule were determined. According to
these data , it can be said that obtained results are approixmate same as the experimental data. Experimental and
theoretical *3C chemical shifts ratios between acording to R? lineer a correlation were calculated and it' s
graphics were obtained .When we evaluated data we can said that, R® chemical shifts values for *H-NMR was
deviated due to acidic proton. In addition, nucleophilic and electrophilic regions were determined from the
molecular surfaces for title compound.
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