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Theoretical determination of electronic, geometric and
spectroscopic properties of some 1,2,4-triazol derivatives

Abstract. In this study, molecular geometric optimization of five 4,5-dihydro-1H-1,2,4-triazol-5-one
derivative compounds was obtained using Density Functional Theory, (DFT, B3LYP)/ Hartree Fock, (HF,
B3LYP) methods on the basis set of 6-311G (d,p) in order to find the most stable geometric shape of
the studied compounds. FT-IR and UV-vis spectral values were performed by using gauge independent
atomic orbital (GIAO) methods with Gaussian GO9W package program. IR frequency datas of investigated
five compounds were calculated in gas phases and are multiplied with appropriate scala factors. The
identification of the calculated IR data was performed in the veda4f program. In addition, bond angles,
bond lengths, dipole moments, highest occupied molecular orbital (HOMO), lowest unoccupied molecular
orbital (LUMO) energy and total energy, mulliken charges and molecular electrostatic potential (MEP) of
five compounds were calculated using same methods and set.

Key words: Density functional theory, hartree fock, triazole derivatives.

Introduction

One of the most significant families of
heterocyclic molecules includes triazoles and their
derivatives. Due to their wide range of biological
activities, 1,2,4-triazole derivatives have received
a lot of attention in medicinal chemistry. Examples
of these biological activities include antiviral [1],
antibacterial [2], antifungal [3, 4] (examples of
antifungal drugs are fluconazole [5, 6], itraconazole
[7], ravuconazole [8], voriconazole [9-11] and
posaconazole [12]), anti-tubercular [13-15],
immunosuppressant [16], antihypertensive [17],
anti-inflammatory [18,19], anticonvulsant [20, 21],
analgesic [22], hypoglycemic [23], antidepressant
[24, 25] and anticancer [26-28] activities.
Derivatives of 1,2,4-triazoles are a significant class
of antifungal medications that are frequently used
to treat fungi [29]. Insecticides [30], antiasthmatics
[31], antidepressants [32], insecticidal [33], and
plant growth regulators [34] are all described
uses for 1,2,4-triazole derivatives. Moreover,
triazole-containing substances with anti-aromatase
properties as vorozole, letrozole, and anastrozole
have been demonstrated to be particularly helpful
in preventing breast cancer [35-37]. According to
reports, the 1,2 4-triazole moiety interacts well with
heme iron, and the triazole’s aromatic substituents
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are particularly successful in interacting with the
active site of aromatase [38, 39].

Several properties in chemical systems have been
predicted using computational chemical simulations.
Because of this, the design of functional materials has
been heavily utilized in these computations. Several
organic compounds’ spectroscopic, electrical, and
thermodynamic properties have been clarified
utilizing theoretical calculation techniques [40-44].
Due to their strong biological activity, Mannich bases
have been able to capture the interest of numerous
researchers. Due to this, publications on Mannich
bases and their derivatives computational chemical
computations were reported in the literature [45-48].
In order to determine the structural, spectroscopic,
and electrical properties of the title chemical, we
used a theoretical analysis approach. First off,
the B3LYP(DFT)/6-311G(d,p) and B3LYP(HF)/
6-311G(d,p) basis set have been used for all quantum
chemical calculations of the molecules in issue. The
optimized structure with B3LYP/6-311G(d,p) level
was used to determine the 1H and 13C-NMR chemical
shift values, vibrational frequencies, structural, and
electronic parameters, HOMO-LUMO energies, and
molecular electrostatic potential maps (MEP) of the
title molecule. The spectral information generated
using DFT/B3LYP and the 6-311G(d,p) basis set
was connected to the vibrational frequencies of the
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named molecular structure. The calculated and taken
from the literature of experimental values of every
spectroscopic parameter were compared.

If the predicted frequencies are scaled to
account for the approximation handling of electron
correlation, for basis set shortcomings, and for the
anharmonicity, density functional theory calculations
(DFT) are said to provide excellent vibrational
frequencies of organic compounds [49, 50]. Several
publications in the literature have discussed the
calculation of the chemical shift of the Nuclear
Magnetic Rezonans using quantum-chemistry
techniques [51-55]. However, it was suggested that
the single-point calculation of magnetic shielding
by DFT methods was combined with a quick and
accurate geometry-optimization procedure at the
molecular mechanics level because as molecular size
increases, computing-time limitations are introduced
for obtaining optimized geometries at the DFT level
[51].

One of the most popular methods for estimating
nuclear magnetic shielding tensors is the gauge-
including atomic orbital [56-57]. It has been
demonstrated that, for the same basis set size, the
results generated by the GIAO method are frequently
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more accurate than those estimated using other
approaches [58]. When the electron correlation
contributions were not insignificant, DFT approaches
were favoured for the analysis of large organic
compounds [59] and for GIAO 13C calculations [58].

Materials and methods

Studied molecules. In this article, five 1,2,4-triazol
derivatives ((1) N-(3-methyl-5-0x0-1,5-dihydro-
4H-1,2,4-triazol-4-yl)-2-phenylacet- amide, (2)
N-(3-ethyl-5-oxo0  -1,5-dihydro-4H-1,2,4-triazol-4-
yl)-2-phenylacetamide, (3) N-(3-benzyl-5-oxo-1,5-
dihydro-4H-1,2,4-triazol -4-yl)-2-phenylacetamide,
4) N-{3-[(4-methylphenyl)methyl]-5-oxo0-1,5-
dihydro-4H-1,2,4-triazol-4-yl}-2-phenyl acetamide,
(5) N-{3-[(4-chlorophenyl)methyl]-5-oxo0-1,5-dihyd
ro-4H-1,2,4-triazol-4-yl}-2-phenylacet amide) has
been theoretically studied. Experimental studies on
these molecules have been previously conducted and
published as articles [60]. First of all, all molecules
were optimized according to Density Functional
Theory (DFT) and Hartree-Fock (HF) methods.
Structure of the studied molecules is given on
Figure 1.

R
-CH3

—CH>CH3
-CH2CgHs

- CH2CgH4CH3 (p-)
= CH2CgH4CI (p-)

L2 L

Figure 1 — Structure of the optimized molecules

Three dimensional drawing of molecules. The
Gauss-view program is an interface included in the
gaussian package programs that allows the three-
dimensional design of a molecule to visually define
the properties of the molecule, modify it, and start
calculations by creating input data. Gaussview
allows us to visualize molecules and move them in
the direction we want, make changes in molecules
and examine the results calculated for a molecule
studied in the Gaussian 09W program. Guass-view
graphical interface program is used to facilitate
the Gaussian 09W program according to the bond
numbers and positions of the atoms in the molecule.
With the Gauss-view program, formula groups,
symbols of atoms and their bonding shapes are
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available, and a three-dimensional Gauss-view
image is obtained by using formulas and sambols
and bonds that are suitable for the molecule to be
drawn.

Bond angle and bond length. When determining
and fine-tuning the structures of numerous molecules,
correct knowledge of conventional bond lengths and
bond angles is crucial. The experimental data from
either X-ray crystallography or NMR studies are
supplemented with ideal or target values for these
geometrical parameters, which effectively increases
the number of experimental observations in relation
to the number of parameters being determined (the
latter being the atomic co-ordinates and temperature
factors). For the computational values of bond angle
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and bond length, which are the geometrical structure
parameters of all molecules, calculations were made
using HF/DFT(B3LYP) methods and 6-311G(d,p)
basic set in the Gaussian 09W package program.

Mulliken — atomic  charge. The electronic
charge distribution in a molecule and the bonding,
antibonding, or nonbonding nature of the molecular
orbitals for specific atomic pairs can be described
using Mulliken atomic charges. The concept of these
Mulliken atomic charges was established; it was
thought to be a real, normalized molecular orbital
made up of two normalized atomic orbitals. The
square of the wavefunction can be used to represent
the charge distribution as a probability density.
The result is obtained by integrating over all of the
electronic coordinates and using the normalized
molecular and atomic orbitals.

HOMO-LUMO. For the investigation of trends
in -electronic configurations for conjugated systems
simulated by different classes of chemical graphs,
the HOMO-LUMO map has been proposed as a
qualitative tool. The goal is to create a scatterplot of
the Hiickel HOMO vs LUMO eigenvalues and look
at how the data clusters. The mappings proposed a
conjecture for more general chemical graphs and a
theorem for eigenvalue bounds for chemical trees. We
used this simple device to re-examine some aspects
of the qualitative theory of the electronic structure of
1,2,4-triazole derivatives and identify some plausible
conjectures.

Dipole moment and total energy properties.
When there is a separation of charge, dipole moments
happen. Dipole moments, which result from
variations in electronegativity, can happen between
atoms in a covalent link or between two ions in an
ionic bond. The dipole moment increases with the
difference in electronegativity. The size of the dipole
moment is also affected by the distance between the
charge separations. The polarity of the molecule is
determined by the dipole moment. By calculating
the lowest feasible calculated energy, we may use
the variation theorem to forecast the total energies
of atoms. We can answer for the total energies of
atoms with great precision using the outcomes of
variation calculations, perturbation theory, Density
Functional Theory, Hartree-Fock calculations, and/or
configuration interaction.

IR spectral analysis. The study of how a molecule
interacts with infrared light is known as infrared
spectroscopy. Absorption, emission, and reflection
measurements can be used to examine this in three
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different ways. This method is mostly employed in
organic and inorganic chemistry. Chemists employ
it to identify functional groups in compounds. By
measuring atom vibrations using IR spectroscopy,
the functional groups of molecules can be identified.
Usually, heavier atoms and stronger bonds will vibrate
with a higher stretching frequency (wavenumber).

UV Spectral analysis. UV-visible spectroscopy is
a technique used to analyze the electronic transitions
of molecules in the ultraviolet (UV) and visible (VIS)
regions of the electromagnetic spectrum. It involves
passing a beam of light of a specific wavelength
through a sample and measuring the intensity of the
light that is transmitted or absorbed. In UV-visible
spectroscopy, the energy of the light is absorbed
by the molecule and causes an electronic transition
from the ground state to an excited state. The energy
required to cause this transition is dependent on the
chemical structure of the molecule, and thus each
molecule has a unique absorption spectrum.

Molecular  electrostatic  potential  (MEP).
Molecular electrostatic potential (MEP) is a measure
of the electrostatic potential energy at a given point
in space around a molecule. It is a tool used in
computational chemistry to study the distribution
of electric charge in a molecule and its relationship
to the molecule’s properties. MEP is calculated by
solving the Schrdodinger equation for the molecule
using quantum mechanical methods. This provides
a description of the electron density around the
molecule, which in turn allows the calculation of the
electrostatic potential at each point in space. MEP for
studied molecules using IQmol computer program
for 6-311G(d) level.

Results and discussion

First, the bond lengths and bond angles of the
molecules given in Table 1-2 were examined. When
we evaluate the bonds between molecules, the
longest bond length is 1.75963 Ao between C(38)-
CI(39) atoms in the 5th molecule according to the
DFT model, and the shortest bond length is 0.99039
Ao between N(1)-H(7) atoms in the 2nd molecule
according to the HF model was determined. When
we consider in terms of angles, the widest bond angle
is 131.59799 degrees between N(1)-C(2)=0(5) atoms
in the 3rd molecule according to the DFT model
and the narrowest bond angle is 100.75592 degrees
between N(1)-C(2)-N(4) atoms in the 4th molecule
according to the DFT model was determined.
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Table 1 — The calculated bond angles (0) of all molecules as DFT (B3LYP) and HF (B3LYP) methods on the basis set of 6-311G (d,p).

Bond Angles (*) Molecule 1 Molecule 2 Molecule 3 Molecule 4 Molecule 5
DFT/ HF DFT/ HF DFT / HF DFT / HF DFT / HF
H-NM-C2) 112 255 .5716773246/ 112 255 .5718985183/ 112 255 .586365372 8/ 112 2% .5;2883909/ 112 255 .5864177560/
N(D-C2)=06) 113311'.514 8734017/ 11331{ .5105834761/ 113311'.5290799395/ 113311..5260251328/ 11331{ .5271295312/
N(1)-C2)-N(4) 110001. .7694756;3/ 110(? | 769 54 7003 1/ 110001. .7662323035/ 11000i .7652529024/ 110(? | .7662231283/
C@-N@)-C23) 1105395023() § 939/ 110()9é9;4916977/ i 088.9576687576/ i 088.958;41592/ llo(fé.g512657(;)8/
NE@-C25=NG) 1111067;205‘ 491/ 111106.6536071032/ 11110 6.7623795544/ 111106.76114 65232/ 111106.8711126594/
C@3=NE)-N() 11055954:92562/ 110()55.154‘54‘78;9/ 110 55?56()(112013/ 110 (55955567239/ 110()55.04:‘9320713/
NG)-N(1)-H(7) 11220696232231620/ 112 206.1 22172280/ 111296.9:995963/ 111296.94169360729/ 111296.956502823/
NE)=C(25)-C26) 112255.3767250406/ 11256?;235 12 12 1/ 11226i:5282620;0/ 11226i.6245678584/ 11226if‘()3510912 7/
H(28)-C26)-H(2T) 110099..1595161 y 2/ 111135.1 174?60242/ 110()55.52322699473/ 110058%072690247/ 110()55.52;]303]823/
H(27)-C(26)-H(29) %ﬁgggg - 11110 6,2367812 184/ - 111106.2377830279/
H(28)-C(26)-H(29) 110()99.1541573()20/ 110055.32399797;6/ ] ] )
N(#-C(25)-C26) 112 233 ?88;;344/ l12 232'%9554 15887/ 112222.6183585207/ 112 222.6132666204/ 112 222.72534;‘299/
CE@3)-NH-N®) 5 95408 rsors7 ] ] )
N(#-N©)-HE®) 111154%783166489/ 111154.6737590064/ 111154%760149883/ 111154.5742545278/ 111154%612172762/
N(4)-N(6)-CO) 112 23f .97664 89314/ 112 24i 1 851522 870/ 112 23 | 973 1781003/ 112 24f 974 3029105/ 112 23i .962:23096/
N(6)-C()=0(10) 111188.3:565223/ 11118é.3463652272/ 11118;45 1147;8/ 111188'.346383513 8/ 11118é.2364293838/
N(6)-CO)-C(11) 111176.5537272739/ 111176.556239 14 087/ 11117 6.5; 9803335/ 111176..554 8914 939/ 111176.567 19 06503/
corcantes | Ybun 1 o hsos 062480 | toenes | 10626400
COX-CAD-HE3) 1105§?387226(f3/ 110()56?;2061269/ 110(f§?3883;4150/ ; ;
HE3)-C(11)-HE4) 110066.9522501560/ 110()66,957;59662/ 110 066.9562930;6/ 110 ()76?5011534129/ 110()76?5011401() 8/
corcancan | EGR | ks Teasta | assas | 1ssess
H(8)-N(6)-C(9) 111132'?8977;791/ 111135?;2415894/ 11113 2'9727730272/ 11113 2 1 729166654/ 11112 2'.9627505660/
O(10)=CE)-C(11) 112235.9()9()689887/ 112 234.9957470005/ 112 234.9978877:4/ 112 234.9967970508/ 112 245'?(;‘3213;3/
Can-Cca2-casy 1207005 071501 0605041 2060056 06705
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Table continuation

Bond Angles () Molecule 1 Molecule 2 Molecule 3 Molecule 4 Molecule 5
DFT / HF DFT / HF DFT / HF DFT / HF DFT / HF
cah-ci2rcdn 112206?6154354/ 112 206.74176153368/ 112200..746805]312/ 112206.7488742937/ 112 200..7499306958/
C12)=C(7)-H{8) 11119§.58833412556/ 11119§.58723s;6250/ 11119 §.58739734119/ 11119§.58739412j4/ 111199?804292574/
HE4-C)-C12) 11110 6.5:9651466/ 111106.54139763763/ 11110 6.5580105766/ ) i
HE3)-CA-C02) 110 196 ?35; 94 14 8/ 11O 196 ?0575414/ 11O 196 .8323235377/ 11O 196 ?353045039/ 1?196 .8343934556/
CUD=CA7-C(16) 112 2007.67O 6545707/ 112 206.5796179252/ 112 206.670;12;3/ 112 20(5.67064 5527 8/ 112206 .5795191 874/
HAB-C7)-CA0) 11119 9.?4100()9:6/ 11119§§:($49309/ l1119 §?319'589155/ 11119 9.?410506 185/ 111199'?309601429/
C7)-CA6)-H(19) 11119§.779; 66876/ 11119§ ?708272(?7/ 11119 9‘.779940535/ 11119§.7798596; 5/ 111199'.77994 5752 9/
C7-Cae=cds 11220(5905 1262530/ 112 200'.005 17;301/ 1122062)5 1362307/ 112206?05 1072589/ 112 206?05 1124 14 2/
CU16)=C(14)-HE2) 112 206 .1263018437/ 112 206 1 253819503/ 112206 .1262376679/ 112 206 .1262286790/ 112 206 1 252637520/
CAe=C4-C3) 111195.65690()9527/ 111195.656878920/ 11119 5.6559811368/ 11119 9'.6558990867/ 111195.6569673757/
cia-Cca3-Hel) 112206?074648322/ 112 206954254125/ 112206?07462828/ 112206?074177393/ 112 206907:77955/
CAH-CI3=C13) 112 206.2283348029/ 112 20(5.2273052 015/ 112 206.2283911053/ 112 20(5,2293113 482/ 112 206.2282398164/
CU13)=C(13)-C(12) 112206.3517129794/ 112 206.3517355093/ 112 206.3507241;9/ 112 206.2597861; 8/ 112 206.2596574213/
HED-C3)=C3) 111199'.6732912545/ 111199..6742701406/ 111199'.6732424006/ 111199'.6732617232/ 111199..6;2022899/
HEO-C(15)-C(12) 11119§.6688111563/ 11119;:73; 164/ 11119 §.66778914155/ 111196.665;60879/ 11119§.6;94107504/
HONA9-C2) ] 112 255.5718985183/ ] ] i
OCC@NG) ) 112 27§.6188731379/ 112277'.612 6924 833/ 112 267..6176267810/ 112 27i.6155611891/
CONO-NE) ) 112 2?996805803/ 112 244:1966623 15 6/ 112 244%993250186/ 112 245.5(537()7:9/
NEMNE-C25) ) 112 266.25;9085/ 112 266.3()3;16316/ 112266.2()992 14 571/ 112266..2054261718/
C(25)-C(26)-H(25) ) 11008514 9986264/ 110 087'.3920582603/ 110087'.28754 86994/ 110085(?2376549/
C(23)-C(26)-H(29) ] 110085052581521/ l1113 3'.7899816546/ ] i
C(26)-C(27)-H(31) - 111111' _11252;504/ - - -
H(31)-C(27)-H(30) - 1]0&291033463/ - - -
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Table continuation

Bond Angles (°) Molecule | ik o e e
DFT / HF DFT / HF DFT / HF DFT / HF DFT / HF

H(31)-C(27)-H(32) - 110077..5876535270/ - - -
H(29)-C(26)-C(27) - 111100..563;22418/ ; ) ]
C(26)-C(27)-H(30) - 110099"9;9390534/ - - -
C(26)-C(27)-H(32) - 111111' 1 12 167314 7/ ] i _
H(32)-C27)-HB30) - 105 50505 ] ] )
C(13)-C(14)-H(22) - 112 200'.1 177299§)5/ 112 206.1 17870995 1/ 11220(5.1 178810:2/ 112 206.1 177687711/
C(14)=C(16)-H(19) - 112206.1 14 904394 1/ 112206.1 15923159/ 112200..1 15;30017/ 112206.1 159327 189/
C(17)=C(12)-C(15) - 111 19é ?891567777/ 11119é ,0892023138/ 111198 ?8914 90 014/ 111 lgé l 803932877 :
C(25)-C(26)-H(27) - - 08 08508 ] )
H(28)-C(26)-C(29) - - 11110 6.2389998412/ ) i
C(26)-C(29)-C(31) - ) 112206,5577821362/ 112206 .886660682 4/ 112 206 774 164345 5/
C(26)-C(29)-C(30) - - 112206.557315692 1/ 112206.8815586725/ 112 206.6666374056/
C(29)-C(31)-H(35) . ) 11119 9'.6719908 12 9/ 11119 §.686207517 9/ 11119§?925397064/
C09-C1-C4) : : oo | 1meso | rioens
C(32)-C(30)-C(29) - - ]12206.6663298217/ ]12206.88155224]9/ 112 2] 1 .102680]365/
H(33)-C(30)-C(29) - - 11119 9'_6727968 12 4/ 111196.689: 13019/ 111195924179392/
C(30)-C(29)-C(31) - - llllgé ?85900241 1/ 111188'.3217785016/ 111188.568 1989050/
C(31)-C(34)-H(38) - - o784 ] ]
C(31)-C(34)-C(36) - - 2009425 ] )
H(38)-C(34)-C(36) - - R ] )
C(34)-C(36)-H(39) : - . 168751460/ ] )
C(34)-C(36)-C(32) - - L osaas0. ] )
H(39)-C(36)-C(32) - - 112206.1 16;99907/ i ]
C(36)-C(32)-H(37) - - 112206.1 12 2213450/ ) )
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Table continuation

Bond Angles (% Molecule 1 Molecule 2 Molecule 3 Molecule 4 Molecule 5
DFT/ HF DFT/ HF DFT/ HF DFT/ HF DFT/ HF

C(36)-C(32)-C(30) - - 112206?17(525429/ ) )
HE37)-C(32)-C(30) - - 11119 §.7797869()62/ ’ )
C(32)-C(30)-H(33) - - 11119 9'.7508743569/ 11119 9%380969264/ 111198959928342/

NG)-N(1)-C(2) - - - a8t o173
H(27)-C(26)-C(29) - - - 111106.3410199 19 6/ i
C(29)-C(26)-C(25) - - . 11113 3.9928022325/ 111133..66270:859/
H(35)-C(31)-C(34) - - i 11119§.5332719 560/ 1111989967836861/
C(31)-C(34)-H(37) - - - 02050, 06751
H(37)-C(34)-C(38) - - - o605 | 12016548
CE1-C(34)-C(38) - - - 11221i .1016057633/ 1111999165672()22/
C(34)-C(38)-C(32) - - - 78020 2003605
C(34H-C(38)-C(39) - - - 112 206,9859290116/ 11119;552862063/
C(39)-C(38)-C(32) - - - 11221 | .1280138788/ i
C(38)-C(39)-H(41) : - - o ]
H(40)-C(39)-C(38) - - - Moot ;
C(38)-C(32)-C(30) - - . 11221 1 ?096635032/ 111199.?14 60 18419/
C(38)-C(32)-H(36) - - - 111199'%698335798/ 112 206.1 157801 111/
H(41)-C(39)-H(42) - - - 107 68558 ;
H(42)-C(39)-H(40) - - - 110 077'%765675604/ -
H(36)-C(32)-C(30) - - - 111199%205924815/ 112 206§£6089383/
CI(39)-C(38)-C(32) : - - - o577

Int. j. biol. chem. (Online) International Journal of Biology and Chemistry 16, Ne 2 (2023)



136

Theoretical determination of electronic, geometric and spectroscopic properties of some 1,2,4-triazol derivatives

Table 2 — The calculated bond lenghts (A0) of all molecules as DFT (B3LYP) and HF (B3LYP) methods on the basis set of 6-311G

(d,p).
Molecule 1 Molecule 2 Molecule 3 Molecule 4 Molecule 5
Bond Lenghts (A?)
DFT / HF DFT / HF DFT /HF DFT /HF DFT /HF
N(1)-H(7) 1.00581/0.99044 | 1.00576/0.99039 | 1.00586/0.99046 | 1.00582/0.99043 1(50;)9509578/
1.38247/
N(1)-N(3) 1.38360/1.37314 | 1.38340/1.37294 | 1.38302/1.37226 | 1.38325/1.37249 137175
1.29343 /
N(3)=C(25) 1.29459/1.26497 | 1.29446/1.26525 | 1.29349/1.26403 | 1.29345/1.26412 1 26394
1.49847 /
C(25)-C(26) 1.48540/1.48752 | 1.49287/1.49410 | 1.49834/1.49862 | 1.49850/1.49882 | 49859
1.09479 /
C(26)-H(28) 1.08908 / 1.08062 | 1.09593/1.08637 | 1.09509/1.08515 | 1.09504/1.08521 1 08496
1.09561 /
C(26)-H(27) 1.09304 / 1.08408 - 1.09558 /1.08536 | 1.09587/1.08553 1 08524
C(26)-C(27) - 1.52977/ 1.52560 - - -
C(27)-H(30) - 1.09173 / 1.08450 - - -
C(27)-H(31) - 1.09124 /1.08352 - - -
C(27)-H(32) - 1.09124 /1.08342 - - -
C(26)-H(29) 1.09315/1.08425 | 1.09594/1.08623 - - -
C(25)-N4) 1.39016/1.38192 | 1.39131/1.38321 | 1.39185/1.38423 | 1.39219/1.38452 11'3398038284/
1.41728 /
N(4)-C(2) 1.41673/1.38767 | 1.41643/1.38722 | 1.41641/1.38716 | 1.41647/1.38702 138768
C(2)=0(5) 1.21146/1.19112 | 1.21156/1.19129 | 1.21164/1.19130 | 1.21179/1.19145 [1.21112/1.19076
C(2)-N(1) 1.36895/1.34799 | 1.36904 /1.34665 | 1.36885/1.34656 | 1.36869 /1.34641 11'3364972079/
1.37354/
N(4)-N(6) 1.37300/1.36147 | 1.37277/1.36144 | 1.37316/1.36172 | 1.37305/1.36168 136196
1.01478 /
N(6)-H(8) 1.01460/0.99815 | 1.01446/0.99810 | 1.01469/0.99823 | 1.01460/0.99821 0.99835
1.40635 /
N(6)-C(9) 1.40482/1.39490 | 1.40384/1.39432 | 1.40516/1.39519 | 1.40460 /1.39488 139633
1.20608 /
C(9)=0(10) 1.20647/1.18229 | 1.20675/1.18245 | 1.20642/1.18222 | 1.20656/1.18231 118186
1.52546 /
C(9)-C(11) 1.52568 /1.51818 | 1.52565/1.51823 | 1.52566/1.51820 | 1.52568/1.51822 151810
C(11)-H(24) 1.08979/1.08622 | 1.08962/1.08622 | 1.08985/1.08612 | 1.08983/1.08612 |1.08989/1.08611
C(11)-H(23) 1.09538 /1.08341 | 1.09536/1.08337 | 1.09537/1.08346 | 1.09532/1.08343 11.0098533576/
1.51434/
C(11)-C(12) 1.51419/1.51016 | 1.51420/1.51016 | 1.51440/1.51012 | 1.51430/1.51011 151014
1.39870 /
C(12)-C(15) 1.39873/1.38916 | 1.39860/1.38916 | 1.39876/1.38902 | 1.39876/1.38905 1 38896
1.08509 /
C(15)-H(20) 1.08505/1.07538 | 1.08503/1.07537 | 1.08508/1.07542 | 1.08509/1.07542 1 07544
1.39218/
C(15)=C(13) 1.39226/1.38193 | 1.39237/1.38195 | 1.39226/1.38204 | 1.39221/1.38204 138207
1.08432/
C(13)-H(21) 1.08435/1.07542 | 1.08435/1.07542 | 1.08436/1.07541 | 1.08436/1.07542 107539

Int. j. biol. chem. (Online)

International Journal of Biology and Chemistry 16, Ne 2 (2023)




F. Islamoglu et al.

137

Table continuation

Molecule 1 Molecule 2 Molecule 3 Molecule 4 Molecule 5
Bond Lenghts (A%)
DFT / HF DFT / HF DFT / HF DFT / HF DFT / HF
C(13)-C(14) 1.39374/1.38637 | 1.39368 /1.38636 | 1.39381/1.38627 | 1.39386/1.38627 11'339;68263/
1.08426 /
C(14)-H(22) 1.08429/1.07538 | 1.08430/1.07539 | 1.08428 /1.07538 | 1.08429/1.07538 107535
1.39245/
C(14)=C(16) 1.39252/1.38211 | 1.39267/1.38213 | 1.39250/1.38222 | 1.39247/1.38221 138225
1.08433 /
C(16)-H(19) 1.08435/1.07552 | 1.08436/1.07553 | 1.08435/1.07552 | 1.08436/1.07552 107549
1.39313/
C(16)-C(17) 1.39311/1.38634 | 1.39293/1.38633 | 1.39309/1.38622 | 1.39312/1.38624 138617
1.08482 /
C(17)-H(18) 1.08479/1.07668 | 1.08472/1.07668 - 1.08481/1.07670 107673
1.39559 /
C(17)=C(12) 1.39569 /1.38578 | 1.39578 /1.38581 - 1.39564 / 1.38585 1 38584
C(26)-C(29) - - 1.51333/1.51237 | 1.51274/1.51178 [1.51261/1.51185
1.39607 /
C(29)-C(31) - - 1.39664 / 1.38704 | 1.39629/1.38686 138635
1.08464 /
C(31)-H(35) - - 1.08514/1.07633 | 1.08526/1.07656 107579
1.39137/
C(31)-C(34) - - 1.39216/1.38398 | 1.39059/1.38231 138305
C(34)-H(38) - - 1.08417/1.07537 - -
C(34)-C(36) - - 1.39321/1.38434 - -
C(36)-H(39) - - 1.08407 /1.07527 - -
C(36)-C(32) - - 1.39283 /1.38417 - -
C(32)-C(37) - - 1.08419/1.07536 - -
1.39173 /
C(32)-C(30) - - 1.39263/1.38418 | 1.39216/1.38447 138334
1.08475/
C(30)-H(33) - - 1.08522/1.07626 | 1.08537/1.07648 107574
C(30)-C(29) - - 1.39627/1.38687 | 1.39489/1.38482 139587/
1.38612
1.08223 /
C(32)-H(36) - - - 1.08528 /1.07624 107324
1.38995 /
C(32)-C(38) - - - 1.39719/ 1.38735 138028
C(38)-C(39) - - - 1.50963 / 1.51034 -
C(39)-H(40) - - - 1.09212/1.08418 -
C(39)-H(41) - - - 1.09278 /1.08473 -
C(39)-H(42) - - - 1.09548 / 1.08702 -
1.39027 /
C(38)-C(34) - - - 1.39884 / 1.38946 1 38054
1.08222/
C(34)-H(37) - - - 1.08542 /1.07644 1 07324
1.75963 /
CE38)-Cl39) ) ) ) 1.74441
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Quantifying the distribution of electronic
charge among the atoms in a molecule is the
Mulliken atomic charge, which is a notion from
quantum chemistry. This technique uses a quantum
mechanical computation to take into account the
overlap of atomic orbitals and their contributions to
molecular orbitals in order to estimate the charge
distribution on individual atoms within a molecule.
The estimation of charge distributions inside
molecules and comprehension of their chemical
activity have traditionally been accomplished using
mulliken atomic charges. Mulliken atomic charge
values of the studied molecules in this article are
given in Table 3. When the Mulliken atomic charge

values given in Table 3 were examined, it was
determined that the highest value was calculated
as 0.6880 in the C2 atom of the 2nd molecule
according to the HF model, and the lowest value
was calculated as -0.5025 in the O2 atom of the 4th
molecule according to the HF model.

In quantum chemistry, the words HOMO and
LUMO are used to characterize particular energy
levels inside the electronic structure of molecules.
They are essential for comprehending the electrical,
bonding, and reactivity characteristics of molecules.
The HOMO (Highest Occupied Molecular Orbital)
is the highest energy molecular orbital that contains
electrons.

Table 3 — Mulliken atomic charge values of the studied molecules according to DFT (B3LYP) and HF (B3LYP) methods on the basis

set of 6-311G (d,p).

Molecule

1 2

4 5

Atom | DFT HF | Atom | DFT HF

Atom | DFT

HF | Atom | DFT HF | Atom | DFT HF

N1 |-0.3023|-0.3683| N1 |-0.3017|-0.3699| NI

-0.3026| -0.3695| N1

-0.30251-0.3695| N1 |[-0.3022|-0.3694

C2 |0.4984 | 0.6875 | C2 |0.4983 | 0.6880 | C2

0.4990

0.6870 | C2 | 0.4989 | 0.6868 | C2 | 0.4999 | 0.6877

N3 |-0.2158|-0.2762| N3 |-0.2255(-0.2835| N3

-0.2046 | -0.2597| N3

-0.20491-0.2601| N3 |[-0.2052-0.2599

N4 |-0.3813]-0.4743| N4 [-0.3909|-0.4859| N4

-0.3907 | -0.4850| N4

-0.3906|-0.4850| N4 |-0.3909 |-0.4853

05 |[-0.3674|-0.5011| OS5 |[-0.3679|-0.2018| OS5

-0.3682 | -0.5018| O5

-0.3688(-0.5025| OS5 |-0.3658-0.4993

N6 |-0.2699|-0.3299| N6 |-0.2689|-0.3286| N6

-0.2681 | -0.3294| N6

-0.26821-0.3291| N6 |[-0.2699 |-0.3307

H7 |0.2546 | 0.2639 | H7 |0.2541 | 0.2634 | H7 |0.2550 | 0.2645 | H7 |0.2545|0.2640 | H7 | 0.2564 | 0.2659
H8 10.2478 | 0.2572 | H8 |[0.2476 | 0.2568 | H8 | 0.2475 | 0.2570 | H8 | 0.2474 | 0.2568 | H8 | 0.2481 | 0.2576
C9 |0.3869|0.5478 | C9 |0.3885|0.5480 | C9 |0.3867|0.5477 | C9 |0.3867|0.5478 | C9 | 0.3862 | 0.5472

010 |-0.3223|-0.4268 | O10 |-0.3236|-0.4276| O10

-0.3220| -0.4263| O10

-0.3226(-0.4269| O10 |-0.3201 |-0.4243

CI1 |-0.2739(-0.2544 | CI1 [-0.2749|-0.2548| Cl11

-0.2747| -0.2547| Cl11

-0.27391-0.2546| C11 |[-0.2738|-0.2546

CI12 |-0.0931(-0.0648 | C12 |-0.0937|-0.0651| C12

-0.0934 | -0.0642| CI12

-0.0938|-0.0643| C12 |-0.0933 | -0.0638

C13 |-0.0994(-0.0806| C13 |-0.0992|-0.0807| C13

-0.0995 | -0.0803| C13

-0.0998|-0.0804| C13 |[-0.0995 |-0.0800

Cl4 |[-0.0851|-0.1035| C14 |-0.0854|-0.1036| Cl14

-0.0851] -0.1035| C14

-0.0851]-0.1036| C14 |-0.0847|-0.1031

C15 |-0.0486(-0.0692| C15 |-0.0482|-0.0692| C15

-0.0484| -0.0701| C15

-0.0487|-0.0700| C15 |[-0.0492 | -0.0705

C16 |-0.0941{-0.0776 | C16 |-0.0941|-0.0777| C16

-0.0939| -0.0776| C16

-0.0939-0.0776| C16 |-0.0933-0.0773

C17 |-0.0555]-0.0909| C17 |-0.0542|-0.0909| C17

-0.0558| -0.0906| C17

-0.0561|-0.0906| C17 |-0.0564 |-0.0905

H18 | 0.0799 | 0.0808 | H18 | 0.0800 | 0.0809 | H18

0.0800

0.0803 | H18 | 0.0799 | 0.0805 | H18 | 0.0801 | 0.0794

H19 | 0.0921 | 0.0966 | H19 | 0.0921 | 0.0964 | H19

0.0921

0.0967 | H19 | 0.0919 | 0.0966 | H19 | 0.0927 | 0.0972

H20 | 0.1155 | 0.0943 | H20 | 0.1142 | 0.0943 | H20

0.1162

0.0943 | H20 | 0.1169 | 0.0943 | H20 | 0.1169 | 0.0946

H21 | 0.1155 | 0.0999 | H21 | 0.0936 | 0.0999 | H21

0.0938

0.1000 | H21 | 0.0937 | 0.0999 | H21 | 0.0944 | 0.1006

H22 | 0.0926 | 0.0979 | H22 | 0.0936 | 0.0977 | H22

0.0926

0.0979 | H22 | 0.0924 | 0.0978 | H22 | 0.0932 | 0.0986

H23 | 0.1479 | 0.1333 | H23 | 0.1333 | 0.1335 | H23

0.1475

0.1321 | H23 | 0.1472 | 0.1324 | H23 | 0.1473 | 0.1309

H24 | 0.1435 | 0.1737 | H24 | 0.1483 | 0.1736 | H24

0.1433

0.1739 | H24 | 0.1435 | 0.1738 | H24 | 0.1431 | 0.1743

C25 |0.3002 | 0.3919 | C25 | 0.3566 | 0.4637 | C25

0.3656

0.4743 | C25 | 0.3656 | 0.4748 | C25 | 0.3655 | 0.4742

C26 |-0.2515]-0.1837| C26 |-0.2156|-0.1929| C26

-0.1944| -0.1448| C26

-0.1949| -0.1475| C26 |-0.1916 [-0.1421
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Table continuation

Molecule
1 2 4 5

Atom | DFT HF Atom | DFT HF Atom | DFT HF Atom | DFT HF Atom | DFT HF
H27 |0.1318 | 0.1228 | C27 |-0.2863|-0.2215| H27 | 0.1458 | 0.1399 | H27 | 0.1453 | 0.1393 | H27 | 0.1479 | 0.1424
H28 | 0.1318 | 0.1354 | H28 | 0.1346 | 0.1204 | H28 | 0.1418 | 0.1423 | H28 | 0.1405 | 0.1412 | H28 | 0.1438 | 0.1446
H29 |0.1334 | 0.1183 | H29 | 0.1324 | 0.1241 | C29 |-0.0936|-0.0913| C29 |-0.0882(-0.1017| C29 |-0.0936-0.1003
H30 | 0.1120 | 0.0980 | C30 |-0.0528|-0.0781| C30 |-0.0549(-0.0581| C30 |-0.0510|-0.0629
H31 |0.1213 | 0.1067 | C31 |-0.0479|-0.0776| C31 |-0.0468(-0.0565| C31 |-0.0449|-0.0617
H32 [0.1214 | 0.1081 | C32 |-0.0907|-0.0771| C32 |-0.0706|-0.0833| C32 | 0.0259 | 0.0275
H33 | 0.0839 | 0.0863 | H33 | 0.0813 | 0.0843 | H33 | 0.0925 | 0.0954
C34 |-0.0909| -0.0776| C34 |-0.0743(-0.0879| C34 | 0.0254 | 0.0268
H35 | 0.0836 | 0.0848 | H35 | 0.0809 | 0.0829 | H35 | 0.0921 | 0.0954
C36 |-0.0872|-0.1026| H36 | 0.0852 | 0.0889 | H36 | 0.1203 | 0.1274
H37 |0.0964 | 0.1009 | H37 | 0.0855 | 0.0889 | H37 | 0.1204 | 0.1273
H38 | 0.0966 | 0.1008 | C38 |-0.0967|-0.1208| C38 [-0.2369|-0.2186
H39 | 0.0970 | 0.1008 | H40 | 0.1109 | 0.0972 | CI39 |-0.0691 | -0.0994

H41 | 0.1158 | 0.1078

H42 | 0.1289 | 0.1152

In other words, it’s the orbital where the last
electron is placed when building up the electron
configuration of a molecule. The HOMO is important
because it determines how a molecule can interact
with other molecules or undergo chemical reactions.
Electrons in the HOMO are more readily available
for participating in chemical reactions, such as bond
formation or electron transfer.

The LUMO (Lowest Unoccupied Molecular
Orbital) is the lowest energy molecular orbital that is
devoid of electrons. It stands for the level of energy
that is available after the HOMO. Because it shows
the energy needed to remove an electron from a
molecule or the energy obtained when an electron
is supplied to the molecule, the LUMO is important.
It is more likely for molecules with accessible,

Euomo @ -0.24482 (DFT)

Enomo : 0.12572 (HF)

low-energy LUMOs to take electrons or engage in
electron transfer reactions. When the HOMO and
LUMO values given in Figure 2-6 were examined,
it was determined that the highest HOMO value was
calculated as EHOMO = 0.12572 in the 1st molecule
according to the HF method, and the lowest value was
calculated as EHOMO =-0.33409 in the 5th molecule
according to the HF method. In LUMO values, it was
determined that the highest value was calculated as
ELUMO = 0.11845 in the 4th molecule according to
the HF method, and the lowest value was calculated
as ELUMO =-0.33166 in the 1st molecule according
to the HF method. The HOMO-LUMO gap, or the
energy difference between the HOMO and LUMO,
is crucial in determining a molecule’s optical and
electrical properties.

Erouvo: -0.01561 (DFT)

Eromo : -0.33166 (HF)

Figure 2 — The calculated HOMO-LUMO energies of molecule 1 according to
DFT/B3LYP/6-311G (d,p) and HF/6-311G (d,p) levels
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Enomo : -0.24431 (DFT) Enomo : -0.33120 (HF)

Eromo : -0.01502 (DFT) Eruomo : 0.12376 (TTF)

Figure 3 — The calculated HOMO-LUMO energies of molecule 2 according to
FT/B3LYP/6-311G (d,p) and HF/6-311G (d,p) levels

Enomo : -0.24446 (DFT) Enomo: -0.33171 (HF)
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Erumo : -0.02153 (DFT) Erumo: 0.11643 (HF)

Figure 4 — The calculated HOMO-LUMO energies of molecule 3 according to
DFT/B3LYP/6-311G (d,p) and HF/6-311G (d,p) levels

)

Enomo @ <0.24361 (DFT) Enomo 1 -0.32992 (HF)

Ervmo @ -0.01919 (DFT) Erumo : 0.11845 (HF)

Figure 5 — The calculated HOMO-LUMO energies of molecule 4 according to
DFT/B3LYP/6-311G (d,p) and HF/6-311G (d,p) levels
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Enomo 1 -0.24726 (DFT) Erowmo : -0.33409 (HF)
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Eromo : 0.10618 (HF)
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ELumo 1 -0.03456 (DFT)

Figure 6 — The calculated HOMO-LUMO energies of molecule 5 according to
DFT/B3LYP/6-311G (d,p) and HF/6-311G (d,p) levels

Chemistry uses the phrases “dipole moment”
and “total energy” to define crucial aspects of
molecules, notably in relation to molecular structure,
polarity, and stability. Due to variations in atom
electronegativity, a dipole moment is a measurement
of the separation of positive and negative charges
within a molecule. In other words, it measures
the level of polarity or charge imbalance within a
molecule. An electron dipole molecule has a positive

Int. j. biol. chem. (Online)

end (where there are fewer electrons) and a negative
end (where there are more electrons). It is possible
to visualize the dipole moment as a vector quantity
with magnitude and direction. The highest dipole
moment was calculated as pTotal = 4.6286 debye in
the 4th molecule according to the HF technique, and
the lowest dipole moment was calculated as pTotal =
1.9017 debye in the 5th molecule according to the HF
method, according to the data presented in Table 4.

International Journal of Biology and Chemistry 16, Ne 2 (2023)



F. islamoglu et al.

141

Table 4 — Dipole moment (debye) and total energy (a.u.) values

Molecule Property DFT HF
. 2.9971 -1.8265
g -0.7008 3.2453
| Dipole Moment 2 -2.1778 -1.0955
U 3.7705 3.8818
Total Energy -796.04737247 -791.24048825
iy 3.3650 -2.3642
[ -0.7446 3.1523
y
5 Dipole Moment H, -1.9495 -1.1001
T, 3.9596 4.0911
Total Energy -835.37126756 -830.28438620
iy 3.7860 3.5073
n -0.7885 -2.1527
Yy
3 Dipole Moment K, -1.2606 -0.8062
U 4.0675 4.1935
Total Energy -1027.14715452 -1020.82813853
N 4.2768 4.0775
n -0.8039 -2.0416
y
A Dipole Moment I -1.2495 -0.7937
[T 4.5275 4.6286
Total Energy -1066.47482216 -1059.87421405
iy 1.7914 1.5602
n -0.5104 -1.0774
y
Dipole Moment u, -0.4160 -0.1468
5
[T 1.9086 1.9017
Total Energy -1486.76855799 -1479.74965931

The sum of all the energy contributions made by
a molecule’s different parts, such as the electronic
energy (energy of electrons), nuclear repulsion
energy (caused by the positive charges of the atomic
nuclei repelling one another), and other potential and
kinetic energy terms, makes up the total energy of
the molecule. A crucial characteristic that governs a
molecule’s stability and behavior is its total energy.
The total energy of a molecule can be determined
in quantum mechanics using techniques like the
Hartree-Fock theory, density functional theory
(DFT), or more sophisticated ab initio techniques.
The stability of various molecular conformations, the

Int. j. biol. chem. (Online)

strength of chemical bonds, and the energy changes
brought on by chemical reactions are all factors that
can be understood by energy calculations. When the
total energy values are examined in the same Table 4,
it is appears to be calculated the highest total energy
is -791.24048825 a.u. in the 1st molecule according
to the HF method and, the lowest total energy is
-1486.76855799 a.u. in the 5th molecule according to
the DFT method. All dipole moment and total energy
values for studied compounds according to DFT/
B3LYP/6-311G (d,p) and HF/6-311G (d,p) levels
were given in Table 4. The graphical submission of
these values is given on Figures 7-8.
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Figure 7 — Graphical submission of dipole moment values of studied molecules
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Figure 8 — Graphical submission of total energy values of studied molecules

IR spectrum analysis is the process of studying and
analyzing the interaction between matter and infrared
light using infrared (IR) spectroscopy. In order to
recognize and describe the functional groups, chemical
bonds, and molecular structures contained in a sample,
IR spectroscopy is a technique that is frequently
employed in chemistry, physics, and numerous other
scientific disciplines. Longer wavelengths than visible
light allow infrared light to interact with molecules’
vibrational states. Every molecule contains unique

Int. j. biol. chem. (Online)

vibrational frequencies, such as v: stretching vibration,
d: bending vibration, y: out-of plane bending vibration,
T: torsion vibration, connected to the motion of its
atoms. It has been determined that the spectra obtained
from these values and given in Figure 5-14 are
compatible with each other with “vibration types and
IR frequencies (cm™)” values of molecules calculated
according to DFT and HF methods and given in Table
5-9. The IR spectrum obtained from these values is
also given on Figures 9-18.
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Table 5 — Vibration types and IR frequencies (cm™) of molecule 1

Seq. Vibration Types DFT HF
1 7 CCCC(46), 1 CCNN(21), T NCCC(12) 30 16
2 7 CCCC(33), 1 CNNC(31) 34 32
3 TNNCC(31), 1 CCCC(15), t NNC(13), Tt NCCC(12) 42 54
4 T NNCC(15), T CNNC(30), 5 NNC(10) 61 74
5 T NCNN(62) 75 85
6 7 NNCC(12), y CCCC(16), y CNNC(19), 6 CCC(19) 102 105
7 y CCCC(12), y CNNC(10), T NNCC(12), t HCCN(11) 133 140
8 T HCCN(17), 1 NCCC(23) 148 165
9 S NCC(11), 8 CCC(10), 8 NNC(12) 243 249
10 3 NCC(15), 8 CCC(23), T CCCC(17) 249 274
11 8 CCN(45) 267 288
12 y CCCC(19), y CNNC(17), 1 NNCN(14) 307 325
13 & CNN(30) 312 354
14 8 OCN(14) 321 362
15 & CCC(20), 6 CCC(31) 343 452
16 T HCCC(12), 1 CCCC(42) 417 480
17 | 8 OCN(11), v NC(12), v NN(12) 441 492
18 8 OCN(10), T HNNC(28) 467 503
19 T HNNC(40) 471 537

20 T CCCC(18) 496 579
21 y ONNC(11), y OCNC(15), t HNNC(14) 534 643
22 7 HNNC(13), 3 OCN(12), 8 CCC(19) 583 667
23 8 CNN(18), 5 CCN(12), 3 OCN(14) 596 679
24 8 CCC(49) 637 707
25 v CC(13), v NN(12), 8 CNN(11), d OCN(11) 645 715
26 T NNCN(42) 665 745
27 y ONNC(13), y OCNC(10), T CCCC(12) 700 771
28 T HCCC(10), T CCCC(11), t HCCC(28) 717 815
29 T HCCC(46), v CC(12) 750 868
30 y ONNC(41), y OCNC(39) 758 870
31 | 5 CNN(20), 5 NNC(22) 804 893
32 v CC(14) 830 921
33 T HCCC(59) 860 946
34 S NCN(11), v NC(16) 900 993
35 T HCCC(14), t HCCN(10), Tt HCCC(26), T HCCN(10) 935 1021
36 T HCCN(12), t HCCC(16) 950 1046
37 T HCCC(22), 1 CCCC(18), t HCCC(10) 983 1085
38 8 NNC(23), t HCCN(16) 993 1087
39 T HCCC(12), T CCCC(18), Tt HCCC(53) 1005 1095
40 | 3 CCC(56), v CC(33) 1019 1115
41 § HCC(18), 3 CCC(10), v CC(23) 1054 1121
42 8 CNN(10), v NC(13), v NN(35) 1057 1163
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Table continuation

Seq. Vibration Types DFT HF
42 T HCCN(16), t HCCN(25), 8 HCH(10) 1067 1169
43 | vNN(Q27) 1100 1171
44 8 HCC(14), v CC(25), v CC(17), 8 HCC(11) 1106 1191
45 | § HCC(33) 1174 1199
46 v CC(12), 8 HCC(65) 1183 1215
47 8 HCC(36), 8 HCC(13), v CC(10) 1209 1250
48 v CC(13) 1218 1290
49 | 5 OCN(14), v NC(18) 1233 1294
50 v NN(17) 1238 1308
51 8 HCC(20), v CC(13), v NC(10) 1250 1334
52 3 NCN(19) 1328 1358
53 8 HCC(10), v CC(27), v CC(11), v CC(16) 1339 1371
54 T HCCN(25) 1359 1460
55 8 HCC(51), 8 HCC(25) 1368 1471
56 | 8 HCH(11), 5 HNN(65) 1397 1519
57 | vNN(12), 8 HCH(51) 1422 1538
58 v NC(19), v NN(19), 8 HNC(13) 1450 1559
59 & HCH(29), 6 HNC(42) 1467 1590
60 8 HNC(14), 8 HCH(35) 1474 1591
61 T HCCN(13), 8 HCH(45) 1476 1593
62 8 HCC(21), v CC(12) 1488 1604
63 6 HCH(29) 1491 1629
64 8 HCC(31), 8 HCC(18), 3 CCC(10) 1532 1639
65 8 CCC(12), v CC(40) 1630 1656
66 8 HCC(12), v CC(20) 1649 1772
67 v NC(67) 1656 1798
68 v OC(59) 1805 1873
69 v NC(10), v OC(54) 1834 1982
70 | v CH(14),v CH(41) 3042 2001
71 v CH(52), v CH(25) 3043 3191
72 | vCH(49), v CH(13) 3094 3198
73 v CH(39) 3112 3244
74 v CH(36) 3144 3250
75 v CH(93) 3158 3293
76 v CH(63), v CH(27) 3164 3310
77 v CH(44), v CH(39) 3172 3320
78 v CH(52), v CH(22) 3180 3331
79 v CH(85) 3189 3341
80 v NH(50) 3538 3351
81 v NH(50) 3682 3800

Note: v: stretching vibration, . bending vibration, y: out-of plane bending vibration, t: torsion vibration
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Figure 9 — Theoretical IR spectrums according to DFT/B3LYP/6-311G (d,p) level for molecule 1
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Figure 10 — Theoretical IR spectrums according to HF/B3LYP/6-311G (d,p) level for molecule 1.

Table 6 — Vibration types and IR frequencies (cm™) of molecule 2

Seq. | Vibration Types DFT HF
1 |1 CCCC(70) 16 16
2 |1 CCCC(18), T CNNC(21), t NCCC(29) 27 27
3 |1 CNNC(55), 1 CCCN(13) 32 48
4 | TNCNN(12), t CNNC(15), t CCCN(32), t NNCC(38) 57 66
5 |TNCNN(54) 80 76
6 |3 CCC(17), y CCCC(14), y CNNC(21), T NNCC(12) 101 79
7 |1 CNNC(13), T NCCN(17), t NNCN(11), y CCCC(16), y CNNC(12) 131 105
8 |3 CCN(52), 8 CCC(25) 176 134
9 |[THCCC(9) 214 192
10 |8 CCC(11), T CCCC(20) 248 232
11 |t CNNC(15), 3 NCC(24), 6 CCC(12) 255 257
12 |8 CNN(17), 8 CCC(12) 302 275
13 | TNNCN(13), y CCCC(11) 310 325
14 |8 CCC(19), 6 CCC(11), 3 OCN(10) 338 334
15 |3 NCC(11),8 CCC(14), 5 CCC(10), 8 OCN(11) 345 358
16 |t CCCC(42), Tt HCCC(13) 415 375
17 |3 OCN(11), T HNNC(27), 8 OCN(14), v NN(10) 467 452
18 | T NNCN(10), T HNNC(42) 470 483
19 |t CCCC(17) 496 492

20 |y ONNC(14), y OCNC(10), t HNNC(16) 533 536
21 |8 CCC(22), t HNNC(10), Tt HNCC(15) 582 578
22 |8 CCC(24), 8 CCC(49) 637 653
23 |t NNCN(42), t CCCN(11) 657 679
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Table continuation

Seq. | Vibration Types DFT HF
24 |3 CCN(15), 8 CCC(16), v CC(10) 672 708
25 |y ONNC(10), y OCNC(13) 698 718
26 |1 CCCC(11;36), t HCCC(29), Tt HCCC(10) 716 741
27 |vCC(13), T HCCC(45) 750 771
28 |y ONNC(40), y OCNC(40) 757 815
29 |8 CNN(11;31), 8 NNC(13) 797 859
30 |THCCN(17;16), t HCCN(16;15;14) 803 863
31 |vCC(16;11) 832 876
32 |THCCC(16) 855 896
33 |1 HCCC(50), t HCCC(22) 858 921
34 |3 NCN(12), y NC(16) 904 946
35 |1 HCCC(28), t HCCC(15) 935 996
36 |THCCC(14), t HCCC(10;11), 8 NNC(19), v CC(49) 949 1021
37 |1 CCCC(18), Tt HCCC(10;23), T HCCC(23), t HCCC(17) 981 1041
38 |1 CCCC(17), t HCCC(53), t HCCC(12) 1004 1047
39 |38 CCC(57), v CC(33) 1019 1085
40 |3 NNC(20), 5 CCC(13) 1039 1095
41 |8 CCC(10), 8 HCC(13), v CC(13;24) 1053 1115
42 | vNN(42),v CC(17) 1073 1121
42 | § HCC(28), v CC(25), v CC(16) 1106 1135
43 |t HCCC(14), v NN(18), v CC(15), 8 HCH(10) 1111 1169
44 |THCCN(18), t HCCC(21), 8 HCH(12) 1115 1175
45 |§HCC(18:17) 1174 1199
46 |3 HCC(15;12), 8 HCC(44), v CC(13) 1183 1211
47 |8 HCC(40), d HCC(15) 1208 1218
48 |v CC(35) 1219 1290
49 |vNC(19;20), v NN(10), § OCN(14) 1231 1294
50 |vNC(10),v CC(12), 5 HCC(10;14) 1251 1309
51 |86 HCC(28;24) 1288 1335
52 |3 CNN(11), 8 NCN(13) 1292 1358
53 |vCC(11;27), v CC(16) 1339 1368
54 |t HCCN(19;30) 1357 1395
55 |3 HCC(15;16), 38 HCC(24) 1367 1416
56 | THCCN(28), d HNC(17), v NN(10) 1378 1471
57 |3 HNC(55), v NN(11) 1403 1513
58 |5 HCH(95) 1422 1521
59 | vNC(18), v NN(20), d HNC(19) 1454 1545
60 |8 HNC(33), 6 HCH(39) 1470 1556
61 |5 HCH(44:16), 5 HNC(20) 1476 1591
62 |3 HCH(31;24) 1480 1597
63 |vCC(13),5 HCC(41) 1488 1604
64 |THCCC(12;11), 8 HCH(75) 1496 1611
65 |THCCC(10),  HCH(63) 1509 1617
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Table continuation

Seq. | Vibration Types DFT HF
66 |35 CCC(10), 3 HCC(38), 8 HCC(18) 1532 1630
67 |38 CCC(12),vCC(39;11), 8 HCC(11) 1629 1638
68 |vNC(48) 1648 1656
69 |vCC(12;14), v NC(20) 1649 1772
70 |vOC(27) 1804 1798
71 |vOC(59) 1805 1865
72 |vOC(21;53) 1834 1981
73 | v CH(51;49 3025 2000
74 |v CH(38;15;40) 3043 3181
75 |v CH(44;52) 3046 3186
76 | v CH(96) 3048 3198
77 |vCH(11;39) 3114 3210
78 | v CH(45;50) 3115 3244
79 |v CH(51;46) 3119 3249
80 |v CH(11;39) 3144 3260
81 |vCH(93) 3158 3310
82 | v CH(63), v CH(28) 3164 3320
83 |v CH(43;18), v CH(38) 3172 3331
84 |v CH(52;15), v CH(22) 3179 3341
85 | v CH(85) 3189 3351
86 | v NH(50) 3540 3800
87 | v NH(50) 3681 3929

Note: v: stretching vibration, d: bending vibration, y: out-of plane bending vibration, t: torsion vibration
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Figure 11 — Theoretical IR spectrums according to DFT/B3LYP/6-311G (d,p) level for molecule 2
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Figure 12 — Theoretical IR spectrums according to HF/B3LYP/6-311G (d,p) level for molecule 2
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Table 7 — Vibration types and IR frequencies (cm™) of molecule 3

Seq. | Vibration Types DFT HF
1 T CNNC(41), T NCCN(38) 13 13
2 T CNNC(15), Tt CCCN(61) 23 23
3 7 CCCN(13), T CCCC(59) 29 29
4 T CCCC(84) 32 37
5 7 CCNN(33) 39 44
6 T CNNC(45) 43 59
7 y CCCC(29), 6 CCC(19) 71 75
8 T NNCC(64) 78 84
9 7 CCNN(15), T CCCC(14;10), 6 CCC(16;13) 101 112
10 y NCNC(18), t NNCC(43;12) 128 139
11 8 NCC(40) 185 196
12 1 CCCC(17;13), v CC(12) 235 249
13 T CCCC(34;13), 6 CCC(12) 248 256
14 8 CCN(29), 6 CCC(17) 251 287
15 y NCNC(10), Tt NNCC(21), T CNNC(15;22) 294 305
16 8 NNC(25), 8 OCN(15) 324 326
17 3 CCC(28) 333 339
18 8 CCC(51) 341 367
19 T CCCC(77) 414 421

20 T CCCC(48;15) 415 423
21 v NC(11), v NN(14) 428 446
22 T HNNC(27), 6 OCN(10) 466 486
23 y NCNC(10), t HNNC(46) 471 490
24 y CCCC(18), 1 CCCC(21) 484 496
25 T CCCC(20;13) 497 521
26 y ONNC(12;16), t HNNC(14) 535 542
27 8 OCN(18), 6 CCC(27) 566 573
28 T HNNC(16;10), 6 CCC(20) 586 605
29 8 NNC(12), 6 OCN(19), 6 CCC(17) 632 642
30 5 CCC(48;15) 636 648
31 8 CCC(53;23), 6 CCC(15;11) 637 657
32 y NCNC(39), t HNNC(10) 660 669
33 1 CCCC(12) 698 708
34 T CCCC(29) 704 716
35 7 CCCC(10), t HCCC(17), T HCCC(52) 715 734
36 7 CCCC(21;12), t HCCC(10), T HCCC(29) 717 745
37 7 CCCC(12), t HCCC(43) 750 763
38 y ONNC(40;41) 758 776
39 7 CCCC(11), T HCCC(13), 8 CNN(16) 780 798
40 8 NNC(12), 6 CNN(10) 805 824
41 v CC(26) 830 442
42 T HCCC(26) 835 849

Int. j. biol. chem. (Online) International Journal of Biology and Chemistry 16, Ne 2 (2023)



F. islamoglu et al.

149

Table continuation

Seq. | Vibration Types DFT HF
42 v CC(18) 843 857
43 T HCCC(54) 853 861
44 T HCCC(16) 855 865
45 T HCCC(22), Tt HCCC(50) 859 879
46 v NC(14), 3 OCN(10) 906 925
47 T HCCN(10;11),  HCC(13) 930 938
48 T HCCN(15), t HCCC(18), t HCCC(17) 933 946
49 | tHCCN(16), T HCCC(14), T HCCC(25) 935 954
50 T HCCN(14;10), t HCCC(13) 951 969
51 T CCCC(11), T HCCC(17), t HCCC(57) 976 981
52 T CCCC(13), T HCCC(25), t HCCC(18;11;24) 982 1002
53 T CCCC(18;27), 1 HCCC(10), T HCCC(55), Tt HCCC(49) 1004 1010
54 v CC(19;17), v CC(15;13), 8 CCC(29;26), 6 CCC(26;21) 1019 1020
55 3 NNC(34), 8 CCC(10) 1027 1045
56 | vCC(18;13), 8 HCC(16), 5 CCC(10) 1052 1064
57 v CC(37), d HCC(13), 8 CCC(10) 1053 1085
58 v NN(61) 1084 1092
59 v CC(43),  HCC(10) 1105 1115
60 v CC(28), 8 HCC(13,12) 1106 1121
61 8 HCC(20,19) 1174 1199
62 v CC(14), 8 HCC(66), 8 HCC(67) 1183 1208
63 | vCC(19), 5 HCC(39), 5 HCH(18) 1205 1251
64 v CC(24),  HCC(36;13) 1208 1269
65 T HCCN(13), 8 HCC(20,22) 1210 1290
66 T HCCN(10) 1219 1294
67 v CC(11), v CC(10) 1222 1298
68 v NC(21;17), 8 OCN(13), 8 CNN(10) 1231 1302
69 T HCCN(12) 1250 1308
70 | T HCCN(10;11), 5 OCN(13) 1285 1323
71 v CC(52), v CC(23) 1339 1335
72 v CC(69), 6 HCC(12) 1340 1349
73 T HCCN(24), § HCC(14) 1355 1359
74 3 HCC(54), 8 HCH(24) 1361 1367
75 3 HCC(51;25) 1367 1413
76 T HCCN(22), v NN(12) 1371 1457
77 | § HNN(66) 1401 1471
78 v NC(21), v NN(23), § HNC(15) 1450 1476
79 | 8 HNC(35), 8 HNC(27) 1470 1513
80 8 HNC(19), 8 HCH(58) 1474 1521
81 3 HCC(81) 1476 1538
82 v CC(24),  HCC(12), 8 HCC(27,11) 1487 1553
83 v CC(14), 8 HCC(21), 8 HCC(12;10) 1488 1557
84 v CC(11), 8 HCC(28;16), 8 HCC(31,13), § CCC(11) 1532 1591
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Table continuation

Seq. | Vibration Types DFT HF
85 v CC(12), v CC(27), v CC(20),  CCC(12) 1629 1633
86 v CC(28;15,14), § CCC(13) 1631 1656
87 v NC(52), v CC(12) 1645 1681
88 v CC(48),  HCC(12) 1649 1761
89 v NC(13), v CC(38) 1652 1772
90 v 0C(59;26) 1805 1980
91 v OC(55;21) 1833 2002
92 v CH(51;47) 3030 3158
93 v CH(41;37;11;10) 3042 3165
94 v CH(50;48) 3058 3195
95 v CH(39;11) 3111 3199
96 v CH(93), v CH(69), v CH(29) 3158 3220
97 v CH(38;11), v CH(11), v CH(39) 3160 3225
98 v CH(62;10;28) 3163 3242
99 v CH(31;30;17), v CH(19) 3170 3244
100 | v CH(43;16;38) 3171 3310
101 | v CH(54;16;23) 3179 3312
102 | v CH(64;24) 3180 3320
103 | v CH(86) 3189 3329
104 | v CH(85) 3191 3340
105 | vNH(50) 3537 3799
106 v NH(50) 3681 3928

Note: v: stretching vibration, o: bending vibration, y: out-of plane bending vibration, 1: torsion vibration
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Figure 13 — Theoretical IR spectrums according to DFT/B3LYP/6-311G (d,p) level for molecule 3
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Figure 14 — Theoretical IR spectrums according to HF/B3LYP/6-311G (d,p) level for molecule 3
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Table 8 — Vibration types and IR frequencies (cm™) of molecule 4

Seq. Vibration Types DFT HF
1 T CNNC(13), Tt CCCN(36;34) 11 8
2 1 CCCC(21), T CCCC(21;18) 20 11
3 T CNNC(24;15), t CCCN(18;12) 27 16
4 T CNNC(18), T NNCC(10), Tt CCCN(30) 33 21
5 T HCCC(60), t CCCN(11) 37 36
6 & CCN(10), T CNNC(20), T NNCC(22) 39 49
7 T CNNC(11;12), t CCCN(23) 40 57
8 & CCC(11), T CCCC(19), T NNCC(15) 59 70
9 3 NNC(11), T CCNN(56) 78 80
10 T NNCC(16), y CCCC(15), y CCCC(16) 101 104
11 T CNNC(11), T NNCC(42), y NCNC(17) 126 128
12 8 CCN(22), T CCCC(13) 148 161
13 6 CCN(23) 192 209
14 1 CCCC(17), 1 CCCC(10) 248 253
15 6 CCN(33), 5 CCC(11) 249 275
16 8 CCC(13), t CNNC(11) 279 296
17 T CNNC(13), T NNCC(22) 298 319
18 & CNN(10), T CCCC(11) 312 341
19 8 CNN(21) 331 365

20 5 CCC(165;13) 342 368
21 8 CCC(12;10), 6 CCC(13;12) 379 407
22 T HCCC(13), T HCCC(19), T CCCC(61;28), Tt CCCC(57;12) 416 425
23 v NC(12), v NN(15), 3 OCN(10) 425 455
24 T HNNC(30) 466 462
25 T HNNC(43) 470 490
26 T CCCC(13), y CCCC(19) 489 530
27 y CCCC(21;15) 502 543
28 8 CCC(11), y CCCC(10) 523 564
29 T HNNC(14), y ONNC(15;11) 534 579
30 8 CCC(22), t HNNC(15) 583 653
31 5 OCN(27) 619 679
32 5 CCC(49), 6 CCC(23;15) 636 699
33 8 CCC(18;17), y NCNC(18) 654 713
34 8 CCC(13), y NCNC(26) 664 736
35 © HCCC(28), t HCCC(10), T CCCC(36;11) 717 758
36 v CC(15) 739 772
37 v CC(11), t HCCC(43) 751 792
38 y ONNC(40) 757 815
39 v CC(10), t HCCC(32) 767 830
40 6 CNN(21), § NNC(17) 800 865
41 v CC(17), t HCCC(17) 829 869
42 v CC(18), T HCCC(16) 840 901
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Table continuation
Seq. Vibration Types DFT HF
42 T HCCC(98) 846 921
43 v CC(10) 854 929
44 T HCCC(60), t HCCC(16) 860 941
45 v CC(13), t HCCC(13) 863 946
46 v NC(14) 909 1001
47 v CC(10), 6 HCC(15), 6 HCC(12), Tt HCCN(21;11) 929 1009
48 T HCCC(27;14), t HCCN(13) 935 1022
49 T HCCC(15), t HCCN(12;10) 951 1046
50 t HCCC(70) 963 1069
51 THCCC(82) 970 1085
52 T HCCC(21;19;10), Tt HCCC(22), T CCCC(18) 983 1092
53 T HCCC(50), t HCCC(14), T CCCC(17) 1005 1115
54 v CC(11), 8 HCH(18), t HCCC(44) 1010 1121
55 v CC(32), 56 CCC(10) 1019 1137
56 6 CNN(11;10), 8 NNC(33) 1027 1161
57 6 HCH(13), 6 CCC(30;29) 1040 1169
58 v CC(23;13), 8 HCC(18), 56 CCC(10) 1053 1178
59 6 HCH(15), t HCCC(52;12) 1063 1199
60 v NN(61) 1084 1208
61 v CC(25), v CC(17), 6 HCC(14;11) 1106 1251
62 v CC(12), v CC(22), 6 HCH(53) 1140 1269
63 6 HCC(15), 6 HCC(16) 1175 1290
64 v CC(12), 6 HCC(65) 1183 1294
65 v CC(11), 8 HCC(13), d HCC(20), t HCCN(13;11) 1208 1298
66 v CC(17), 8 HCC(30), 6 HCH(70) 1209 1302
67 v CC(37), v CC(37), v CC(17;13) 1222 1308
68 v NC(14;20), § OCN(11) 1231 1323
69 v CC(16;10), 8 CCC(13), 6 HCH(19) 1234 1335
70 6 HCC(12), 8 HCC(11) 1251 1349
71 S NCN(12), 6 CNN(11), t HCCN(11) 1286 1359
72 v CC(37), v CC(25), 6 HCH(13) 1332 1367
73 v CC(27;11), v CC(16), 6 HCC(10) 1339 1413
74 v CC(12), 8 HCH(70) 1349 1457
75 T HCCN(15;38) 1356 1471
76 8 HCC(48), 8 HCC(23) 1368 1476
77 v NN(10), t HCCN(32) 1371 1513
78 & HNN(66) 1400 1521
79 6 HCH(89) 1416 1538
80 v CC(18), 6 HCH(39) 1444 1553
81 v NC(20), v NN(23), s HNC(13) 1449 1557
82 6 HNC(41), 6 HCH(24) 1470 1591
83 8 HNC(11), 8 HCH(62) 1473 1597
84 6 HNC(10), 6 HCC(77) 1476 1604
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Table continuation

Seq. Vibration Types DFT HF
85 v CC(12),  HCC(22), 6 HCC(12;10) 1488 1608
86 & HCH(70), t HCCC(16) 1491 1612
87 8 HCH(65), t HCCC(14) 1497 1625
88 d HCC(31), 8 HCC(18), 5 CCC(10) 1532 1633
89 3 HCH(59) 1551 1656
90 v CC(12), v CC(22;21), 6 CCC(11) 1619 1681
91 v CC(12), v CC(40), 6 CCC(12) 1629 1761
92 v NC(64) 1647 1772
93 v CC(20;16;12), s HCC(11) 1649 1798
94 v CC(55), 8 HCH(18) 1661 1812
95 v OC(59;26) 1805 1980
96 v OC(55;21) 1832 2001
97 v CH(97) 3023 3158
98 v CH(50;47) 3028 3165
99 v CH(38;11;10), v CH(41) 3043 3195
100 v CH(48;49) 3056 3199
101 v CH(90) 3076 3220
102 v CH(89) 3103 3225
103 v CH(10) 3110 3242
104 v CH(39;11) 3111 3244
105 v CH(77;23) 3153 3310
106 v CH(93) 3158 3312
107 v CH(62), v CH(29) 3164 3320
108 v CH(99) 3169 3329
109 v CH(41;18), v CH(39) 3171 3330
110 v CH(99) 3172 3333
111 v CH(54;17), v CH(20) 3179 3340
112 v CH(86) 3189 3351
113 v NH(50) 3539 3799
114 v NH(50) 3681 3928

Note: v: stretching vibration, o: bending vibration, y: out-of plane bending vibration, t: torsion vibration
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Figure 15 — Theoretical IR spectrums according to DFT/B3LYP/6-311G (d,p) level for molecule 4.
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Figure 16 — Theoretical IR spectrums according to HF/B3LYP/6-311G (d,p) level for molecule 4.

Table 9 — Vibration types and IR frequencies (cm™) of molecule 5

1 1 NCCC(47), y NCCN(17), T CCCN(20) 10 10
2 ©NCCC(18), t CCCN(34), 1 CCCC(30) 18 15

3 © CCCN(11;30), T CCCC(33) 24 19

4 © NCCC(16), t CCCN(40), Tt CCCC(19) 30 34

5 8 CCC(14), 8 NCC(12), 8 CCC(10), 1 CCCC(16), y CCCC(31) 38 43

6 5 CNN(14), y NCCN(34) 39 56

7 T CNNC(37;15) 54 69

8 8 NNC(11), t CCNN(52) 78 78

9 8 CCC(12), 1 CCCC(11), y NCCN(13) 100 104
10 | yNCNC(17), t NNCC(32), t CNNC(32) 125 127
11 3 NCC(17), 8 CCC(12), T CCCC(32), y CICCC(18) 135 148
12 §NCC(22) 182 199
13 8 CICN(31), y NCCN(14) 243 251
14 | §CCC(12), 5 CICC(43) 248 268
15 5 CCC(10), T CCCC(35;13) 254 276
16 | tNNCC(33), T CNNC(10) 297 315
17 y CCCC(16), y CICCC(29), T CCCC(16) 307 336
18 5 CCC(49) 328 355
19 § CCC(19), 3 OCN(10), 8 NNC(24) 341 365
20 | 8 CCC(22;20), § CICC(30) 366 396
21 v CIC(22), 3 CCC(12) 401 435
22 t HCCC(16), T CCCC(16;15) 415 452
23 T HCCC(17), T CCCC(79) 418 456
24 | tHNNC(12) 446 483
25 T HNNC(31;14) 466 493
26 | 3 OCN(16) 472 503
27 1 CCCC(29;18;10) 495 536
28 1 CCCC(21;22), y CCCC(15), y CICCC(22) 508 557
29 8 CCC(13), T HNNC(11), y ONNC(13;11) 534 579
30 | 8 OCN(36) 582 647
31 5 CCC(51;18;15) 608 679
32 5 CCC(28;18;14) 636 694
33 y NCNC(26) 647 712
34 | vCIC(13) 674 724
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Table continuation

35 T HNNC(12) 694 743
36 | tHCCC(10), T CCCC(36) 701 756
37 t HCCC(13), t HCCC(12), T CCCC(23;15) 717 772
38 T HCCC(17) 748 813

39 t HCCC(10), 1 CCCC(11) 757 826
40 | 3 CNN(13;15) 759 863

41 y ONNC(41;39), t CNNC(10) 796 869
42 | vCC(16) 828 891

42 | vCC(14) 831 899
43 5 CCC(11) 834 921

44 | THCCC(99) 859 934
45 © HCCC(58), t HCCC(27) 864 946
46 | tHCCC(47), y CCCC(12) 909 953

47 | vNC(13), 8 CCN(12) 933 1002
48 8 HCC(15), 8 HCC(16), t HCCC(16), t HCCN(12) 935 1016
49 t HCCC(16;10), t HCCN(21) 951 1022
50 | tHCCC(46;11), t HCCC(18) 964 1045
51 T HCCC(71), 1 CCCC(10) 972 1076
52 | vCC(42), 5 CCC(53) 983 1085
53 T HCCC(42;11), t HCCC(84), 1 CCCC(16;14) 1006 1095
54 | §CCC(12), 5 CCC(59), 8 HCC(10) 1019 1106
55 T HCCC(34;16), 1 CCCC(21) 1026 1115
56 | vCC(32), 5 CCC(13;11), 3 HCC(15) 1033 1121
57 8 CNN(11), 3 NNC(40) 1053 1137
58 | vCC(28), 8 HCC(19) 1086 1169
59 | vCC(29), s HCC(21) 1102 1172
60 | vCC(11),v CC(35), v CIC(22), § HCC(13) 1106 1195
61 v CC(19), v CC(27;10),  HCC(14) 1132 1204
62 5 HNN(12) 1173 1247
63 v CC(26), 3 HCC(28) 1183 1290
64 | vCC(25), 5 HCC(34), 8 HCC(13) 1204 1292
65 v CC(10), 3 HCC(67) 1208 1294
66 | vCC(12), vNN(61), 8 HCC(13), 8 HCC(22;16) 1209 1308
67 § HCC(12;11), t HCCN(12) 1222 1310
68 | vCC(12),vCC(11), 8 HCC(15) 1230 1333
69 | vNC(20), v CC(10) 1250 1343
70 | 8 HCC(20), 8 HCC(10;26), t HCCC(10) 1287 1358
71 v CC(12), 5 HCC(16), 8 HCC(10) 1321 1362
72| vNC(28) 1339 1365
73 v NC(11) 1341 1414
74 | vNC(13), 8 CNN(17), 8 NNC(10), t HCCN(14) 1355 1445
75 5 HCC(85) 1367 1471
76 8 HCC(16), 5 HCC(20;17;24) 1401 1513
77 | vNC(11), v CC(12), t HCCN(29) 1439 1521
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Table continuation

78 | vCC(15), t HCCN(33) 1450 1552
79 | vCC(11),v CC(14),  HCC(39) 1470 1554
80 | & HNN(60) 1474 1590
81 8 HCC(42;32), t HCCN(11) 1476 1598
82 8 HCC(50;42) 1488 1604
83 v CC(14), 5 HCC(42) 1526 1627
84 | vNC(13), 5 HNC(48) 1532 1632
85 v NC(32;18), § HNC(20) 1619 1656
86 | 8CCC(11), 3 HCC(33), 8 HCC(13) 1629 1660
87 | vCC(16), 8 CCC(10), § HCC(55) 1641 1762
88 | vCC(51), 8 CCC(14;10) 1648 1795
89 | vCC(37;27), v CC(12;22), 5 CCC(11), § HCC(10) 1649 1798
90 | vCC(12), v CC(29), 5 HCC(20) 1807 1866
91 v CC(48), 3 HCC(12) 1834 1983
92 | vNC(69) 3031 2003
93 v OC(59;15) 3042 3197
94 | vOC(65;19) 3058 3198
95 v CH(68), v CH(31) 3059 3229
96 | v CH(29), v CH(66) 3111 3243
97 | v CH(53), v CH(46) 3158 3309
98 | vCH(44), v CH(51) 3164 3320
99 | v CH(20), v CH(69) 3169 3328
100 | vCH(74), v CH(13) 3170 3329
101 | v CH(24:49), v CH(19) 3171 3331
102 | vCH(52;23), v CH(16) 3179 3341
103 | v CH(85),v CH(I1) 3189 3351
104 | vCH(89) 3203 3365
105 | vCH(93) 3204 3366
106 | vCH(28),v CH(72) 3371 3430
107 | v CH(24), v CH(75) 3372 3433
108 | vNH(50) 3536 3797
109 | vNH(50) 3679 3926

Note: v: stretching vibration, J: bending vibration, y: out-of plane bending vibration, t: torsion vibration

Ty

Ty e

Figure 17 — Theoretical IR spectrums according to DFT/B3LYP/6-311G (d,p) level for molecule 5
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Figure 18 — Theoretical IR spectrums according to HF/B3LYP/6-311G (d,p) level for molecule 5

To examine how molecules interact with
ultraviolet light, scientists employ a technique
called UV (ultraviolet) spectral analysis in analytical
chemistry and other disciplines. Since ultraviolet
light has shorter wavelengths and more energy than
visible light, it can excite molecular electrons to
states with higher energies. This interaction between
UV light and molecules can reveal important details
about the composition, characteristics, and chemical
structure of the substances being examined. UV
spectral analysis includes shining UV light through
a sample and observing how much of it is absorbed

DFT (B3LYP, 6--

or transmitted at various wavelengths. The UV
absorption spectra that results can shed light on the
electronic transitions occurring inside the molecules
in the sample. Compounds may be identified, their
concentrations can be measured, and numerous
chemical processes and interactions can be researched
using this data. When the theoretical UV-visible
spectrum of the molecules drawn according to the
DFT and HF methods and given in Figure 19-23 are
examined, it has been observed that the spectra drawn
according to both methods are generally compatible
with each other.

HF (B3LYP, 6-311G(d)

Figure 19 — Theoretical UV-visible spectrum for studied molecule 1

DFT (B3LYP, 6-311G(d))

FIF (BILYP, 6-311G(d))

Figure 20 — Theoretical UV-visible spectrum for studied molecule 2

DFT (B3LYP, 6-311G(d))

HF (B3LYF

Figure 21 — Theoretical UV-visible spectrum for studied molecule 3
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Figure 23 — Theoretical UV-visible spectrum for studied molecule 5

Incomputational chemistry, the idea of molecular
electrostatic potential (MEP) is used to examine
and depict molecules’ electrostatic characteristics.
It offers information about how electric charges are
distributed within molecules, which in turn affects
a number of molecular interactions, characteristics,
and forces, including bonding and reactivity. The
partial atomic charges that are given to the atoms in
amolecule are the source of MEP and are frequently
computed using quantum mechanical techniques
like density functional theory (DFT) or Hartree-
Fock computations. The distribution of electron
density surrounding each atom is represented by
these partial charges, which also contribute to the

molecule’s overall electrostatic potential. Typically,
color maps or contour plots are used to show the
MEP graphically. In these figures, the blue patches
with positive MEP often denote electron-poor
regions, which are places with an electron-deficient
environment. In contrast, areas with negative MEP
are frequently depicted in red to denote electron-
rich zones. Neutral areas are usually shown in
white. When the Molecular Electrostatic Potential
(MEP) shapes we obtained in this framework and
given in Figure 24-28 are examined, it is seen
that electron-poor regions, electron-rich regions
and neutral regions of each molecule are clearly
distinct.

Figure 24 — Molecular electrostatic potential (MEP) for molecule 1
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Figure 27 — Molecular electrostatic potential (MEP) for molecule 4
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Figure 28 — Molecular electrostatic potential (MEP) for molecule 5

Conclusion

By conducting theoretical studies of these five
molecules, which we had previously synthesized, we
showed that they could be evaluated especially in drug
development. It is especially important that the Density
Functional Theory, (DFT, B3LYP) / Hartree Fock, (HF,
B3LYP) methods we used in this theoretical study are
widely used in the literature. Properties such as FT-
IR and UV-vis spectral values, bond angles, bond
lengths, dipole moments, highest occupied molecular
orbital (HOMO), lowest unoccupied molecular
orbital (LUMO) energy and total energy, mulliken
charges and molecular electrostatic potential (MEP).
Determination is important so that these molecules
can be used for purposes other than being used as drug
active ingredients.
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