SAU Fen Bil Der 20. Cilt, 3. Sayl, s. 543-558, 2016

ACACETIN’IN (5,7-dihydroxy-4'-methoxyflavone) molekiiler yapisinda
titresimsel spektral analizler ve teorik inceleme

Tevfik Raci Sertbakan!”, Okkes Gozdas®

29.03.2016 Gelis/Received, 01.08.2016 Kabul/Accepted

doi: 10.16984/saufenbilder.67441
0z

Bitkilerde dogal olarak mevcut bir flavon bilesigiolan Acacetin (5,7-dihydroxy-4'-methoxyflavone) anti-kanser ve
anti-iltihap aktivitelere sahiptir. Noroiltihabin Parkinson hastalar1 (PD) i¢in giivenilir baslica patolojik
meknizmalardan biri oldugu diisiiniilmektedir ve PD igin tedavi gelisiminde bir ana hedef olmustur. Bu ¢aligsmada,
acacetinin molekiiliiniin konformasyon aragtirmasi yapilmigtir. Bu bilesigin FT-IR spektrumu 4000-400 cm'!
bolgesinde kaydedilmistir. FT-Raman spektrumu da 3500-50 cm’! bolgesinde kaydedilmistir. Baslhik bilesiginin
titresim frekanslart B3LYP metodu cc-pVDZ ve cc-pVTZ temel setlerinde hesaplanmigtir. Bu hesaplamalar, gradyent
geometri optimizasyonu yardimiyla Gaussian 09W paket programu kullanilarak DFT seviyelerinde ger¢eklesmistir.
Titresim frekanslarinin ve geometrik parametrelerin hesaplamalari analiz edilmis ve deneysel sonuglar ile
karsilastirilmustir.

Anahtar Kelimeler: Acacetin, flavon, FT-IR, FT-Raman, Yogunluk fonksiyonu teorisi, Toplam enerji dagilimi

Vibrational spectral analysis and theoretical investigation on the molecular structure of
ACACETIN (5,7-dihydroxy-4'-methoxyflavone)

ABSTRACT

Acacetin (5,7-dihydroxy-4'-methoxyflavone) which is naturally a flavone compounds presents in plants, has anti-
cancer and anti-inflammatory activities. Neuroinflammation is thought to be one of the major pathological mechanisms
responsible for Parkinson's disease (PD), and has been a primary target in the development of treatment for PD. In this
study, conformational search of the acacetin molecule has been performed. The FT-IR spectrum of this compound was
recorded in the region 4000400 cm'. The FT-Raman spectrum was also recorded in the region 3500-50 cm’'.
Vibrational frequencies of the title compound have been calculated by B3LYP with cc-pVDZ and cc-pVTZ basis sets.
The calculations were performed at DFT levels by using Gaussian 09W program package, by invoking gradient
geometry optimization. The calculated geometric parameters and vibrational frequencies were analyzed and compared
with obtained experimental results.
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1. INTRODUCTION

Flavonoids are known large group of naturally occurring
compounds in plants [1]. They have many various
applications and properties [1]. Flavonoids are
responsible for many phenomena such as the shades of
yellow, orange and red in flowering plants, and
important factors for plant growth, development and
protection [1].

Flavonoids relate to a large family of natural
polyphenolic compounds that are ordinarily found in the
human diet particularly in fruits, vegetables and
beverages such as tea and red wine [2]. These
compounds display a kind of pharmacological properties
in the therapy of several diseases, including cancer, as
cytotoxic, antiangiogenic, or antivascularagents [2].

Acacetin (5,7-dihydroxy-4'-methoxyflavone) molecule
(Ci6H1205) is one of the flavonoid compounds. It has
anticancer, anti-inflammatory and anti-peroxidative
effect [3]. Acacetin, a constituent of flavone naturally
present in plants, has anti-cancer and anti-inflammatory
activities. Neuroinflammation is thought to be one of the
major pathological mechanisms responsible for
Parkinson's disease (PD), and has been a primary target
in the development of treatment for PD [4].

Flavone has been examined by Raman and surface-
enhanced Raman spectra [5], Gas phase infrared spectra
[6]. It was realized ab initio conformational analysis of
flavone and related compounds [7]. Vibrational
frequency of flavone and some deuterated analogues
have been calculated from the conformational analysis
of flavone using the semi-empirical AM1 method and
compared with experimental values [8]. These
calculations were used in united molecular mechanics,
semi-empirical and ab initio calculations. Although
semi-empirical methods attested its benefits in
application to facilitate the IR definitions, the
performance of semi-empirical methods can not satisfy
modern criteria of theoretical FT-IR spectral predictions.
The infrared spectra were calculated with density
functional theory (DFT) methods were in much better
agreement with the observed infrared spectrum. The
calculated band intensities is jibed with the observed
relative intensities as well [9].

In this study, we reported theoretical calculations of
molecular structure and vibrational spectra of acacetin
(5,7-dihydroxy-4'-methoxyflavone) molecule. We are
now reporting the results of calculation and
experimental (IR and Raman) spectra of the acacetin
molecule in density functional theory (DFT)
approximations. The present investigation was
undertaken to study the vibrational spectra of this
molecule completely and to define the diverse modes
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with larger wavenumber certainty. Density functional
theory (DFT) calculations have been performed to
support our wavenumber assignments. Furthermore, we
interpreted the calculated spectra in terms of total energy
distributions (TED’s) and made the assignment of the
experimental bands based on TED analysis results.

2. EXPERIMENTAL

Acacetin molecule was purchased from Sigma—Aldrich
Chemical Company. IR spectrum of acacetin molecule
at room temperature was recorded by using a Perkin
Elmer Spectrum One FT-IR spectrometer in the region
400-4000 cm™ with a resolution of 2 cm™'. The sample
was compressed into self-supporting pellet and
introduced into an IR cell equipped with KBr window.
Also, the Raman spectrum of acacetin molecule was
recorded with a JascoNRS-3100 micro-Raman
Spectrophotometer (1200 lines/mm grating and high
sensitive cooled CCD) at room temperature in the region
50-4000 cm™'. The sample was stimulated by using 785
nm diode laser. The spectrometer was calibrated with the
silicon phonon mode at 520 cm™! and microscope
objective 100 was used. The measured and calculated
FT-IR and micro-Raman spectra are shown in Fig. 1 a,
b, c and Fig. 2 a, b, c.

3. COMPUTATIONAL DETAILS

The structure of acacetin in the primary level is
optimized by B3LYP method with cc-pVDZ basis
set. Vibrational frequencies of the title compound have
been calculated by DFT (B3LYP —cc-pVDZ and cc-
pVTZ basis sets) approximations and then scaled by
corresponding scaling factor. The calculations were
performed at DFT levels by using Gaussian 09W
program package, invoking gradient geometry
optimization [10,11]. The -calculated geometric
parameters and vibrational frequencies were analyzed
and compared with obtained experimental results.

4. RESULT AND DISCUSSION
4.1. Conformational Stability

The diverse conformational structures of a compound
are correlated with many of the physical and chemical
properties. Hence, their investigation is important for
drug designs and to understand several medicinal effects
[12]. The conformational analysis was realized for the
acacetin molecule. The geometry optimizations of the
obtained conformers were performed by B3LYP/cc-
pVDZ level of theory. Results of conformational
analysis showed that acacetin molecule has twelve
conformers as shown in Fig. 3.
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¢ — Theoretical (with cc-pVTZ basis set) IR spectra of acacetin molecule.

Fig. 2 Experimental and theoretical IR spectra of acacetin molecule.
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¢ — Theoretical (with cc-pVTZ basis set) Raman spectra of acacetin molecule.

Fig. 2 Experimental and theoretical Raman spectra of acacetin molecule.
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Table.1 The calculated energies of twelve conformers, given in

Conformation Ground state Energy (eV ) Energy ( Hartree ) Zero point energy (eV )
1 -993,072924685 -623162,6944402 -992,822791
2 -993.072924692 -623162,6944370 -992,822791
3 -993,072924694 -623162,6944376 -992,822791
4 -993,073025510 -623162,7577006 -992,822905
5 -993,073025507 -623162,7576994 -992,822905
6 -993,073025502 -623162,7576962 -992,822905
7 -993,072003371 -623162,1162987 -992,821902
8 -993,072003398 -623162,1163163 -992,821902
9 -993,072003382 -623162,1163056 -992,821902
10 -993.072924692 -623162,6944370 -992,822791
11 -993,071997796 -623162,1128010 -992,821932
12 -993,071997797 -623162,1128016 -992,821932
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Fig. 3 Stable conformers of acacetin.
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Fig. 4 Molecular structure and atom numbering scheme adopted in this study for acacetin.

The molecular structure with atom numbering scheme
for conformer is given in Fig. 4.

In all cases, the trans orientations of the hydroxyl groups
given in Fig. 3 are preferred. The main reason of the
energy distribution seems to be acacetin orientation
relative to the nearest hydroxyl group. Ground state
energies, zero point corrected energies (Ecieet + ZPE),
relative energies of conformers were presented in Table
1. From the calculated energies of twelve conformers,
given in Table 1, the conformer 4 is the most stable. Zero
point corrections have not caused any important changes
in the stability order.

4.2. Molecular Geometry

Optimized molecular structure of acacetin is given in
Figure 4. We have not found experimental data and the
calculation results on molecular structure of acacetin in
the literature. That’s why the molecular structure of
conformer 4 of acacetin molecule was compared with X-
Ray data of much the same related molecule like flavone
in Table 2 [13].

4.3. Vibrational Analysis

Acacetin molecule has 33 atoms and 93 normal modes
of vibrations. All of them are active in the Infrared and
Raman spectra. Some of the calculated harmonic
vibrational ~wavenumbers are higher than the
experimental ones, because of the anharmonicity of the
incomplete treatment of electron correlation and of the
use of finite one-particle basis set [12]. The harmonic
frequencies were calculated by B3LYP/cc-pVDZ and
B3LYP/cc-pVTZ level of theory and then scaled
respectively by 0,970 and 0,965 [14]. Scale factors were
used to fit the calculated wavenumbers with those of the
observed ones. The 93 normal modes of the acacetin
molecule have been assigned as per the detailed motion

of the individual atoms. Acacetin molecule pertain C,
symmetry group.
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Experimentally and theoretically results of harmonic
vibrational frequencies and their correlations were
collected in Table 3. From the calculations, the
computed values are in good agreement with the
observed values. The vibrational bands assignments
have been made by using the animation option of Gauss
View 5.0.8 graphical interface for Gaussian programs
[15] along with available related molecules and also by
means of TEDs using the SQM program [16]. IR
absorption intensities of acacetin are consistent with the
PED results [17].

The heteroaromatic structure indicates that the presence
of the C—H stretching vibration in the range 3000-3100
cm! which is the characteristic region for three C-H
stretching vibration [18]. Also, in aromatic compounds,
in-plane C—H bending vibrations observe in the range of
1300-1000 cm and the C-H out of plane bending
vibrations in the range of 1000-750 cm™' [9].

These fundamental C—H bands in acacetin molecule are
observed experimentally at 3061 (vsgs), 3082 (vgs) and
3142 (vg2) cm! as medium strong band in Infrared spectra
and 3015 and 3077 cm’! as medium strong in Raman
spectra. The computed wavenumbers are assigned in the
range of 3144-3051 ¢cm! in Infrared spectra and in the
range of 3116-3042 cm! in Raman spectra. The C-H in-
plane bending vibrations of acacetin molecule are
observed at 1119-1236 cm in the region (FT-IR
spectra) and 1170-1237 cm™! in the region (FT-Raman
spectra). These in-plane bending vibrations are
calculated at 1130-1256 cm™ in the region (B3LYP—cc-
pVDZ basis set) and 1130-1256 cm’' in the region
(B3LYP—cc-pVTZ basis set). Out-of-plane C—H bending
vibrations are observed at 769 cm’! , 851 cm’™!, 868 cm’,
906 cm™' and 925 cm™! for flavone molecule [9]. These
vibrations for acacetin molecule are observed the same
region. All these theoretical calculations of the C—H
vibrations conform to experimental values.

SAU Fen Bil Der 20. Cilt, 3. Say1, s. 543-558, 2016



ACACETIN’IN (5,7-dihydroxy-4'-methoxyflavone) molekiiler

yapisinda titresimsel spektral analizler ve teorik inceleme

Table.2 Optimized geometric parameters of acacetin
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Theoretical(B3LYP) Theoretical(B3LYP)
Parameters cc-PVDZ cc-PVTZ X —Ray[13] | Parameters cc-PVDZ cc-PVTZ X -—Ray[13]
Bond lengths ( A°) Bond Angles (°)
C-C, 1.398 1.389 1.374 C3-C4-Oyg 1205 120.5 1223
C1-Cq 1.403 1.395 1,397 C5-C4-Osg 116.9 116.8 115.9
Ci-H, 1.092 1.082 C4-Cs-C 117.7 117.7
C-C; 1.425 1.418 1.405 C4-Cs-Hy 121.5 121.4 118.4
C-Ors 1.335 1.335 Ce-Cs-Ho 120.8 120.9
C5-Cy 1.406 1.399 1.393 C1-C-Cs 121.8 121.8 120.9
C3-Cs 1.454 1.449 1.475 C1-C¢-O13 121.7 121.5
C4-Cs 1.391 1.383 1.395 C5-Cs-Or3 116.5 116.7
Cs-Os 1373 1.368 1.374 C3-Cs-Ciy 115.1 1152 114.1
C5-Cs 1.403 1.393 1.379 C3-Cs-Oy7 122.1 122.1 1223
Cs-Ho 1.089 1.079 C11-Cs-Oy7 122.9 1227 123.5
Cs-O13 1.359 1.359 C11-C10-Ors 1215 121.4 122.2
Cs-Cy 1.449 1.442 1.448 C11-C1o-Cio 126.4 126.2 125.8
Cs-Oy7 1.253 1.247 1.232 015-C10-C1o 112.1 112.4 111.9
Cio-Cy 1.365 1.355 1.354 Cs-C11-Cro 121.7 121.7 122.4
C10-Os 1.365 1.360 1.367 Cs-Cy-Hy, 1173 117.6
C1o-Cio 1.472 1.467 1.475 C1o-Cii-Hpp 121.0 120.7
Ci-Hi 1.088 1.078 Ce-O13-Hyy 108.8 109.5
Oi-Hyy 0.970 0.963 C,-015-Hyg 105.4 106.2
O1s-Hyg 1.007 0.997 C4-015-Cro 120.8 120.9 119.1
Hi6-O17 1.646 1.673 C10-C19-Cao 120.8 120.9 121.1
Ci9-Cao 1.405 1.397 1.400 Cio-C1o-Cay 121.4 1212 119.3
C1o-Cay 1.412 1.404 1.399 C20-C19-Cay 117.8 117.9 119.4
Ca0-Ca 1.396 1.388 1.391 Ci9-Ca0-Cao 121.6 121.5 120.0
Cao-Has 1.089 1.079 C1o-Cap-Hs 119.3 119.5
Ca1-Caq 1.385 1377 1.385 Car-Cap-Hs 119.1 119.0
Ca1-Has 1.090 1.080 C19-Ca1-Cas 121.1 1212 119.6
Car-Cas 1.402 1.395 1.393 Cio-Car-Has 120.4 120.1
Car-Hyy 1.089 1.079 Ca4-Cai-Has 1185 118.7
Ca4-Cag 1.408 1.400 1.380 Ca0-C22-Cag 119.8 119.8 120.1
Cas-Hog 1.091 1.081 Ca0-Cp-Hys 119.1 119.2
Ca6-O2 1.357 1.355 Ca6-Cop-Hay 121.1 121.0
025-Cs0 1.422 1.421 Ca1-Ca4-Cag 120.4 1203 121.2
Cao-Hyy 1.104 1.093 Ca1-Cos-Hag 1212 121.1
Cso-Hz 1.097 1.086 Ca6-Cas-Hag 118.4 118.6
Cso-H; 1.104 1.093 Cap-Ca6-Cas 119.2 119.3 119.5
Bond Angles (°) C22-C6-On9 125.0 124.7
C,-Cy-Cs 119.8 119.7 120.1 C4-Cas-Oso 115.7 115.9
C,-Cy-H, 118.9 119.1 Ca6-09-Cso 118.5 1188
Ce-C-H, 121.4 1212 029-C30-Hy; 111.6 1113
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C-C-Cs 119.7 119.9 1202 059-C3o-Hs, 105.9 105.9
C1-Cy-Oy5 1203 120.0 029-C0-Hz 111.6 1113
C5-Co-Ois 120.0 120.1 Ha-Cso-Ha 109.3 109.4
Cy-C5-Cy 1185 1182 118.5 Hy1-Cso-Ha 109.2 109.5
C-C5-Cs 121.1 1215 121.8 Hs-Cs0-Hss 109.3 109.4
C4-C5-Cs 120.4 120.2 119.6
C3-C4-Cs 122.6 122.7 121.6
Dihedral Angles(®) DihedralAngles(°)
Ce-Ci-Co-Cs 0.0008 0.0336
C¢-C1-Co-Ons 179.99 179.94 C10-C19-Ca0-Caa 179.99 179.10
H;-C-Cy-Cs 179.99 179.96 C10-Ci9-Cao-Has 0.0032 0.4459
Hy-C-C-Oy5 0.0005 0.0727 C21-C19-Ca0-Caa 0.0003 0.6199
C,-C,-Co-Cs 0.0004 0.0096 C21-Ci9-Cao-Has 179.99 179.84
C5-C1-C4-O13 179.99 179.97 Ci0-C19-C1-Cay 179.99 179.23
H;-Cy-Cy-Cs 180.00 179.99 C10-C19-O21-Hs 0.0013 1.8553
Hy-C1-Ce-O13 0.0002 0.0183 Ca0-C19-C1-Cas 0.0010 0.4824
C-C,-C5-C4 0.0014 0.0881 Cp-Ci9-Ca1-Has 179.99 178.43
C-C5-C5-Cy 179.99 179.77 C19-Cag-C2-Cag 0.0032 0.3120
015-C5-C5-Cy 179.99 179.88 C19-Cap-Car-Hay 179.99 179.63
05-C5-C5-Cy 0.0023 0.2034 Ha3-Ca0-Cap-Cag 17999 179.86
C1-C,-O15-H 179.99 179.85 Ha3-Ca0-Cap-Has 0.0035 0.0894
C3-C2-Oy5-Hig 0.0021 0.1162 C19-Ca1-Ca4-Cag 0.0006 0.0393
C5-C3-C4-Cs 0.0009 0.1047 C19-Ca1-Cag-Hag 179.99 179.56
C2-C3-Cy-Og 179.99 179.83 Has-Cy1-Cas-Cae 179.99 178.89
Cy-C3-C4-Cs 179.99 179.79 Has-Cay-Cag-Hag 0.0001 0.6284
Cg-C5-C4-On 0.0018 0.4818 C0-C2-Ca6-Cas 0.0047 0.1481
C5-C5-Cs-Cy 179.99 179.48 Ca0-Cap-Ca-O2o 179.99 179.89
C,-C3-Cs-Oy7 0.0002 0.1065 Ha7-C23-Ca6-Cag 179.99 179.91
C4-C3-Cs-Cyy 0.0008 0.1931 Hy7-Cp-Ca-Oag 0.0009 0.1698
C4-C5-Cs-Oy7 179.99 179.78 Ca1-Cas-Ca-Car 0.0034 0.2823
C35-C4-Cs-Ce 0.0003 0.0626 C31-C4-C36-On9 179.99 179.96
C3-C-Cs-Hy 179.99 179.75 Has-Ca4-Ca-Cao 179.99 179.25
0,5-C4-Cs-Ce 179.99 179.80 Hag-Cas-Ca-Oao 0.0039 0.5147
015-C4-Cs-Ho 0.0004 0.0087 C2-Ca6-029-Co 0.0484 0.0141
C3-C4-015-Cip 0.0031 0.5999 C14-Ca6-020-Cio 179.96 179.73
C5-C4-015-Cio 179.99 179.65 Ca6-029-C3o-Hay 61.287 61.241
C-Cs-Ce-Cy 0.0010 0.0038 C26-020-C30-Hi 179.95 179.99
C4-C5-Cs-O3 179.99 179.99 C16-020-C30-Hs3 61.172 61.224
Hy-Cs-Ce-C 179.99 179.81 Ci0-C1-Ca-Con 179.99 179.10
Hy-Cs-C-O13 0.0002 0.1741 C19-Ci19-Cao-Has 0.0032 0.4459
C1-Cs-O13-Hiy 0.0026 0.0306 C21-C19-Ca-Ca2 0.0003 0.6199
Cs-C-013-Hyg 179.99 179.95 C21-C19-Cao-Has 179.99 179.84
C3-Cs-C11-Cio 0.0012 0.7936 C19-C19-Ca1-Cay 179.99 179.23
C5-Cs-Ci-H,s 179.99 178.23 C10-C19-O21-Hos 0.0013 1.8553
017-Cs-C11-Cro 179.99 179.62 Ca0-Cio-Ca1-Cas 0.0010 0.4824
017-Cs-C11-Hs 0.0024 1.3530 Ca0-C19-Ca1-Has 179.99 178.43
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015-C10-C11-Cs 0.0025 0.7290 C19-C20-C22-Ca6 0.0032 0.3120
C5-C1o-C11-H 179.99 178.27 C19-Cap-Cap-Hay 179.99 179.63
C15-Cio-C11-Cs 179.99 179.90 Hy3-Ca0-C2-Cag 179.99 179.86
C19-C1o-C11-H 0.0047 1.1098 Has-Ca0-Co-Hay 0.0035 0.0894
C11-C10-015-Cy 0.0034 0.0066 C19-C1-Ca4-Cas 0.0006 0.0393
C1o-C10-015-Cy 179.99 179.46 C19-Ca1-Cag-Hag 179.99 179.56
C11-C19-C19-Cao 179.98 165.17 Has-Ca1-Ca4-Cas 179.99 178.89
C11-C1p-C19-Cay 0.0217 14.539 Has-Cay-Cag-Hag 0.0001 0.6284
015-C10-C19-Cao 0.0271 14.256

015-C10-C16-Ca 179.97 166.04

The most intensive peak for flavone molecule is C=0
stretching and is observed at 1646 cm™! in Infrared and
1633 cm’! in Raman [9]. This peak is observed at 1581
cm’! in Infrared spectra (1577 cm™! in Raman spectra), is
calculated at 1595cm™ for B3LYP—cc-pVDZ basis set
and 1577cm’ for B3LYP—cc-pVTZ basis set in our
studies.

The O-H group vibrations are likely to be the most
sensitive to the environment, therefore they show
pronounced shifts in the spectra of the hydrogen-bonded
species [12]. The O-H stretching vibrations were
calculated at 2963 ¢cm'-2963 c¢m'and 3663cm'-3680
cm!in B3LYP—cc-pVDZ and cc-pVTZ basis sets in FT-
IR spectrum, respectively.

The C-C stretching vibrations in aromatic compounds
are seen in the region of 1430-1650 cm™!. The C-C ring
stretching vibrations for all rings assigned to 1606 cm!
in the flavone [9]. This stretching vibration is observed at
1605 cm! in the Infrared spectra (1608 cm™ in the Raman
spectra) and is calculated 1610 c¢cm™ for B3LYP—cc-
pVDZ level of theory and 1591 ¢cm™! in B3LYP—cc-pVTZ
level of theory, respectively.

A comparison of these bands with experimental data
predicts that there are negative deviations indeed the
presence of strong intermolecular hydrogen bonding.

4.4 Molecular Electrostatic Potential (Mesp)

The electron potential surface molecules of acacetin
molecules, shapes, sizes and electrostatic potential values
of this molecule were plotted using DFT model. In
addition, a three-dimensional surface potential map of
electron density of the molecule was drawn [19]. The two
dimensional and three dimensional MESP maps of
acacetin molecule were visualized in ~ Figure 5. There
is an excess of electrons in the red zone in colorful map
of the molecule. That is, these red zones are negatively
charged. The regions having the negative potential are
over oxygen atoms. In other areas there is a lack of
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electrons and positively charged. While red color zones
indicate the strongest pushing, blue color zones indicate
the strongest pulling. The MESP map of acacetin
molecule clearly shows that of electron-rich oxygen
atoms.

4.5. Homo-Lumo Analysis

The highest occupied molecular orbital (HOMO) and the
lowest empty molecular orbital (LUMO) are very
important parameters for the quantum chemistry. We
identify with this way of interacting with other molecules
of a molecule. They are called the frontier orbitals.
HOMO, which can be thinking the outermost orbital
including electrons, tends to give these electrons such as
an electron donor. On the other hand, LUMO can be
thinking the intermost orbital including free places to
accept electrons [20].

Because of the interaction between HOMO and LUMO
orbital of a structure, transition state of w - ©* type is
observed in point of the molecular orbital theory [21].
That’s why, while the energy of the HOMO is directly
related to the ionization potential, LUMO energy is
directly related to the electron affinity [22]. The energy
difference of the HOMO-LUMO energy levels is called
the energy band gap. This is an important parameter for
the stability of the structure. Three-dimensional graphics
of HOMO and LUMO for the acacetin molecule is shown
in Fig.6. HOMO and LUMO energy levels B3LYP/cc-
pVDZ calculated. According to these calculations, the
energy band gap of the molecules is 4.0294 eV. Found
that the eigen values of HOMO, LUMO and their energy
gap reflect the chemical activity of the acacetin molecule.
Furthermore, the lower in the HOMO LUMO energy
gaps elucidate the eventual charge transfer interactions
taking place within acacetin. The highest occupied
molecular orbitals were usually localized on all groups.
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Table.3 Vibrational assignment of ACACETIN by normal mode analysis based on SQM force field calculations.

Theoretical (B3LYP) Experimental TED® (%)
cc-PVDZ cc-PVTZ Exp. IR Exp. Raman
I&‘g(‘;zl Freg* 10 . Freg* Ra[5] | SERS[5] | Gas Phase [6]
Vi 11 0,013 0111 24 Tecec(34) + tecco (34)+tucee (12)
Vs 37 0,023 0,043 37 Teeec(29) + tecoc(19) + tecco (18)+tecen (15)
vs 75 0.017 0,154 70 dccc(36) +8cco(21) + vee (12) + von (10)
Ve 84 0.042 0,082 %6 96 vs Tecoc(26) + Tecec(23) + tecco (15)+tcocn (15)
Vs 101 0.020 0,021 102 114 Tecee(33) + tecco (31) + Tecoc(12)
Ve 126 0.793 0,070 124 134 m Tecee(26) + tecoc(24) + tecco (17)+tecen (12) + teocn (11)
v 171 0019 0,019 169 165 m Teeee(31) + teeco (30)+ccen (11) + tecoc(11)
Vg 203 0.027 0,138 201 dccc(24) +8cco(24) + vee (15) + von (15)
Vo 217 0.020 0,012 212 Teeco (29) + Tecce(20) + teocu (15) + Tecoc(10)
vio 219 0212 0,122 218 219 m 8ccc(28) +8cco(24) + vee (16)
vii 232 0,031 0,191 226 238 m Teocn (27) + tecco (23) + Teeec(22)
Vis 247 0.006 0,062 246 Teeee(27) + teeco (20)+tcocn (18) + tecoc(14)
vis 281 0.174 0,069 281 Tecco(31) + Teeee (30)+tecen (10)
Vig 284 2,601 0211 282 295 294 m 8cco(23) +8ccc(22) + vou (22)
Vis 336 0.069 0,107 333 346 Teeee(26) + teeco (22)+tccoc (13) + teocn(11)
e W5 | 0908 0.173 W 337w | Vou B1) + 8cco(24) +8ccc(20) + vee (10)
Vi7 363 0.802 0,170 362 8ccc(27) + 8cco(21) +vee (15) + von (14)
Vig 398 13,621 0,217 383 Tecon (63) + Tecen (10)
Vie 410 0.001 0,007 411 410 w,sh Tecee (43)+ecen (30) + Tecco(12)
Vao 416 0.758 0,347 A4 42 w 435 m Sccc(31) + 8cco(19) + vou (13) + vee (12)
Vai 446 0234 0,181 417 449 461 m 458 w ccc(26) + 8cco(21) +8cen(12) +vee (10)
Vo 498 0342 0,595 497 dccc(38) + 8cco(21) +8cen(11)
. 505 | 0306 0,090 0 so1 00 s Scce(30) + deco(28) +can(12)
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0,032

Vog 506 0.956 508 511 521s 514w Teeen (33) + tecec(32) + Tecco (12)

vas 552 | 5506 0,236 550 520 557 vs 560w | Scce(34) + 8cco(28) +8cen(15)

Vag 569 6.797 1,624 569 580's 583 vs 8cec(25) + 8cco(19) +8cen(15) +vee (12) + veo (11)
Va7 608 0.158 0,054 o, 606 w Teeee(26) + tecco (24) + tecen (19)

Vas 621 2,820 1,348 619 621 614 Sccc(28) + 8cco(25) +0ccu(14) +vee (12)

Va9 628 0363 1,000 624 629 w,sh Sccc(34) +8cen(25) + Scco(11) +vee (14)

v 2 | oo 0,046 . Tecec(25) + Tecco (20) tecan (20) + tocan(14)

Var 650 0.130 0,065 650 652 636 s 641 s Tecee(35) + tecen (24) + Tecco (17)

Vi 661 0,928 0,117 662 660 m,sh 659 w Tecee(41) + tecen (20) + Tecco (14)

Vo 668 | 0.420 0,661 668 675 680 6845 688 m | decc(27) +0cco(19) tvee (15)

. 76 | oass 0,394 T 703 s 200 vw | Scco(24) + 8ccc(23) +vee (20) + dccn(16)

vis 34 {079 0,165 730 712 w,sh 732vw | Teeee(32) F Tecen (27) F tecco (14)

vis 755 | o882 0,002 261 746 755 757 vs 747m | Tecen (23) F Tecee21) + teeco (21)

Va7 789 1,032 2,251 736 dccc(30) +vee (18) + deen(14) + veo (11)

Vag 792 3.570 0,069 798 Toccn (31) + tecec(17) + tecen (13)

Vi 801 | 0077 0,187 200 783 s 797 s Teeen (58) + Tocen (20)

Vao 806 3,562 0,190 810 806 s Tecen (33) + Tocen (28) + tecec(19)

Vai 834 7613 0,196 831 838 823 vs Tecen (38) + Tocen (21) + Tecec(12)

Var 843 0,002 0,119 843 856 839 g 840 w Tecen (36) + Tocen (21) + Tecec(20)

Va3 890 1,629 0,964 879 865 w vee (24) + 8cec(22) + 8cco(20) +0ccn(14)

Vas 898 12,694 0,067 889 906 m 909 m Tecon (46) + tecco (17) + tecec(16)

Vas 949 0,0001 0,159 943 929 Tecen (44) + thcen (19) + Tecec(18)

Vas 952 0,005 0,022 952 Teeen (48) + Teen (21) + Tecee(12)

Va7 963 0,380 0,371 960 959 w,sh 944 w ccc(26) +vee (22)+8cen(21) + veo (12) + Seco(10)
. 99 | 0500 0,087 003 081w | 8cccBD) +occn31) +vee (20)

Vio 1010 1,952 0,357 o1 1002 1005 1009 m Scen(37) +vee (19)+8ccc(13) + veo (12)

Vo 1037 | 11580 0,183 1023 1013 1032 1029w | Veo (23) +8cen(22) +8cce(15) +vee (13)

vsi 1088 7241 0,293 1080 1048 1063 w,sh Bccc(22) + 8cco(17) +vee (16)+veo (16) + Scen(12)
Ve, 1094 3773 1,744 1094 1098 1097 m Scen(42) +vee (19) + 8cec(17) + Seco(11)
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0,381

dccn(46) +vee (16) + Scec(13)
= = - _~ - 1125 w Socn(40)+ tcocn (28) + Sucn(13)+ tecoc(10)
= ol E:j o Tom Been(53) +vee (13) + veo (12)
= L 11 523 - - 1145 s.ch Secr(62) Tvee (13)
. = . 0 2,26 - 1165 \,/s 1170 w Socn(31)+ tcocn (18) + Scen(18) + Sucn(11)
= - Y ’404 - e 1186 vs 1187 s Sccu(37) + veo (16) +vee (12) + Scec(11)
= - e 0; 641 e - 1211 m.sh Bcen(35) +vee (20) + Seec(12) +veo (10) + Scon(10)
R 20— e Secn(37) +vee (19)veo (12) + cce(10)
- = S ;‘:zf e = 4 1236 \;s 1237 s cen(26) +vee (20) + Seec(16) +veo (12)
- — 2230 7’989 = = 1277 s 1272 m vee (24) + 8ceu(19) + veo (14)
ve 1269 | 55458 , 1253 1270 | 1256 i
e O;OT; o~ 1298 < 2995 | vee BD)+ 8cen(20) *eco(1D) ~veo (10)
> - I ; 9’18 = 1321 m 1322 s vee (36) + cen(15) + Sccc(12)
> - 2 ’245 B 2 1352 m vee (29) + 8cec(19) + Seen(17)+veo (15) +8cco(10)
- - . - B - - 1367 s 1378 m vee (35) + 8cen(16) + Sccc(12)+8cco(12)
> - — 5’3:; = = - 1403 w.sh cen(35) + vee (16) + Scec(12)+8men(10)
- — L - . = ’ Suen(29) + Socn(29)+8ccu(19)
. - — o = Sucn(47) + tcocu (34)+ Socn(11)
e - Sucn(23) + Teocn (13)* vee (1) + Scr(10)
e TR e 1429vs | 1443m | Ve (16) * becn(14) + decc14) + Sucn(11)
- i — - - 4 1455 m.sh dcen(22) + vee (21) + 8cec(13) + veo (13) +8cco(13)
- e Z’T:) o = 1:;5 1473 m>sh Scen(43) + vee (20)
- — B2 (1)5 790 o 1504 S 1515 m Scen(31) + vee (21) + 8cec(16) +8cco(11)
o e 5% = Lo | 153w | vec (36)+ dcen(29) + decc(1)
- - . ’ = 1560 ,s 1561 s vee (33) + 8cen(20) + Scce(16) +6cco(13)
- - 22 . = o - 1581 m 1573 m vee (30) + 8cec(16) +8cco(13) + Seen(12) + veo (10)
. S ?;)008 zoo = 1605 vs 1608 vs | Vec (31) + Sccn(28)+ dcce(21)
- o TR 0 21’ 8 = 3 1653 1626 m vee (28) + Sccn(24)+ cec(17)
- = A ’ o = = 1651 1650 m vee (28) + 8cec(16) +8cco(14) + Sccu(14)
v 1662 |gga7s |28 1640 1634 | 1636 1683 s
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ver 2918|9450 10,630 2906 2902 w 2027vw | Ven (88)
Ve 2963|593y | 10067 2963 2929 2960 w 2963 vw | Vo (86)
Vs 2985 | 4807 4512 3006 3025 2991 wsh | 2996 vw | Ven (81)
Vs 3051|536 11,709 3042 3061 msh | 3015w | Ven(81)
Vo 3090 | 140 12,547 3067 3082 m 3077m | Ven (74)
ver 3103 | o718 3027 3077 3075 ven (79)
Vs 3118 10,990 394 3091 ven (80)
Ve 318 0,651 6423 3091 ven (81)
Voo 3134 | 0426 4,222 3105 veir (81)
vor 3134 10,008 08 3109 ven (72)
vor 3144|0315 6,125 3116 3095 3142m ven (75)
Vos 3663|1343 | 3680 vor (91)

vs: very strong, ms: medium strong, s: strong, w: weak, vw: very weak, v: stretching, t: torsion, y: out of plane stretching, d: in plane bending
?Obtained from the wavenumbers calculated at 0.970 for cc-pVDZ, 0.965 for cc-pVTZ [14]

PRelative absorption intensities and Relative Raman intensities normalized with highest peak absorption equal to 100

¢ Total energy distribution calculated B3LYP/cc-pVDZ level of theory. Only contributions> 10% are listed

Fig.5 The 2-dimensional and 3-dimensional MESP maps of the acacetin molecule
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Erumo+1=-4,0411 eV

A

ELumo = - 4,6729 eV

A
AE=3,1592 eV
AE=4,0294 eV

EHOMO =- 7,8321 eV
v

Enomo-1= - 8,0704 eV

Fig. 6 The atomic compositions of the frontier molecular orbital for acacetin molecule
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5. CONCLUSION

We have realized DFT calculations on the title molecule
(B3LYP-cc-pVDZ and cc-pVTZ basis sets) and
vibrational spectrum (Infrared and Raman spectra) of
acacetin molecule. Scale factors were used on account of
compare how the calculated wavenumbers were
comprised with those of experimental ones. Results are
in good agreement with their experimental values. A
comparison of these wavenumbers with experimental
data predicts that there are negative deviations indeed the
presence of strong intermolecular hydrogen bonding. The
Infrared and Raman intensities calculated by B3LYP—cc-
pVDZ and cc-pVTZ basis sets agree very well with
experimental results. Detailed interpretation of the
normal nodes has been made on the basis of PED
calculations. IR absorption intensities of acacetin are
consistent with the PED results. The MESP shows the
negative potential sites are on oxygen atoms as well as
the positive potential sites are around the hydrogen
atoms. The MESP map of acacetin molecule clearly
shows that of electron-rich oxygen atoms. HOMO and
LUMO energy gap reveals that the energy gap reflects
the chemical activity of the molecule. Thus the present
investigation provides complete vibrational assignments
of the compound. Also, the highest occupied molecular
orbitals were usually localized on all groups.
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