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In this study, the experimental and theoretical study on the FT-infrared and FT-Raman spectra of 6-amin-
oflavone (6AF) are presented. The FT-IR (4000–400 cm�1) and FT-Raman (3500–50 cm�1) spectral mea-
surements of solid sample of 6AF have been done. The geometric structure, conformational analysis,
vibrational wavenumbers of 6AF in the ground state have been calculated by using Density Functional
Method (B3LYP) with 6-311++G(d,p) as basis set. The normal modes were assigned by potential energy
distribution (PED) calculations. A detailed vibrational spectral analysis was carried out and assignments
of the observed bands have been proposed on the basis of fundamentals. Theoretically predicted vibra-
tional wavenumbers were compared with available experimental data of molecule. The present experi-
mental analysis on vibrational modes of 6AF can be well supported by theoretical analysis.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

The aminoflavone and its analogue (AF) exhibits anti-prolifera-
tive activity against several renal, breast, and ovarian cancer cell
lines. They have showed the antitumor activity in vitro, particularly
against neoplastic cells of renal origin. Pérez et al. identified cellular
correlates of responsiveness to AF in continuous human tumor renal
cell carcinoma lines and in tumor cell isolates, termed renal carci-
noma cell strains, from patients with clear cell and papillary renal
neoplasm’s [1,2].

Almost all flavone derivatives have been identified from botan-
ical sources, they are commonly found in vascular plants as
phenyl-benzopyrones with different basic structures. Flavone and
flavonols found in plants are yellow compounds and are the main
components of a number of natural dyes used in textile dyeing
since antiquity [3]. Extracted from plants, they are easily hydro-
lyzed from the glycosides to their parent flavonoids and can be ap-
plied to textiles as mordant dyes. Owing to their activities in
photosensitization, energy transport and cellular metabolism,
many flavone derivatives are ingredients for biochemical and phar-
macological products used as human diet supplements [4–9].

Flavonoids are an active area of research as these plant com-
pounds have antioxidative properties, show probably protective
ll rights reserved.

: +90 3862114525.
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effects against chronic diseases [10], and bind to a broad range
of enzymes [11–13]. Flavonoids have been investigated by X-ray
crystallography [14], electron spin resonance [15], FT-IR and
Raman spectra [16,17]. Quantum chemical studies of flavonoids
at semi-empirical level as well as ab initio calculation at the
Hartree–Fock level [18–22] have been reported. The FT-IR, FT-
Raman and DFT result on some flavone derivatives (Flavone
[23], 6-chloroflavone [24], 6,8-dichloroflavone and 6,8-dibromof-
lavone [25] and Baicalein and Naringenin [26]) have been
reported. In the present work, we report the results of theoretical
and experimental (IR and Raman) spectra, conformational analy-
sis and molecular orbital energies of 6AF molecule. The spectro-
scopic properties of 6AF have not yet been studied in detail to
the best of our knowledge. Therefore, the present investigation
was undertaken to study the vibrational spectra of 6AF molecule
completely and to identify the various modes with greater wave
number accuracy. Density Functional Theory (DFT/B3LYP) calcula-
tions have been performed to support molecular structure, hydro-
gen bonding harmonic force field, vibrational wavenumbers and
IR and Raman intensities of the molecule. Furthermore, the pres-
ent work interpreted the calculated spectra of 6-aminoflavone
(6AF) in terms of total energy distributions (TED’s) and made
the assignment of the experimental bands due to TED analysis
results. The natural bond orbital (NBO) analysis has been per-
formed to elucidate the correlation between the intramolecular
charge transfers (ICT), p-electron delocalization and intramolecu-
lar hydrogen bonding.

http://dx.doi.org/10.1016/j.molstruc.2010.06.032
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2. Experimental

The 6AF sample was purchased from Sigma–Aldrich Chemical
Company with a stated purity of greater than 98% and it was used
as such without further purification. The sample of 6AF is in pow-
der form at room temperature. The infrared spectrum of the sam-
ple was recorded between 4000 cm�1 and 400 cm�1 on a Mattson
1000 FT-IR spectrometer which was calibrated using polystyrene
bands. The sample was prepared as a KBr disc. The FT-Raman spec-
trum of the sample was recorded between 3500 and 50 cm�1 re-
gions on a Bruker FRA 106/S FT-Raman instrument using
1064 nm excitation from an Nd:YAG laser. The detector is a liquid
nitrogen cooled Ge detector.
3. Computational details

Density functional theoretical (DFT) computations of 6AF were
performed by using Gaussian 03 program package [27] at the
Becke–Lee–Yang–Parr hybrid exchange–correlation three-parame-
ter functional (B3LYP) level with standard 6-31++G (d,P) basis set
to derive the complete geometry optimization. All the optimized
C13-C12-C9-O11 Dihedral Angles (0)
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Fig. 1. Dihedral angle–relative energy curves of 6AF by B3LYP/6-311++G(d,p) level
of theory.

Fig. 2. Optimized molecular structur
geometry corresponding to minimum on the potential energy sur-
face has been obtained by solving self-consistent field equation
iteratively. The calculated harmonic vibrational wavenumbers
have been analytically calculated by taking second order derivative
of energy using the similar level of theory. The calculated wave-
numbers were scaled with scaling factors. The vibrational modes
were assigned on the basis of PED analysis using VEDA 4 program
[28].

The Raman activities (Si) calculated with Gaussian 03 program
converted to relative Raman intensities (Ii) using the following
relationship derived from the intensity theory of Raman scattering.

Ii ¼
f ðt0 � tiÞ4Si

ti 1� expðhcti=kTÞ½ � ð1Þ

where t0 is the exciting frequency in cm�1, ti the vibrational wave-
number of the ith normal mode, h, c and k fundamental constants,
and f is a suitably chosen common normalization factor for all peak
intensities.

4. Results and discussion

4.1. Conformational stability

In order to reveal all possible conformations of 6AF, a detailed
potential energy surface (PES) scan in C13–C12–C9–O11 dihedral an-
gles was performed. The scan was carried out by minimizing the
potential energy in all geometrical parameters by changing the tor-
sion angle every 10� for 180� rotation around the bond. The shape
of the potential energy as a function of the dihedral angle is illus-
trated in Fig. 1. Some flavone derivative [23–26] and 6AF molecules
exhibit similar trends for conformational analysis.

4.2. Optimized geometry

The optimized molecular structure of 6AF (Fig. 2) was calcu-
lated using Gaussian 03 program. The optimized geometrical
parameters are given in Table 1. Flavone consists of benzenic and
pyranone rings in the same plane and the phenyl substituent out
of this plane. The molecular structure is non-planar; the tilting
takes place between the flavones ring and the phenyl ring around
20� is due to steric repulsion between the two rings. The dihedral
angle (C8–C9–C12–C14) between the two planar rings and the
phenyl group is 21.4�. Also the C–C inter-ring bond connecting
e and atomic numbering of 6AF.



Table 1
The DFT level calculated optimized geometrical parameters.

Bond
lengths

Value
(Å)

Bond
angles

Value
(�)

Dihedral
angles

Value
(�)

C1–C2 1.383 C1–C2–C3 119.4 C1–C2–C3–C4 0.32
C2–C3 1.396 C2–C3–C4 120.7 C2–C3–C4–C5 �0.20
C3–C4 1.397 C3–C4–C5 119.2 C3–C4–C5–C6 0.05
C4–C5 1.399 C4–C5–C6 121.0 C2–C3–C4–C7 179.71
C5–C6 1.393 C3–C4–C7 119.4 C3–C4–C7–C8 0.6
C4–C7 1.482 C4–C7–C8 113.9 C4–C7–C8–C9 �1.20
C7–C8 1.453 C7–C8–C9 122.7 C3–C4–C7–O10 �179.80
C8–C9 1.358 C4–C7–O10 122.7 C7–C8–C9–O11 179.86
C7–O10 1.228 C8–C9–O11 121.9 C7–C8–C9–C12 180.01
C9–O11 1.357 C8–C9–C12 125.7 C8–C9–C12–C13 �158.29
C9–C12 1.476 C9–C12–C13 120.4 C8–C9–C12–C14 21.44
C12–C13 1.403 C9–C12–C14 120.8 C9–C12–C13–

C15

178.90

C12–C14 1.403 C12–C13–
C15

120.5 C9–C12–C13–
H16

�0.59

C13–C15 1.392 C12–C14–
C17

120.6 C9–C12–C14–
C17

�179.00

C14–C17 1.082 C12–C13–
H18

120.0 C9–C12–C13–
H18

2.23

C15–C19 1.394 C13–C17–
C19

120.3 C12–C14–C17–
C19

�0.20

C13–H16 1.082 C13–C15–
H20

119.6 C12–C13–C15–
H20

�179.53

C14–H18 1.083 C12–C14–
H21

120.6 C12–C14–C17–
H21

�179.67

C15–H20 1.084 C17–C19–
H22

120.2 C14–C17–C19–
H22

�179.95

C17–H21 1.084 C7–C8–H23 117.2 C4–C7–C8–H23 177.7
C19–H22 1.084 C4–C5–H24 117.5 C3–C4–C5–H24 �179.79
C8–H23 1.081 C6–C1–H25 121.1 C6–C1–C2–H25 179.74
C5–H24 1.085 C6–C1–H26 119.4 C1–C2–C3–H26 179.42
C2–H25 1.083 C1–C6–N27 120.1 C4–C5–C6–N27 �177.11
C1–H26 1.085 C6–N27–

H28

116.1 C5–C6–N27–H28 �155.92

C6–N27 1.396 C6–N27–
H29

115.7 C5–C6–N27–H29 �20.89

C22–H27 1.009 C9–C12–C13–
H16

�0.60

C23–H28 1.009

Table 2
Second-order perturbation theory analysis of Fock matrix in NBO basis.

Donor(i) ED(i)
(e)

Acceptor(j) ED(j)
(e)

E(2)a

(kJ mol�1)
E(i)–E(j)b

(a.u.)
F(I, j)c

(a.u.)

p(C1–C6) 0.7022 p�(C2–C3) 0.7119 99.6 0.27 0.29 0.072
p�(C4–C5) 0.7047 81.9 0.067

p(C2–C3) 0.7023 p�(C1–C6) 0.6887 79.7 0.29 0.30 0.067
p�(C4–C5) 0.7047 86.8 0.071

p(C4–C5) 0.7095 p�(C1–C6) 0.6887 92.9 0.27 0.26 0.070
p�(C2–C3) 0.7119 87.4 0.28 0.068
p�(C7–O10) 0.8228 81.8 0.067

p(C12–C13) 0.7220 p�(C8–C9) 0.6762 63.2 0.28 0.28 0.060
p�(C14–C17) 0.7100 83.1 0.28 0.068
p�(C15–C19) 0.7040 81.5 0.067

p(C14–C17) 0.7092 p�(C12–C13) 0.6919 80.7 0.28 0.28 0.067
p�(C15–C19) 0.7040 84.9 0.068

p(C15–C19) 0.7102 p�(C12–C13) 0.6919 89.3 0.28 0.28 0.069
p�(C14–C17) 0.7100 81.5 0.067

LP1O10 r�(C4–C7) 0.6856 9.6 1.13 1.16 0.046
– r�(C7–C8) 0.7185 9 0.045

LP2O10 – r�(C4–C7) 0.6856 84.978.3 0.70 0.72 0.107
r�(C7–C8) 0.7185 0.105

LP1O11 – r�(C2–C3) 0.7114 3.2 1.11 1.11 0.026
r�(C3–C4) 0.7104 27.4 1.16 1.01 0.076
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the substituent to the pyranone ring shows a much higher double
bond character, where C4–C7, C7–C8, C9–C12 bonds are around
1.45 Å, the rest of the bond lengths in 6AF range from 1.37 to
1.40 Å. This may suggest that 6AF is a p electron delocalized sys-
tem, a highly conjugated molecule, and hence shows small devia-
tion from co-planarity. It seems that the oxygen O10 contributes
to the delocalization of the p electrons in the system allowing
the compound to behave aromatically. However, the C4–C7 and
C7–C8 bond lengths of 1.48 Å and 1.45 Å, respectively, the pyranone
ring must be slightly conjugated compared to the rest of the mol-
ecule. Furthermore, the C9–C12 bond length of 1.47 Å is closer to
that of a single bond than of a delocalized one, which suggests that
the conjugation across the phenyl ring. Another important thing to
notice is that C8–C9 [1.35 Å] and C7–O10 [1.22 Å] bond lengths are
smaller compared to the other bonds. This would suggest that
the p electrons tend to be mostly localized in the vicinity of the
C8–C9 and C7–O10 bonds. From the above observations, one can
confirm that the 6AF molecule is highly conjugated and p electron
delocalized.
r�(C8–C9) 0.7124 24.9 0.075
r�(C9–C12) 0.7094 4.4 0.029

LP2O11 – r�(C2–C3) 0.7114 99.8 0.36 0.37 0.087
r�(C8–C9) 0.7124 137.9 0.099

LP1N27 – r�(C1–C6) 0.6887 113.6 0.31 0.088

ED – electron density.
a E(2) means energy of hyperconjugative interactions; cf. Eq. (2).
b Energy difference between donor and acceptor i and j NBO orbitals.
c F(i, j) is the Fock matrix element between i and j NBO orbitals.
4.3. NBO analysis

The natural bond orbital (NBO) analysis provides a description
of the structure of a conformer by a set of localized bond, antibonds
and Rydberg extravalence orbitals. Stabilizing interactions
between filled and unoccupied orbitals and destabilizing interac-
tions between filled orbitals can also be obtained from this analysis
[29–32]. Therefore, NBO theory is a valuable complement to the
energetic and structural data presented above. DFT level computa-
tion is used to investigate the various second order interaction be-
tween the filled orbitals of one subsystem and vacant orbitals of
another subsystem, which is a measure of the delocalization or
hyperconjugation [33]. The main natural orbital interactions were
analyzed with the NBO 5.0 program [34]. The hyperconjugative
interaction energy was deduced from the second-order perturba-
tion approach as:

Eð2Þ ¼ �nr
rh jF rj i2

er� � er
¼ �nr

F2
ij

DE
ð2Þ

where hr|F|ri2, or F2
ij is the Fock matrix element between i and j

NBO orbitals, er and er� are the energies of r and r� NBO’s, and
nr is the population of the donor r orbital.

The NBO analysis is an efficient method for investigating charge
transfer (CT) or hyperconjugative interaction in molecular systems.
Some electron donor orbital, acceptor orbital and the interacting
stabilization energies resulting from the second-order micro
disturbance theory have been reported [35]. The larger the E(2)
values, the more intensive is the interaction between electron do-
nors and electron acceptors. The second-order perturbation theory
analysis of Fock matrix in the NBO basis of the molecule shows
strong intramolecular hyperconjugative interactions, which are
presented Table 2. The most important interaction (n–r�) energies,
related to the resonance in the molecules, are electron donation
from the LP(1)N atoms of the electron donating groups to the
anti-bonding acceptor p�(C–C) of the phenyl ring (LP1N27 ?
r�(C1–C6)) = 113.6 kJ/mol. This larger energy shows the hypercon-
jugation between the electron donating nitrogen and the phenyl
ring. The intramolecular hyperconjugative interactions are formed
by the orbital overlap between p(C–C) and p�(C–C) bond orbitals,
which results in ICT (Intra molecular charge transfer) causing sta-
bilization of the system. These interaction are observed as an
increase in ED in C–C anti-bonding orbital that weakens their



Experimental 

Theoretical 

R
el

at
iv

e 
R

am
an

 In
te

ns
ity

 (A
rb

. U
ni

t.)

Y. Erdogdu et al. / Journal of Molecular Structure 980 (2010) 24–30 27
respective bonds [36]. The ED at the four conjugated p and p�

bonds (�0.7 e) of the phenyl ring clearly demonstrate strong delo-
calization of electron leading to stabilization of (�80–90 kJ/mol). A
very strong interaction has been observed between the p type orbi-
tal containing the lone electron pair of O11 and the neighbor r�(C2–
C3) r�(C8–C9) anti-bonding orbital of the benzene ring. This inter-
action is responsible for a pronounced decrease of the lone pair
orbital occupancy than the other occupancy, and is possible to
hyperconjugation between O11 and the benzene ring. These ICT re-
sults support the bio activity of the molecule. The Mulliken popu-
lation analysis in the flavone and 6-aminoflavone molecules was
calculated using the B3LYP/6-311++G(d,p) level. The charge distri-
butions structure and chart of flavone and 6-aminoflavone are
shown in Fig. 3.
Wavenumber (cm-1)
0 500 1000 1500 3000 3500

Fig. 5. Comparison of experimental and theoretical (B3LYP/6-311++G(d,p) FT-
Raman spectrum for 6AF.
4.4. Vibrational analysis

The spectroscopic properties of 6AF have not yet been studied
in detail to the best of our knowledge. The 6AF consists of 29
atoms, which has 81 vibrational degrees of freedom. The 81 normal
modes of 6AF have been assigned according to the detailed vibra-
tions of the individual atoms. These molecules belong to C1 sym-
metry group. Scale factors were used to fit the calculated wave
numbers with those of the observed ones [24,37,38]. Figs. 4 and
5 present the FT-Raman and FT-IR spectra of 6AF, respectively.
The experimental FT-IR and FT-Raman wave numbers are tabu-
lated in Table 3, together with the calculated wave numbers. As
seen in tables IR absorption intensities of 6AF are in consistency
with the PED results.
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Fig. 3. The charge distributions structure of flavone and 6-aminoflavone.
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Fig. 4. Comparison of experimental and theoretical (B3LYP/6-311++G(d,p) FT-IR
spectrum for 6AF.
Aromatic amines absorb at slightly higher than aliphatic
amines. These bands are shifted to higher wavenumbers due to
hydrogen bonding. Generally, H-bonding leads to a reduction in
NH2 stretching wavenumbers, and increase in NH2 bending wave-
number, a broadening of the spectral band and increase in IR inten-
sity [38]. The asymmetric stretching vibration of aromatic primary
amines was observed around 3500 cm�1 while the symmetric one
around 3400 cm�1 [39]. The observed band in IR at 3422 cm�1 is
assigned for the asymmetric N–H stretching mode. The symmetric
N–H stretching mode was observed at 3344 cm�1 in IR and at
3347 cm�1 in Raman. The shifting to lower wavenumber of the
N–H stretching mode could be interpreted as N–H intermolecular
interaction [40]. The NH2 in plane bending vibrations are observed
in IR at 1076 cm�1. The out of plane NH2 vibrations appears from
850 to 700 cm�1. The band observed at 872 cm�1 in FT-IR spectra
is assigned the out of plane vibration of NH2. The above assign-
ments were seen to be in good agreement with those of the calcu-
lated data.

Normal esters are characterized by the strong IR absorptions due
to the C@O stretching vibration in the range 1750–1735 cm�1 and
the other due to C–O stretching vibration near 1200 cm�1. The con-
jugated ester part gives intense IR band at 1720 cm�1 [41]. The in-
crease in single bond character due to conjugation lowers the
wavenumber of carbonyl and double bond absorptions. The car-
bonyl stretching vibration observed as an intense band at
1603 cm�1 in IR. The observed wavenumber of the carbonyl stretch-
ing vibration is lower due to the p-electron being localized. The
bands duo to the ester C–O stretching vibration are strong, partly
due to an interaction of C–C vibration and occur in the range
1300–1100 cm�1. The observed bands in IR at 1375 cm�1 and Raman
at 1374 cm�1 were assigned for C–O stretching vibration.

The bands occurs in the region 3080–3010 cm�1 and are strong
to medium intensity is due to the aromatic C–H stretching wave-
numbers. The intense band in Raman at 3127 cm�1 and
3069 cm�1 is assigned for C–H stretching wavenumber. The C–H
in plane vibrations are appear in the region 1000–1290 cm�1. The
C–H in plane deformation is observed in Raman only 1271 cm�1

1165 cm�1 The C–H out of plane vibration of the mono substituted
ring is observed in the region 770–730 cm�1 and for the tri substi-
tuted ring is 800–760 cm�1. In 6AF the C–H out of plane vibration
are observed in IR at 854 cm�1 [ring B] and 822 cm�1 [ring C]. The
intense band observed in IR and Raman at 770 cm�1 is due to C–H
out of plane vibration of ring C. The observed band at 737 cm�1 in
IR and 734 cm�1 in Raman is also due to C–H out of plane vibration
of ring B.



Table 3
Vibrational wavenumbers of 6AF for B3LYP/6-311++G(d.p).

Unscaled frequencya Scaled frequencyb IIR
c IRaman

d Exp. IR Exp. Raman TEDe (%)

34 33 0.146 0.119 – – COCCC(89) B
47 45 0.225 0.103 – – CCCCC(14) A + CCOCC(39)+cCCCC(16) B
95 91 0.110 0.110 – 87 dOCC(37) dCCC(16) cCCCC(13) B
111 107 0.577 0.078 – 114 CCCCC(12) A CCCCC(40) B
152 147 0.141 0.713 – 147 CCCOC(57) B
177 171 0.329 0.294 – 170 CCCCC(15) A CCCCC(25) B CCOCC(17) B
218 210 0.696 0.443 – 193 dCCO(10) B CCCCC(11) A CCCCC(12) C
240 232 0.858 0.505 – 232 dCCO(18) B dNCC(12) A
260 251 0.140 0.018 – 251 tCC(24) (B–C) dCCO(11) B dCCC15 C
298 288 4.603 0.490 – – CHNCC(95) A
337 326 1.279 1.150 – 344 dOCC(17) B dCCC(22) (B–C)
378 366 1.317 2.458 – 377 CCCCC(20) cNCCC(11) A cCCOC(23) B
393 380 0.226 0.209 – – dCCC(10) A dOCC(43) B
410 397 0.019 0.024 – – CHCCC(26) CCCCC(65) C
435 420 0.152 6.624 – 402 CHCCC(11) CCCCC(52)A
469 454 0.517 40.22 441 – cCCCC(14) (B–C)
494 478 3.867 18.23 481 481 dCCC(13) B dCCC(10) cCCCC(12) B–C
533 515 10.58 13.01 – – dNCC(11) A dCOC(19) B
537 520 41.64 0.554 – 529 CHNCC(26) cNCCC(11) A cCCOC(10) B
549 531 4.369 0.328 550 546 dCCO(15) B dCCC(11) A
575 556 31.85 1.411 – – CHNCC(29) cNCCC(20) A cCCOC(10) B
612 592 3.576 0.066 – – dOCC(44) B dCCC(10) A
633 612 0.071 0.219 599 616 dCCC(65) C
667 645 1.527 0.359 – – CCCCC(17) C + cCCOC(43)B
677 655 0.619 2.736 653 662 dCCC(25) C
695 673 1.208 0.669 – – CCCCC(22) cOCCC(12) cNCCC(24) B
703 680 8.396 6.785 681 – CHCCC(37) CCCCC(30) C
738 714 0.284 0.398 – – tCC(12) dCCC(11) dCCC(10) A
763 738 0.153 0.071 737 735 CHCCC(12) cOCCC(34) cCCOC(15) B
786 760 8.900 3.157 770 770 CHCCC(37) CCCCC(32) cCCOC(10)C
816 789 4.938 6.430 – – tOC(20) dCCC(10) B
826 799 8.615 2.396 806 807 CHCCN(46) CHCCC(38) A
853 825 0.798 8.636 822 – CHCCC(91) C
870 842 6.355 0.352 854 – CHCCC(70) cOCCC(13) B
902 872 2.441 3.301 872 – CHCCN(62) CCCCC(19) A
923 893 5.421 3.518 – – tOC(11) dCCO(12) B
936 905 0.568 0.280 909 911 dCCC(25) A CHCCC(11) C
943 912 0.216 1.407 – 930 CHCCC(56) C
953 921 0.282 0.183 – – CHCCN(38) CHCCC(45) A
990 957 0.102 0.067 970 – CHCCC(91) C
1006 973 0.026 0.026 – – CHCCC(72) CCCCC(11) C
1016 982 0.232 0.188 998 1000 tCC(11) dCCC(64) C
1044 1010 4.679 3.580 1023 1027 tCC(34) C tOC(13) B
1062 1027 2.894 1.283 1043 1146 tOC(19)
1094 1058 2.272 1.002 – – dCCC(37) A dHCC(13)
1101 1065 0.988 0.184 1076 – tCC(19) dHNC(53) A
1108 1071 2.189 4.292 – – tCC(30) dHCC(39) C
1159 1121 3.859 10.120 – – tCC(17) dHCC(58) A
1185 1146 0.024 0.016 – 1165 dHCC(80) C
1207 1167 3.383 19.70 – 1187 dHCC(72) C
1222 1182 5.435 1.919 1207 – tC7C8(11) tOC(28) B + dHCC(11) A
1254 1212 1.361 0.616 – 1237 tCC(19) dHCC(15) B
1268 1226 7.165 3.370 1248 1248 dHCC(40) B
1288 1246 0.967 3.913 – 1271 tCC(13) tNC(11) dHCC(13) A4 tCC(11) B
1318 1274 0.627 19.00 – 1287 tCC(18) C + tNC(10)A
1333 1289 20.62 2.607 – – tCC(11) C + tNC(10) + dHCC(10) A
1356 1311 2.321 2.232 1316 1333 tCC(22) + dHCC(59) C
1373 1328 26.87 33.73 – – tCC(45) A
1386 1341 57.18 45.03 1375 1374 tCC(10) + tOC(20) B
1477 1429 2.226 4.592 1449 1447 dHCC(48) C
1488 1439 19.82 25.87 1472 1468 tCC(14) A
1515 1465 29.01 3.112 1489 1484 dHCC(30) + dCCC(11) A
1526 1476 13.18 1.651 – 1497 dHCC(56) C
1604 1551 21.04 0.573 1564 1565 tCC(33) A
1618 1564 3.489 5.030 – – tCC(37) C
1641 1587 0.301 23.20 1592 – tCC(39) dCCC(11) C
1643 1589 3.052 11.01 – – tCC(32) B
1652 1598 9.487 3.144 – – dHNH(30) + tCC(14)A
1667 1612 54.22 100 – – dHNH(50)
1696 1640 100 89.41 – 1603 tOC(75)
3165 3023 2.908 2.450 – 3069 tCH(93) A
3167 3024 0.115 0.073 – – tCH(96) C
3177 3034 1.733 1.431 – – tCH(97) C
3179 3036 1.932 0.784 – 3127 tCH(99) A
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Table 3 (continued)

Unscaled frequencya Scaled frequencyb IIR
c IRaman

d Exp. IR Exp. Raman TEDe (%)

3187 3044 4.359 3.638 – – tCH(91) C
3196 3052 0.699 1.730 – – tCH(93) A
3196 3053 2.089 0.970 – – tCH(94) C
3208 3064 0.790 0.677 – – tCH(90) C
3222 3077 0.325 0.354 – – tCH(97) B
3572 3412 8.110 10.14 3344 3347 tNH(100)
3671 3505 4.285 4.404 3422 – tNH(100)

P: phenyl (C ring), R: A and B rings, t: stretching, d: bending, C: torsion.
a Unscaled frequencies.
b Obtained from the wave numbers calculated at B3LYP/6-311++G(d,p) using scaling factors 0.967 (for wave numbers under 1800 cm�1) and 0.955 (for those over

1800 cm�1).
c Relative absorption intensities normalized with highest peak absorption equal to 100.
d Relative Raman intensities calculated by Eq. (1) and normalized to 100.
e Total energy distribution calculated B3LYP/6-311++G(d,p) level of theory. Only contributions P10% are listed.

Fig. 6. HOMO (A) and LUMO (B) plot of 6AF.
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The ring C–C stretching vibration occurs in the region 1625–
1430 cm�1. For six membered aromatic rings there are two or three
bands in this region due to skeletal vibration the strongest usually
being about 1500 cm�1. In the case where the ring is conjugated
further, a band about 1580 cm�1. The C–C stretching of ring C is ob-
served at 1592 cm�1 in IR. The same band is observed in IR at
1564 cm�1 and in Raman at 1565 cm�1 for the ring A. The aromatic
ring deformation vibrations are appear in the region 625–605 cm�1

for the mono substituted ring and 475–425 cm�1 for the trisubsti-
tuted ring. The ring deformation of ring C is observed in IR at
599 cm�1 and in Raman at 616 cm�1. The observed Raman band
at 402 cm�1 is assigned for the ring deformation of the ring A.

4.5. HOMO–LUMO energy gap

In principle, there are several ways to calculate the excitation
energies. The first, and the simplest one, involves the difference be-
tween the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) of a neutral system.
This form corresponds to the frozen orbital approximation, as the
ground state properties are used to calculate excitation values.
The HOMO–LUMO energy gap for 6AF has been calculated DFT le-
vel. The eigen values of LUMO and HOMO and their energy gap re-
flect the biological activity of the molecule. LUMO act as an
electron donor which donates an electron. The atomic orbital com-
positions of the molecular orbitals are sketched in Fig. 6.

HOMO energy ¼ �811:06 kJ mol�1

LUMO energy ¼ �561:43 kJ mol�1

HOMO—LUMO energy gap ¼ 249:63 kJ mol�1

The calculated self-consistent field (SCF) energy of 6AF is
�2057434.002 kJ mol�1. In addition, the decrease in the HOMO
and LUMO energy gap explains the eventual charge transfer interac-
tion taking place within the molecule which is responsible for the
bioactivity of the molecule.
5. Conclusion

The detailed interpretation of the vibrational spectra has been
carried out with the aid of normal coordinate analysis (NCA) fol-
lowing the scaled quantum mechanical force field methodology.
FT-IR and FT-Raman spectra of the 6-aminoflavone have been re-
corded and analyzed. The molecular geometry, conformational sta-
bility, HOMO and LUMO energy, vibrational wavenumbers, of 6AF
in the ground state has been calculated by using density functional
theory. The optimized structure gives the non-planarity and
p-electron delocalization of the structure. The observed and the
calculated wavenumbers are found to be in good agreement. The
lowering of carbonyl stretching wavenumber is due to the p-elec-
tron being localized. The lowering of the HOMO–LUMO energy gap
value has substantial influence on the intramolecular charge trans-
fer and bioactivity of the molecule.
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