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The structural, thermal, spectroscopic, electronic and biological activity properties of the Coumarin-153
molecule report herein a joint experimental and theoretical investigation. Fourier Transform Infrared (FT-
IR), Nuclear Magnetic Resonance (NMR) and Ultra Violet (UV) spectroscopy are used to probe the spectro-
scopic properties of the Coumarin-153 molecule. Theoretical vibrational, NMR and UV-Vis spectroscopic,
structural and some electronic properties of Coumarin-153 molecule were estimated by Density Func-
tional Theory (DFT). In the DFT calculations, the B3LYP functional with 6-311G(d,p) basis sets were ap-
plied to carry out the quantum mechanical calculations. Some features just mentioned were visualized.
In addition, Coumarin-153 molecule was also evaluated for antibacterial and antifungal activities against
pathogenic bacteria (Gram negative and Gram positive) and yeast.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Coumarins are the photoactive organic molecule used in the
synthesis of Dye-Sensitized Solar Cells (DSSC). Photoactive organic
dyes are very effective in light absorption and light electrical con-
version in dye-sensitized solar cells [1,2]. In today and in future
studies, achieving optimum device efficiencies in dye-sensitized
solar cells and extending the stable cell lifetime are priority issues
to be addressed [3]. The efficiency of a solar cell can be predicted
by determining some parameters such as the open circuit voltage
and the short circuit current density. These parameters are related
to the molecular structure and to the HOMO and LUMO of the pho-
toactive organic dyes materials. These materials constitute the core
of the photovoltaic device [4].

According the structure and working principle of dye-sensitized
solar cell (DSSC), photovoltaic cycle is completed with absorption
of light, decomposition of charges, charge transfer and collection
of charges. The detailed study of kinetic and dynamics of charge
motion within this system is very important for the development
of organic and dye sensitized solar cells technology. Also, the pho-
ton absorption process, the maximum absorption wavelength and
the band gap energy of the photoactive organic dyes materials is
important for the synthesis of DSSC. The much more characteri-
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zation is needed in order to propose TiO,- Coumarin-153 hybrids
as good candidates for the development of efficient dye-sensitized
solar cells. Thus, theoretically explaining the UV-Vis spectra could
be an important step in the design of organic solar cells [4]. These
results show that the present model could be useful for the evalu-
ation of reliable molecular structure and properties values for sys-
tems of interest in materials science frameworks, which could be
relevant for organic photovoltaic applications [4].

The DSSC consists of an electrolyte, a photo-active dye, an ox-
ide semiconductor electrode, and a metal-conducting electrode. In
the literature, transparent conductive oxide (TCO) materials, which
are mostly fluorine doped tin oxide (FTO) and indium tin oxide
(ITO) coated glass, are used as a substrate in the production of dye-
sensitized solar cells. Nano-crystalline TiO,, ZnO and SnO, films,
which can be obtained by different methods as semiconductor ox-
ide, are the most frequently used materials. For the counter elec-
trode, pure metals such as platinum (Pt) gold (Au) and silver (Ag)
are the most commonly used materials. lodide-triiodide (I3~-I7) as
liquid electrolyte; ionic liquids and polymer gel containing redox
couples as semi-solid electrolyte; inorganic p-type materials and
organic polymers are used as solid state electrolytes. Ruthenium
complex polypyridyl dyes, metal-free organic dyes, porphyrin dyes,
quantum dot sensitizers, perovskite based sensitizers are used as
sensitizing materials [5-8].

In addition to the discussions above about Coumarin and its
derivatives, they are a member of the benzopyrones family. They
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have a wide range of biological activities and behaviors [10]. The
source of their biological activity is their structural properties.
These structural properties are correlated to their physicochemical
properties. Over the past decade, Coumarin and its derivatives have
attracted increasing interest in pharmaceuticals [11], fluorescence
sensors [12], chemoreceptors [13] and precursors for the synthesis
of coumarin pyrazoles [14]. Some coumarin and derivatives have
also anticoagulants, antioxidants, antidepressants, analgesics and
diagnostics [15] properties. Coumarin derivatives containing a sub-
stituted hydroxyl group possess antibiotic and antifungal activities.

In the present work, Coumarin-153 has been investigated by
using density functional theory and spectroscopic methods. Vi-
brational, structural and some electronic properties of Coumarin-
153 were investigated by experimental and theoretical methods.
Note that the infrared, NMR and UV-Vis spectra of Coumarin-153
molecule, which haven’t been assigned yet, performed the com-
plete assignment. To understand the vibrational and some elec-
tronic properties of Coumarin-153 molecule, as an important com-
pound in the scientific research, the FT-IR, NMR and UV-Vis spec-
tra of Coumarin-153 have detected and evaluated computational
results. In addition, Coumarin-153 molecule was evaluated for an-
tibacterial and antifungal activities.

2. Materials and methods

All the theoretical process and calculations were performed
with the Gauss View 5.0 [16] and Gaussian 09 W [17] quantum
chemistry package programs by used DFT/B3LYP [18] functional
and 6-311G(d,p) [19] basis set. The vibrational assignments were
accomplished by means of the potential energy distribution (PED).
The results of PED were determined by using of scaled quantum
mechanics (SQM) program [20].

Coumarin-153 molecule was provided from Sigma-Aldrich. The
FT-IR spectrum of Coumarin-153 was recorded by Bruker Vertex
80 FTIR spectrometer. In the FT-IR spectra, spectral region is 4000-
550 cm™!, the spectral resolution is 4 cm~! and scan is 32. UV-Vis
absorption spectra of Coumarin-153 was detected by Lambda 2S,
Perkin Elmer UV-Vis spectrometer. This experiment was realized
at RT in the range of 200-1100 nm. In the UV-Vis experiment,
methanol was used as a solvent. 'H and 3C NMR spectral data
were detected by means of Bruker Avance 300 MHz spectrometer
in Chloroform solution.

The antimicrobial activity of Coumarin-153 molecule deter-
mined. The well-diffusion method was used for antimicrobial stud-
ies. In this studies, Authors were used the five Gram-negative
bacteria (S. typhi H NCTC901.8394, E. coli ATCC1280, Klebsiella
pneumonia ATCC 27,853, Proteus vulgaris RSKK 96,026, Pseu-
domonas putida), four Gram-positive bacteria (Staphylococcus au-
reus ATCC25923, Staphylococcus epidermis ATCC12228, Micrococcus
luteus ATCC9341, Bacillus cereus RSKK-863) and one yeast (Candida
albicans Y-1200-NIH) [21-26].

The Coumarin-153 molecule was kept dry at room temperature
and dissolved (0.25 pg/ml) in DMF. DMF was used as solvent for
Coumarin-153 molecule and control. Pathogenic bacteria and yeast
cultures were placed in sterile petri dishes for 1% (v/v) of 24 h.
These cultures were containing 106 CFU/mL. Then, sterile Mueller-
Hinton Agar (MHA) (15 mL) was sheds into the petri dishes and
allowed to solidity. After solidification, wells with a diameter of
6 mm were drilled carefully using a sterile cork borer and com-
pletely filled with Coumarin-153. Finally, plates were incubated for
24 h at 37 °C on the incubator. At the end of incubation, the zone
of growth inhibition of each sample determined by using the av-
erage value of the two wells [27-29]. The pathogenic bacteria and
yeast were also tested for resistance to five antibiotics produced
by Oxoid Lt., Basingstoke, UK (Ampicillin, Nystatin, Kanamycin, Sul-
phamethoxazol, Amoxycillin) [30-32].

3. Results and discussion
3.1. Optimization of molecular geometry

The energies of the optimized geometry was worked by using
B3LYP and 6-31 G(d,p) basis set for various possible conformers
of Coumarin-153. There are about two conformers obtained for
Coumarin-153. The optimized energy value and molecular geom-
etry of the possible conformers of Coumarin-153 were shown in
Fig. 1. It is clear in Fig. 1, the optimizations were shown that the
conformer-1 produced the global minimum. When examining the
energy differences between the conformer-1 and conformer-2 (see
Figure 1), it is seen that the relative energies of the conformer-2
were less than kT energy (0.6 kcal/mol at room temperature and 1
atm pressure). It is note that conformer-2 have considerable pop-
ulation at room temperature. The quantum chemical analysis of
Coumarin-153 will do over all the conformers.

The molecular geometry of Coumarin-153 molecule was illus-
trated in Fig. 2 with the atomic numbering in the ground state.
Its geometric parameters were gathered in Table S1. The calculated
geometrical parameters were compared with those of X-Ray study
[33].

The bond angles between the pyrone and benzene rings of the
conformer-1 (conformer-2) Coumarin-153 molecule were obtained
at 115.8° (116.0°) /115.6° for Cg-Co-04, 126.1° (126.1°) [126.7° for
C5-C190—-C4 and 123.4° (123.4°) [122.5° for Cg-0;-C, by means of
DFT/X-Ray process. The conformer-1 (conformer-2) of the dihedral
angles between the rings mentioned above of the Coumarin-153
molecule were determined at 179.9° (179.9°) /176.8 (C5—C10—-C4-C3)
and 179.7° (179.8°) [177.3° (C5—Cy9—C9-0O7) for DFT/X-ray data.
This apparently shows that the pyrone and benzene rings of the
Coumarin-153 molecule has planar geometry.

The average C-F bond length of the trifluoromethyl group in
the Coumarin-153 molecule were determined about 1.333 A by X-
Ray experimental process [33]. Yip et al. [33] reported that the F-
C-F and F-C-C bond angles have been experimentally founded at
106.2° and 112.5°, respectively. In the present study, the C-F bond
length and the F-C-F and F-C-C bond angles were theoretically pre-
dicted at 1.349 A, 106.9° and 111.8°, respectively. From Table S1, It
is note that theoretical computed geometric parameters were close
to those of X-Ray study.

3.2. Vibrational analysis

The Coumarin-153 molecule possesses C; point group symme-
try and has 36 atoms (CigH14F3NO;) with 102 normal modes. All
the vibrations are active in IR spectra. The experimental FT-IR spec-
tra of Coumarin-153 molecule is shown in Fig. 3. The correspond-
ing predicted FT-IR spectra is given Fig. 3. The observed and pre-
dicted wavenumbers, their relative intensities, total energy distri-
butions of Coumarin-153 molecule are gathered in Table 1.

The typical CH stretching vibrations of the hetero-aromatic
structure are appeared in 3054-3072 cm~! frequency ranges [34].
One band experimentally obtained at 3072 cm~! are defined as
the CH stretching vibration of Coumarin-153. In accordance with
the observed wavenumber, this band was predicted at 3098 cm~!
(conformer-1) and 3099 cm~! (conformer-2) by DFT. The CH,
stretching vibrations were measured lower than that of CH stretch-
ing vibration. The CH, stretching vibration bands observed at 2842
cm~!, 2875 cm~!, 2891 cm~!, 2933 cm~!, 2952 cm~! in the FI-
IR spectra. The bands detected at 2933 cm~! and 2952 cm~! were
assigned to the asymmetric stretching vibrations by means of PED.
At the same time, 2842 cm~!, 2873 cm~! and 2891 cm~! bands
determined as the symmetric CH, stretching vibrations.

On the basis of physical state, electronic mass effects of neigh-
boring substituents, conjugations and hydrogen bonding, the C = O
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Fig. 1. . The optimized energies and geometries of conformers of Coumarin-153.

Table 1
Some selected vibrational spectral data of Coumarin-153 compound.
Theoretical Experimental
Conformer-1 Conformer-2 FT-IR PED
Freg? It Freg? It
Vo7 550 0.610 562 0.818 561 Sucn(46%)+38ccn(21%)
Vog 571 0.944 579 0.779 570 Tecec(32%)+Y ccn(20%)+8ncn (12%)+ T enen (10%)
Va9 606 0.356 603 0.517 588 Sucn(41%)+Tceec(17%)+Teneu(11%)
V3o 632 0.204 633 0.195 622 Y ccn(26%)+T cccc(24%)+T ccco(13%)
V3 652 3.042 648 1.926 644 Sucn(32%)+8ccc(19%)
V32 677 1.326 675 1.426 667 Teeec(34%)+T cccn(21%)+T cccr(10%)
V33 692 0.155 692 0.130 692 Tccee(33%)+y cen(25%) (R1)
V3s 716 1.276 712 1.697 709 SucH(31%)+8cch(24%)+ Spcp(18%)
V36 736 1.303 740 1.017 738 fcccc(47%)+acc}{(17%)+($H(H(14%)
V37 792 1.275 791 1.296 757 Scco(35%)+8ccn(21%)+8ucu(15%) (R1)
V3g 829 0.498 833 0.955 811 SHcH(54%)+Y ccu(21%) (R3-R4)
Vao 848 1.499 848 0.421 846 Sucn(42%)+y ccu(35%) (R3-R4)
Vaq 858 5.325 856 5.600 858 ¥ ccn(64%)+80cn(16%) (R1)
Vgs 884 2.107 883 1.821 892 Sucu(56%)+8cc(19%) (R3-R4)
Vag 918 0.298 913 0.503 906 SHcH(64%)+8ccu(11%) (R3-R4)
Va7 964 1.461 961 1.113 939 Sucn(39%)+38ccn(26%)+vco(6%)
Vag 1010 1.710 1009 0.972 991 Sucn(58%)+8ccu(15%) (R3-R4)
Vso 1032 2.530 1029 2.972 1033 Sucn(57%)+8ccu(17%) (R3-R4)
Vs 1059 2.116 1059 2.007 1051 Sncu(52%)+68ccu(20%) (R3-R4)
Vs 1060 0.612 1062 0.568 1074 SHcn(65%)+8cc(14%) (R3-R4)
Vsg 1102 12.37 1101 11.56 1085 Sccn(49%)+vco(16%) (R1)
Vss 1104 37.31 1103 37.04 1116 Tcecr(50%)+vcr(34%)
Vs7 1136 16.11 1135 20.27 Sncu(30%)+6ccu(26%)+vcp(13%)
Vsg 1153 45.35 1158 39.10 1149 Sccu(32%)+8ucu(27%) (R3)
Vsg 1173 2.863 1163 5.110 1168 Sucu(71%) (R3-R4)
Veo 1191 9.412 1190 2.007 Suci(78%) (R3-R4)
Ve1 1195 0.345 1192 5.535 1206 Suc(70%) (R3-R4)
Ves 1259 3.417 1253 0.997 1253 Sucu(72%) (R3-R4)
Vg7 1267 2477 1274 2.752 1284 Sucn(46%)+38ccu(24%) (R3-R4)
V69 1314 2.541 1312 6.436 1311 Sucu(65%) (R3)
V74 1342 4.300 1344 1.966 1350 Suc(76%) (R3-R4)
V75 1367 20.40 1365 22.90 1378 SCCH(49/)+8HCH(]9‘7)
V79 1437 0.835 1441 1.135 1433 Sncu(84%) (R
Vg3 1464 4.300 1467 3.259 1479 Sucu(76%) (R3 R4)
Vgq 1501 13.58 1511 18.60 1515 SHcH(48%)+ven(30%) (R3-R4)
Vgs 1531 20.63 1531 18.95 1550 Vec(45%)+8ccc(15%)+8ccn(10%)
Vgs 1589 63.69 1588 65.60 1596 Vee(30%)+8ccc(23%)+8ccn(15%)
Vg7 1609 11.28 1611 20.63 1620 Vee(38%)+8ccc(19%)+8ccn(16%)
Vgg 1760 100 1760 100 1728 Vco(86%) (R1)
Vgg 2852 6.923 2869 7.608 2842 venz(77%) (Sym) (R3-R4)
Voo 2858 18.71 2874 16.04 2875 Ven2(70%) (Sym) (R3-R4)
Vo1 2906 4.162 2902 4.768 2891 Veu2(79%) (Sym) (R3)
Vog 2940 4475 2934 2.020 2933 Ven2(72%) (Asym) (R3-R4)
Vog 2967 9.592 2947 9.355 2952 Ven2(72%) (Asym) (R3-R4)
V101 3098 0.340 3099 0.355 3072 veu(89%) (R1)

v: stretching; 8: in-plan bending; y: out-of-plane bending; t: torsion; asym: asymmetric; sym: symmetric; R1; Ring 1; R2:

Ring 2; R3: Ring 3; R4: Ring 4.
30btained from the wave numbers calculated at B3LYP/6-311G(d,p) using scaling factors 0.9682.
bRelative absorption intensities normalized with highest peak absorption equal to 100.

fTotal energy distribution calculated B3LYP 6-311G(d,p) level, TED less than 10% are not shown.
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Fig. 2. Optimized structure and atom numbering for Coumarin-153.
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Fig. 3. FT-IR spectra of Coumarin-153 molecule.

stretching band are observed in the region 1870-1540 cm~! [35].
Very strong absorption at 1728 cm~! in IR is assigned to C = O
stretching for the Coumarin-153 molecule. The C = O vibration
is computed at 1760 cm~! by B3LYP/6-311G(d,p) method show
good agreement with the experimental values. The structure of
Coumarin-102 is very similar to that of Coumarin-153. When the
methyl group of the Coumarin-102 molecule are changed by triflu-
oromethyl group, the molecule is called Coumarin-153. Zhao and
Han et al. [36] reported that the C = O stretching vibration of
Coumarin-102 was observed at 1735 cm~! as a very strong ab-
sorption band by the FT-IR spectrum. The C = O stretching band

is shifted from 1728 cm~! in the Coumarin-153 to 1735 cm~! in
the Coumarin-102 molecule.

The vibrational spectral peaks of the experimental IR ab-
sorbance [1522, 1596, 1622 cm™!] spectra of the investigated
Coumarin-153 are assigned to the Carbon-Carbon stretching vibra-
tions. These vibrations were predicted at 1531, 1589, 1609 cm™!
by B3LYP calculation. According to the PED results, these vibrations
were estimated as mixed CCC and CCH bending vibrations.

Trifluoromethyl group has the four fundamental vibrations.
Beg et al. [37] reported that the symmetric/ anti-symmetric CF;
stretching vibrations observed at about 1100 cm~!/ 1180 cm~'. In
the same work, the symmetric/anti-symmetric CF3 deformation vi-
brations appeared at about 700 cm~!/ 520 cm~!. While the sym-
metric CF; stretching vibration appeared at 1116 cm~! in the FI-IR
spectra, asymmetric CF3 stretching vibration couldn’t be detected
in the FT-IR spectra.

The principal CH, vibrations are able to scissoring, wagging,
twisting and rocking obtained in the frequency between 1500
cm~! and 800 cm~! [38-40]. CH, scissoring vibrations were
seen at 1515 cm~!, 1479 cm~! and 1434 cm~! for Coumarin-
153 in the infrared spectrum. These vibrational modes were cal-
culated at 1501 cm~! (conformer-1) / 1511 cm~! (conformer-2),
1464 cm~! (conformer-1) | 1467 cm~! (conformer-2) and 1437
cm~! (conformer-1) | 1441 cm~! (conformer-2). The frequencies
measured at 1379 cm~! and 1352 cm~! were attributed to the
CH, wagging modes. According to the DFT results, the CH, wag-
ging modes were predicted at 1367 cm~! (conformer-1) | 1365
cm~! (conformer-2) and 1342 cm~! (conformer-1) / 1344 cm™!
(conformer-2) by B3LYP/6-311G(d,p) level of theory. The bands
at 1311 cm~!, 1284 cm~! and 1253 cm~! in the infrared spec-
trum, were assigned to the CH, twisting mode in the Coumarin-
153 molecule. Correspond predicted vibrational modes were calcu-
lated at 1314 cm~! (conformer-1) / 1312 cm~! (conformer-2), 1267
cm~! (conformer-1) | 1274 cm~! (conformer-2) and 1259 cm~!
(conformer-1) |/ 1253 cm~! (conformer-2) by B3LYP calculation.
Rocking vibrations of the Coumarin-153 molecule seen at 1149
cm~1/1153 cm~! (conformer-1) and 1158 cm~! (conformer-2), 1168
cm~1/1173 cm~! (conformer-1) and1163 cm~! (conformer-2) and
1206 cm~1/1195 cm~! (conformer-1) and 1192 cm~! (conformer-2)
in the infrared spectra/theoretical result.

3.3. Nuclear magnetic resonance spectra (NMR)

Using optimized geometry of the Coumarin-153, theoretical 'H
and 13C NMR data were predicted by means of GIAO method. The
computed and detected 'H and 3C data were tabulated in Table 2
in a chloroform solvent. The experimental NMR spectra were illus-
trated in Fig. 4.

The carbon chemical shift values generally appear in the region
of 100 to 150 ppm [41-42]. In the coumarin ring, the experimental
shift of the C4 and C3 and atoms were measured at 142.0 ppm and
106.5 ppm. The signs of C; (§c 146.5), Cg (8¢ 118.9), C1g (8¢ 102.4)
Cs (8¢ 127.6) and Cg (8¢ 123.9) from coumarin, are characteristic
for the benzene ring from the benzopyran nucleus. The theoretical
values of 3C NMR chemical shifts of the above atoms were deter-
mined at the range from 106.3 ppm to 150.6 ppm. The calculated
chemical shifts are in good agreement with the experimental val-
ues. In Coumarin-153, the carbons Cy4, Ci5, Ci2, Ci3, Ci7 and Cyg
feature signs 6¢c 49.90 ppm, §c 49.50, ¢ 27.70 ppm, §¢ 21.20 ppm,
8¢ 21.20 ppm and 8¢ 20.30 ppm, respectively, indicating that they
are methylene. These signals of the conformer-1/conformer-2 were
computed at 52.27/51.21 ppm, 51.68/50.95 ppm, 30.52/30.88 ppm,
23.68/23.76 ppm, 23.43/22.66 ppm and 22.76/22.56 ppm by means
of DFT.

The C, atom has a most shielded signal because C, atom is
attached to an electronegative oxygen atom Oq;. The experimen-
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Table 2
TH and C NMR data of Coumarin-153 compound.

Theoretical Experimental Theoretical Experimental

Atoms Conformer-1 Conformer-2 Atoms  Conformer-1 Conformer-2

C, 160.8 160.8 160.9 Hyq 7.22 7.19 7.26
Co 158.6 158.4 152.0 Has 6.01 5.95 6.31
C; 152.1 150.5 146.5 Hs, 3.29 3.28 3.32
Cy 146.6 146.6 142,0 Hsg 3.28 3.28 3.30
Cio 1314 1314 141,6 Hae 3.12 3.26 3.28
Cs 127.3 126.8 127.6 Hsq 3.04 3.12 3.26
Ce 1233 123.0 123.9 Hyg 3.01 3.11 2.79
Cs 111.8 110.7 1189 Hse 2.76 2.67 2.77
Cs 108.5 107.3 106.5 Hss 2.67 2.64 2.77
Cio 107.3 106.2 102.4 Hjs 2.52 2.36 2.75
Cia 52.27 51.21 49.9 Hag 1.88 1.86 1.99
Cis 51.68 50.95 49.5 Hss 1.84 1.80 1.97
Ci2 30.52 30.88 27.7 Hy7 1.80 1.66 1.95
Ci3 23.68 23.76 21.2 Hsy 1.79 1.64 1.93
Cis 23.43 22.66 21.2

Cy7 22.76 22.56 20.3

tal signal of C, atom is observed at 160.9 ppm for Coumarin-
153 molecule. The calculated value noticed that 160.8 ppm for
Coumarin-153 by DFT calculations. The experimental signal of Cq
atom, which is connected to the oxygen atom O; in the ring, is
measured at 152.0 ppm for Coumarin-153. The predicted value
notes that 158.6/158.4 ppm for conformer-1/conformer-2 by DFT.

Fluorine atom has also more electronegative property than oxy-
gen and other atoms. So, the Ci9 chemical shift of Coumarin-153
molecule expects to be bigger than ones of other carbon atoms.
But, Cy9 chemical shift smaller measured than ones of the carbon
atoms, which are connected to the Oxygen atoms of the Coumarin-
153 molecule. Because fluorine atoms highly sensitive to mag-
netic field, some uncounted effects exist in fluorine substituted
molecules. In the Coumarin-153 molecule, 131.4 ppm (theoreti-
cal) and 141.6 ppm (experimental) signals determined in the NMR
spectra [43-44].

Similarly, the aromatic 'H NMR signals in the benzene rings
are observed between 7 and 8 ppm [45]. The 'H NMR signal of
the benzene ring from the benzopyran nucleus was experimen-
tally observed at 7.26 ppm and theoretically at 7.22/7.19 ppm for
conformer-1/conformer-2. Other "H NMR signal of the benzopyran
nucleus was experimentally detected at 6.31 ppm and theoretically
at predicted at 6.01/5.95 ppm for conformer-1/conformer-2. These
peaks are belonging to the '"H NMR signal of —CH group protons.
Other 'H NMR signals are possess —CH, group protons. The 'H
NMR signals of —CH group protons are bigger than those of -CH,
group protons. The -CH, group protons were grouped as Group
1 (HZQv Hsg, Hsq and H32), Group 2 (H25, Hyg, Hss and H36) and
Group 3 (Hy7, Hyg, H3z and Hsy). The sequence of the Cq3 chem-
ical shifts of Groups is the Group 1 >Group 2>Group 3. Because,
Group 1 is closer to the electron donating environment than those
of the Group 2 and Group 3. The 'H chemical shifts were experi-
mentally measured at 3.32 ppm-3.26 ppm for Group 1, at 2.79 ppm
- 2.75 ppm for Group 2 and at 1.99 ppm - 1.93 ppm for Group 3.

3.4. Ultra-violet (UV) spectroscopy analysis

Ultraviolet spectrum analyses of Coumarin-153 were investi-
gated theoretically and experimentally. The methanol with purity
(99.9%) was theoretically and experimentally used as a solvent in
the present work. From the optimized structure of the conform-
ers, TD-DFT/B3LYP/6-311 G (d, p) computations have been per-
formed to calculate the wavelengths, excitation energies and oscil-
lator strengths in methanol (IEF-PCM solvent method). Computed
and detected UV-Vis spectra of Coumarin-153 were given in Fig. 5.
The computed and detected data of electronic absorption proper-

ties of Coumarin-153 such as the absorption maxima wavelengths
(Amax) [44], electronic excitation energies, excited state and oscil-
lator strengths were gathered in Table 3.

Miihlpfordt et al. [46] reported that the lowest excited sin-
glet states of Coumarin-153 molecule, which is names the fluori-
nated Coumarin-102, given at 3.17 eV (S1 state), 3.86 eV (S2 state),
4.25 eV (S3 state), 4.69 eV (S4 state), 4.79 eV (S5 state), 5.20 eV
(S6 state), 5.80 eV (S7 state) and 5.93 eV (S8 state) by using the
DFT calculation. All of these reported as p to w* transition. In
that study, S1 state is dominated by the HOMO > LUMO excita-
tion. In present work, the first excited state were determined at
405.13 nm (3.0604 eV) for conformer-1 and 406.94 nm (3.0468 eV)
for conformer-2 by DFT. Its major contribution is HOMO->LUMO
(69%) for both conformer, including excitation from 7 to m*. This
state (S1) experimentally observed at 422 nm.

Experimentally measured at 266 nm wavelength were pre-
dicted at 264.72 nm (4.6837 eV) for conformer-1 and 263.47 nm
(4.7059 eV) for conformer-2 by DFT. Its major contribution were
obtained the H-3>LUMO (69%). The 214.65 nm (5.7761 eV) for
conformer-1 and 215.79 nm (5.7455 eV) were predicted the wave-
length in methanol solvent by B3LYP/6-311G(d,p) level of the-
ory. Its major contribution H-1>L + 1 (52%) for conformer-1 and
HOMO=>L + 2 for conformer-2 and the corresponding experimental
in methanol has maximum wavelength at 216 nm. The remaining
theoretical values are tabulated in Table 3. The agreement between
theory and experiment is good. Because, the differences of all band
maxima found experimentally are about 0.15 - 0.20 eV of the the-
oretical values.

3.5. Thermogravimetric and differential thermal analysis (TGA/DTA)

The information about thermal stability of Coumarin-153 ob-
tained by means of Thermogravimetric analysis (TGA) and Differ-
ential thermal analysis (DTA) and Differential Thermogravimetric
Analysis (DTG). In this experiment, Coumarin-153 was used pow-
der form. The TGA/DTA/DTG curves of the complex were shown in
Fig. 6. The temperature of the samples was increased from 30 °C
to 550 °C with a heating rate of 10 °C per minute through the
programmed dynamic temperature change. In this process, the ex-
periment was carried out in a nitrogen atmosphere at a flow rate
of 100 mL/min. There is no temperature difference until the sam-
ple undergoes an exothermic or endothermic chemical reaction or
change of physical state.

The DTA curve of the Coumarin-153 molecule shows one en-
dothermic peak and one inflexion point. The DTA curve exhibits
an endothermic peak at 165 °C. It is representing melting of the
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Fig. 4. "H and 3C NMR spectra of Coumarin-153 molecule.

Coumarin-153 in the lower temperatures. At this temperature, the
sample temperature has departed from the baseline and then has
returned to the baseline when the reaction or transformation is
complete. Also, the inflexion point of the Coumarin-153 appears at
328 °C in the DTA curve. The TGA curve shows continuous weight
loss up to 275 °C without any inflexion point. The first inflexion

point appears at 315 °C with a weight loss of 89% representing
the elimination of Coumarin-153. When mass loss is more readily
evaluated from the integral curve, DTG curves always accompany a
TGA curves. From the DTG curve, it was observed that Coumarin-
153 showed one weight loss at 311 °C. DTG curve has the two very
small peak at 166 °C and 222 °C.
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Fig. 5. UV-Vis spectra of Coumarin-153 molecule.

3.6. Molecular electrostatic potential mapped

The experimental results concerning the surface and inter-
molecular interaction etc. are theoretically supported through the
molecular electrostatic potential and electron density counter plots
presented in Fig. 7 [47-50]. The MEP contours and surfaces have
been established extensively as a guide to the interpretation and
prediction of molecular behavior. This map surface and counter
shows the varied charged areas of a molecule, pointing out the role
of the molecular reactivity. The MEPs are either negative, low po-
tentials that are characterized by an abundance of electrons and
reactive with electrophiles, or positive, high potentials that are
characterized by an absence of electrons and reactive with nucle-
ophiles. The MEP plot of Coumarin-153 reveals that the C = O
group of the benzopyran nucleus exert the most negative poten-

tial. In this sense, the maximum negative region, indicated as dark
red color, is the preferred site for an electrophilic attack, so that,
the C = O group will be closer to the surface, other molecules etc.

3.7. Frontier molecular orbital analysis (FMO)

The highest occupied molecular orbital (HOMO) and lowest un-
occupied molecular orbital (LUMO) are a very important parame-
ters for both chemists and physicists. In DSSCs, one of the most
important characters of dye molecules are HOMO and LUMO lev-
els. According the Structure and working principle of DSSC, excited
state level (LUMO) of the molecule should be appropriately higher
than the conduction band edge of used semiconductor. However,
ground state level (HOMO) of the molecule has to be sufficiently
lowers than the redox potential to regenerate the oxidized dye.

As shown in Fig. 8, the HOMO has strong contributions over
the whole molecule without the trifluoromethyl group. The LUMO
is localized on the quinolizidine ring, nitrogen atom and trifluo-
romethyl group. When HOMO-LUMO excitation is stimulated with
light radiation, this stimulation caused the electron distribution to
shift from quinolizidine rings to the right side of the molecule.
It's may be noted that the photo induced charge transfer from the
coumarin derivatives to the TiO, electrode could happen effectively
by the HOMO-LUMO transition.

As seen in Table 4, its note that the LUMO energies of
Coumarin-153 were predicted at —1.810 eV, which is far above
the conduction band of TiO,. However, the HOMO energy of the
redox couple (I7/I3) reported as —4.8 eV. The HOMO energy of
Coumarin-153 were predicted as —5.405 eV by DFT. The HOMO en-
ergy of Coumarin-153 appears to be lower than that of redox cou-
ple. It can also be found in Table 4 that the HOMO-LUMO gap of
Coumarin-152 is lower than that of Coumarin-102. So, Coumarin-
153 would be more productive than Coumarin-102 for DSSC [51].
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Fig. 6. TGA, DTG and DTA curves of Coumarin-153 molecule.



Table 3

Uv-Vis spectral data of conformers of Coumarin-153 compound.

WavelengthA (nm)

Excitation energies (eV)

Excited state

Oscillator strengths (f)

Conformer-1  405.13 (422)*
330.19
283.46
264.72 (266)
257.51
243.30
214.65 (216)*
212.71
210.29
208.66
200.33
196.11
194.92
190.63
189.90
187.13
186.05
184.44
183.41
181.26

Conformer-2  406.94 (422)*
325.95
283.99
263.47 (266)*
255.27
240.50
215.79 (216)*
218.70
209.06
208.41
206.00
197.58
193.73
191.43
187.89
185.54
185.37
184.55
182.87
182.41

3.0604
3.7550
4.3740
4.6837
4.8147
5.0960
5.7761
5.8289
5.8959
5.9418
6.1890
6.3223
6.3606
6.5039
6.5290
6.6256
6.6641
6.7221
6.7601
6.8400

3.0468
3.8038
4.3658
4.7059
4.8569
5.1649
5.7455
5.8795
5.9306
5.9491
6.1808
6.2751
6.3999
6.4766
6.5988
6.6824
6.6884
6.7181
6.7799
6.7969

HOMO>LUMO(69%)

H-1>LUMO(69%); HOMO>L + 1(11%)

H-1>LUMO(12%);H-1>L + 2(13%);HOMO>L + 1(67%)

H-3>LUMO(69%)

H-2>LUMO(25%); HOMO>L + 2(64%)

H-2>LUMO(62%);H-1>L + 2(16%);HOMO>L + 2(22%)

H-1>L + 1(52%);H-1>L + 2(33%);HOMO>L + 3(25%)

H-25L + 1(17%);H-1>L + 1(18%);H-1>L + 2(50%);HOMO>L + 3(38%)
H-7>LUMO(11%);H-4>LUMO(63%); HOMO>L + 3(22%)

H-5>LUMO(21%);H-4>LUMO(20%);H-1>L + 1(35%);H-1>L + 2(18%);HOMO=>L + 3(46%)
H-6>LUMO(11%);H-5>LUMO(61%);H-2>L + 1(22%);H-1>L + 1(14%)

HOMO=>L + 4(69%)
H-10>LUMO(14%);H-7>LUMO(11%);H-6>LUMO(62%);H-5>LUMO(11%);H-4> LUMO(12%)

H-2>L + 1(13%);HOMO>L + 5(67%)

H-10>LUMO(14%); H-8>LUMO(20%); H-7>LUMO(55%);H-6>LUMO(23%);H-4> LUMO(12%); H-3>L + 1(11%)
H-8>LUMO(15%);H-7>LUMO(10%);H-5>LUMO(15%);H-3>L + 1(10%);H-2>L + 1(56%);H-1>L + 2(19%);HOMO>L + 5(12%)
H-10>LUMO(16%);H-8>LUMO(17%);H-7>LUMO(29%);H-6>LUMO(11%);H-3>L + 1(46%);H-3>L + 2(29%)
H-10>LUMO(12%);H-8>LUMO(54%);H-7>LUMO(21%);H-3>L + 1(26%);H-3>L + 2(14%)

HOMO>L + 6(68%);HOMO>L + 7(14%)

H-11>LUMO(20%);H-10>LUMO(52%);H-8>LUMO(26%);H-3>L + 1(17%);H-2>L + 2(16%)

HOMO>LUMO(69%)

H-1>LUMO(68%); HOMO>L + 1(12%)

H-1>LUMO-(12%);H-1>L + 2(12%);HOMO>L + 1(67%)

H-3>LUMO(69%)

H-2>LUMO(28%); HOMO>L + 2(63%)

H-2>LUMO(61%);H-1>L + 2(16%);HOMO>L + 2(25%)

H-1>L + 2(20%);HOMO>L + 3(65%)

H-1>L + 1(52%);H-1>L + 2(35%);HOMO>L + 3(20%)

H-4>LUMO(57%);H-2>L + 1(10%);H-1>L + 1(16%);H-1>L + 2(28%)

H-5>LUMO(20%);H-4>LUMO(31%);H-2>L + 1(17%);H-1>L + 1(35%);H-1>L + 2(38%)

H-5>LUMO(16%); HOMO>L + 4(67%)

H-5>LUMO(59%);H-4>LUMO(16%);H-2>L + 1(22%);H-1>L + 1(11%);HOMO=>L + 4(13%)
H-10>LUMO(19%);H-7>LUMO(10%);H-6>LUMO(63%)

HOMO=>L + 5(68%)

H-10>LUMO(20%);H-7>LUMO(58%);H-6>LUMO(21%);H-4>LUMO(12%);H-3>L + 1(14%)
H-10>LUMO(13%);H-5>LUMO(12%);H-3>L + 1(25%);H-3>L + 2(15%);H-2>L + 1(40%);H-1>L + 2(13%);HOMO>L + 6(38%)
H-10>LUMO(10%);H-7>LUMO(11%);H-3>L + 1(20%);H-3>L + 2(13%);H-2>L + 1(21%);HOMO>L + 6(57%)
H-8>LUMO(14%);H-7>LUMO(24%);H-5>LUMO(11%);H-3>L + 1(37%);H-3>L + 2(25%);H-2>L + 1(36%);H-1>L + 2(11%)
H-10>LUMO(13%);H-8>LUMO(59%);H-3>L + 1(10%);HOMO>L + 7(27%)

H-8>LUMO(26%);HOMO>L + 7(61%);HOMO>L + 9(14%)

0.3931
0.0367
0.0589
0.0002
0.1333
0.0648
0.4886
0.0763
0.0266
0.2960
0.0312
0.0255
0.0012
0.0086
0.0023
0.1713
0.0038
0.0199
0.0109
0.0158

0.4060
0.0416
0.0596
0.0002
0.1534
0.0724
0.0303
0.6540
0.0506
0.1818
0.0591
0.0273
0.0002
0.0009
0.0008
0.0831
0.0336
0.0806
0.0171
0.0009

H:HOMO, L: LUMO.
*Experimental data.
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Fig. 7. Molecular electrostatic potential mapped on to isodensity surface.

Table 4
Some chemical reactivity parameters of Coumarin-
153 compound.

Coumarin153 Coumarin 102

AE umo -1.810 -1.351
AEnomo —5.405 —5.059
AEpomo-umo ~ 3.595 3.027
Ip (eV) 5.405 5.059
Ea (eV) 1.810 1.351
X (eV) 3.607 3.205
n (eV) 1.797 1.854
S (ev)! 0.278 0.269
w (eV) 3.620 2.770
1 (Debye) 7.016 9.144

3.8. Some selected electronic properties

HOMO energy is characterized as electron donating ability.
LUMO energy is characterized as the ability to obtain electron. The
LUMO energy levels are sufficiently high to provide the driving
force for electron injection from the excited dye molecules. The
HOMO-LUMO gap energies display the possibility of electron ex-
citation and transportation in DSSCs. Besides, the energy gap be-
tween HOMO-LUMO energy levels provides some information such
as stability, polarizability, chemical hardness and chemical softness
of the molecules. For example, wide HOMO-LUMO gap express
high stability, while narrow HOMO-LUMO gap are associated with
low stability. Similarly, when HOMO-LUMO gap of the molecule is
large, it is a hard molecule. It is a soft molecule when the HOMO-
LUMO gap of the molecule is small. As a result, the soft molecules

will be more reactive than hard molecules for unimolecular reac-
tions.

As seen in Table 4, AEyomo-Lumo gap value of conformer-1 of
the Coumarin-153 estimated bigger than that of Coumarin-102.
Therefore, Coumarin-153 molecule is the hardest than Coumarin-
102 molecule. In addition to, the HOMO-LUMO energy value of the
urea molecule was reported at 6.706 eV [52]. The HOMO-LUMO
energy value of the urea molecule bigger than those of Coumarin-
153 and Coumarin-102 molecules. So, its note that the Coumarin-
102 and Coumarin-153 molecules are more polarizable than the
urea.

lonization potential (IP), which is directly dependent HOMO en-
ergy, is the minimum energy required to remove an electron from
the molecule. Electron affinity (EA), which is directly dependent
LUMO energy, is the minimum energy required to add electrons
to the molecule. The chemical hardness and softness are directly
related to ionization potential and electron affinity. The chemi-
cal hardness and softness is a term related to preventing inter-
molecular charge transfer [53]. In the conformer-1 of Coumarin-
153 molecule, the IP value was computed at 5.405 eV by DFT. Pryor
et al. [54] reported that ionization potential (Ip) of the Coumarin-
153 molecule at 7.21 eV by using the UV experimental. The EA
value was obtained at 1.810 eV by DFT.

The dipole moment of Coumarin-102 measured at 6.98 De-
bye in the chloroform environment [9]. Cave et al. [55] reported
that the dipole moment of the Coumarin-102 molecule predicted
at 6.81 Debye, 5.99 Debye and 7.16 Debye for PBE0/6-311G(d,p),
MP2/6-311G(d,p) and RHF/6-311G(d,p), respectively. In that work,
the dipole moment of Coumarin-153 molecule determined at 6.55
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Fig. 8. HOMO (b) -LUMO (a) plots of Coumarin-153 molecule.

Table 5
Antimicrobial activity of compounds and standard reagents (diameter of zone inhibition (mm)).
COMPOUNDS  Coumarin 153 AMP 10 SXT25 AMC30 K30 NYS 100
Gram (+) Micrococcus luteus 17 22 21 25 23 N
Staphylococcus epidermis 21 26 25 27 25 N
Staphylococcus aureus - 30 24 30 25 N
Bacillus cereus 16 23 25 20 28 N
Gram (-) Pseudomonas putida 15 8 18 15 14 N
Klebsiella pneumonia 17 21 20 21 23 N
S. typhi H 16 11 17 19 20 N
E. coli 19 10 18 14 25 N
Proteus vulgaris 18 17 19 20 21 N
Yeast Candida albicans 16 N N N N 20

N: Not determined, AMP10 (ampicillin 10 pg), SXT25 (sulfamethoxazole 25 p1g), AMC30 (amoxycillin 30 ug),

K30 (kanamycin 30 pg), NYS100 (nystatin 100 ug).

Debye (experimental), 7.24 Debye (PBE0/6-311G(d,p)) and 6.43 De-
bye (MP2/6-311G(d,p)). In the present work, the dipole moment of
conformer-1 of the Coumarin-153 molecule given at 7.016 Debye
for B3LYP/6-311G(d,p) level of theory. These results could be of in-
terest as an indication of the solubility and chemical reactivity of
the studied molecule, not only for it synthesis but for the potential
application in organic electronics and photovoltaics.

The biological activity can be described using the electrophilic-
ity index. For the conformer-1 of Coumarin-153 molecule, the elec-
trophilicity index was predicted at 3.620 eV. It can be stated that
the Coumarin-153 molecule is biologically active [56-57].

4. Anti-Microbial activity

The antifungal and antibacterial activities for Coumarin-153
molecule are presented in Table 5 and Figure S1. The Coumarin-
153 was screened for in vitro antibacterial and antifungal activity
in DMF as a test substance. The Coumarin-153 was tested with the
same concentrations in DMF solution (0.25 pg/uL). The Coumarin-
153 and antibiotics indicated varying degrees of inhibitory effects
on the growth of different tested both Gram-negative and Gram-
positive pathogenic bacteria and yeast (Table 5). The Coumarin-
153 was more effective in Gram-positive bacteria than Gram-
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negative bacteria (Table 5). Coumarin-153 showed the most activity
against Staphylococcus epidermis (21 mm) than commercial (stan-
dard) antibiotics (positive control) (Table 5). Staphylococcus epider-
mis infections are associated with intravascular devices (prosthetic
heart valves, etc.), but are often seen in patients with prosthetic
joints, large wounds and catheters. These pathogenic microorgan-
isms continue to gain resistance to conventional antibiotics [58].
In addition, antibacterial activity of Coumarin-153 compared with
seven commercial antibiotics. Authors note that the Coumarin-153
were as effective as the antibiotics mentioned.

5. Conclusion

i A joint vibrational, NMR and UV-Vis spectroscopy and quan-
tum chemistry study has been carried out to investigate the
Coumarin-153 molecule. The results of the theoretical spectro-
scopic calculations showed that good agreement with the ex-
perimental values.

Ui The first excited state of Coumarin-153 was theoretically and
experimentally determined at 406.94 nm and 422 nm, respec-
tively. This state is dominated by the HOMO -> LUMO excita-
tion, including excitation from  to m*.

Ui The information about thermal stability of Coumarin-153 ob-
tained by means of TGA and DTA and DTG. The TGA curve
showed that the first inflexion point appears at 315 °C with a
weight loss of 89% representing the elimination of Coumarin-
153. The DTA curve of the Coumarin-153 molecule shows one
endothermic peak at 165 °C and one inflexion point at 328 °C.
The DTG curve of Coumarin-153 showed one weight loss at
311 °C and two very small peak at 166 °C and 222 °C.

i In DSSCs, one of the most important characters of dye
molecules are HOMO and LUMO levels. The HOMO has strong
contributions over the whole molecule without the trifluo-
romethyl group. The LUMO is localized on the benzene ring,
pyrone ring, and trifluoromethyl group.

i It can be said that the Coumarin-153 molecule is biologically
active, because the electrophilicity index of the Coumarin-153
were calculated at 4.044 eV.

i The Coumarin-153 and antibiotics indicated varying degrees
of inhibitory effects on the growth of different tested both
gram negative and gram positive pathogenic bacteria and yeast.
The Coumarin-153 was more effective in gram-positive bacteria
than gram-negative bacteria. Its note that it’s showed the most
activity against Staphylococcus epidermis than commercial an-
tibiotics.
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