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Abstract: The experimental and theoretical vibrational spectra (FT-IR and FT-Raman) of 7-chloro-4-hydroxy-
3-quinolinecarboxylic acid (7C4H3QCA) are investigated. The experimental FT-IR (400-4400 cm ') and FT-
Raman spectra (100-3500 cm %) spectra of the molecule are recorded. In the whole study the Cg point group
symmetry has been used. Theoretical Vibrational frequencies and geometric parameters (bond lengths and bond
angles) were calculated using ab initio Hartree Fock (HF) and density functional B3LYP method with 6-31+G
(d, p) basis set. The complete vibrational assignments of wave numbers were made on the basis of potential
energy distribution. The scaled B3LYP/6-31+G (d, p) results show the best agreement with the experimental
values over the other methods.
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I Introduction

Quinoline derivatives are widely used as a parent compound to make drugs (cancer [1], especially anti-
malarial medicines), fungicides, biocides, alkaloids, rubber chemicals, flavoring agents [2], catalyst, corrosion
inhibitor, preservative, solvent for resins and terpenes. Malaria is a serious health problem, particularly in
tropical regions. It is been estimated that there are between 300 and 500 million clinical cases of Malaria
annually, leading to 1.1-2.7 million deaths [3]. During the erythrocytic stage of its life cycle, the Malaria
parasite ingests and degrades 60-80% of host cell hemoglobin as a source of amino acids [4-6]. There is
considerable evidence indicating that quinoline-based antimalarial agents such as chloroquine acts by forming
toxic complexes with free hematin [7, 8]. In a study by De et al., 7-chloroquinolines with N, N’-
diethyldiaminoalkane side chains with lengths between 2 and 12 carbons were found to be as effective as
chloroquine against chloroquine-sensitive strains [9]. Recently, 4-aminoquinolines with different substituents at
the 7-position and N-oxides quinolines were studied by De Dios et al. to examine drug-heme association
constants [10, 11]. A correlation was found for quinoline derivatives and their pharmaceutical behavior by ab
initio calculated nuclear quadrupole resonance parameters of quinoline nitrogen [12]. Recent spectroscopic
studies of the quinoline and their derivatives have been motivated because the vibrational electronic absorption
spectra are very useful for the understanding of the specific biological process and in the analysis of relatively
complex systems. In the present study, we extend a probing into the application of the HF/6-31+G (d, p) and
B3LYP/6-31+G (d, p) basis set based on SQM method for vibrational spectra. The geometrical parameters of
the most optimized geometry obtained via energy calculations were used for the DFT calculations. The infrared
and Raman intensities were also predicted. Based on these calculations, the simulated FT-IR and FT-Raman
spectra were obtained. The observed and the simulated spectra agree well. The theoretical HF and density
functional theory analysis give information regarding the nature of structure, the functional groups and orbital
interactions and mixing of skeletal frequencies. The introduction of one or more substituent in quinoline ring
leads to the variation of charge distribution in the molecule, and consequently, this greatly affects the structural,
electronic and Vibrational parameters. Though there are few studies on quinoline compounds [13-27], the
structural characteristics and vibrational spectroscopic analysis of 7-chloro-4-hydroxy-3-quinolinecarboxylic
acid by the quantum mechanical HF and DFT methods have not been studied. Thus, considering the industrial
and biological importance of 7-chloro-4-hydroxy-3-quinolinecarboxylic acid, an extensive experimental and
theoretical study on 7C4H3QCA to obtain a complete reliable and accurate vibrational, electronic transitions
assignments and structural characteristics of the compound has been made.

The density functional theory (DFT) is a popular post-HF approach for the calculation of molecular
structures, Vibrational frequencies and energies of molecules [28, 29]. The DFT calculations with the hybrid
exchange-correlation functional B3LYP [Becke’s three parameter (B3) exchange in conjunction with the Lee—
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Yang-Parr’s (LYP) correlation functional] which are especially important in systems containing extensive
electron conjugation and electron lone pairs [30-35].

1. Experimental Procedure

The compound 7-chloro-4-hydroxy-3-quinolinecarboxylic acid (7C4H3QCA) in the solid form was
purchased from the Sigma—Aldrich Chemical Company (Bangalore) with a stated purity of greater than 97%,
and it was used as such without further purification to record FT-IR and FT-Raman spectra. The FT-IR
spectrum has been recorded by KBr pellet technique in the region between 4400-400 cm * using Perkin Elmer
RX-1 (Spectra 2000) FT-IR Spectrometer. The frequencies for all sharp bands are accurate to + 1cm . The FT-
Raman spectrum was also recorded in the range between 3500-100 cm™* by the Renishaw Invia Raman
microscope laser source with 220mW power operating and the spectral resolution is + 2cm ™. The observed FT-
IR and FT-Raman spectra are shown in Figs. 2 and 3.

1. Computational Details

The entire calculations were performed at density functional theory (DFT) levels on a HP Pavilion
dv4/Intel(R)Core(TM) Duo CPU T6600 @ 2.20GHz personal computer using Gaussian 03W [36] program
package, invoking gradient geometry optimization [37] using Hartree-Fock (HF) and Becke’s three parameter
hybrid functional (B3) [31] model using the Lee-Yang-Parr (LYP) correlation functional [32] (B3LYP) methods
combined with standard 6-31+G (d, p) basis set. The Cartesian representation of the theoretical force constants
have been computed at optimized geometry by assuming Cs point group symmetry. To satisfactorily describe the
conformation and orientation of the chloro and carboxylic groups, a fully polarized 6-31+G (d, p) basis set are
required and considered to be a complete basis sets. The optimized structural parameters were used in the
Vibrational frequency calculations at the HF and DFT levels to characterize all stationary points as minima. The
DFT hybrid B3LYP functional tends also to overestimate the fundamental modes; therefore scaling factors have
to be used for obtaining a considerably better agreement with experimental data. Therefore, the scaling factors
of 0.91 and 0.93 were uniformly applied to the HF for the C-H stretching mode and others mode of vibrations
respectively and also the scaling factors 0.96 and 0.99 were uniformly applied to the B3LYP for the C-H
stretching mode and others mode of vibrations respectively calculated wavenumbers. The force constants were
refined by damped least square fitting technique to achieve a close agreement between the observed and
calculated Vibrational frequencies [38, 39].

V. Results And Discussion
Molecular geometry

The structure and the scheme of numbering the atom of 7-chloro-4-hydroxy-3-quinolinecarboxylic acid
are represented in Fig.1 (a). The geometry of the molecules under investigation is considered by possessing Cs
point group symmetry.

=" ]
Fig.1. (a) Molecular structure of 7C4H3QCA

The molecule has 21 atoms and 57 normal modes of fundamental vibrations distributed into the
irreducible representations under Cs symmetry as 39 in-plane vibrations of A' species and 18 out-of-plane
vibrations A" species i.e.

T'vip=39 A'+18 A"
All the frequencies are assigned in terms of fundamental, overtone and combination bands.

Structural properties

The optimized bond lengths and angles for the thermodynamically preferred geometry of 7-chloro-4-
hydroxy-3-quinolinecarboxylic acid determined at HF/6-31+G (d, p) and B3LYP/6-31+G (d, p) levels are
represented in Table 1 in accordance with the atom numbering scheme of the molecule shown in Fig.1. (a).
From the structural data presented in Table 1 it is observed that the internuclear distance of the rings atoms N1-
C2 is smaller than N1-C9 because the carboxylic group is attached with C3.
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TABLE 1
Optimized geometrical parameters of 7-chloro-4-hydroxy-3-quinolinecarboxylic acid by HF and
DFT/B3LYP calculations with the basis sets 6-31+G (d, p)

Bond length Basis set 6-31+G (d, p) Experimental

(A") HF B3LYP Value
N1-C2 1.287 1.312 1.393
N1-C9 1.363 1.374 1.331
C2-C3 1.424 1.427 1.365
C2-H13 1.075 1.088 -
C3-C4 1.384 1.404 1.427
C3-C11 1.464 1.459 -
C4-C10 1.425 1.427 1.393
C4-016 1.314 1.333 -
C5-C6 1.360 1.379 1.374
C5-C10 1.416 1.417 1.410
C5-H12 1.073 1.085 -
C6-C7 1.413 1.414 1.389
C6-H15 1.073 1.084 -
C7-C8 1.359 1.379 1.393
C7-Cl18 1.739 1.755 -
C8-C9 1.415 1.416 1.402
C8-H14 1.072 1.084 -
C9-C10 1.403 1.428 1.428
C11-019 1.205 1.236 1.340
C11-020 1.320 1.347 1.340
016-H17 0.956 0.992 -
020-H21 0.949 0.973 -
H17-019 1.837 1.716 -
Bond angle (deg.)
C2-N1-C9 117.7 117.4 117.5
N1-C2-C3 124.9 124.8 123.8
N1-C2-H13 116.9 116.8 -
N1-C9-C8 117.8 117.8 -
N1-C9-C10 123.3 123.3 121.6
C3-C2-H13 118.2 118.4 -
C2-C3-C4 118.1 118.3 117.8
C2-C3-C11 122.0 122.7 -
C4-C3-C11 120.0 118.9 -
C3-C4-C10 118.4 118.5 121.4
C3-C4-016 124.2 123.1 -
C3-C11-019 123.9 123.8 -
C3-C11-020 114.7 115.2 119.0
C10-C4-016 117.4 118.3 119.0
C4-C10-C5 122.3 122.5 117.7
C4-C10-C9 117.7 117.6 118.8
C4-016-H17 110.5 107.5 -
C6-C5-C10 120.4 120.5 119.6
C6-C5-H12 120.5 120.5 -
C5-C6-C7 119.1 119.2 121.4
C5-C6-H15 121.2 121.0 -
C10-C5-H12 119.2 119.1 -
C5-C10-C9 120.0 119.9 -
C7-C6-H15 119.7 119.8 -
C6-C7-C8 122.1 121.9 -
C6-C7-Cl18 118.2 118.4 -
C8-C7-Cl18 119.7 119.6 -
C7-C8-C9 119.5 119.6 119.6
C7-C8-H14 121.9 121.9 -
C9-C8-H14 118.6 118.5 -
C8-C9-C10 119.0 118.8 121.4
019-C11-020 121.4 121.0 118.0
C11-019-H17 100.8 100.5 -
C11-020-H21 108.9 107.2 -
016-H17-019 140.6 146.1 -

The shorter internuclear distance of N1-C2 Indicates that the benzene ring exerts larger attraction on
valance electron cloud of nitrogen atom resulting in easy delocalization of lone pair of electrons into the ring
and thereby increase in force constant and decrease in internuclear distance. The internuclear distance of the ring
carbons atoms C2-C3 and C9-C10 are very close to each other at B3LYP levels of calculations but the others C-
C of the ring seems to be slightly differ to each other’s and C3-C11 is much longer than others. The internuclear
distance C7-Cl18 and H17-019 are much longer than the others like C-N, C-C, C-H and O-H. The internuclear
distances of C2-H13, C5-H12, C6-H15 and C8-H14 are approximately same. Similarly the internuclear distance
of O-H atoms in hydroxyl group and also the internuclear distance of C-O atoms are approximately same. The
bond angles C2-C3-C11 and C4-C10-C5 are very close to each other and the angle C2-C3-C11 very large and
the angle C4-C10-C9 is very small than the others C-C-C bond angles. The others C-C-C bond angles are
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approximately same. With the electron donating substituent’s on the benzene ring, the symmetry of the ring is
distorted, yielding ring angles smaller than 120° at the point of substitution and slightly larger than 120° at the
ortho and meta positions [40]. Similar trend is observed in 7C4H3QCA molecule where the bond angle C5-C6-
C7 is around 119.2° while at para, N1-C2-C3 and C2-C3-C4 positions the angles are found to be around 124.8°
and 118.3°, respectively. Introduction of nitrogen atom leads to significant perturbations in the hetero substituted
ring of quinoline moiety, although the structural properties of the benzene ring are seen to be relatively
unperturbed. The bond angle of 016-H17-019 is very large and the angle C11-019-H17 is very small than the
others bond angle. The bond angles C3-C4-016 and C3-C11-019 are very close to each other and the angle C3-
C11-019 is very large but the angle C3-C11-020 is very small than C10-C4-016 bond angle. From theoretical
values we can find that most of the optimized bond lengths and bond angles are slightly longer and shorter than
experimental values. Comparing bond angles and bond lengths of 7C4H3QCA molecule at B3LYP/6-31+G (d,
p) method leads to geometrical parameters which are much closer to experimental values [70].

Vibrational analysis

The observed Vibrational assignments and analysis of 7-chloro-4-hydroxy-3-quinolinecarboxylic acid are
discussed in terms of fundamental bands, overtones and combination bands. The experimental FT-IR and FT-
Raman spectra of 7C4H3QCA are shown in Figs.2 and 3 respectively. Due to the fluorescent nature of the
compound, the peaks in Raman spectra are not observed. The computational theoretical FT-IR and FT-Raman
spectra of 7C4H3QCA are shown in Figs. 4 and 5. The observed and calculated unscaled and scaled vibrational
frequencies along with their relative species, IR Intensity, Raman activity, reduced mass, force constants along
with the depolarization ratios and most probable assignments with standard higher basis set 6-31+G (d, p) force
field are collected in Table 2. Comparison of the frequencies calculated at B3LYP with the experimental values
(in Table 2) reveals the overestimation of the calculated vibrational modes, due to neglect of anharmonicity in
real system. Inclusion of electron correlation in density functional theory to a certain extend makes the
frequency values smaller in comparison with the HF frequency data. Reduction in the computed harmonic
vibrations, though basis set sensitive are marginal as observed in the DFT values using 6-31+G (d, p).

Skeletal Vibrations

C-C and C-N Vibrations

The carbon-carbon stretching modes of the phenyl group are expected in the range from 1650 to
1200cm ™. The actual position of these mode are determined not so much by the nature of the substituent but by
the form of substitution around the ring [41], although heavy halogens cause the frequency to diminish
undoubtedly [42]. In 7C4H3QCA under Cs symmetry the carbon—carbon stretching bands appearing in the
infrared spectrum at 1698, 1463 and 1352 cm * are assigned to skeletal C-C bonds while the bands at 1698 cm™*
have been also assigned to the ring C-N stretching vibrations with C-C vibrations but no bands are observed in
the Raman spectra. The corresponding C-C and C-N stretching modes observed in the IR spectrum are given in
Tables 2. The bands occurring at 1113, 907, 790, 616, 515 and 471 cm ' in the infrared but no bands are
observed in the Raman spectra are assigned to the skeletal C-C-C/C-N-C in-plane bending modes of
7C4H3QCA. The other in plane bending vibrations of the ring modes are calculated through HF and DFT
methods. The out-of-plane bending ring vibrations under Cssymmetry are assigned to the bands at 758, 673 and
436 cm* and the other out-of-plane bending vibrations of the ring modes are calculated through HF and DFT
methods. The results are in good agreement with the literature values [43-46]. The density functional theory
analysis shows that significant mixing of skeletal in-plane bending with C-H in-plane bending and vice versa
occurs. In benzene the ring breathing (a,g) vibrations exhibit the characteristic frequencies at 995cm ! [42]. In
7C4H3QCA the ring deformation and ring breathing mode are observed at 930 and 718 cm* respectively in the
infrared spectrum.
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TABLE 2
Assignment of fundamental vibrations of 7-chloro-d-hydroxy-3-quinolinecarboxylic acid calculations using from HF and DFT/BILYP basis set 6-31+G (d, p)
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‘ TABLE 2 cont....
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Where

s — strong, vs — very strong, m — medium, w- weak, vw — very weak, v- stretching, ve- symmetric
stretching, v,- anti symmetric stretching, p — in-plane bending, y - out-of-plane bending, -
torsion/twisting, - wagging, p- rocking, wavenumbers ( cm™ ), IR intensities ( KM/mole ), Raman
activities (A%)*/ (a.m.u.), reduced mass ( a.m.u. ), force constant (mdyn/A°)

C-H  Vibrations

The aromatic C-H stretching vibrations are normally found between 3100 and 3000 cm™. The C-H
stretching of 7C4H3QCA gives bands at 3086 and 2994 cm ™ in FT-IR but no bands are observed in the FT-
Raman spectra. The potential energy distribution contribution of the aromatic stretching modes indicates that
these are also highly pure modes as carbon—carbon stretching. The C-H in-plane bending modes are normally
observed in the region 1350-950cm*. These modes are observed in 7C4H3QCA at 1445, 1400, 1313, 1242,
1200, 1154 and 1079 cm ™. The C-H out-of-plane bending modes are observed in the region 950-600 cm . The
aromatic C-H out-of-plane bending vibrations of 7C4H3QCA are assigned to the bands observed at 976, 956,
880 and 831 cm* and these bands occurred in the said region [46-48]. The density functional theory analysis
reveals that the aromatic C-H in-plane and out-of-plane bending vibrations have substantial overlapping with the
ring C-C-C in-plane and out-of-plane bending modes, respectively. All these C-H in-plane and out-of-plane
bending modes of the compound are also assigned within the said region and are presented in Table 2.

Combination and Overtones of aryl ring vibrations

According to Kalsi [49], usually intense overtones of aryl ring vibrations occur in the region 2000-1650
cm™. These bands are somewhat weaker than fundamentals and are most clearly seen in the spectra of
moderately thick samples. In the present study, in the infrared bands observed in the region 1943, 1917, 1861,
1837, 1801, 1788 and 1698 cm™ has been assigned to combination and overtone of aryl ring vibrations are
shown in infrared spectra Fig. 2. These assignments are further in agreement with the standard literature [50,
51]. But these vibrations could not be seen in the theoretical FT-IR and FT-Raman spectra.
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Group Vibrations
C-Cl  Vibrations

Strong characteristic absorption due to C-X stretching vibration is observed and the position of the
band is influenced by neighbouring atoms or groups, the smaller the halide atom, the greater the influence of the
neighbour. Unlike aliphatic compounds there appears to be no pure C-X stretching vibration band for aromatic
halogen compounds [48, 52]. The C-CI stretching absorption is observed in the broad region between 850-505
cm L. When several chlorine atoms are attached to one carbon atom, the band is usually more intense and at high
frequency end of the assigned limits due to the asymmetric and symmetric modes [53-57]. Vibrational coupling
with other groups may result in a shift in the absorption to as high as 907 cm ™. In view of this, the very strong
band in FT-IR at 907 cm * is assigned to the C-Cl stretching of 7C4H3QCA. The C-Cl in-plane bending mode
of 7C4H3QCA is observed at 361 in infrared only theoretically observed. These assignments are in good
agreement with the literatures [53, 58]. The C-ClI in-plane mode is significantly overlapped with C- H and CCC
in-plane bending modes and vice versa.

-OH (hydroxyl) and -COOH (carboxylic acid) group vibrations

The hydroxyl stretching vibrations are generally [59] observed in the region around 3500 cm™. The O—
H group vibrations are likely to be the most sensitive to the environment, so they show pronounced shifts in the
spectra of the hydrogen bonded species. The bands due to the O—H stretching are of medium to strong intensity
in the infrared spectrum, although it may be broad. In Raman spectra the band is generally very weak or not
observed. The strong band appeared at 3497 cm ™ in the FT-IR spectra is assigned to O—H stretching mode of
vibration. The O—H in-plane bending vibration is observed in the region 1260-1440 cm * [60]. The O—H out-of-
plane deformation vibrations for phenol lies in the region 290-320 cm * for free O—H and in the region 517-710
cm * for associated O—H [42]. In both inter-molecular and intra-molecular associations, the wavenumber is at
higher value than that in the free O—H. The wavenumber increases with hydrogen bond strength because of large
amount of energy required to twist the O—H bond [61]. The calculated values of in-plane/out-of-plane bending
vibrations of hydroxyl groups are 1445, 1400, 1352, 1313, 1242, 1200, 1190, 1154 and 1113 cm %/ 569 cm*,
respectively. The carbonyl group is most important in the infrared spectrum because of its strong intensity of
absorption and high sensitivity toward relatively minor changes in its environment. Intra and intermolecular
factors affect the carbonyl absorptions in common organic compounds due to inductive, mesomeric effects, field
effects and conjugation effects. The C-O stretching bands of acids are considerably more intense than the
ketonic C-O stretching bands. The characteristic infrared absorption wavenumber of C-O in acids are normally
strong in intensity. The CO2 stretching vibration in the spectra of carboxylic acid gives rise to strong band in
the region 1675-1750 cm™* [62]. The very strong bands observed in the FT-IR at 1707 and 1429 cm* are
assigned to C-O stretching vibration. But these vibrations are not experimentally observed. The strong bands
observed in the FT-IR at 718, 616 and 417 cm * are assigned to C-O in-plane bending vibrations. The two
COOH torsional modes are expected in the region 150-50 cm* and found in the low wavenumber region [62].
This mode of vibration is found theoretically at 88 cm™. The anharmonic frequency predicted at 931 cm™ by
B3LYP/6-31+G (d, p) method is assigned to C-COOH stretching vibration which is observed at 930 cm™ in the
FT-IR spectra. The C-COOH in-plane bending and out-of-plane bending vibrations were not observed
experimentally, so that these modes are assigned on the potential energy distribution. The potential energy
distributions of these modes are mixed one as it is shown in Table 2. The correction factors used to correlate the
experimentally observed and theoretically computed frequencies for each Vibrational modes of 7C4H3QCA
under HF and DFT-B3LYP methods are similar and an explanation of this approach were discussed previously
[63].

Vibrations due to tautomerism

Spectral studies establish that N-hetrocyclic substituted by —OH, -SH and —NH, groups exhibit
tautomerism. In sharp contrast to other heterocyclic system, several of these bases found in nature alkaloids and
nucleic acid were found to exist predominantly in the keto or amino forms. Keto-enol, thione-thiol and amino-
imino tautomerism have been long and are still evoked as the major and even unique, source of spontaneous
mutagenesis. Apart from its presumes relevance to spontaneous and induced mutagenesis, such tautomerism is
of major significance in the structure of alkaloids nucleic acid and is of current additional importance in relation
to the antimetabolic activity of alkaloids, nucleie acid and of some N-hetrocyclic aromatic ring analogous [64].
Although both infrared and ultraviolet spectroscopy may be employed for studies on tautomeric equilibrium yet
as shown by Nowak et al. [65], the former is by far the more accurate and unequivocal in interpretation. In the
present investigation of 7C4H3QCA, the molecule is supposed to show tautomeric behaviour.
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Vibrations due to hydrogen bonding

It is interesting to note additional N-H and O-H stretching and bending frequencies in the present study,
showing the presence of both hydrogen bonding and tautomerism. Hydrogen bonding can occur in any system
containing proton donor group and a proton acceptor group [66].
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Fig.1. (b) Hydrogen bonding shown by 7C4H3QCA

The organic molecules, the common proton donar groups are carboxyl, hydroxyl, amine or amide
group and common proton acceptor atoms are oxygen, nitrogen and halogens. The 7C4H3QCA has one proton
donor group (i.e. hydroxyl group) and one proton acceptor atom (i.e. N-atom of the quinoline ring). According
to Hoyer [67], the stretching frequency of the O-H group of benzyl alcohol is 3640 cm™. When the group is free
and it decreases 3350 cm™ when associated. Similar frequency drops are observed for the O-H stretching of
phenol and carboxylic acid [41]. In the present investigation the weak infrared band at 3497 cm™ has been
assigned to bond O-H stretching. The stretching frequency of the acceptor group is also reduced, but to a lesser
degree than proton donor group [64]. According to Silverstein [68], the bending vibrations of hydrogen bonded
group usually shifts to a shorter wavelength (long frequency) this shift is less pronounced than that of stretching
frequency. Evans [69] studied the behaviour of the out-of-plane —OH vibration of phenol derivatives as a
function of the strength of hydrogen bond. He established the frequency value is 650 cm™ in the middle of the
chain, while it is 300 cm™ in the free state. In the present investigation, the FT-IR band at 569 cm™ has been
assigned to out-of-plane bending mode of free —OH group.

Computed IR intensity and Raman activity analysis

Computed vibrational spectral IR intensities and Raman activities of the corresponding wave numbers
by B3LYP/6-31+G (d, p) basis set have been collected in Table 2. The IR intensities and Raman activities
calculated by B3LYP/6-31+G (d, p) level with experimental values exposes the variation of IR intensities and
Raman activities. These variations may be due to the substitution of the hydroxyl and electronegative atom.

Vibrational force constant

The output files of the quantum mechanical calculations contain the force constants matrix in cartesian
co-ordinates and in mdyn/A° units. These force constants were transformed to the force fields in the internal
local-symmetry co-ordinates. The force field determined was used to calculate the vibrational potential energy
distribution among the normal co-ordinate. In the molecule the values show the variation due to the substitutions
of the halogen and hydroxyl groups. They are listed in Table 2.

A better agreement between the computed and experimental frequencies can be obtained by using
different scale factors for different regions of vibrations. Initially, all scaling factors have been kept fixed at a
value. The correction factors used to correlate the experimentally observed and theoretically computed
frequencies for each Vibrational modes of 7C4H3QCA under HF and DFT-B3LYP methods are similar and an
explanation of this approach was discussed previously [70-77]. Subsequently, in HF method a scale factor of
0.91 rings C-H and O-H stretching modes while 0.93 for the all other vibrations are used. In B3LYP level a
scale factor of 0.96 for C-H and O-H stretching vibrations and 0.99 for other fundamental modes have been
utilized to obtain the scaled frequencies of the compound 7C4H3QCA with 6-31+G (d, p) basis set. The scale
factors used in this study minimized the deviations very much between the computed and experimental
frequencies both at HF and DFT/B3LYP level of calculations. DFT/B3LYP correction factors are all much
closer to unity than the HF correction factor, which means that the DFT/B3LYP frequencies are very much
closer to the experimental values than the HF frequencies. Thus, Vibrational frequencies calculated by using the
B3LYP functional with 6-31+G (d, p) basis set can be utilized to eliminate the uncertainties in the fundamental
assignments in infrared Vibrational spectra [78].
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V. Conclusions

FT-IR and FT-Raman, quantum chemical calculation studies have been performed on 7-chloro-4-
hydroxy-3-quinolinecarboxylic acid, in order to identify its structural and spectroscopic features. Attempts have
been made in the present work for the proper frequency assignments for the compound 7C4H3QCA from the
FT-IR and FT-Raman spectra. The equilibrium geometries and harmonic frequencies of 7C4H3QCA were
determined and analyzed both at HF and DFT level of theories utilizing 6-31+G(d,p) basis set, giving allowance
for the lone pairs through diffuse functions. Comparison between the calculated Vibrational frequencies and the
experimental values indicates that the methods of B3LYP/6-31+G (d, p) and HF/6-31+G (d, p) can predict the
IR and laser Raman spectra of the title compound well. Any discrepancy noted between the observed and the
calculated frequencies may be due to the fact that the calculations have been actually done on single molecules
in the gaseous state contrary to the experimental values recorded in the presence of intermolecular interactions.
The optimized geometry parameters calculated at B3LYP/6-31+G (d, p) are slightly larger than those calculated
at HF/6-31+G (d, p) level and the HF calculated values coincides well compared with the experimental data on
the whole. The difference between the observed and scaled wave number values of most of the fundamentals is
very small. The observed and the calculated frequencies are found to be in good agreement.
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Fig. 2 Experimental FT-IR Spectra (region 4400-400 cm}) of 7C4H3QCA
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Fig. 3 Experimental Laser Raman spectra (region 100-3500 cm J) of 7C4H3QCA
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Fig. 5 Computed FT-IR and FT-Raman spectra of 7C4H3QCA B3LYP/631+G (d, p)
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