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ABSTRACT

The stabilities, optimized molecular geometriesT &ARarges and vibrational characteristics for
the nicotinic acid (NA) and 2-fluoronicotinic acfd-FNA) have been studied theoretically using
density functional theory (DFT) methods. The En$jaconformers of nicotinic acid are found to
be more stable and less polar than their respediVeis) conformers. Most of the vibrational
frequencies have nearly the same magnitude forNAeand 2-FNA molecules; however,

significant changes are noticed in their IR intdiesi, Raman activities and depolarization ratios
of the Raman bands.

Keywords: ab initio calculations; molecular geometries; atomic chargegrational
frequencies; nicotinic acid and 2-fluoronicotinmdc

INTRODUCTION

Nicotinic acid (Niacin here after labeled as NAXats derivatives (i.e., 2-fluoronicotinic acid

here after labeled as 2-FNA) has been the subjeictvestigation for many reasons. Nicotinic
acid and its derivatives have good biological atiti® and versatile bonding modes. The
structures of many of the complexes that have hbeported show nicotinic acid and its
derivatives acting as bridging ligands through ¢hgboxylate group and the pyridyl N atom [1].
NA plays a nutritional role as a vitamin, deficignaf which results into pellagra. It is involved

in a wide range of biological processes, inclugangduction of energy, synthesis of fatty acids

737



Priyanka Singh et al J. Chem. Pharm. Res,, 2011, 3(1): 737-755

and steroids, signal transduction, regulation afegexpression and maintainace of genomic
integrity. It serves as precursor to various foohsoenzyme nicotinamide adenine dinucleotide
and a broad spectrum lipid drug which is used teelocholesterol [2]. NA acts as an anti-

hyperlipidemic agent; promotes healthy skin, goagtstion, and proper circulation, metabolism

of carbohydrates, fats and protein and functiorohghe nervous system; serves as origin for
most of the commercial compounds, from anti baateaind cancer drugs in the biomedical

industry to pesticides and herbicides in the ageatbal industry and to charge control agent in
photocopier toners [3]. It is also an important naaterial and intermediate widely used in the
synthesis of medicines and dyes [4].

Wright and King [5] determined crystal structure A by two and three dimensional X-ray
methods. Inelastic neutron scattering spectrum AfHds been measured and analyzed using
DFT method by Hudson et al. [6]. Wang and Bergl{ifijdcarried out calorimetric study and
thermal analysis of crystalline for the NA molecwgbrational investigations of NA based on
ab initio molecular orbital calculations have beamried out by Sala et al. [8]. They have also
studied the Raman Spectra of its aqueous soluitiote range 200-1800 cmKoczon et al. [9]
studied the experimental and theoretical spectralAdfand obtained its two stable structures
which differ in orientation of the COOH group witbspect to the pyridine ring. IR spectra 3 of
this compound were investigated by Taylor [10] aidjcik and Stok [11]. Park et al. [12]
investigated the adsorption of picolinic acid anA ’olecule by SERS. Kumar et al. [13]
investigated the experimental IR, Raman spectra demsity functional theory studies of the
conformers of nicotinic acid and its N-oxide.

To the best of our knowledge, neither quantum chahwalculations nor the vibrational spectra
of 2-FNA have been reported up to now. This inadegwbserved in the literature encouraged
us to make this theoretical vibrational spectrogcogsearch based on the conformers of the NA
molecule to give a correct assignment of the furetaal bands in the experimental FT-IR and
FT-Raman spectra. Therefore, the present study #&ngive a complete description of the
molecular geometry, atomic charges and molecularations of the 2-FNA. And also in the
present article attempt has been made to recordFThER and FT-Raman spectra of NA and
analyze these IR and Raman spectra in light ofjttentum chemical calculations and to study
the stability, optimized molecular geometries, AéhRrges and vibrational characteristics for the
four possible conformers NA using DFT method emjigydifferent basis sets. Furthermore,
earlier reported vibrational spectra of NA haveoadteen compared with that of the present
investigation.

EXPERIMENTAL SECTION

The compound nicotinic acid (NA) was purchased frigma-Aldrich Chemical Company,
(USA) with a purity> 99%. This is a white solid at room temperaturewdts used as such
without further purification for recording the FRland laser Raman spectra. The IR spectra
have been recorded in KBr pellets using Perkin EIRX-1 spectrometer in the spectral range
50-4000 crit with the following experimental parameters: Perimer RX-1: scans — 200;
resolution — 2 ct; gain — 50. The recorded FT-IR for the NA molecisieeproduced in Fig.-
1(a).
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The laser Raman spectrum of the NA molecule has bszorded using 488 nm line of an"Ar
laser for excitation in the region 50-4000 trThe Raman spectrum was recorded on the Jobin
Yvon HORIBA HR800 Raman spectrometer equipped withcooled CCD and OLYMPUS
microscope with the following parameters: lasertgipe - 1um, resolution ~ 5 cih power at

the sample < 10 mw, integration time — 10 s, acdatiwn — 5, time constant — 10 s, one window
covers ~ 800 cify accuracy of measurements - 1¢rlit width fixed at the entrance of laser- 1
cm’. The recorded FT-Raman for the NA molecule isadpced in Fig.-1(b).
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Computational Details

The theoretical calculations presented in this whdve been carried out to calculate the
optimized molecular geometries, APT charges andduorental vibrational wavenumbers along
with their corresponding intensities in IR spectyi®aman activities and depolarization ratios of
the Raman bands for the NA molecule with its fludesivative molecule using Gaussian 03 [14]
program package. The computations have been pextbusing density functional theory (DFT)
[15] at the B3LYP level. The B3LYP functional, cists of Becke’'s three-parameter (B3)
hybrid exchange functional [16] was combined witkeLYang-Parr correlation functional (LYP)
[17] with the standard 6-311++g** basis set, acedpas a cost effective approach, for the
computation of molecular structure, vibrational damental frequencies and energies of
optimized structures. The basis set used as a Maleiple-zeta with the addition of diffuse and
polarization functions for each atom in the molesulFor the NA molecule, initial parameters
were taken from the work of Wright [5] while forelFNA molecule, the initial C-F bond length
is taken as 0.925 A and calculations were perforosidg the RHF method with the 6-31+G*
basis set. The optimized geometries at the RHF#8331evel were taken as the input structures
for the calculations at the B3LYP/6-31+G* levelnfdarly, the optimized geometries at the
B3LYP/6-31+G* level were used as the input struesufor the calculations at the B3LYP/6-
31++G** level. Finally, the optimized geometriesthe B3LYP/6-31++G** level were used as
the starting geometries for the calculations at B3tYP/6-311++G** level. For the NA-II
conformer of nicotinic acid the dihedral anglgdy0;,H14 is changed by ~180n the optimized
geometries at the B3LYP/6-311++G** level molecuiedor the NA-IIl conformer of nicotinic
acid the dihedral angle 4C3CgO13 is changed by ~180in the optimized geometries at the
B3LYP/6-311++G** level molecule and for the NA-I\baoformer of nicotinic acid the dihedral
angle GC4O2H141s changed by ~180n the optimized geometries at the B3LYP/6-311+*G*
level molecule and the resulting structures arerads the input structures for the calculations at
the B3LYP/6-311++G** |evellt is essential to mention that for the NA-I confar, there are
four possible orientations of the COOH group b #table one is that in which the distance
between one of the H atoms of the OH group faciwgatds the H atom of the pyridine ring is
longer. The geometries were optimized by minimizthg energies with respect to all the
geometrical parameters without imposing any mokscudymmetry constraints [18]. The
assignments of the normal mode of vibrational fesguies were made with a high degree of
accuracy along with the NA and FNA molecules ar@enlay visual inspection of the individual
mode using the Gauss View software [19]. The oleskrR and Raman frequencies
corresponding to the fundamental modes have beeelat®d to the calculated fundamental
frequencies. Finally, the calculated normal modeational frequencies provide thermodynamic
properties also through the principle of statistrnachanics.

RESULT AND DISCUSSION

Energy analysis and Stabilities

2-FNA is substituted pyridines with two differentinictional groups; a F atom and COOH

groups. As model system, nicotinic acid and flueratom are chosen. The possible stable
conformers of 2-FNA and NA molecules were searchiéere are four possible conformers for

these molecules. The optimized geometry of thearamérs and vibrational wavenumbers of 2-

FNA and NA were calculated at DFT/B3LYP level oéthy using the 6-311++G(d,p) basis set.

The nicotinic molecule can exist as four conformdia1, NA2, NA3 and NA4. The calculated
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acid by DFT (B3LYP)

Table-1: Calculated’ total energies (TE) and relative energies (g, for all theoretical structures of Nicotinic

S, Nicotinic Acid Total Energy | Relative Energy | RMS Gradient Norm Dipole Moment
No. (NA) (TE) (Ere1)’ (€V) (RMSGN) (DM)
1

-436.98679055
(-11891.021 eV) 0 0.00001621 0.7526

2 -436.97647547
(-11890.740 eV) 0.281 0.00001198 3.3769

(Conformation- 2) Z

3 -436.98638193
(-11891.010 eV) 0.011 0.00013374 3.4266

4 -436.97482801
' 0.326 0.00003235 5.3535

(Conformation-4) Z

(-11890.6956V)

nicotinic acid molecule(see Table-1).
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a: TE are measured in Hartree and eV, RMSGN arasored in a. u. and DM are measured in Debye.
b: energies of the other three conformers relativehteomost stable C1 conformer.

energies and energy difference of four structuoegte nicotinic acid molecule determined by
B3LYP method with the 6-311++G** basis set are pre#ed in Table-1. Many of the earlier
workers have been found that the nicotinic acidetle can exist in four conformers of the

According to the energy analydig, present DFT
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calculations predicted that the (NA1) (-11891.020 & more stable than (NA3) (-11891.010
eV), the (NA3) (-11891.010 eV) is more stable tijpiA2) (-11890.740 eV), and the (NA2) (-
11890.740 eV) is more stable than (NA4) (-11890.69%. The calculated dipole moments of
the NA1, NA2, NA3 and NA4 conformers differ sigmifintly in their magnitudes and hence the
NA4 species is found to be more polar than therotheee (NA1, NA2 and NA3) species.
Calculations were done for four conformer’s stroetaf the compounds in the ground state, and
tabulated only for the most stable monomer (C1faomers.

Molecular structure and APT charges

The present compounds may have four possible stegt The stability of the optimized
geometries was confirmed by wavenumber calculatiatéch gave positive values for all the
obtained wavenumbers. The calculated energies &)\ difference of four structures for the
nicotinic acid molecule determined by B3LYP aregerged in Table-1. From DFT calculations,
the conformer C1 is predicted to be more stable tither conformers. As mentioned above, the
results for the most stable conformer have beenldasdsl. The NA molecules consist of 14
atoms, and so they have 36 normal vibrational mo@asthe assumption of Gymmetry, the
number of vibrational modes of the 36 fundamentiaiations is divided into 25A" + 11A". The
vibrations of the A' species are in-plane modes twode of the A" species are out-of-plane
modes. All fundamental vibrations are active inhbli? absorption and Raman scattering. But if
the molecule were of £symmetry point group, there would not be any rah\distribution.
The front and lateral view of the studied molecwdes shown in Fig.-2. Most of the calculated
crystal structure parameters for the nicotinic d@de nearly same magnitudes. However, some
of the bond lengths and bond angles show significanations in their magnitudes.

The bond lengths £C;, Cs5-Cg, Cs-C3, Gs-C4 and G-Cs in the NA molecule are calculated to be
equal for the 2-FNA molecule. The bond lengths-NG calculated to be higher in NA as
compared to the 2-FNA. The four C-C bond lengththefpyridine ring for the presently studied
molecules are calculated to lie in the range 1-3B801 A for NA. The four C-H bond lengths
are calculated to lie in the range 1.082 — 1.086r&he NA molecules. The#Cs bond length is

~ 1.485 A and 1.492 A for the NA and 2-FNA molesutespectively. It is found that the O-H
bond length is calculated to be identical for btk molecules. The £0,, bond lengths is
slightly decreases to going from the NA to 2-FNAlecoles. The C-X (F, Cl, Br, etc.) bond
length indicates a considerable increase when itutiest in place of C-H. The F atom is in the
plane of the pyridine ring. The C—F bond length fatend to be 1.336 A (2-FNA) by using 6-
311++G(d,p).

The angles &C3-Cg, G:—Co—Nj, C5-Cg-015, C—C53—Cg and G—C4,—C; are calculated to be higher
difference in going from the NA to 2-FNA molecukfngle G—Cs;—Hy C3—Csg—013, C4—Cs—C, are

calculated to be decreases in going from the N2&-ENA molecules. Different bond lengths,
bond angles and dihedral angles along with theluesare shown in figs.-3(a) and 3(b),
respectively, for the both molecules. It can bensiem fig.-3(a) that there is variation in the
bond lengths. However, in bond angles (Fig.-3bjat@ns are noticeable for many more cases.
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Table-2: Calculated Optimized Geometrical Parametes® for the NA and 2-FNA molecules

Parameters NA FNA
Cal. ObsP Cal.
r(C>-Ny) 1.33¢ 1.33¢€ 1.311
r(C,-H,/F;) 1.084 - 1.336
1(C+-C,) 1.400 1.349 1.405
r(Cs-Cs) 1.48¢ 1482 1.491
1(CsCy) 1.397 1.388 1.399
r(C4-Ho) 1.08: - 1.08:
r(Cs-Ca) 1.388 1378 1.388
1(Cs-Hyo) 1.08° - 1.08:
r(Ce-Nyp) 1.337 1.34: 1.33i
r(Co-Cs) 1.395 1.385 1.392
r(Ce-Hy11) 1.08¢ - 1.08¢
1(Cs-Or) 1.355 1.184 1.346
r(Cg-O12) 1.20¢ 1.33¢ 1.21(
1(O1-Hi1l) 0.969 - 0.969
0(N;-Cg-H11) 116.0 - 115.9
a(N;-Co-H4/F;) 116.6 - 114.9
a(C,-C5-Cg) 122.7 124.0 126.9
a(C-CoN)) 1233 - 125.0
a(C5-Co-HyIF) 120.1 - 120.1
a(Cy-CaHg) 119.4 - 118.0
a(Cs-Ca-Or) 112.9 124.0 114.4
(C5-Cy-O12) 1247 1141 123.0
0a(C4-C3-Cy) 118.4 - 115.8
a(C4-C5-Co) 118.9 1182 172
(C4-Cs-Hyo) 121.2 - 1214
0(Cs-Cs-Ny) 123.7 112.4 123.1
(C5-C4-C) 1186 119.1 1202
a(Cs-Ca-Ho) 122.0 - 121.8
(Cs-Co-Hyy) 1203 - 1211
a(Cs-N;1-Cyp) 117.5 117.5 117.9
0(Cs-Cs-Cy) 1184 119.2 117.9
0(C4-Cs-Hyo) 1203 - 120.7
(Cs-Oy5-H1s) 107.0 - 106.7
(012-C4-O15) 1224 121.9 1226

a: Bond lengths(r) in Angstrom as (A), bond angi¢s(nd dihedral anglesj in degrees as (°). b: [4].

Table - 3: Calculated APT Charges at various atomisites for the NA and 2-FNA molecules

Atoms NA FNA
N, -0.444¢ -0.506"
C, 0.221: 0.837:
C, -0.2920 -0.3637
Cy 0.110( 0.154¢
Cs -0.1541 -0.2102
Ce 0.243¢ 0.300:

H./F; 0.060: -0.542:
Cg 1.3555 1.3672
Hqg 0.08t0 0.098:
Hio 0.0455 0.0552
Hip 0.027¢ 0.038:
O, -0.7547 -0.7243
Oz -0.8123 -0.8126
Hiy 0.309: 0.308¢
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The APT charges for the NA and 2-FNA molecules daked using the method B3LYP/6-
311++G ** are collected in Table-3. The calculatgdmic charges at different atomic sites are
plotted in Fig.-4 for both neutral molecules. Thagnitudes of the charges at the different
atomic sites remain almost same for the NA and 2-FRhblecules except at the sites, IT,, Cs,

C4, G5, G5, Cg and F/H;. The magnitude of charge decreases at theyl and G site and
increases at the,CC,y, Gsand G site in going from the NA to 2-FNA molecules.

2@

Lateral view of NA

FY PRI R ¢ R

Lateral view of 2-FNA

Front view of 2-FNA

Figs. — 2 : Front and Lateral view of the Nicotint acid and 2-fluoronicotinic acid
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Vibrational Characteristics

The calculated fundamental vibrational frequenci®, intensities, Raman activities and
depolarization ratios of the Raman bands for theadA 2-FNA molecules using the B3LYP/6-
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311++G** method are calculated in Table — 4 whitdoancludes the experimental fundamental
frequencies for the NA molecule only. All the cdited modes are numbered from the smallest
to the biggest wavenumber within each fundamenifadation in the second column of the
Tables. The calculated harmonic force constantsveanenumbers are usually higher than the
corresponding experimental quantities becauseeottimbination of electron correlation effects
and basis set deficiencies. Nevertheless, aftdyiagpa uniform scaling factor, the theoretical
calculation reproduces the experimental data Wik observed slight disagreement between
theory and experiment could be a consequence artharmonicity and the general tendency of
the quantum chemical methods to overestimate theefaonstants at the exact equilibrium
geometry. Therefore, it is customary to scale dalae calculated harmonic wavenumbers in
order to improve the agreement with the experimémtour study, we have followed two
different scaling factors, i.e. 0.983 up to 1700'amnd 0.958 for greater than 17007¢j20].

As the Gaussian 03 program calculates the Ramaiitiast (S) at different frequency shifts;j,
the Raman intensities(lare calculated by using the relation [21]

fvo-v)'s )

= U - expohov, /KT

wherev, is the exciting laser light frequency (in ¢jnv; is the vibrational frequency (in ¢hof

the " normal mode; h, c, T and k are the Planck consthetspeed of light temperature and the
Boatman constant, respectively and f is some dyitiosen scaling factor common for all the
peak intensities. The Raman spectrum was recorded) WAF laser line Xo = 488 nm). The
corresponding excitation wavenumber (20492 gmvas used in calculations of the stimulated
Raman intensity. The computed IR and Raman spéatrthe NA and 2-FNA molecules are
shown in Figs.-5-6 respectively. In this section avecuss the vibrational assignments for the
NA and 2-FNA molecules. The present calculationsdais to make reassignments for some of
the earlier assigned fundamental vibrational modes.

(a) C-COOH Modes

The C-COOH group gives rise to the three typesilmfational modes namely(C-COOH) v,
B(C-COOH)vz andu(C-COOH)us. They(C-COOH) and3(C-COOH) modes are found to be
pure modes while(C-COOH) mode is strongly coupled with planar rdegjormation and angle
bending of COH mode. The calculated frequencieshiey(C-COOH) mode decreases from 156
to 120 cni in going from the NA to 2-FNA molecules. The expeental FT-Raman band is
observed at 145 cifor the NA molecule. The NA and 2-FNA moleculeséaearly the same
magnitude (210 cil) for the B(C-COOH) mode. IR intensities and Raman activities a
calculated to be very weak fg(C-COOH) and3(C-COOH) modes. Hence the strong bands at
206 cm® in FT-Raman solid phase spectrum is assignedetp(t-COOH) mode. The C-COOH
stretching frequency is observed at 809'dmy Sala et al. [8] for the NA molecule. In the geat
study it is calculated to be 760 ¢nand is in good agreement with the earlier worktHa
present case thg C-COOH) modes is calculated to have medium IRRachan intensities with
the corresponding frequency is found to be decsefiem 790 to 747 cthin going to the NA to
2-FNA molecules. The FT-Raman band experimentaémiasion is assigned at 750 ¢rfor the
NA molecule.
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(b) COOH Modes

The COOH group has a modes as: 3 modes due toHhgr@up namelyy(O-H), a(C-OH) and
T(OH) and 6 modes due to the COOH moiety, namgl$=0), v(C-OH), a(COOH), p(COOH),
w(COOH) andt(COOH). The band corresponding to the O-H stretgivibbrations is observed
in the region 3300-3700 ¢h{22]. This mode is found to be pure and highlyalazed mode for
the nicotinic acid molecule. For ethanoic acid @sdlerivatives, the O-H stretching frequency
was found at ~ 3760 cm[23]. The present calculation places this modenedrly same
frequency for the NA molecule. For the NA molecHleczon et al. [9] observed a medium IR
intensity at 3447 cih which could be correlated to the above frequefitye NA and 2-FNA
molecules have nearly the same magnitude (~1785~&@65 cni) for the C=0 and O-H
stretching modevg, andvsg) with very strong IR intensity and medium stromgensity of the
Raman activity and the FTIR/FT-Raman bands experialy observations at 1711/1695 and
3414/- cnt. Out of nine modes of the COOH group three mod&€,00H), p(COOH) and
o(COOH) are found to decreases by ~15, ~115 andca2bin going from the NA to 2-FNA
molecules. IR intensities are very strong and Raawivity weak forw(COOH) mode but IR
and Raman activity are weak fpfCOOH) ando(COOH) modes. TheCOOH) andp(COOH)

of NA gives bands at 471, 720 chin the IR spectrum ang(COOH) of NA gives bands at 725
cm ™t in the Raman spectrum. Yadav et al. [24] found fba COOH group, the scissoring
frequency is at higher magnitude than its rockimgj@iency. But in the present study, it is found
that for the NA molecule, rocking frequency of 8®0OH group is at higher magnitude than the
scissoring frequency. For the NA molecule, assigrnnué the COOH scissoring mode is in
agreement with Sala et al. [8]. The frequency ef®f{COOH) modes shifts towards the lower
wavenumber side by ~35 enfor the 2-FNA molecule with very weak IR intensig well as
Raman activity. Modes(O-H), v(C-OH) anda(C-O-H) (110, v22 andv,g) increases by ~20 ¢m
1 ~25 cm' and ~15 crit in going from the NA to 2-FNA molecules. The C-GHetching and
the C-OH angle bending modes strongly mix with eattier and are expected to lie in the region
1150- 1450 cm [24]. Generally the C-OH stretching mode appeéatswer frequency than the
C-O-H angle bending mode. For the NA molecule ahgle bending of C-OH is calculated to be
1310 cm whereas the COH stretching good agreement wita 8ahl. [8] be highly coupled
with C-OH angle bending mode. The calculated imébto be very weak Raman activity and
very strong IR intensity for(O-H), v(C-OH) anda(C-O-H) modes respectively. The FTIR/FT-
Raman bands are observed 545/-, 1035/1044 and 15t corresponding to thes, vo»
andv,g modes respectively.

(c) C—H/C-F Modes

In hetro-aromatic structure shows the presence-é¢i €tretching vibration appear in the range
3100-3000 crit which is the characteristic region for the readnitification of C—H stretching
vibration [25]. In the region the bands are noeetiéd appreciably by the nature of substituents.
The C-H stretching frequencies are observed inrémge 3030-3095 crh for the pyridine
molecule [26]. Accordingly, in the present study three adjacent hydrogen atoms right around
the ring of 2-FNA give rise to three C—H stretchifgs, vs7 and v3s), which correspond to
stretching modes of £Hy, Gs—Hip and G—Ha1 units whereas in case of NA, there are four C-H
stretching vibration i.e, the three adjacent hydrogtoms right around the ring of NA give rise
to three C—H stretching4s, vs7 andvss) and an one adjacent hydrogen atoms left aroundiy

of NA give rise to three C—H stretchingsd), which correspond to stretching modes gfidy,
Cs—Hg, Cs—Hjp and G—H;; units. The aromatic C—H stretching of NA givesdmat 3013, 3040,
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3075, 3099 cnt in the IR spectrum and at 3041, 3073, 3089'dmthe Raman spectrum. These
modes are calculated from 3200 to 3155 'cior the NA molecule, which are in good agreement
with the earlier works [9] and from 3205 to 3170 ¢rfor the 2-FNA molecule. As expected,
these four modes are pure stretching modes. IiRspectrum, C—H peaks were observed in the
3042-3104 cit range for NA by Koczon et al.[8]. In present wdr&quencies are not much
deference’s to going from the NA to 2-FNA moleculaB these four of CH stretching mode, IR
intensities is weak and Raman activities is stromde calculatedThe present calculations
predict the C-F stretching vibration at 1254 tir,e) with medium intensity IR and medium
Raman activity for the 2-FNA molecule.

The in-plane aromatic CH bending vibration occurthie regior.300-1000 ci27], the bands
are sharp but weak intensity. The four C—H in-plaeeading {.s, v2s, v24 andvys) for the NA
molecule and the three C-H in-plane bending, (4 andv,3) for the 2-FNA molecule. The
wavenumbers 1155 and 1090 Cnfvo4 and v,3) and 1185 and 1303 EMm(vzs and vg) are
assigned for C—-H in-plane bending in IR and Ramamdb respectively for NA, which are in
good agreement with values given in literature J8je calculated wavenumbers ~1225 tare
assigned for C-H in-plane bending for both NA anBNA molecules with very strong IR
intensity and weak intensity in the Raman activitlye calculated frequencies decreases ~20 cm
! (vp5) and increases ~75 &mvog) in going from the NA to 2-FNA molecules are irape CH
bending mode respectively. The in-plane C-F bendnogle frequencies are calculated to be at
557 cm’ (vg) for 2-FNA.

The CH out-of-plane deformation modes are vibrationthe range 1000-750 ¢hj22]. In the
present study, the three adjacent hydrogen atoghs$ around the ring of 2-FNA give rise to
three C—H out-of-plane deformation modes,(vis andvig), which correspond to out-of-plane
deformation modes of £Hy, Cs—H;p and G—H;; units whereas in case of NA, there are four C—
H out-of-plane deformation modes i.e, the thre@eelt hydrogen atoms right around the ring of
NA give rise to three C—H out-of-plane deformatiandes {19, vig andvig) and an one adjacent
hydrogen atoms left around the ring of NA give rteethree C—H out-of-plane deformation
modes {17), which correspond to out-of-plane deformation e®df G—H;, C,—Hy, Cs—H;p and
Cs—H11 units. The peaks seen at 972, 941 and 800 (@, v1g andvie) in the IR spectrum and at
976, 952, 918 and 811 cM(vig, vis, vizandvig), in the Raman spectrum are the corresponding
aromatic C—H out-of-plane deformation vibrationsNA. The calculated wavenumbers ~1010,
990 and 840 ci are assigned fofC—H) for both NA and 2-FNA molecules with very vike®R
intensity as well as weak intensity in the Ramativiig. The present calculations predict the
y(C—F) at 540 cr (vg) with weak intensity IR as well as weak Raman aftifor the 2-FNA
molecule.

(d) Ring Modes

The heterocyclic ring of NA and 2-FNA is similar tbat of pyridine ring. Therefore, it is
expected that the vibrational frequencies corredjponto the NA and 2-FNA rings should
match with those of the pyridine rings. The sixgristretching frequencies of the pyridine
molecule are observed in the range 990-1585 tiy Wilmshurst and Bernstein [28]. The
present calculation predicts the corresponding simgtching vibrationygz andvs,) have nearly
the same magnitude (~1635 and 1610%cfor the v(ring) modes while the FTIR/FT-Raman
experimental observations are found to be at -/E58D1540/- cmrespectively. The calculated
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frequency for the ring stretching vibrationgo( v».7 andv,;) are found to be increases by ~13,
~15 and ~20 cfhin going from NA to 2-FNA molecules. The same wifion in experimentally
observed at 1407, 1250 &nin the IR spectra for the:f andv,7) and at 1390, 1243, 1030 ¢m
(va0, v27 @andvyy) in the FT-Raman spectra for the NA molecule. Tihg stretching modev§) is
calculated is found to be decreases from 1508 &8 b’ in going from the NA and 2-FNA
molecules. The present assignments of the ringchtrgy frequencies for NA are found to be in
agreement with those of Koczon et al. [9]. The ole# IR band corresponding to th&ing)
mode is found to be at 1440 ¢m

The planar ring deformation modes for pyridine abserved at 605, 652 and 1030 cimy
Wilmshurst and Bernstein [28]. The present calooet place the corresponding modesg énd
v12) shifts towards the lower wavenumber side by ~d®dand ~ 80 cni respectively, in going
from the NA and 2-FNA molecules. The observed IRdeorresponding to the(ring) mode is
found to be at 996 and 635 ¢rand the FT-Raman experimental observations at 4602635
cm™ for thevyo andv1, modes respectively. The calculated wavenumbengsponding to the
a(ring) mode ¢11) is found to have increases by ~157tin going from the NA to 2-FNA
molecules. For the same vibration the FTIR/FT-Rarbands observed at 570 and 570"cm
respectively.

Wilmshurst and Bernstein [28] observed three na@mat ring deformation modes of the
pyridine ring at 374, 405 and 749 ¢mespectively. The calculated frequencies for ¢ring)
(v13 and vg) are found to be increases by ~76 and ~10' émgoing from NA to 2-FNA
molecules. The observed IR band correspondingdap(fing) mode is found to be at 680 and
418 cm' and the FT-Raman experimental observations igasdiat 690 cihfor thev,s mode.
The present calculations place the correspondindempshifts towards the higher wavenumber
side by ~ 140 cfhin going from the NA and 2-FNA molecules. The alied FT-Raman band
experimental is found to be 380 ¢iior thevs mode.

Table-4: Calculated and experimental fundamental frequencies for the W and 2-FNA molecules

NA FNA
\§
Cal. Obs. Cal. Mode
S.No.
Unscaled Scaled FTIRA FT-Raman’ Unscaled Scaled
wavenumbers | wavenumbers wavenumber wavenumber
V1 63 62 30 29 T(COOH)
(3,0.33) (4, 0.20)
0.75 0.75
Vo 156 135 145w 120 118 y(C-COOH)
(0.04,2) (0.14,1)
0.75 0.75
Vs 211 207 206s 210 206 B(C-COOH)
(3,0.13) (5,0.02)
0.68 0.65
Vu 385 378 380m 245 241 @(ring)
(6,0.14) 2,1)
0.68 0.75
Vs 386 379 366 360 o(COOH)
(6,4) (0.87,3)
0.25 0.19
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Ve 426 419 418vw - 435 428 @(ring)
(0.01,0.47) (0.36, 0.63)
0.75 0.75
v, 494 486 471vw - 381 375 p(COOH)
(10,2) (4.2)
0.60 0.59
Ve j . - - 540 531 Y(C-F)
(3,0.71)
0.75
Vo - - - - 557 548 B(C-F)
(9,3
0.73
Vio 576 566 545vs - 596 586 1(O-H)
(97,2) (95,2)
0.75 0.75
Vi1 627 616 570vs 570w 639 628 a(ring)
(10,5) (39,2)
0.7465 0.75
Vi 660 649 635m 635vwW 583 573 a(ring)
(40,1) (13, 4)
0.15 0.48
Vi 715 703 680vs 690vw 791 778 @ring)
(15,0.17) (78,0.27)
0.75 0.7498
Vis 757 744 720s 725w 744 731 w(COOH)
(77,0.01) (13,0.18)
0.7499 0.7499
Vis 790 777 - 750vw 747 734 v(C-COOH)
(10,16) (24,20)
0.11 0.07
Vi 843 829 800s 811vs 835 821 Y(C-H)
(3,0.50) (3,0.45)
0.75 0.75
Va7 957 941 - 918vw - - Y(C-H)
(0.22,0.27)
0.75
Vig 991 974 941vs 952w 987 970 Y(C-H)
(0.72,0.06) (0.02,0.01)
0.7491 0.7458
Vio 1010 993 972vw 976w 1006 989 Y(C-H)
(0.08,0.03) (1,0.112)
0.7465 0.7498
Voo 1040 1032 996m 1002w 880 865 a(ring)
(13,9) (25,3)
0.07 0.22
Vo1 1056 1038 - 1030vs 1076 1058 v(ring)
(5,37) (17,21)
0.05 0.07
Voo 1114 1095 1035s 1044vs 1138 1119 v(C-OH)
(194,0.94) (146,7)
0.45 0.26
Vo3 1133 1114 1090vs 1117w 1113 1094 B(C-H)
(5.4) (11,3)
0.15 0.17
Vos 1204 1184 1155vs 1160w 1205 1185 B(C-H)
(142,21) (159,10)
0.21 0.28

750




Priyanka Singh et al

J. Chem. Pharm. Res., 2011, 3(1): 737-755

Vos 1226 1205 - 1185m 1301 1279 B(C-H)
(38,7) (35,9)
0.67 0.21
Vs - - - - 1254 1233 V(C-F)
(53,28)
0.14
Vo7 1292 1270 1250w 1243m 1316 1294 v(ring) Kekule
(0.58,4) (1.4)
0.7479 0.67
Vog 1359 1336 - 1303m - - B(C-H)
(21,2)
0.40
Voo 1370 1347 1325vs 1320m 1386 1362 a(C-O-H)
(108,9) (140,6)
0.23 0.27
V3o 1450 1425 1407s 1390vw 1463 1438 v(ring)
(34,3) (178, 2)
0.35 0.72
Va1 1508 1482 1440vs - 1488 1663 v(ring)
(4.3) (42,5)
0.31 0.23
Vi 1609 1582 1540vs - 1606 1579 v(ring)
(11,6) (55,5)
0.51 0.36
Va3 1631 1603 - 1590vs 1639 1611 v(ring)
(61,62) (143, 65)
0.54 0.52
Vas 1789 1714 1711vs 1695s 1778 1703 v(C=0)
(398,81) (403,66)
0.27 0.25
V35 3154 3022 3013m - 3167 3033 v(C-H)
(13,114) (10,114)
041 0.38
V36 3185 3051 3040m 3041vw - - V(C-H)
(6,21)
0.34
Va7 3188 3054 3075m 3073vs 3197 3063 v(C-H)
(3,144) (2, 64)
0.35 0.56
Vag 3202 3068 3099m 3089vs 3209 3074 v(C-H)
(5,135) (5,149)
0.13 0.13
V3o 3769 3611 3414s - 3759 3601 v(O-H)
(105,138) (103,136)
0.26 0.26

p: The first and second numbers within each brametesent IR intensity(Km/mol) and Raman actiitigmu)
while the number above and below each bracket srethe corresponding calculated frequency(cand

depolarization ratios of the Raman band respedfivel

s: strong, m: medium, w: weak, vs: very strong; vesy very strong. tv=stretching,cw=wagging, 7=twisting, p=rocking,
o=scissoring,&= deformation,y=out-of-plane deformatior=in-plane deformationg=angle bendingg= in—plane ring
bending,g=out-of-plane ring bending.

g: From solid state FT-IR spectra in KBr pellet.

r: Observed frequencies in the FT-Raman spectrikartan solid form.
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Thermodynamical Properties
The output files of the Gaussian 03 programs pmte various thermo-dynamical properties of
the studied molecules and are collected in Table4{S.calculated that the total energy of the 2-
FNA molecule is less than that of the NA molecue9B.270 Hartrees which suggests that the 2-
FNA molecule is thermodynamically more stable tkizan NA molecule. The magnitudes of the
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zero point vibrational energy (ZPVE) and the thdremaergy correction decrease slightly by
5.064 and 4.564 Kcal/Mol, respectively, due to taglacement of H7 atom in the NA by an F
atom.

The molar heat capacity of a molecule is definethasamount of heat required to change the
temperature of that molecule by 1 C. The moleculiéls larger molecular mass need more heat
than the smaller ones [29]. The molecular mass-BN2 is more than NA and thus, the heat
capacity of 2-FNA is calculated to be greater thlaat of NA. According to the similarity
principle [30], higher the similarity among the &, higher the value of the entropy will be
and higher the stability will be. Replacement o tH7 atom by a F atom in the NA molecule
increases the magnitude of entropy suggesting2tidA is more stable as compared to the NA
molecule. The magnitudes of the rotational constaatalmost equal for the NA and 2-FNA

molecules.
Table-5: Calculated Thermo-dynamical Propertie§ for the NA and 2-FNA molecules

Parameters NA ENA
Total energy(E) -436.987 -536.257

Zero point vibrational energy(ZPVE) 64.799 59.735

Contribution to the thermal energy correction (TE) 69.239 64.675
Constant volume molar heat capacity(CV 26.49¢ 29.18¢
Entropy (S) 84.47" 89.82¢

a 3.956 2.349

Rotational Constant (RC) b 1.242 1.226

c 0.945 0.806

d: E are measured in Hartrees, ZPVE & TE are meedun Kcal/Mol, CV & S are measured in
Cal/Mol-Kelvin and RC is measured in GHZ.

CONCLUSION

The nicotinic molecule can exist as four conformé&él, NA2, NA3 and NA4. The energy

analysis, the present DFT calculations predicted the (NA1) (-11891.021 eV) is more stable
than (NA3) (-11891.010 eV), the (NA3) (-11891.0M) &s more stable than (NA2) (-11890.740
eV), and the (NA2) (-11890.740 eV) is more stahbnt(NA4) (-11890.695 eV).

The bond lengths £N; calculated to be higher in NA as compared to titeN2. The four C-C
bond lengths of the pyridine ring for the presemstiydied molecules are calculated to lie in the
range 1.385 —1.401 A for NAThe four C-H bond lengths are calculated to ligherange 1.082
—1.086 A for the NA molecules. The<D;, bond lengths is slightly decreases to going frben t
NA to 2-FNA molecules. The anglesg-Cg-Cg, Cs—C,—N;, C3-Cg-0O4,, C—C3—C5 and G-C—Cs
are calculated to be higher difference in goingrfritne NA to 2-FNA molecule. Angle€Cs—

Ho C3—Cs—0y3, C,—Cs—C; are calculated to be decreases in going from the tdlR-FNA
molecules. The magnitudes of the charges at tHerelift atomic sites remain almost same for
the NA and 2-FNA molecules except at the sites@, Cs C4, G5 Cs, Cgand F/Hy.

The calculated frequencies for tiC-COOH) mode decreases from 156 to 120" amgoing
from the NA to 2-FNA molecules. The calculated fregcies decreases ~20 trfips) and
increases ~75 cM(vyg) in going from the NA to 2-FNA molecules are irapé CH bending
mode respectively. The present calculations plaeecbrresponding modes,{ andv;) shifts
towards the lower wavenumber side by ~ 160" amd ~ 80 cni respectively, in going from the
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NA and 2-FNA molecules. The present calculatiorsc@lthe corresponding modg shifts
towards the higher wavenumber side by ~ 140 @mgoing from the NA and 2-FNA molecules.
The calculated total energy of the 2-FNA molecddass than that of the NA molecule by
99.270 Hartrees which suggests that the 2-FNA mitgeis thermodynamically more stable than
the NA molecule. The magnitudes of the zero poibtational energy (ZPVE) and the thermal
energy correction decrease slightly by 5.064 argb4.Kcal/Mol, respectively, due to the
replacement of H7 atom in the NA by an F atom. Reginent of the H7 atom by a F atom in the
NA molecule increases the magnitude of entropy esiygg that 2-FNA is more stable as
compared to the NA molecule. The magnitudes ofalegtional constant are almost equal for the
NA and 2-FNA molecules.
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