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ABSTRACT

Molecular structure and Vibrational spectra of Niicoc Acid (NA)—Water (W) complexes with stoichitimeatios
ranging from 2:1 (NAW) to 1:3 (NAW) Complexes have been studied by means of quaftemiaal calculations
using HF and B3LYP methodology and the 6-311++@dbasis setlt was found that the strength of hydrogen
bond between the hydrogen and the nitrogen inceeasth increasing the number of water moleculesictral
parameters of the optimized geometrigdal energies andlipole moment have been calculated. We show that
increasing the number of water molecules strendtthe binding energy as well as bond length betwdeand H
decreases i.e. stability increas@e ring-breathing modtequencywy, of the reference system NA has been chosen
as a marker band to the strengths of hydrogen bandiR intensity and Raman activity correspondingtte ting-
breathing modérequency; have been calculated for three numbers of hydretedplexes of Nicotinic Acid.

Key words: Nicotinic acid-water complexes, Molecular Structued-initio and DFT Calculations, Optimized
Geometry.

INTRODUCTION

Nicotinic Acid (NA) or Niacin (3-pyridine carboxycid) also known as VitaminsBis a water soluble vitamin and
indispensible dietary factor for humans and anirfa8]. In human, mild Nicotinic acid deficiency $ideen shown
to slowdown metabolism and cause decreased toketarthe cold and severe deficiency of it in thet dauses the
disease pellagra, a systematic disorder. It islu@gbin a wide range of biological processes, idiclg production
of energy, synthesis of fatty acids and steroiegulation of gene expression and maintenance afrgenintegrity.
Nicotinic acids has been used to increase levelighf-density lipoprotein (HDL) in the blood andshaeen found
to modestly decrease the risk of cardiovasculantsvi@ a number of controlled human trials [3]. \WMBright et al
[4] studied the crystal structure of nicotinic aaidthe first time by two and three dimensional &+methods. A.
Kuttoglu et al [5] reinvestigated the crystal sture of nicotinic acid and derived more accurateapeeters as a
preliminary to the study of the electron densitgtdbution in the molecule. Sala et al [6] studted vibrational
analysis of nicotinic acid species based on alwimitolecular orbital calculations by ab initio (lf&e Fock and
second-order Moller Plesset perturbation) and laylolénsity functional theory calculations 6-31G**sim set.
Koczon et al[7] studied the experimental and theoretical spectraiatinic acid and obtained its two stable
structures NA | and NA Il which differ in orientah of the COOH group with respect to the pyridiimgy. Hudson
et al [8] proposed a study on the inelastic neustcatttering spectrum of nicotinic acid and its grssient by solid-
state density functional theory. Kumar et al [9Yédeen recorded and analysed the FTIR and Raneutrapf
nicotinic acid. The stabilities, optimized moleauteeometries, APT charges and vibrational charestites for the
two possible conformers of nicotinic acid have beemputed using DFT method.
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Hydrogen bonding is an extensively investigate@nmmenon, [10,11] especially due to its importafme
biological system [12]. Quantum Chemistry providles concepts to achieve an understanding of théafuental
nature of chemical bonds in general and hydrogemd®an particular [13]. Structures (optimized getnas),
energetics (total energies) and vibrational spe¢triared and Raman) of hydrogen-bonded complees be
determined via electronic structure calculations.predict molecular properties reliably, the in@sof electron
correlation is required. Besides ab initio methsdsh as Hartree Fock (HF) theory, density funclitmeory (DFT)
has become very popular recently owing to its goedormance and reasonable computational effodlk Rinary
ionic complexes, complexes of small organic molesuhith water and some other systems have beenim@m
[15-22]. Computer simulation of molecular structiie the Nicotinic Acid—Water and Nicotinic Acid-Wéa—Poly
(N-vinylpyrrolidone) system was performed and IRa&pa of these systems were calculated recently [23

We propose to study the structures and spectrassilple hydrogen bondetcotinic acid-water complexes, such as
NAW, NAW, NAW, NAW; In this paperthe ab-initio and DFT derived optimized geometréesl vibrational
spectra of the several nicotinic acid-water comgdeare presented and the change in the structocespectral
features within this group has been discussed.optimized geometrytotal energiegnd ring breathing vibration

of the nicotinic acid-water complexes has beenattarized theoretically for the first time usiogmparative study
of ab-initio (HF) and DFT calculations (B3LYP) wit311++G(d, ppasic set.

Computational M ethodology:

The ground state geometries and vibrational spefttrafree Nicotinic Acid (NA) and its hydrogen-boedi
complexes with three molecules of water have bgdimized and correspondingng breathing vibratiorw, were
calculated using ab initio method:-(i) Hartree—FdlE) [24] and hybrid density functional theory (DFmethods-
(if) B3LYP which uses Becke’s three-parameter fioral with nonlocal correlation provided by Lee—Yw-Parr
expression [25, 26] with 6-311++G(d, p) basic sditcalculations have been performed using the GAUN 03
(revision D.01) package of programs [27] withouy @onstraint on the geometry. It has already bémwa that
this level of theory is sufficient to reliably pietd molecular geometries as well as vibrationalcsgeof hydrogen
bonded systems [28]. Geometries have been firghagad with full relaxation on the potential energyrfaces. The
optimized geometrical parameters (bond length amdtilangles)total energie$29], ring breathing vibration,, IR
intensity, Raman activity and dipole moment haverbealculated for nicotinic acid and nicotinic awrdter
complexes and compared.

RESULTSAND DISCUSSION

The optimized geometries of sevehitotinic Acid (NA)-water(W) complexes with different stoichiometratios
ranging from 2:1 (NAW) to 1:3 (NAW,) are shown in Figure la-d. Geometry optimizatiorexe performed
without any constraints. In Table 1, some seleotést- and intra molecular structural data for tfierent species
mentioned above, calculated at the HF/6-311++G (@) B3LYP/6-311++G(d,p) level, are listed. FronblEal, it
can clearly be seen that in the seridg&,W— NAW— NAW,— NAWS; the hydrogen bond N-H, between
Nicotinic Acid and water is successively shortereetl the bond anglbl,--H,-O increased which indicate the
formation of stronger hydrogen bonih the case oNA,W, NAW NAW, and NAW; the strengthening of the
hydrogen bond causes an elongation of the cov@ldrf bond in the water molecule. The same effect orother
covalent bond (O-}) of the same water molecule is much less pronalriea theNA,W complex, however, the
inter atomic distances for the covalent bonddH@and Q-H, as well as the hydrogen bondg-¥, and N---H, are
practically the same. This is quite expected stheetwo Nicotinic acid rings linked with water asgmmetrically
placed on both sides of the water molecule. Thelbengths @-H. and Q-Hq of the second water molecule in the
NAW, complex are quite close to those of the first watelecule, @H, and Q-H,, respectively. The lengths of
the two covalent O-H bonds, however, do not mateltipely. This is because of the fact that in NAWIthough
both water molecules are hydrogen-bonded, theiremwent is different- the first water molecule iigibonded to
the N-atom of Nicotinic acid (NH), while the second water molecule is bonded to@hatom of the first water
molecule (O-H). The water-water hydrogen bond,(tH,) is slightly longer than the Nicotinic acid-watgrdrogen
bond (N--Hg). With the addition of a third water molecule yiglg the NAW; complex, the water-water hydrogen
bond (Q--H.) distance increases. The adjacent covalent bgndH@is slightly shortened, whereas the effect on the
O,-Hq (O5+-Hy) distance is negligible. This is quite reasonaihee these two O-H bonds are open-ended at the H-
atom, and are not expected to be appreciably afidoy hydrogen bonding. The quite symmetrical stmecof the
NAW 3 complex is revealed by nearly identical bond disés of the covalent bonds €4,/ O; —H, and hydrogen
bonds @--HJ/ O;---He, in which both the second and the third water ke are involved.
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Fig. 1. Optimized geometriesof Nicotinic acid-Water complexes () NAW (b) NA,W (c) NAW (d) NAW, () NAW3at B3LYP/6-
311++G(d,p)

Tablel: Selected calculated structural parameter s of Nicotinic acid-Water Complexes at HF/6-311++G(d,p) and B3L Y P/6-311++G(d,p) levels of

theory
. HF/6-311++G(d,p) B3LYP/6-311++G(d,p)

Bond distances (A) v T Naw [ NAW, | NAWS | NAW | NAW | NAW, | NAW,
N.-H, 2.1608 | 2.1287] 2.0535 1.9399 2.00p4 1.9569 1.86627440.
No-Hp 22627 - - ~ | 20904 - § -
O.-H, 0.9462 | 0.9476| 09519 09577 009705 0.9757 0.985D990.
O.-Hp 0.0445| 0.9404 0.9404 09443 00689 0.9610 0.9619638
O.-He - ~ | 1.9955| 20781 1.8508 - | 1.8505 1.9206
O.-He : : ~ | 25378 - : ~ | 1.9397
O,-He : - 09482 | 00469 09766 - | 09766 009742
OsHe : - ~ | 0.9463 - ~ | 09731
0O,-Hq - ~ | 09405| 09405 09609 - | 09609 0.9610
Oa-H - - ~ | 09405 - - ~ | 0.961d

Angles(deg) NAW | NAW | NAW, | NAW, | NAW | NAW | NAW, | NAW,
Hi-Co-N, 1155 | 116.7| 116.6] 1160 1158 1167 1164 11p.7
H.-Ci-Np 1155 - - - 1155 - - -
CiNoH, 1064 | 134.9| 1155 1193 1110 1295 1158 1104
Ci-Ny-H, 975 - - - 98.6 - - :
N,-H:O, 162.7 | 163.1| 168.1] 1741 169p 1690 1686 1746
No-Hy-Os 144.6 - - - 1475 - - -
He-O1-Ho 106.9 - 1069| 1066 1064 - 1068 1063
0:-He-0, - - 1604 | 156.2 - - - 157.4)
0,-He-0s - - - 153.9 - - - 1555
He-O>-Hg - - 1065 | 106.7 - - 1057 105.9
He-Os-Hy : : - 106.7 - - - 105.9
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Optimized energy and dipole moment are calculateldF6-311++G(d,p) and B3LYP/6-311++G(d,p) leveheT
results are shown in Table 2. According to enemplysis, the calculations predict that N# is most stable than
the other nicotinic-water complexes, this is qéipected since the two Nicotinic acid rings linkeith water are
symmetrically placed on both sides of the wateranalle. InNAW— NAW,— NAW; that stability of nicotinic-
water complexes increases with number of water cutds. The calculated dipole momentNg,W, NAW, NAW,,
and NAW differ significantly in their magnitudes and wadithat NAW is more polar than other three complexes.

Table2: Calculated total energiesand dipole momentsfor nicotinic acid-water complexes

HF/6-311++G(d,p) B3LYP/6-311++G(d,p)
Total energy | Dipolemoment | Total energy | Dipole moment
(a.u) (Debye) (a.u) (Debye)
NAW | -944.915268 3.563 -950.437852 3.347
NAW | -510.491986 2.3982 -513.455253 2.842
NAW, | -586.556173 2.203 -589.928213 2.460
NAW; | -662.618085 1.375 -666.397456 0.606

The ring-breathing modeequencyv, of the reference system NA has been chosen aslkentzand to the strengths
of hydrogen bondindR intensity and Raman activity correspondingtte ting-breathing modigequencyo; have
been calculated for three numbers of hydrated cexegl of Nicotinic Acid. The results are shown irblEa3. We
see that the ring breathing mode frequency andesponding Infrared intensity, Raman scatteringvagtihas
changed with the addition of water.

Table3: Ring breathing mode frequencies, Infrared Intensitiesand Raman Scattering Activities of Nicotinic acid and Nicotinic acid-
water complexes

HF/6-311++G(d,p) B3LY P/6-311++G(d,p)
Frequency| Infrared Intensities| Raman Activity | Frequency| Infrared Intensities] Raman Activity
(cm™) (Km/Mole) (A*/AMU) (cm™) (Km/Mole) (A/AM V)
NAW | 1119.32 11.6073 29.7786 1056.28 7.7121 39.5547
NAW 1119.68 10.8436 27.9939 1045.35 14.0519 21.2601
NAW, | 1119.76 7.9898 23.3141 1045.5% 12.3421 33.2182
NAW; | 1119.46 13.3175 35.3882 1045.4 12.2484 45.1602
CONCLUSION

The optimized geometries and vibrational spectrdoaf hydrogen-bonded nicotinic acid-water complexeth
different stoichiometric ratios were calculated éwgimg ab-initio with HF and DFT with the hybrid rigtional
B3LYP, using the 6-311++G- (d,p) basis set. Abiiniand Density Functional Theory of hydrogen bonded
Nicotinic Acid —Water Complexes shows that \¥A is most stable than the other nicotinic-water ptaxes. In
NAW— NAW,— NAW; that stability of nicotinic-water complexes ireses with number of water molecules.
The calculated dipole moment BA,W, NAW, NAW, and NAW; differ significantly in their magnitudes and we
find that NAW is more polar than other three complexes. Wetlsaethe ring breathing mode frequency of the
reference system NA has changed with the additiavater.
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