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ABSTRACT

Pyridine is miscible with water and virtually altganic solvents. It is weakly basic, and with hydtoric acid it
forms a crystalline hydrochloride salt that meltslda5-147 °C. Most chemical properties of pyridame typical of
a heteroaromatic compound. In organic reactionsridgige behaves both as a tertiary amine, undergoing
protonation, alkylation, acylation, and N-oxidatiahthe nitrogen atom, and as an aromatic compoundgergoing
nucleophilic substitutions. So we have done a YVitanal spectroscopic investigation on 2, 6 Bis (Bammethyl)
Pyridine which is a derivative of benzonitrile. eTbptimized geometry of the 2, 6 Bis (Bromo-metRytjdine
molecule has been determined by the method of tdefusictional theory (DFT). For both geometry aratat
energy, it has been combined with B3LYP functidwaaling 6-311 g (d, p) as the basis set. Using dpmized
structure, we have calculated the infrared wave Ipeirs, which are very useful in absence of expettahelata. On
Based on these results, we have discussed thelat@mre between the vibrational modes and the ctijsa
structure of 2, 6 Bis (Bromo-methyl) Pyridine. Anglete assignment has been done with theoreticapHetra .

Keywords: DFT, 2, 6 Bis (Bromo-methyl) Pyridine, Vibrationahalysis HOMO-LUMO Gap

INTRODUCTION

Pyridine is a basic heterocyclic organic compouritth whe chemical formula C5H5N. It is structuratiglated to
benzene, with one methine group (=CH-) replaced Ibjtrogen atom. The pyridine ring occurs in mampaortant
compounds, including azines and the vitamins niaaith pyridoxal. Pyridine was discovered in 1843Hsy Scottish
chemist Thomas Anderson as one of the constitudrttene oil. Two years later, Anderson isolatedeppyridine

through fractional distillation of the oil. It is eolorless, highly flammable, weakly alkaline, weseluble liquid

with a distinctive, unpleasant fish-like odor. Rynie is used as a precursor to agrochemicals aadrmgiteuticals
and is also an important solvent and reagent. it added to ethanol to make it unsuitable famkihg (see
denatured alcohol). It is used in the in vitro sydis of DNA, [1] in the synthesis of sulfapyridiedrug against
bacterial and viral infections), antihistaminic gsutripelennamine and mepyramine, as well as watgellents,
bactericides, and herbicides. Some chemical congmuaithough not synthesized from pyridine, conttsrring

structure. They include B vitamins niacin and pgxdl, the anti-tuberculosis drug isoniazid, nicetiand other
nitrogen-containing plant products.[2] Historicalpyridine was produced from coal tar and as aroghpct of the
coal gasification. However, increased demand foidpye resulted in the development of more econaimtethods
of synthesis from acetaldehyde and ammonia, aneé than 20,000 tonnes per year are manufacturediwiole.
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MATERIALS AND METHODS

Computational details

Initial geometry was generated from standard gepoca¢tparameters and was minimized without any tai in
the potential energy surface. The gradient cordedemsity functional theory (DFT) with the threagmaeter hybrid
functional (B3) [3] for the exchange part and theetYang-Parr (LYP) correlation function [4] has besnployed
for the computation of molecular structure, vibwaal frequencies, HOMO-LUMO, and energies of thémiged
structures, using GAUSSIAN 09 [5]. The calculatedrational frequencies have also been scaled kgctoif of
0.963 [6]. By combining the results of GaussViewgsogram [7] with symmetry considerations, vibraibn
frequency assignments were made with a high degfreecuracy. We used this approach for the premtiatif IR
frequencies of title compound and found it to beyvaraightforward. Density functional theory cdbtions are
reported to provide excellent vibrational frequescof organic compound if the calculated frequenare scaled to
compensate for the approximate treatment of eleaoorelation, for basis set deficiencies and fdraamonicity. A
number of studies have been carried out regardifmyulations of vibrational spectra by using B3LYRthrods with
LANL2DZ and 6-311 G (d, p) basis sets. The scafamgor was applied successfully for B3LYP method aras
found to be easily transferable in a number of mdkes.

RESULTS AND DISCUSSION

The optimized Structure parameters of 2, 6 Bis (Byemethyl) Pyridine calculated by B3LYP method wiitle 6-
311G (d, p) basis set are listed in Table 1 andnaaecordance with the atom numbering scheme @srsin Figure
1, respectively. After geometry optimization locaihimum energy obtained for structured optimizatdr2, 6 Bis
(Bromo-methyl) Pyridine with 6-311G (d, p) basis seapproximately -5474.0925 (a.u.). For B3LYP huet, the
optimized bond parameters of molecule calculateddsyous methods are listed in Table 1.

The (C-C) bond length varies between the value82188 1.496 A, while (C-Br) bond length varies betm 1.950
A-1.956 A. (C-H) bond length varies between 0.90/7 A while (C-N) bond length is 1.334 A.-1.343All the

calculated bond lengths are in good agreement exigierimental data as given in Table 1. The (C-®W@)d angle
varies from 118.4- 121.1 while (C-C-Br) varies beén 110.4- 110.6. The (C-C-H) bond angle variesvéen
109.0- 120.8. All the calculated bond angles amgoiod agreement with experimental data as givéerabie 1.

Figure 1. Model molecular structure of 2,6-Bis(Bronomethyl)Pyridine

TABLE-1 Bond Lengths (A) & Bond Angle of 2, 6 —Bisbromomethyl)Pyridine

S.No. | Parameters| Experimental Value] Calculated Vak
“Bond lengths”
1. G-C, 1.382 1.389
2. C,-Cs 1.38i 1.39%
3. Ci-Hyy 0.93( 1.08:
4. G-Cs 1.383 1.389
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5 G-Hie 0.930 1.083
6 G-Cy 1.382 1.397
7 Gs-Hi: 0.930 1.083
8 CsCs 1.49¢ 1.49i
9 Cy-Ni¢ 1.334 1.337
10 G-C; 1.491 1.497
11. G-Nic 1.343 1.337
12. G-Brg 1.950 1.995
13 G-Hu 0.970 1.086
14 Ce-Hiz 0.97¢ 1.08¢
15 G-Brg 1.956 1.995
16 G-Hi:z 0.970 1.086
17 G-His 0.970 1.084
“Bond Angles”

18 Co-Ci-Cs 119.2 118.¢
19 Co-Ci-Hyy 120.¢ 121.0
20. G-Ci.Hyy 120.4 120.2
21. G-C-Cs 118.4 118.9
22. G-Cr-Hye 120.8 120.5
23. G CrHye 120.8 120.5
24 C-Cs-Cy 118.¢ 118.¢
25 Cy-C3His 120.€ 121.(
26. C-Cs-His 120.6 120.2
27. G.Cs-Cs 120.3 121.4
28. G-Cs-Nyg 123.4 122.5
29. G-Cs-Nyg 116.3 116.0
30 Ci-CC 121.1 121+
31 C1.Cs-Nyc 122.€ 122.f
32. G-Cs-Nyg 116.3 116.0
33. C-Cs-Brg 110.4 111.7
34. C-Cs-Hua 109.6 112.9
35. C-Cs-Hi1z 109.6 110.5
36 Brg-Ce-Hus 109.€ 104.¢
37 Brg-Cs-H1s 109.¢ 105.:
38. Hi-Hi12-Cs 108.1 111.4
39. G-C7-Brg 110.6 111.7
40. G-Cr-His 109.5 112.9
41. G-Cr-Hiag 109.5 110.5
42 Bro-Cs-His 109.5 104.¢
43 Brg-C;-H14 109.t 105.:
44. H3-Cr-Hia 108.1 111.4
45. C-Ny1c-Cs 117.5 118.7

Atomic charge, Polarizibility, Hyper Polarizibility and Thermodynamic Properties:
The Mulliken atomic charges for all the atoms of &, 6 Bis (Bromo-methyl) Pyridine is calculated B§LYP
method with 6-311G (d, p) as basis set in gas paadare presented in Table 2.

Dipole moment ), polarizibility <a> and total first static hyperpolarizlbilitfy [8, 9] are also calculated (In Table
3) by using density functional theory. They canexpressed in terms of y, z components and are given by
following equations 1, 2 and 3-

u= (le2 + ”yz + sz)l\2 1)
<o>= 1\3 [oyg + oy + 057 ---mmmmmeemee- )
B Total= (ﬁxz + Byz + B22)1\2: [(BXXX + BXW + BXZZ) 2+ (BYW + BVXX + BYZZ) 2+ (ﬁzzz + ﬁzxx + ﬁZW) 2] Y. (3)

Thep components of Gaussian output are reported iniatonits.

Where (1 a.u. = 8.3693XT0e.s.u.). For 2, 6 Bis (Bromo-methyl) Pyridine, tt@culated dipole moment value is
4.2863 Debye. Having higher dipole moment than wé2el6 Debye), 2, 6 Bis (Bromo-methyl) Pyridinendae
used as better solvent. As we see a greater cotinibof a,, in molecule which shows that molecule is elongated
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more towards X direction and more contracted taréation. B, B,,, contribute larger part of hyperpolarizibity in
the molecule. This shows that Y axis and YZ plameeroptical active in these direction.

Several calculated thermodynamic properties basetth® vibrational analysis at B3LYP and 6-311Gp{]evel,

like internal thermal energy (E), constant voluneathcapacity (¢J, and entropy (S), have been calculated and listed
in Table 4. At the room temperature, conductiondbEnalmost empty so electronic contribution iratatnergy
negligible. Thermodynamic parameters clearly indicthat vibration motion plays a crucial role insessing
thermodynamical behavior of title compounds. Thiewdated dipole moments at B3LYP/6-311G (d, p) leme
6.6832 for 2, 6 Bis (Bromo-methyl) Pyridine.

TABLE-2 Mulliken atomic charges (e) of the 2, 6 —Bi (bromomethyl) pyridine

s.no | Atom | Atomic charge

1. C -0.10603:
2. G 0.000552
3. G -0.106030
4. G 0.117055
5. G 0.117060
6. Cs -0.29436.
7. C; -0.29436!
8. Br -0.071421
9. Br, -0.071415
10. N -0.318863
11. H 0.169284
12. H, 0.18127!
13. H 0.169285
14. H, 0.181274
15. H 0.108153
16. H 0.110398
17. H 0.108155

TABLE-3 Polarizability & Hyper Polarizability 2, 6- Bis (Bromomethyl) Pyridine

Polarizability
O --86.7767
Oy 0.0005
Oy -79.0187
Oyz -1.8704
o -81.3624
Ogx 0.000:

o 82.385833
Hyper Polarizability

[ 0.0001
By 5.8570
By 5.8570
Byy | -46.775
Bm | -11.8800
Brce 7.0034
Buz -0.0011
Bo: | -19.9482
Bye | -19.6815
Byyz 0.000:

Btotal | 60.9071316

TABLE-4 Thermodynamic properties of 2, 6 — Bis (Branomethyl) Pyridine

Parameter | E (Thermal) Kcal/mol | CV (cal/mol-kelvin) | S (cal/mol-kelvin)
Total 84.729 34.287 107.052
Translational 0.889 2.981 42.599
Rotational 0.88¢ 2.981 32.86¢
Vibrational 82.951 28.326 31.584
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Electronic Properties:

The interaction with other species in a chemicatay is also determined by frontier orbitals, HOM@ LUMO.
It can also be determined by experimental data.fidwier orbital gape helps to distinguish theroieal reactivity
and kinetic stability of the molecule. A moleculéieh has a larger orbital gape is more polarizedrwareactive
part as far as reaction is concerted [10]. Thetieororbital gape in case of the given moleculd.B5 eV for 2, 6
Bis (Bromo-methyl) Pyridine given in Table 5.

The contour plots of the HOMO, LUMO structure oétmolecules are shown in Figure 4, 5. The impogaufc
MESP lies in the fact that it simultaneously digglanolecular size, shape as well as positive, hegaind neutral
electrostatic potential region in terms of gradargl is very useful in the investigation of molecwgaucture with
its physiochemical property relationship [11,12heTMESP diagram is shown kigure 6.

9

Figure 2 HOMO (Left)- LUMO (Right) and MESP (Down Center) pictures of 2, 6-Bis (Bromomethyl) Pyridine

TABLE-5 HOMO-LUMO Gap (Frontier Orbital Energy Gap) and Dipole moment of 2, 6-Bis(Bromomethyl) Pyridie

Parameters Value
Total energy E(a.u.) -5474.0925
Dipole moment (Debye) 4.2863
LUMO -0.26789
HOMO -0.06572
Frontier Orbital Energy Gap (e\ 5.499024

Assignment of fundamentals

2, 6 Bis (Bromo-methyl) Pyridine has 17 atoms 45mmad modes of vibration. We made a reliable onette-
correspondence between the fundamentals and theefeies calculated by DFT (B3LYP). The relativenda
intensities are also very satisfactory along wlitirt positions. Some important modes are discussezhfter.

Vibrational Modes Discription:
C-H stretching vibrations are generally observethsregion 2800-3200 chAccordingly, in the present study for

2, 6 Bis (Bromo-methyl) Pyridine, the C-H stretahivibrations are calculated at 2998, 2998, 3055933072,
3072 and 3078 cih respectively.

A strong scissoring vibrations (H-C-H) are obserirethe region 1406 and 1415 ¢min plane bending vibrations
are found in the region 1064 ¢nand 1042 crh. Between the region 1000- 2300 tme have observed that in two
region 1557 ci and 1567 cil the whole ring deformed. Also strong CH2 rockingde vibration is calculated at
1195 cni in spectral region.

Torsion, wagging and out of plane bending modegyareerally present in lower region. Ring Torsiosl®wn at
554 and 578 cfh while Twisting in(C-CH,-Br) bond is shown in 298 ¢t Ring Breathing vibration is observed at
218 cm® and also out of plane banding in C-C-H observetPis cn.
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TABLE-6 Calculated Wave Numbers, it's RespectiveR Intensity and vibrational assignments of 2 ,6 —Bi(Bromomethyl) Pyridine

S.no. | Frequency| IR intensity Vibrational Assignment
1 16 0.358 ®(C-Br)
2 28 0.002 Twist in whole ring
3 86 2.731 Banding of ring
4 91 1.93] Twisting in whole ring
5 207 4.221 Twisting in whole ring
6 218 2.033 Breathing
7 258 2.447 Twist (C-CHBr) in both places
8 385 1.637 Twist (C-CHBr) in both places
9 423 3.322 v(C-C-H) out of plane banding in whole ring
1C 47C 3.43% Out of plane banding in whole ri
11 552 44.81 Ring deformatio
12 554 20.26 7(C-C-C-N)in whole ring
13 578 37.67 t(C-C-C-C) in whole ring
14 683 1.582 Out of plane banding in whole ring
15 712 5.291 Ring breathing
16 737 15.4¢ y(C-C-H)
17 81C 15.2( y(C-C-C)
18 844 1.155 Twist in both G-H
19 846 3.539 Twist in both CHBr
20 894 0.095 y Out of plane banding(C-C-H)
21 938 3.764 B(C-C-C) whole ring
22 972 3.2¢0 Ring breathin
23 974 3.30¢ Ring breathin
24 1064 12.93 B(C-C-H)
25 1093 0.450 B(C-C-H)
26 1101 1.958 B(C-C-H)
27 1142 2.537 B(C-C-H)
28 119¢ 44.9( Rocking CH:
29 1199 29.34 Rocking CH2
30 1207 0.024 B(C-C-H) whole molecule
31 1244 3.629 Ring breathing
32 1269 0.754 StretchingC-C) whole ring
33 1406 1.159 SCiSSOring S(’J'CTHM) + (H11-CG-H12)
34 141¢ 0.38¢ Scissoring S(hzCr-Hig) + (H11-Ce-H1)
35 1426 6.882 B(H14-C7-Hi3) + B(H11-Co-H12)
36 1432 48.75 (D(Cl-Hu) + (D(Cz-Hls) + (JJ(C3-H15)
37 1557 33.32 Ring deformation
38 1567 28.29 Ring deformation
39 2998 1.833 V(C7-H13) +V(C7-H14) +V(C6-H12) +V(C§'H11)
40 2998 12.80 | v(Cr-Hag) +v(Cr-Hia) + v(Co-Huz) +v(Co-Hua)
41 3057 3.303 V(Ci-H17) +v(Cy-Hig) + v(Cs-His)
42 3069 6.849 V(Cl-H17) +V(C3-H15)
43 3072 0.123 V(C7-H13) +V(C7-H14) +V(C6-H12) +V(C5—H11)
44 3072 0.637 V(H1-C7) +v(Cr-Hig) + v(Ci-Hi7) +v(Ca-His) + v(Co-Hiy) +v(Ce-H1o)
45 3078 7.339 V(Cl‘H17) +V(CQ'H1€) +V(Cg-H15)
CONCLUSION

We have done 8tructural, electronic, optical and vibrational jpedies of 2, 6 Bis (Bromo-methyl) Pyridine Using
Density Functional TheonAll frequencies are real in the molecule. Hence ¢bmpound is stable. The method
B3LYP /6-311G (d, p) gives us most successfullycdbed the vibrational spectra @f 6 Bis (Bromo-methyl)
Pyridine Reactivity reflects the susceptibility of a subsgnowards a specific chemical reaction and plaksya
role in, for example, the design of new moleculed anderstanding biological systems and materiahse. Hyper
polarizability is mainly controlled by the planaribf the molecules, the donor and accepter streragii bond
length alteration. The values of hyper polarizépilindicate a possible use of these compoundssdcatrel-optical
applications. The present work might encouragentiel for an extensive study by the experimentahistsested in
the vibrational spectra and the structure of tleesepounds.
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