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ABSTRACT

In the present study, the vibrational spectral as& of 2-chloro-4-(trifluoromethyl) pyridine (2CWH) were
carried out by Fourier-transform Infrared (FT-IRnhd Fourier-transform Raman (FT-Raman) in the reg#ff90—
400cm' and 3500-100cth respectively*C and™H NMR chemical shifts were calculated by using gheige-
independent atomic orbital (GIAO) method. The mabecstructure and fundamental vibrational frequerschave
been obtained from density functional theory (DBBLYP and LSDA methods with 6-311++G(d,p) basis set
calculations. The Non-Linear Optical (NLO) behaviad the title compound has been studied by deténgithe
electric dipole moment (u) and hyperpolarizabili(y) using B3LYP / 6-311++G(d,p) method. Molecular
electrostatic potential (MEP) of the title compoumds calculated to predict the static charges ia tholecule. The
thermodynamic properties at different temperatunese calculated revealing the correlations betwstmdard
heat capacities, entropy and enthalpy changes teitiperatures.

Keywords: DFT calculations, 2-chloro-4-(trifluoromethyl) pgine, vibrational analysis, First order
hyperpolarizability and MEP.

INTRODUCTION

Pyridine and its derivatives have attracted a faittention due to its applications mainly in bigical, agricultural
and pharmaceutical importance. Literature survegats that substituted pyridine derivatives exkilgihtibacterial
[1],antifungal[2], herbicidal[3] and anticancer iaity[4]. The electronic spectra of pyridines and substituted
pyridines have been studied by many researche@. [Greenet al., reported the vibrational spectra of some
halogeno pyridines [7]. Vibrational spectra of arid 2,6—dichloropyridines were recorded and repduieTripathi
[8]. A comparative DFT study of 2-(hydroxymethylymdine and 3-(hydroxymethyl)pyridine was carriedt dy
Arjunanet al.[9]. In our earlier study we have reported FT-IR;R&man, NMR and DFT study on 2-methoxy-3-
(trifluoromethyl) pyridine [10]. DFT method of callating electronic structure of molecules predgtsat accuracy
in producing molecular geometry, vibrational freqcies and thermodynamic properties [11]. Literatsuevey
reveals that to the best of our knowledge, neithemtum chemical calculations, nor the vibraticsctroscopic
analysis have been reported for the compound ustely 2CTFMP. To fulfil the inadequacy observedtlie
literature and also to understand the in-depthghtsdf the title molecule, the current investigatif the systematic
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study on the molecular structure and vibrationalcsgal analysis based on FT-IR, FT-Raman, NMR chehshift,
first order hyperpolarizability, molecular electtatic potential map (MEP) and thermo dynamical fiores have
been carried out.

MATERIALS AND METHODS

The compound under investigation namely 2CTFMP prasured from Sigma—Aldrich chemicals, U.S.A with a
stated purity of greater than 98%. The compounduwgasl as such without further purification. ThelRTspectrum

of 2CTFMP was recorded in the region 4000-408@m a Perkin Elmer FT-IR Spectrophotometer. TheRéifran
spectrum of the title compound was recorded inBhgker FRA 106/S instrument equipped with Nd:YAGda
source operating at 1064 nm line widths in the eaofj4000-100cth The chemical shift of'H and *C NMR
spectra was recorded on Bruker Avance Ill NMR speceter using DMSO as a solvent and reported m pp
relative to tetramethylsilane (TMS). The spectratasurements were carried out at Sophisticated Acaly
Instrument Facility, IIT, Chennai, India.

1.Computational Procedures

The gas phase geometry of the compound under igaésh 2CTFMP in the ground state was optimizedibiyng
DFT/B3LYP(Becke3-Lee-Yang—Parr) and LSDA( Local rlensity Approximation) level with the standard
basis set 6-311++G(d,p) using Gaussian 09W [1&jnam package, invoking gradient geometry optinuozafl3].
The scaling factors have to be used to obtain denably better agreement with experimental date. ddmputed
harmonic frequencies at B3LYP/6-311++G(d,p) levkbasis set were scaled by 0.981 for frequenciss tean
1700cnt and 0.9615 for higher frequencies[14]. The scakdes used in DFT/LSDA/6-311++G(d,p) were 0.9937
for frequencies less than 1700tnand 0.9865 for higher frequenciesC and*H NMR were calculated in
dimethylsulfoxide (DMSO) by using the gauge- indegent atomic orbital (GIAO) method [15] with B3LY/B-
311++G(d,p) basis set level. Molecular electrostptitential (MEP) map have been plotted to visedlie variably
charged regions of a molecule in terms of coloadgrg and also to determine the electrophilic andeophilic
attacking sites. On the basis of theoretical fregies obtained from density functional calculatie<B3LYP/6-
311++G(d,p) level, the statistical standard therymagnic parameters like entropy (S), Heat capadiy &nd
enthalpy (H) were calculated.

2.Prediction of Hyperpolarizability

First order hyperpolarizability determine not ottye strength of molecular interactions as wellheesdross-sections

of different scattering and collision processed, dso the non-linear optical properties (NLO) loé tsystem [16].
Density functional theory (DFT) calculations witlnous functional are excellent methods in the gresif NLO
molecules and they help predict properties of thlesv mmaterials, such as molecular dipole moments and
hyperpolarizabilities [17,18]. The significance fokt hyperpolarizability of molecular system ispgsdent on the
efficiency of electronic communication between gtoe and the donor groups as that will be the leyntra
molecular charge transfer [19]. First hyperpoldrility is a third rank tensor that can be descrilbgda 3 x 3 x
3matrix. The 27 components of the 3D matrix candsieiced to 10 components due to the Kleinman synyrffz].

It can be given in the lower tetrahedral format. tlee present study, the electric dipole moment and
hyperpolarizability of the title compound were istigated. The hyperpolarizability tensofg, Bxxy, Bxyy, Byyy, Bxxz,

Bxyz, Byyz, Bxzz, Byzz, BzzzyCan be obtained by a frequency calculation outiiiof Gaussian. Domination of particular
components indicates on a substantial delocalizaticharges in those directions. Thealues of Gaussian output
are in atomic unit(a.u.), so the calculated vakhi@ge been converted in to electrostatic units (£8.6393 x 13°
esu). The static dipole moment p and first ordguengolarizability By USing X,y,z components are defined as
follows.

Brot = (Bx2+By2+Bzz)1/2 1)
Bx = BrooctByy+Przz (2)
By = Byyy*BrxytByzz 3
Bz = Bzt BrxztByyz (4)

Total dipole moment can be calculated using thieiohg equation:

n= (}1x2+lly2+llzz) 1 (5)
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The calculated dipole moment value is 1.3844Deliye The highest value of dipole moment is obserfad
component |t In this direction, the value is equal to 1.1322[r Eirectionx andz, these values are equal to
-0.7923D and -0.0835D respectively. The calculditsti order hyperpolarizabilityptot = 1.698 x 13° esu) of title
molecule, which is nearly four and half times mtiranptot of urea (0.3728 x 18esu) indicates that the molecule
2CTFMP possess nonlinear optical properties and bwya potential applicant in the development of NLO
materials. Urea is one of the prototypical moleawded in the study of NLO properties and also w@sed threshold

value for comparative purposes. The calculatedléipoment(u) and first-order hyperpolarizabili) ére shown
in Table 1.

Table 1. The B3LYP/6-311++G(d,p)calculated electridipole moment u(D) and first order hyperpolarizability B (x10*%esu) of
2CTFMP

Parametersg B3LYP/
6-311++G(d,p)
x -0.7923
Hy 1.1322
Mz -0.0835
1] 1.3844
Brxx -44.4728
Broxy 115.9156
Buyy -51.9805
Byyy 44.3241
Buxz -3.6321
Bryz -0.4771
e 1.800
Bxzz 15.5466
Byzz 18.5386
B2z -9.6468
Brot 1.698

RESULTS AND DISCUSSION

5.1 Molecular geometry

The optimized molecular structure along with thembering of atoms of 2-chloro-4-(trifluoromethyl) nigine
(2CTFMP), obtained from Gauss View program is shamwirig.1. The global minimum energy obtained bg th
DFT/ B3LYP/6-311++G(d,p) for the optimized struausf the title compound is -1045.121a.u. and shathatithe
molecule belongs to<symmetry points group.

Fig.1 Optimized molecular Structure of 2-Chloro-4{trifluromethyl) pyridine(2CTFMP)

5.2 Vibrational spectral analysis
The compound under investigation 2CTFMP belong€¢osymmetry consists of 14 atoms having 36 modes of
vibration active in IR and Raman spectra. The thdaiibrational assignments of fundamental modeB@rFMP
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along with observed and calculated frequenciesegerted in Table 2. The calculated and experinhéffieERaman
and FT-IR spectra are shown in Figs. 2 and 3, mtisedy.
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Fig. 2 Observed and calculated FT-Raman spectra o2-chloro-4-(trifluoromethyl) pyridine (2CTFMP)
(o) LEDAS-311+Gild.p)
g (5) BILYP/6-31 1++Gld.p)
g
g
&
(a) Observed
T T T T T T
3500 30040 2300 2000 1200 1000 500
Wavenumbers (cm-1)
Fig. 3 Observed and calculated FT-IR spectra of 2hloro-4-(trifluoromethyl) pyridine (2CTFMP)
C-C Vibration

The carbon-carbon stretching vibration is very mpodminent in the spectrum of pyridine and its datives and is
highly characteristic of the aromatic ring itse#1]. Normally the bands between 1400-1650"dm pyridine
derivatives are assigned to C- C stretching mo22k The experimental bands observed at 1563,168ircHT-IR
and 1565,1605cthin FT-Raman spectra is assigned to C-C stretchilmgtions. The theoretically computed C- C
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stretching vibrations by B3LYP/6-311++G(d,p) at 45603cnT and 1600,1611cthby LSDA/6-311++G(d,p)
method shows good agreement with experimentaledisa literature data. The breathing mode carb@ensitive
to the presence of substituents. In our presemiystoe calculated value at 988¢rby B3LYP method and at
982cm’ in LSDA method is well correlated with the expegimtial FT-IR band at 989¢hnand FT-Raman band at
992cm’ is assigned to C-C-C ring breathing mode. Thisgassent is supported by the literature data [2Bhe
band observed at 607¢nin FT-IR and 601cm in FT-Raman spectra is assigned to C-C planar digfgrmation
modes of vibration. The theoretically computed eadt1 644 and 643cfrby both the methods is in agreement with
the experimental as well as the literature datd.[Z%e frequency calculated at 734,727ciy theoretically
calculated methods well agreed with the experimidraads observed at 730¢nand 732crt in FT-IR and FT-
Raman is assigned to the non-planar deformation.

C-H vibrations

The characteristic region for C-H stretching viloas in hetero-aromatic structures in the regio81850-3000 cim
[25]. The nature of the substitutions do not infloe the bands in this region appreciably. In thesgnt
investigation, the bands observed at 2994,3074@3048n FT-IR and 3023, 3078, 3147¢nin the FT-Raman
spectrum is assigned to C-H stretching vibratidrtse theoretically calculated frequencies by B3LYEtmod at
3040, 3075 and 3092¢hand 3052, 3092 and 3099¢rby LSDA method is well agreed with the experiménta
observations. The C-H in-plane bending vibratiortsic occur in the region 1400 to 1200trare useful for
characterization purpose [26]. The calculated ey B3LYP method at 1268, 1278tmnd by LSDA method at
1251,1310cr is well correlated with the experimental FT-IR Harat 1259, 1281cmand FT-Raman bands at
1257,1280cr which is assigned to C-H in plane bending modevibfation. The C-H out-of plane bending
vibrations are determined by the number of adjaa&mis on the ring and not very much affected leyrthture of
substitution [27], normally these vibrations ocauthe region 1000-700c In the present study, the FT-IR bands
observed at 730,847¢hrand FT-Raman band at 732, 860tia assigned to C-H- out of plane bending vibration
The calculated wavenumbers at 734,843dmy B3LYP method and 727,827¢nby LSDA methods show good
agreement with the experimental wavenumbers.

C-N Vibrations

In pyridine derivatives, the C-N stretching viboatiis always mixed with other bands and regulaskigned in the
region 1382 - 1266 cn[28,29]. The C-N stretching vibration of the titteolecule 2CTFMP is observed strongly at
1259,1257crl in experimental FT-IR and FT-Raman spectra. Thiséll correlated with the theoretically predicted
frequencies at 1268,1251¢rby B3LYP and LSDA methods. This frequency is lowean the expected range due
to the attachment of electronegative chlorine aitothe ring carbon (C1) and also lie in the regidrC-H bending
vibration. This view is also supported by the kiteire data [30]. The band observed at 73banFT-IR and 732cm
!in FT-Raman spectra is assigned to C-N out-ofglaending vibration which is well correlated withet
theoretically calculated frequencies by B3LYP ar8DIA methods at 743 and 727¢niThe computed frequency
wavenumbers at 644, 643¢rby B3LYP and LSDA methods is agreed with the baslaserved at 607,601¢hin
FT-IR and FT-Raman spectra which is assigned to i@-plane bending mode of vibration. These assignmare
on par with the literature data [31].

C- Cl Vibration

In the present investigation, due to the preserideeavy atoms (Chlorine and Fluorine) on the peziphof the
molecule mixing of vibrations are possible. Moorj82] assigned vibrations of C X group (X = ClI, B),in the
frequency range of 1129-480 cmThe C-Cl stretching vibrations of the title cornpd is assigned by the presence
of a band at 702 cthand an intense band at 822, 823cboth in FT-IR and FT-Raman spectra. The computed
values at 721,724cmand 810, 819cthby B3LYP and LSDA methods is well correlated witle experimental
observations. This is also supported by the liteeatiata [33]. The band observed at 198¢émFT-Raman spectra
is assigned to C-Cl out-of-plane bending vibratidhe computed value at 175,170trim B3LYP and LSDA
methods is well correlated with the experimentasestations. C-Cl in-plane- bending mode at 420,c408in
experimental FT-IR and FT-Raman is assigned tol @-plane-bending mode which is well correlatedhnthe
wavenumbers calculated by B3LYP and LSDA method$3&tnt'. The experimental and theoretical results are in
good agreement.

CF3Vibration
The title molecule 2CTFMP under consideration psssme Cigroup in the % position of the ring. The computed
values at 1148, 1161c¢hby B3LYP and LSDA methods is well correlated witie experimental bands at 1144tm
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in FT-IR is assigned to GFasymmetric stretching vibration. The bands obskmie1110crt in FT-IR is well
correlated with the computed values at 1103,1123bmB3LYP and LSDA methods is assigned to symmegtrie
stretching vibration. This is in good agreemenhwtite literature data [34]. The C—F deformatiorrailon usually
occur in the regions 640-580 ¢rand 590490 ch[35]. The experimental peaks at 504 and 6603 anFT-IR and
537 and 664cfhin FT-Raman spectra of the title compound confitra presence of out of plane and in-plane
bending vibrations of Gf The calculated wavenumbers by B3LYP and LSDA meshat 508,507cthand 656,
650cm’” is well correlated with experimental as well as literature data. GFrocking mode usually appears in the
ranges of 450-350 c¢mand 350-260 cm [36]. The computed value at 433¢nby both B3LYP and LSDA
methods is assigned to £m-plane rocking which is confirmed by the preserd a strong band observed at
420,408crit in FT-IR and FT-Raman spectra. The peak obseavé83cn in FT-Raman spectra is assigned to
CF; out of plane rocking. This theoretically calcuthtealues by both the methods at 272,271 iswell correlated
with the experimental observations. It is diffictitt observe the torsional motion in the FT-IR antdHaman
spectra. This is because of the low wave numberatsaldue to the presence of heavier fluoro meghylip. The
computed frequencies by both the methods at 13,15smssigned to Caforsional mode of vibration.

Table 2. Comparison of experimental (FT-IR and FT-Raman) wavenumbers(crit) with the calculated harmonic frequencies of
2CTFMP using LSDA and B3LYP /6-311++G(d,p) basiset

S.No | LSDA/ | B3LYP/ Experimental
6-311++ | 6-311++ —— | Vibrationalassignments
G(d.p) G(d,p) FT-IR FT-Raman
1 15 13 (C-R)
2 117 120 130 v (C-F)
3 144 147 152 B(C-C),p (C-Cl)
4 170 175 190 y(C-C)y(C-Cl)
5 271 272 283 oC-R
6 314 319 308 v(C-N),y(C-H),y (C-F)
7 337 337 341 Lattice vibration
8 399 397 374 g C-Cl
9 433 433 420 408 B C-Cl,p C-F
10 436 444 445 445 yC-H
11 507 508 504 537 y C-F, yC-H
12 571 566 584 566 B C-N,y C-F,vasC-F
13 643 644 607 601 B C-N,y C-C, v,sC-Fp-ring
14 650 656 660 664 B C-F,ring stretching
15 724 721 702 702 v C-Cl, vs C-F, ring breathing|
16 727 734 730 732 y C-H,y C-N ,¢- ring
17 819 810 822 823 vsC-Cl, v{C-CF, v ring
18 827 843 847 860 yC-H
19 863 890 870 879 yC-H
20 947 975 978 943 y C-H
21 982 988 989 992 v C-N, ring breathing
22 1062 1076 1088 1083 B C-H, vC-F
23 1081 1092 1096 vsC-F, BC-H
24 1123 1103 1110 vC-F, BC-H
25 1127 1121 vs C-F, vC-Cl
26 1161 1148 1144 Vas C-F, v C-C
27 1251 1268 1259 1257 v C-N, v C-C,BC-H
28 1310 1278 1281 1280 B C-H,vC-Ck
29 1367 1303 1326 1328 B C-H,vC-Ck
30 1375 1379 1378 1357 BC-H,vC-C
31 1458 1472 1468 1470 f C-H,vC-C, vC-N
32 1600 1574 1563 1565 vC-N, vC-C,p C-H
33 1611 1603 1601 1605 vC-C, B C-H
34 3052 3040 2994 3023 v C-H
35 3092 3075 3074 3078 v C-H
36 3099 3092 3148 3147 vC-H

5.3 NMR Calculations

Nuclear magnetic resonance (NMR) spectroscopy Walsed as one of the most powerful analytical teghe that
is used in many disciplines of scientific reseamiedicine, various industries and also visualizatd atoms and
molecules in various media in solution as wellrasald state. Due to their higher sensitivity, tleeg valuable for
structural investigations. The combined use of NI computer simulation methods offers a powerfay wo

interpret and predict the structure of large bicgoales [37]. For reliable calculations of magngiioperties,
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accurate predictions of molecular geometries asergml. The optimized structure of 2CTFMP is usedalculate
the NMR spectra using the hybrid B3LYP as well gsthie LSDA method with 6-311++G(d,p)basis set. Then
gauge- independent atomic orbital (GIA®) and**C chemical shift calculations of the compound wasedlby
same methods in IEFPCM/DMSO solution [38]. Relatthemical shifts were estimated by using the cpoeding
TMS shielding calculated in advance at the samerétieal level as the reference. The isotropicldhig values
were used to calculate the isotropic chemical shifth respect to the TMS. The value of V* is 182.46 and 31.88
ppm for3C and'H respectively.

Usually the range offC NMR chemical shifts for a similar organic molezsiloccur larger than 100 ppm [39]. In
our present study, there are six carbon signatzlzdbd theoretically and tabulated in table 3which five carbon
were located in aromatic region. All the aromatichons atom give signals in overlapped areas dcépleetrum with
chemical shift values from 100 to 150 ppm. Themical shift value of carbon C1 is greater théreocarbons due
to the presence of the resonating effect of chéoend the adjacent electronegative nitrogen atdime chemical
shift value of C5 is the next higher due to thduiefce of electronegative nature of nitrogen atdhe observed
chemical shift value of atoms C3 and C9 is almastes. It may be due to the influence of fluorinenego The C2
and 4C have the smallest chemical shift values.oliserved and calculated chemical shift values stmwelation
with each other.

The proton chemical shifti NMR) of organic molecules generally varies greatlth the electronic environment
of the proton. Usually, hydrogen attached to orrlmgaelectron- withdrawing atom or group can deceetis
shielding and move the resonance of attached ptoteards a higher frequency, whereas electron-dumatom or
group increases the shielding and moves the resertawards a lower frequency [40]. In our presaméstigation,
the molecule under study contains three hydrogemstand all are in the ring. All the three atomsvstihe
chemical shift in both experimental and theoretita@thods. The chemical shift value of proton nureteH8 is
higher than the other protons due to the influesfcelectron withdrawing nature of nitrogen atomeTdther two
protons (6H and 7H) have the chemical shift vall&27and 7.72 ppm. Among the computed values, theesa
calculated by B3LYP/6-311++G(d,p) method is in gomgteement with the observed values than the LSDA
method. The correlation graph between the expeiah@nd calculate#C NMR and*H NMR chemical shifts of
title molecule are represented in Fig.4. The expernital chemical shift of'C and'H NMR of title molecule is
represented in Fig.5. The relations between theutated and experimental chemical shifts are uguiséar and
described by the following equation:

3 car 1.148889,,,-17.57079°C  (R*=0.918)
3 ca= 1.06438,,-0.15647'H (R?=0.9985)

Table 3. Experimental and theoretical B3LYP and LS **C and *H isotropic chemical shift of 2CTFMP (with respectto TMS) in
DMSO (all values in ppm)

Atom | Experimental Calculated Atom  Experimental Qédeed
B3LYP LSDA B3LYP | LSDA

1C 160.87 165.73 | 165.23 | 8H 8.68 8.72 9.45
5C 150.42 156.48 | 158.27 | 6H 7.82 7.83 8.65
3C 136.27 147.49 | 147.22 H 7.72 7.68 8.45
9C 136.16 132.47 | 136.02

2C 126.22 126.05 | 127.19

4C 124.0¢ 124.5! 125.7:
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Fig. 5 Experimental chemical shifts of (a}*C and (b)'H NMR of 2CTFMP

5.4 The Molecular Electrostatic Potential

The molecular electrostatic potential (MEP) [41]infaexplores the molecular interactions within thelecule. It
also provides the correlations between the molequiaperties like chemical reactivity and electrgatévity of
molecules [42,43]. The negative and positive paabrmegions of the MEP are expected to be the sites
nucleophilic and elctrophilic region where chemiadctions are expected to occur.

MEP surface diagram shown in Fig.6 is used to Viseaariably charged regions of a molecule in tewh colour
grading. The red region refers to greatest eleatiemsity while the blue region is characterizedebctron poor
region. The green region in MEP refers to the rm¢uggion of electron density. The electrostatiteptial increases
in the order red < orange < yellow < green < blW#.[ The colour code of the maps in the range 8a.1.(deepest
red) to 3.718 a.u.(deepest blue) in the title male, where the blue colour indicates the strongstction and the
red colour indicates the strongest repulsion. henMEP map of the title compound the maximum negategions
V(r) are associated with the lone pair NitrogepjMNtom having value of -0.33013 a.’he maximum positive
regions localized on thezHatom in the ring have the value of +0.02781 aranfthis result, we can conclude that
the nitrogen atom indicates the strongest repulai@hH atoms indicate the strongest attraction.

AT Ml

Fig. 6 3D-representation of the electrostatic potgial around the molecule 2CTFMP using the DFT /B3LYP level of theory at 6-
311++G(d,p) basis set
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5.5 Thermodynamic properties

Theoretically computed thermodynamic parameterd siscenergies(a.u), zero point vibrational energkeal mol

1), rotational constants (GHZ), entropies (cal Mand dipole moment of 2CTFMP by DFT/B3LYP/6-311(¢()

method are listed in Table 4. On the basis of thézal frequencies obtained from density functiocelculations
perl script THERMO. PL [45] is used to calculate thtatistical standard thermodynamic parameteesdiitropy
(S), Heat capacity (C) and enthalpy (H) and listethble 5. It can be observed that these thermadym functions
are increasing with temperature ranging from 100200 K due to the fact that the molecular vibradicintensities
increase with temperature [46,47]. While performthg calculation, the molecule was considered t@tbmom
temperature of 298.15 K and one atmospheric presdure correlation equations between entropy, bapacity
and enthalpy changes and temperatures were fiftepiadratic formulas, and the corresponding fitfiactors (F)

for these thermodynamic properties are 0.9999,92.@d 0.9994 respectively. The correspondingfjitéquations

are as follows and the correlation graph of thdeew inFig 7.

S = 245.99743+0.59774T-1.7x10?
C = 20.67682+0.48820T -2.3x10?
H= 6.76327+0.08130T + 1.1xfar?

Table 4. Theoretically computed energies (a.u.), zepoint vibrational energies (kcal mol?), rotational constants (GHz), entropies (cal
mol™ K™) of 2CTFMP employing B3LYP/ 6-311++G(d,p) methods

Table 5. Thermodynamic properties of 2CTFMP at diferent temperatures at B3LYP/ 6-311++G(d,p) level

(R =0.9999)
(R2=0.9994)
(R = 0.9994)

Parameters

B3LYP/6-311++G(d,

Total energy(a.u)
Zero point energy
Rotational Constan

Entropy
Total
Translational
Rotational
Vibrational

-1045.121
52.15871
1.88545
0.55401
0.46336

57.803
0.889
0.889
56.025

)

Temperature (K}  S(J/'mol.K) C(l'mol K} H (KJ/'mol)
100 301.37 67.01 4.97
200 360.06 10711 13.67

29815 410.09 145.65 26.09
300 411 146.34 26.36
400 45796 180.76 4277
500 301.39 20834 62.28
600 534134 229 65 84 23
700 578.03 24611 108.03
2800 611.77 239.00 133.33
900 642 89 269.29 159.76
1000 671.71 277.64 187.12

www.scholarsresearchlibrary.com



P. Udhayakalaet al Der Pharma Chemica, 2015, 7 (9):110-121

s
=

S:Entropy
R*=0.9999

=3
S

s
S

o
b=}
=3

C:Heat capacity
- / R?= 09994

Thermodynamic Functions
&
=3

0 20 400 600 800 1000 1200

Temperature (K)

Fig. 7 Correlation graph between temperature and (rentropy (b) Heat capacity (c) enthalpy of 2CTFMP
CONCLUSION

In the present study, a complete vibrational anslgad electronic properties of 2CTFMP was perfatrhg DFT
method (B3LYP) and LSDA at 6-311++G(d,p) basis lestel. The computed vibrational wavenumbers were
assigned and compared with experimental FT-IR ameR&man spectra for the first time. The theoretycal
constructed FT-IR and FT-Raman spectra shows gawdelation with the experimental observations. The
difference between the observed and the calcutataléd wavenumbers of most of the fundamentalsexsesmall.
The computed first hyperpolarizability value of tiitee compound is greater than that of urea whialicates that
the 2CTFMP is a material for NLO applications. Tdemical shift of*C and’H of the title compound calculated
in DMSO on comparison with the experimental wasnfbio have a linear relation. The MEP map shows the
electron rich region around the electronegative Ipair nitrogen atom and the positive potentiahglthe electron
deficient hydrogen atoms. The correlations betwten statistical thermodynamics and temperature vedse
obtained. It was ascertained that the heat capamityopy and enthalpy increase with the increasimgperature
owing to the increase in the intensities of theaunolar vibrations with increasing temperature.

REFERENCES

[1] Qiong Chen, Xiao-Lei Zhu, Li-Li Jiang, Zu-Mingiu, Guang-Fu Yang (2008ur. J. Med. Chem2008,
43(3),595.

[2] S.K.Bharti, G.Nath, R.Tilak, S.K.Singkur. J. Med. Chen201Q 45, 651.

[3] W.G.Zhao, H.S.Chen, Z.M.Li, Y.F.Han, H.Yanylai, S.H.WangChin. J. Chem2001, 22, 939.

[4] S.N. Sriram, G.Nath, E.DeClerdgur. J. Pharm. Scil999 9, 25.

[5] N.Sundaraganesan, S.liakiamani, H. SaleemSamdohan/ndian J Pure & Appl Phys2004,42, 588.

[6] B. S.Yadav, M.K Singh, Seema and Vir Sin@hiental J. Chem.1998,14, 397.

[7] J.H.S. Green, D.J. Harrison and M.R. Ki@gectrochim. Actd, 973,29A,1177.

[8] R.S. Tripathilndian J. Pure& Appl. Phys.1973,11,277.

[9] V.Arjunan, P. S.Balamourougane, S.Thillai Gularaja, S.MohanJ.Mol.Struct2012 1018, 156.

[10] M. Boopathi, P. Udhayakala, T. S. Renuga D@&viy. Rajendiran and S. Gunasekar&anChem. Pharm. Res
2015 7(7),1172.

[11] D.M.P. Holland, L. Karlsson, W. von Niess&n Electron. Spectrosc. Relat.Pheno2901,113, 221.

[12] M. J. Frisch et al., Gaussian 09, RevisiorBAGaussian, Inc., Pittsburg?)09

[13] H.B. Schlegel]. Comput. Chem1982,3, 214.

[14] N.Sundaraganesan, S. llakiamani, H. SaleenM.Rojciechowski and D. MichalskaSpectrochim. Acta A,
2005 61,2995.

[15] R. Ditchfield, J. Chem. Phys1972 56, 5688.

[16]Y. Sun, X. Chen, L. Sun, X. Guo, W. LGhem. Phys. Lett2003381, 397.

120
www.scholarsresearchlibrary.com



P. Udhayakalaet al Der Pharma Chemica, 2015, 7 (9):110-121

[17] T.M. Kolev, D.Y. Yancheva, B.A. Stamboliyskisl.D. Dimitrov and R. WortmannChem. Phys2008 348,
45,

[18] I.M. Kenawi, A.H. Kamel and R.H. Hilal. Mol. Struct.2008 851, 46.

[19] O.Prasad, L.Sinha, N.Misra, V.Narayan, N.KupdaPathak.J.Mol.Struct. 2010940, 82.

[20] D.A Kleinman,Phys.Rev.1962126, 1977.

[21] G.Varsanyi, Vibrational spectra of BenzeneilZatives, Akademiai Kiado, Budapest969

[22] D.N.Sathyanarayana, Vibrational Spectroscofhgory and Applications, New Age International Rshuérs,
New Delhi,2004

[23] D. P. Dilella and H. D. Stidhamd, Raman Spectrosd.980,9, 90.

[24] J. K. Wilm Shurst and H. J. Bernste@an. J. Chem1957 35, 1183.

[25] R. Zwarich, J. Smolarck, L. Goodmad, Mol. Spectrosc197138, 336.

[26] N. Sundaraganesan, H. Uma Maheswari, B. Danloshua, C. Meganathan, M. RamalingdnMol. Struct.,
2008 850, 84.

[27] S. Higuchi,Spectrochim.Actal974 30A, 463.

[28] L. J. Bellamy, Advances in Infrared Group fuegcies, Barnes and Noble Inc., USA68

[29] S. Ramalingama, S. Periandy, M. Govindarafarylohan Spectrochim. Acta Part A2201Q 75, 1552.

[30] S. Gunasekaran, S. Seshadri and S. Multhdi, J.Pure and Appl. Phy2006 44, 360.

[31] V. Krishnakumar and R. J. Xavi&pectrochim. Acta £004,60, 709.

[32] E. F. MooneySpectrochemica Actd964,20,1021.

[33] A.M. Asiri, M. Karabacak, M. Kurt, K.A. AlamrySpectrochim. Acta 2011, 82, 444.

[34] V. Balachandran and M. K. MuralElixir Vib. Spec.2011,40, 5105.

[35] G. Socrates, Infrared and Raman Characte@tiip Frequencies — Tables and Charts, Third BigyWWNew
York 2001

[36] V. R . Dani Organic Spectroscopy, Tata-McGHdil Publishing Company, New Delhi 139995

[37] A.Cavalli, X. Salvatella, C.M. Dobson and MendruscoloProc. Natl. Acad. SclUSA, 2007, 104, 9615.
[38] O. Alver, C. Parlak and M. Seny8pectrochim. Acta 2007, 67, 793.

[39] K. Pihlajer, E. Kleinpeter (Eds,) Carbon-CBemical Shifts in structure and Spectro chemaadlysis, VCH
Publishers, Deerfield Beach994

[40] N. Subramani, N. Sundaraganesan and J .Jayaibih Spectrochim. Acta £01Q 76, 259.

[41] T. Brinck, P.Jin, Y.Ma, J.S.Murray, P. Politzé. Mol. Model, 2003 9, 77.

[42] A. Pirnau, V. Chi, O. Oniga, N. Leopold, L. Szabo, M. Baias a@d CozarVib. Spectros¢ 2008 48(2),
289.

[43] J. S. Murray and K. Seiolecular Electrostatic Potentials Concepts and Wgations (Amsterdam, The
Netherlands: Elsevier Science B.V1R96

[44] P.Thul, V. P. Gupta, V. J. Ram and P. Tan@&pectrochim. Acta Part £010,75, 251.

[45] KK Irikura, THERMO.PL, National Institute @tandards and Technology,Gaithersburg, 2002

[46] J Bevan Ott and J Boerio-Goates, Chemical ifloelynamics: Principles and Applications, Academiess,
San Diego200Q

[47] P. Singh, N.P. Singh, R.A. Yadal,Chem. Pharm. Re201Q 2(6),199.

121
www.scholarsresearchlibrary.com



