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Salicylosalicylic In the present work, the infrared (IR) and Raman spectra of Salicylosalicylic
Acid, HOMO, Acid (abbreviated as SCSA) have been measured in the ranges of 400-
LUMO, 4000cm * and 50-4000cm *. Optimized geometrical structures, vibrational
BeNMR and frequencies, intensities, Mullikan atomic charges and other thermodynamical
IHNMR, parameters have been computed by the B3 based (B3LY P) density functional

methods using 6-31G*(d,p) basis sets. Reliable vibrational assignments were
made on the basis of total energy distribution (TED) calculated with scaled
guantum mechanical (SQM) method. The scaled frequencies resulted in
excellent agreement with the observed spectral patterns. Lower value in the
HOMO and LUMO energy gap explains the eventual charge transfer
interactions taking place within the molecule.*C and *H NMR chemical
shifts results were also cal culated and compared with the experimental values.
The values of electric dipole moment (u) and the first-order
Hyperpolarizability () were computed using DFT calculations.

Hyperpolarizability

Introduction
Quantum chemical computational methods

Computational studies seem to constitute a
valuable tool in pharmaceutical solid-state
research. The theory has to be supported by
different spectroscopic and diffraction
methods. Among them, vibrational
spectroscopy is one of the most commonly
used for the molecular structure
determination.
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have proven to be an essential tool for
interpreting and predicting the vibrational
spectra (Hess et al., 1986; Pulay et al., 1993;
Hehre et al., 1986; Shin et al., 1998). A
significant advancement in this area was
made by combining semi-empirical quantum
mechanica method; ab initio quantum
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mechanical method and density functional
theory (DFT), each method having its own
advantages (Hehre et al., 1986; Shin et al.,
1998; Ziegler, 1991; Blom and Altona,
1976). The am of this work is to study
vibrational (FT-IR, FT-Raman and NMR)
gpectra and investigated the optimized
geometry, atomic charges and vibrational
spectrafor the title molecules.

Salicylosalicylic acid contains both a
hydroxyl and a carboxyl group.
Sdlicylosalicylic acid has also been shown to
activate adenosine monophosphate-activated
protein kinase (AMPK), and it is thought
that this action may play a role in
the anticancer effects of the compound and
its prodrugs aspirin  and salsalate. In
addition, the antidiabetic effects of
Salicylosalicylic acid are likely mediated by
AMPK  activation primarily  through
allosteric  conformational change that
increases levels of phosphorylation (Hawley
et al., 2012). As a consequence,
Sdlicylosalicylic acid may ater AMPK
activity and subsequently exert its anti-
diabetic properties through altered energy
status of the cell. Salicylosalicylic acid has
strong antiseptic and germicidal properties
because it is a carboxylated phenol. The
presence of the carboxyl group appears to
enhance the antiseptic property. Many hair
tonics and remedies for athlete’s foot, corns
and warts employ the keratolytic action of
Salicylosalicylic acid.

The present work deals with DFT (B3LYP)
methods with 6-31G* (d) and 6-31G* (d, p)
basis sets using the Gaussian 03W program.
We report IR, Raman and 'H, **C NMR
spectroscopic data, HOMO, LUMO and
hyperpolarizability of Salicylosalicylic Acid
by using DFT/6-31G*(d, p) method.
Therefore, we have carried out detailed
theoretical and experimental investigation
on the vibrational spectra of this molecule
completely.
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Experimental

The compound under investigation namely
Salicylosalicylic acid is purchased from the
Lancaster Chemical Company (UK), which
is of spectroscopic grade and hence used for
recording the spectra as such without any
further purification. Fourier transform
infrared spectra of the title compound is
measured at the room temperature in the
4000-400cm™ region using BRUKER IFS
66V FTIR spectrometer at aresolution of +1
cm™ equipped with a cooled MCT detector,
a KBr beam gplitter. The FT-Raman
spectrum of SCSA has been recorded using
1064nm line of Nd:YAG laser as excitation
wavelength in the region 50-4000cm * on a
BRUKER IFS66v spectrophotometer using
KBr pellet technique. The reported
wavenumbers are believed to accurate
withinz cm*.*H and *C nuclear magnetic
resonance (NMR) (400 MHz; CDCls)
spectra were recorded on a Bruker HC400
instrument. All NMR spectra are measured
at room temperature.

Computational details

The most optimized structural parameters,
energy, and vibrational frequencies of the
molecule have been calculated by using B3
(Becke, 1988) exchange functional
combined with the LYP (Lee et al., 1988)
correlation functional resulting in the
B3LYP density functional method at 6-31G
(d, p) basis set. The optimum geometry is
determined by minimizing the energy with
respect to al geometry parameters without
imposing molecular symmetry constraints.
The Cartesian representation of the
theoretical force constants has been
computed at the optimized geometry by the
assumption that the molecule belong to C;
point group symmetry. All the computations
were performed using Gaussan 03W
program (Frisch et al., 2004) and Gauss-
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View molecular visualization program
package on the personal computer (Frisch et
al., 2007). Multiple scaling of the force field
has been performed by the SQM procedure
(Rauht and Pulay, 1995; Pulay et al., 1983)
to offset the systematic errors caused by
basis set incompl eteness, neglect of electron
correlation and vibrational anharmonicity,
the characterization of the normal modes
using potential energy distribution (PED)
was done with the MOLVIB — 7.0 programs
(Sundius, 1990; Sundius, 2002).

The *C and *H nuclear magnetic resonance
(NMR) chemical shifts of the molecule were
calculated by the gauge independent atomic
orbital (GIAO) method (Wolinski et al.,
1990) at B3LYP method with 6-31G* basis
set. The experimental values for *H and **C
isotropic chemical shifts for TMS were
1384 and  188.1ppm,  respectively
(Cheeseman et al., 1996). Furthermore, in
order to show nonlinear optic (NLO) activity
of title molecule, the dipole moment, linear
polarizability and first hyperpolarizability
were obtained

The Raman activity (S) caculated by
Gaussian 03 and adjusted during scaling
procedure with MOLVIB were converted to
relative Raman intensity (li) using the
following relation from the basic theory of
Raman scattering (Polavarapu, 1990;
Keresztury et al., 1993).

4
P Y

F=c)

Whereu,is the exciting wave number (in

cmt units), v, the vibrational wave number

of the i™ normal mode, h, ¢, and k are the
universal constants and f is a suitably chosen
common normalization factor for all peak
intensities. For the plots of simulated IR and
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Raman spectra, pure Lorentzian band shapes
were used with a bandwidth (FWHM) of 10

cm L.

Results and Discussion
Structural properties

In order to find the molecular structure
aong with numbering of atom of
Salicylosalicylic acid (SCSA) is obtained
from Gaussan 2003 and Gauss view
programs which are shown in figure 1. The
optimized geometrical parameters of SCSA
obtained using the DFT level of theory are
presented in table 1 and the corresponding
minimum energy was calculated to be E
=—915.68208Hartees. The calculated
parameters are dlightly higher or lower than
the experimental values due to the absence
of extended hydrogen bonding or the
intermolecular stacking interaction in the
absolute vacuum. The title compound SCSA
belongs to C; point group symmetry with 29
atoms. With the electron withdrawing
substituents on the benzene ring, the
symmetry of the ring is distorted, yielding
ring angles smaller than 120° at the point of
substitution and dlightly larger than 120° at
the other positions (Wang et al., 1993). The
C17-C26 bond length of SCSA is aso
longer, where the -COOH group is attached.
This is due to the electron withdrawing
nature of carboxylic acid group.

Vibrational assignments

The maximum number of potentially active
observable fundamentals of a non-linear
molecule, which contains N atoms, is equal
to (3N-6) apart from three translational and
three rotationa degrees of freedom
(Silverstein et al., 1981; Wilson et al.,
1980). Hence, SCSA molecule has 29 atoms
with 81 norma modes of vibrations and
considered under C; point group symmetry.



Int.].Curr.Res.Aca.Rev.2015; 3(8): 208-228

The Eighty-one normal modes of vibrations
of SCSA molecule are distributed by
Symmetry species as.

I'Vib = 55 A (in-plane) + 26 A (out-of-
plane)

All the vibrations are active in both Raman
scattering and infrared absorption. In the
Raman spectrum, the in-plane vibrations
giveriseto polarized bands while the out-of -
plane ones to depolarized band. The
observed and calculated infrared and Raman
spectra of SCSA are produced in common
frequency scales in figures 2 and 3,
respectively. The output of the quantum
chemical calculations contains the force
constant matrix in Cartesian coordinates in
Hartree/Bohr® units. These force constants
are transformed to the force fields in the
internal local-symmetry coordinates. The
internal coordinates and local symmetry
coordinates are given in tables 2 and 3. The
assignments of the normal modes of
vibrations of the investigated molecules
aong with the observed fundamentals,
unscaled frequencies obtained by B3LY P/6-
31G* calculations and scaled frequencies as
well as the TED descriptions are reported in
table 4 for SCSA.

C-H vibrations

Aromatic compounds commonly exhibit
multiple weak bands in the region 3000
3100cm™ (George, 2001) and are of strong
to medium intensity and in this study also
absorptions in this region are attributed to
C-H dtretching vibrations. In our present
work, the calculated frequencies 3115- 3049
cm ! assigned to the eight C-H stretching
vibrations  and their experimental
counterpart appear in 3087, 3072,
3026,2893,2870 cm™ of the IR spectrum and
3088,3072,3054 cm * are observed in FT-
Raman spectrum for C-H vibrations.
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O-H vibrations

The O-H stretching vibrations are sensitive
to hydrogen bonding. The O-H stretching
vibration is normally observed at about 3300
cm *. The O—H in-plane bending vibration is
observed in the region 1440-1260 cm*
(Sathyanarayan, 2004; Socrates, 2001). In
SCSA, the bands appeared at 1247, 1200
cm * in IR are assigned to O-H stretching
modes of vibration.

C =0 Vibrations

The C= O stretching bands of acids are
considerably more intense than ketonic = O
stretching bands, only the asymmetrical C
=0 stretching mode absorbs in the infrared.
Internal  hydrogen bonding reduces the
frequency of the carbonyl stretching
absorption to a greater degree than does
intermolecular hydrogen bonding. The
carbony! stretching frequency has been most
extensively studied by infrared
spectroscopy. This multiple bonded group is
highly polar and therefore gives rise to an
intense infrared absorption band. The
carbon—oxygen double bond is formed by
Pr—Pr bonding between carbon and oxygen.
Because of the different electro negativities
of carbon and oxygen atoms, the bonding
electrons are not equally distributed between
the two atoms. The lone pair of electrons on
oxygen also determines the nature of the
carbonyl group (Socrates, 2001). In the
present study, the very strong band observed
at 1739 cm ' in IR for SCSA was assigned
to C= O stretching vibrations.

C-O vibrations

If a compound contains a carbonyl group,
the absorption caused by the C-O stretching
is generally strongest (Bowman et al.,
1980). Considerations of these factors lead
to assign the band observed at 1561-1220
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cm ! to C-O stretching vibrations for the
title compound.

Ring vibrations

The ring stretching vibrations are very
prominent, as the double bond is in
conjugation with the ring, in the vibrational
gpectra of benzene and its derivatives
(Varsanyi, 1969). The carbon—carbon
stretching modes of the phenyl group are
expected in the range from 1733 to 1250
cm—1. The actual position of these modes is
determined not so much by the nature of the
substituents but by the form of substitution
around the ring (Bellamy, 1975). In general,
the bands are of variable intensity and are
observed at 1625-1590, 1590-1575, 1540-
1470, 1465-1430 and1380-1280 cm—1 from
the wavenumber ranges (Varsanyi, 1974) for
the five bands in the region. In SCSA, the
wavenumbers observed in the FTIR
spectrum at 1609,1460-1301 cm* and in
FT-Raman spectrum at
1249,1322,1612,1742 cm ' have been
assigned to C-C stretching vibrations. The
bands identified at 756,728,668, 645,579,
572, 413, 398, 139, 128, 60 and 59 cm * for
SCSA have been assigned to ring in-plane
and out-of-plane  bending modes,
respectively, by careful consideration of
their quantitative descriptions.

Other molecular properties
Charge analysis

Atomic charges of the title compounds
computed by Mulliken method and at the
B3LYP/6-31G* level of caculation, are
illustrated in table 5. The magnitudes of the
carbon atomic charges for the compound
were found to be both positive and
negative.. The magnitude of the hydrogen
atomic charges is found to be positive and
negative.
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Thermodynamic properties

Several thermo dynamical parameters have
been calculated by using DFT with6-31G*
basis set are given in table 6. Scale factors
have been recommended by Minnesota for
an accurate prediction determining the zero-
point vibrationa energies for DFT
calculation. Thetotal energy of the molecule
is the sum of the trandational, rotational,
vibrational and electronic energies.

Dipole moment

Dipole moment reflects the molecular
charge distribution and is given as a vector
in three dimensions. Therefore, it can be
used as descriptor to depict the charge
movement across the molecule. Direction of
the dipole moment vector in a molecule
depends on the centers of positive and
negative charges. Dipole moments are
strictly determined for neutral molecules.
Dipole moment values of the title
compounds are shown in table 6.

Polarizability and Hyper polarizability

The polarizabilities and hyperpolarizability
characterize the response of a system in an

applied electric field. The potential
application of the title molecule in the field
of nonlinear optics demands the

investigation of its structural and bonding
features contributing to the
hyperpolarizability enhancement, by
analyzing the vibrational modes using IR
and Raman spectroscopy. Many organic
molecules, containing conjugated =«
electrons are characterized by large values
of molecular first hyperpolarizability, were

andyzed by means of vibrationa
spectroscopy (Karpagam et al.,, 2010;
Vijaykumar et al., 2008). The first

hyperpolarizability B of this novel molecular
system of SCSA are calculated using the ab
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initio quantum mechanical method, based on
the finite-field approach. In the presence of
an applied eectric field, the energy of a
system is a function of the electric field.
First hyperpolarizability (B) is a third rank
tensor that can be described by a3 x 3 x 3
matrix. The 27 components of the 3D matrix
can be reduced to 10 components due to the
Kleinman symmetry (Kleinman, 1962). The
first hyperpolarizability B, dipole moment p
and polarizability o is calculated using 6-
31G* basis set on the basis of the finite-
field approach. The complete equations for
calculating the magnitude of total static
dipole moment U, the mean polarizability
atot, the anisotropy of the polarizability Aa,
and the mean first polarizability po, using
the x, y, z components from GaussianO3W
output is as follows.

1."
" . Ah i 2
'Htl'.?t = ("L{; + "H}' +'u}'}

e = 1/3[ (e + @y + @)

Aa= 1/v2 “rxﬂ - rz:}.}.)2 + [ﬂ:»'}' - rxﬂ)z + (a

2 to,th est, upoccupi
JSI} - [[J'gx:r:r + J'gxyy + JGIEZ) + [:JG}'}'}' + JGJ"ZZ T JG}- ||—E t%{\égén—léﬁgy(b#ptg :

The polarizability and hyperpolarizability
are reported in atomic units (au), the
calculated values have been converted into
electrostatic units (es.u) (for a:l au.=
0.1482x 10 esu, for p:1 a.u. = 8.6393 x 10
% esu). Theoretically calculated values of
first hyperpolarizability and dipole moment
are as shown in table 7. The large value of
hyperpolarizability,  which is a function of
the non-linear optica activity of the
molecular system, is associated with the
intramolecular charge transfer, resulting
from the electron cloud movement through =
conjugated frame work from electron donor
to electron acceptor groups. The physical
properties of these conjugated molecules are
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governed by the high degree of electronic
charge delocalization along the charge
transfer axis and by the low band gaps. So
we conclude that the title molecule is an
attractive object for future studies of
nonlinear optical properties.

Frontier molecular orbitals (FMOs)

The highest occupied molecular orbitals
(HOMO) and the lowest-lying unoccupied
molecular orbitals (LUMO) are named as
frontier molecular orbitals (FMO). The
FMO play an important role in the optical
and electric properties, as well as in
quantum chemistry (Fleming, 1976). The
HOMO — LUMO energy gap of SCSA have
been calculated at the B3LYP/6-31G* level
and are shown in table 8, which reveals that
the energy gap reflect the chemical activity
of the molecules. LUMO is an electron
accepter, that represents the ability to obtain
an electron and HOMO represents the ability
to donate an electron. This electronic
absorption corresponds to the transition
from the ground to the first exci{ed:state and

=z TsPmainly @eribelithy T P&itron excitation

from the highest occupied molecular orbital
BCular orbital.

O is directly
related to the ionization potential, LUMO
energy is directly related to the electron
affinity. The frontier orbitas (HOMO,
LUMO) of SCSA, with its energy are
plotted in figure 4.

For SCSA,

HOMO energy =-0.220 a.u

LUMO energy =- 0.064 a.u

HOMO - LUMO energy gap = 0.156 a.u

3C and 'H NMR spectral analysis

The isotropic chemical shifts are frequently
used as an aid in identification of reactive
organic aswell asionic species. Then, gauge
—including atomic orbital (GIAO) *CNMR
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and *"HNMR chemical shifts calculations of
the title compounds have been carried out by
using B3LY P/ functional with 6-31G* basis
set. Application of the GIAO (Ditchfield,
1972) approach to molecular systems was
significantly improved by an efficient
application of the method to the ab initio

SCF calculation, using techniques borrowed
from analytic derivative methodologies.
Relative chemical shifts were estimated by
using the corresponding TMS shielding
calculated in advanced at the same
theoretical level asthe reference.

Table.1 Optimized geometrical parameters of SCSA obtained by B3LY P 6/31G* density
functional calculations

Vaue (A?) Value ()

Bond length SCSA Bond angle SCSA
C1-C2 1.382 C1-C2-C3 121.820
C2-C3 1412 C2-C3-C4 118.938
C3-C4 1.420 C3-C4-C5 118.468
C4-C5 1.408 C4-C5-C6 121.251
C5-C6 1.384 C2-C1-H7 120.442
C1-H7 1.084 C1-C2-H8 120.999
C2-H8 1.084 C4-C5-H9 117.225
C5-H9 1.084 C5-C6-H10 119.347
C6-H10 1.086 C3-C4-011 126.370
C4-011 1.341 C4-011-H12 113.476
O11-H12 0.977 C2-C3-C13 115.117
C3-C13 1.474 C3-C13-014 125.904
C13-014 1.209 C3-C13-015 111.875
C13-015 1.392 C13-015-C16 121.303
015-C16 1.381 015-C16-C17 118.312
Cle-C17 1.410 015-C16-C18 121.089
C16-C18 1.395 C16-C17-C19 118.479
C17-C19 1.406 C16-C18-C20 119.765
C18-C20 1.392 C16-C18-H21 119.455
C18-H21 1.081 C17-C19-C22 121.098
C19-C22 1.388 C17-C19-H23 118.510
C19-H23 1.082 C18-C20-H24 119.186
C20-H24 1.085 C19-C22-H25 120.038
C22-H25 1.084 C16-C17-C26 121.785
C17-C26 1.483 C17-C26-027 126.877
C26-027 1.219 C17-C26-028 112.601
C26-028 1.353 C26-028-H29 105.640
028-H29 0.971

The atom indicated in the parenthesis belongs to SCSA; for numbering of atoms refer figure 1.
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Table.2 Definition of internal co-ordinates of SCSA

No Symbol Type Definition

Stretching

1-12 P, Cc-C C1-C2,C2-C3, C3-C4, C4-
C5,C5-C6, C6-C1, Cl16-
C17,C17-C19, C19-
C22,C22-20,

C20-C18, C18-C16.
C3-C13,C17-C26.

13-14 pi C-C(a)

15-22 Qi C-H C1-H7, C2-H8,
C5-H9, C6-H10,
C18-H21, C19-H23, C20-
H24, C22-H25.

23-28 qi C-O C4-011, C13-014,
C13-015,C16-015,C26-
027,
C26-028.

29-30 Ri O-H 011- H12,028-H29.

Bending

In- plane bending

31-34 Bi C-C-C C2-C3-C13, C4-C3-C13,
C16-C17-C26, C19-C17-
C26.

35-50 Bi C-C-H C2-C1- H7,C6-C1-H7, C3-

C2- H8, C1-C2- H8, C4-
C5- H9, C6-C5- H9, C1-
C6- H10, C5- C6-H10,
C16-C18-H21,
C20-C18-H21,C17-C19-
H23,C22-C19-H23,C22-
C20-H24,C18-C20-
H24,C20-C22-H25,C19-
C22-H25.

51-54 a; C-C-O C3-C13- 014, C3-C13-
015,C17-C26-027,C17-
C26-028.

55-56 pi C-O-H C4-011-H12,C26-028-
H29.

57-60 0, C-O C3-C4-011,C5-C4-
011,C17-C16-015,C18-
C16-015.

61 0, C-0-C C13-015-C16
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62-67 O, C-C-C (ringl) C1-C2-C3, C2-C3-C4,
C3-C4-C5, C4-C5-C6,
C5-C6-C1, C6-C1-C2.
68-73 O, C-C-C (ring2) C16-C17- C19, C17-C19-
C22, C19-C22- C20, C22-
C20-C18, C20-C18-
C16,C18-C16-C17.
Out-of—plane bending

74-75 o C-C C13-C3-C2-C4, C26C17-
C16-C19.
76-83 o C-H H7-C1-C2-C6,H8-C2-C1-

C3,H9-C5-C4-C6,H10-C6-
C5-C1,H21-C18-C16-
C20,H23-C19-C22-
C17,H24-C20-C18-
C22,H25-C22-C20-C19.

84-85 ;i C-O 011-C4-C5-C3,015-C16-
C1l7-C18.

Torsion

86-87 T C-O-H C3-C4-011-H12,C17-C26-
028-H29.

88-91 T C-O C2-C3-C13-014,C4-C3-
C13-015,C16-

C17-C26-027,C19-C17-

C26-028.
92 Ti C-O0-C C16-015-C13-C3.
93 Ti O-C-O0 014-C13-015-C16.
94-99 Ti Tring 1 C1-C2-C3-C4, C2-C3-

C4-C5, C3-C4-C5-Co,
C4-C5-C6-C1, C5-C6-C1-
C2, C6-C1-C2-C3.
100-105 Ti Tring 2 C16-C17- C19-C22, C17-
C19- C22-C20, C19-C22-
C20-C18, C22-C20-C18-
C16, C20-C18-C16-C17,
C18-C16- C17-C109.

For numbering of atoms refer figure 1.
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Table.3 Definition of local symmetry coordinates of SCSA

No. Symbol 2 Definition ”
1-12 CcC P, Po, Ps, Ps, Ps, Ps, P7, Pg, P,
Pio, P11, Pro.
13-14 CC(a) P13, Paa.
15-22 CH Qis, Qie, Qi7, Qus, Quo, Q0, Q21
Qx,
23-28 CO 023, O24, Oz, O26, 027, Ozs.
29-30 OH R29,Rao.
31-32 bCC (Bar— P32/ V2, (Bas— Paa)/V2
33-40 bCH (Bas— Bae)/ V2, (Bar— 38)/N2,
(Bas— Bao)/N2,(Bar—Ba2)/ N2,
(Bas— Baa)/ N2, (Bas—Bas) N2,
(Bar— Bag) N2, (Bag— Bso)/ V2.
41-44 bCCO Ol51, 052, Ols3, Olsg.
45-46 bCOH Pss, Pse.
47-48 bCO (O57—058)IN2, (059 — Oe)IN2
49 bCOC Og1
50 bringl (Do~ Dgz +Dps— Dgs + Dgs—
De7)N6
51 bringl (P~ Dez +2Dp4—Des— Des +
Der)N12
52 bri ngl (q)ﬁz— Qg3 + Dgy— @65)/2
53 bring2 (Peg— Do + Do~ Oy + Dy
O3)\6
54 bri ngZ (_(1)68_ Dgg +2 07— O7— Opt+2
O75)N12
55 bring2 (Deg— Dgo + D70~ D71)/2
56-57 oCC ®74, 075,
58-65 ®CH W76, W77, W78, W79, Mg, Wg1 Wg2, Vg3,
66-67 oCO (g4, Wgs,
68-69 tCOH Tg6,T87.
70-73 tCO Tg8,T89,T90,T91.
74 tCOC Top.
75 tOCO o
76 tringl (Toa + Tos + Tog + Tor + Tog +
‘ng)/\/G
77 tri ngl (Tg4 + Tgst+ Tgg T+ T97)/2
78 tringl (-1794 + 2Tos - Tog - Tg7 + 2Tog -
Tgg)/V12
79 tring2 (Ti00 + T01 + Tio2 + Ti03 + Tios +
1105)/ “/6
80 tring2 (T100 + T101 * T102 + T103)/2
81 tring2 (-T200 + 27101 - T102 - Ti03 + 2T104

T105)/\/12

#These symbols are used for description of the normal modes by PED in table 4.
Theinternal coordinates used here are defined in table 2.
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Table.4 Observed and B3LY P/6—-31G*level Calculated vibrational frequency (cm™) of SCSA

Observed Calculated frequencies (cm™) with .
S.  Symmetry | : . B3LYP/6-31G* forcefidd TED (%)among type
No  species requencies (cm ) of internal coordinates
Infrared | Raman |Un scaled | Scaled | IR%(A) | Raman® (1))

1 A 3470 - 3628 3471 91545 143735  OH (98)

2 A 3235 - 3418 3271 790451 223980  OH (99)

3 A - 3088 3255 3115  0.324 76.201 CH (99)

4 A 3087 - 3237 3097 2715 120.358  CH (98)

5 A 3072 - 3223 3084 10.465 173.958 CH (99)

6 A - 3072 3216 3077  7.444 109.896  CH (100)

7 A - 3054 3211 3072 15448 194762  CH (100)

8 A 3026 - 3205 3067 10.995 130.301 CH (100)

9 A 2893 - 3195 3057  3.467 77.737 CH (100)

10 A 2870 - 3186 3049 8413 92.109 CH (100)

11 A - 1742 1811 1733 445824  79.471 CC(73),bCH(11)

12 A 1739 - 1796 1718  265.883 106.302  CO(68),0CC(26)

13 A - 1612 1672 1600 126542  73.327 CC(60),CCa(17),
bCOC(15)

14 A 1609 - 1655 1583 45513  54.973 CC(72), bring(12)

15 A - 1585 1632 1561  41.839  18.119 CO(55),bCH(15),
CC(10)

16 A 1580 - 1618 1548 35605  37.480 CO(16),CC(14),
bCO(10)

17 A - 1466 1532 1466 81030  7.107 CO(68), bCC(26)

18 A 1460 - 1527 1461 128430 9.498 CC(68),
bCOC(11),bring(11)

19 A 1450 - 1507 1442 35474  10.787 CC(48),
bCCO(14),bCH(11)

20 A 1413 - 1487 1423 38143  3.8%4 CC(31),bring(17),
bCH (14)

21 A 1333 - 1398 1337  126.047 10.453 CC(52), bCO(20), bring
(14)

22 A - 1322 1389 1329 27127  41.904 CC(58),
bCC(13),bCH(11)

23 A 1301 - 1369 1310  3.114 3.523 CC(65), bCOC(21)

24 A - 1279 1355 1296 6.867 8.358 CO(55), bring(10)

25 A - 1249 1307 1250 10783  1.600 CC(56),
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39

41
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& R

46

47

49
50
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1247

1200

1158
1129

1115

1088

1067

1026

979

936

820

810

757

1204

1169

1160

1036

930
901

862

823

805
770

752

1301
1275
1244
1212

1207

1192
1181

1171

1129

1096
1080

1072

1043

998

991
976

971

896

878
876

850

836
800

790
766

1245
1220
1190
1159

1155

1140
1130

1120

1080

1048
1033

1025

998

955

948
934

929

857

840
838

813

800
765

756
733

219

292.523
208.224
309.173
277.125

79.425

40.215
65.569

37.097

47.802

219.683
96.643

10.090

280.684

0.154

0.137
1.023

1.924

3.095

1.312
3.330

1.630

13.611
1.007

5.141
52.767

12.173
27.763
55.933
26.514

60.050

23.138
22.147

0.872

5.586

5.390
47.197

3.521

8.138

0.043

0.086
0.538

1.247

3.331

4.804
2.129

2.201

25.243
1.462

2424
3.687

bCOH(47), CC(12)
CO(68), bCC(26)
bCOH (64), bCO(20)

CC(68),
bCH(11),bCC(11)

CC(41),bring(17),

bCH (14)

bCC(78)

bCH(23), bCCO(14),
bring(12), CC(11)
bCCO(23), bCH(14),
CH(15), CC(11)
bCCO(23), bCC(14),

bring(12), CCa(11)
bCC(48),0H(16)

CCa(67),bCC(12),

bCH(11)
CCa(45),bCO(18),
bCH(13)

bCH(23),  hCO(14),
CC(11)

bCH(34), bCCO(14),

bring(12), CO(11)
bCCO(64), bCO(20)

bCH(23), bCCO(14),
CH(17)
bCH(23), bCCO(14),

bring(12), CC(11)
oCH (57), tring(18)

bCOC(64), bCO(20)
oCC (57), tring(18)

bCH(63), bCC(20)
bCH(63), bCC(20)
bCH(63), bCC(20)
bring (72)

bCCO(23), bCO(14),
bring(12), CC(11)
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51

52
53

55
56
57

58

59
60

61
62

63

65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

A 751
A -
A 694
A 671
A 663
A -
A 598
A -
A 580
A -
A -
A 549
A -
A 498
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -
A -

695

662

594

566

955

530

484

447
380
365
330
276
269
248
214
207
189
163
132
120
117
107
98

761

757
712
699
674
654
623

606

598
570

545
533

530
526

442

432
416
387
348
303
275
252
236
209
194
168
146
134
100
63
62

728

724
681
668
645
625
596

579

572
945

921
510

507
503

422

413
398
370
333
289
263
241
225
200
185
160
139
128
95

60

59

60.708

9.542
48.613
20.421
12.430
108.435
35.548

65.102

3.921
6.074

2.254
2.363

4.221
18.604

0.084

5.128
4.199
1.536
1.790
4.955
0.326
0.452
0.752
1.881
0.957
2.622
2.691
0.402
0.965
1.303
0.923

12.269

3.263
3.281
1.395
8.393
0.694
1.320

6.901

9.634
12.423

1.151
2.137

0.694
0.870

0.179

1.558
2.906
3.576
1.577
0.431
3.380
3.589
0.578
1.376
3.570
4.034
0.998
0.355
5.883
4.052
3.952

bring (63)

®CO(60), bCC(20
tCOH(60), ®CC(20)
bring (48), CC(11)
bring (48), CC(11)
tCO(60), ®CH(20)
®CO(60), bCC(20

tring(54), ®CH(33)

bring (48), CC(11)
®CH(60), bCC(20)

®wCH(62), tring(15)

bCH(43),
bring(22),bCC(22)

®CH(62), tring(15)
oCC (57), tring(18)

tCOH(60), ®CC(20)

bring (48), CC(11)
tring(54), CH(33)
®wCH(62),tring(15)
®CH(62), tring(15)
®wCH(62), tring(15)
bCO(73), bOH(13)
bCO(73), bCC(12)
®CH(62),tCOH(15)
tCO(60), ®CH(20)
tCO(60), ®CH(20)
®CH(60), bCC(20)
tring (70)

tring (62),tCOH(15)
tCOC(60), ®CH(20)
tring (70)

tring(54), ®CH(33)

Abbreviations used: R: ring; ss.symmetric stretching; b:bending; o:magging; t:torsion;

Contributions larger than 10% are given.

®Relative absorption intensities normalized with highest peak absorption equal to 1.0.

PRelative Raman intensities calculated by E.2 and normalized to 100
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Table.5 Atomic charges for optimized geometry of SCSA

B3LYP/6-31G*

Atoms® Mulliken
SCSA
C1 -0.101794
C2 -0.101428
C3 -0.012593
C4 0.298866
C5 -0.104247
C6 -0.077557
H7 0.090625
H8 0.120984
H9 0.096051
H10 0.090659
O11 -0.572793
H12 0.369479
C13 0.594277
014 -0.468374
015 -0.570761
C16 0.317522
C17 0.012437
C18 -0.073220
C19 -0.111712
C20 -0.089654
H21 0.121229
Cc22 -0.083239
H23 0.126550
H24 0.102853
H25 0.099050
C26 0.573626
027 -0.489288
028 -0.490461
H29 0.332915

#The atomsindicated in the parenthesis belongsto SCSA; for numbering of atomsrefer figure 1.
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Table.6 Theoretically computed energies (a.u), zero-point vibrational energies (kcal/mal),
rotational constants (GHz), entropies (cal/mol-Kelvin) and dipole moment (Debye)

Parameters B3L YP/6-31G*
SCSA
Total energy -915.6845
Zero-point energy 135.31962
Rotational constant 0.77367
0.23903
0.19152
Entropy
Total 126.864
Trandational 42.544
Rotational 33.473
Vibrational 50.847
Dipole moment 2.4888

Table.7 Nonlinear optical properties of SCSA calculated using B3LY P/6-31G* basis set

NL O behavior SCSA
Dipole moment () 1.5820 Debye
Mean polarizablity (o) 3.516x10%* esu
Anisotropy of the polarizability (Aa) 88.384

First hyper polarizability (B) 1.0735x10 esu

Table.8 HOMO — LUMO energy value calculated by B3LY P/6-31G*

Parameters B3L YP/6-31G*
SCSA
HOMO -0.220
LUMO -0.064
HOMO -LUMO 0.156
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Table.9 Theoretical and experimental 1H NMR and 13C NMR spectra of SCSA (with respect to
TMS, al vauesin ppm) for B3LY P/6-31G*

Atoms SCSA
Exp Cal
Cl 119.53 121.049
Cc2 130.73 138.445
C3 111.93 117.838
c4 161.96 163.505
C5 117.69 123.152
C6 136.42 138.544
C13 168.96 166.136
C16 150.45 157.304
C17 124.07 123.262
C18 122.48 129.067
C19 132.74 136.338
C20 134.91 137.232
C22 126.61 127.125
C26 169.76 167.537
H7 6.91 7.723
H8 8.12 9.070
H9 7.01 7.834
H10 7.50 8.306
H12 10.25 10.942
H21 7.25 8.728
H23 8.05 9.212
H24 7.63 8.516
H25 7.37 8.158
H29 10.73 6.700

For numbering of atoms refer figure 1.
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Fig.1 Molecular model of SCSA aong with numbering of atoms

20

Fig.2 FTIR spectra of SCSA (a) calculated (b) observed with B3LY P/6-31G*
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(a) Calculated with B3 LY P/6-31G*
(b) Observed with KBr disc

224



Int.].Curr.Res.Aca.Rev.2015; 3(8): 208-228

Fig.3 FT-Raman spectra of SCSA (@) calculated (b) observed with B3LY P/6-31G*
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(a) Calculated with B3 LY P/6-31G*
(b) Observed with KBr disc

Fig.4 HOMO and LUMO plot of SCSA

(a) E homo = - 0.220 a.u
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)

(b) E Lumo= - 0.064 a.u
AE vomo-Lumo= 0.156 a.u

Fig.5 The Linear regression between experimental and theoretical 13 C (a) 1H (b) NMR
Chemical Shift for SCSA
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Experimental chemical shift/ppm

Experimental and theoretical chemical shifts
of SCSA in *CNMR and *HNMR spectra
were recorded and the obtained data are
presented in table 9. The linear correlations
between calculated and experimenta data of
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Experimental chemical shift/ppm

BCNMR and HNMR spectra are noted.
Correlation coefficients of *CNMR and
'HNMR are 1.0629 and 0.9457 for SCSA.
The data shows a good correlation between
predicted and observed proton and carbon
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chemical shifts. The correlations of NMR
spectra are presented in figure 5 for SCSA.
The range of the **CNMR chemical shifts
for a typica organic molecule usually
is>100 ppm (Kainowski et al., 1988;
Pihlgga and Kleinpeter, 1994) and the
accuracy ensures reliable interpretation of
spectroscopic parameters. In the present
study, the *CNMR chemica shifts in the
ring for SCSA are>100 ppm, as they would
be expected.

Conclusion

In the present work, the optimized molecular
structure of the stable conformer,
thermodynamic properties and vibrational
frequencies of the title compound have been
calculated by DFT method using B3LY P/6-
31G* basis set. The theoretical results were
compared with the experimental vibrations.
The calculated HOMO and LUMO energies
show that charge transfer occurs within the
molecule. *H and **C NMR chemical shifts
have been compared with experimental
values. As a result, al the vibrational
frequencies were calculated and scaed
values (with 6-31G* basis set) have been
compared with experimental FTIR and FT-
Raman spectra. The observed and the
calculated frequencies are in good
agreement. Furthermore, the nonlinear
optical, first-order hyperpolarizabilities and
total dipole moment properties of the
molecules show that the title molecules are
an attractive object for future studies of
nonlinear optical properties.
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