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Li@Cy, C Fig. 4. The highest occupied molecular orbitals of endohedral fullerencs
2 F@Ce considered in this study

Fig.3. M -
9. Molecul : _
study ar orbital energy spectra of the systems considered in this

metal atom inside larger fullerenes such as Cgg 15 compressed

and the total polarizability decreases. However, this depression
is very small in the case of F@Cgo owing to the smaller
become negatively charged (by —0.003 ¢) in the vicinity of the F magnitude of Ax, 6.9 au relative to 08.7 au Lr: Li@Cso. Am:{_u_’d-
atom. On comparing the charge transfer to and from Cg in both ing to the model of quenched pulurizabilit}f.{ Y the puiungabzht}
cases, we notice that Cg, is a better electron acceptor than of Cey does not change significantly on encapsulation of atoms
electron donor. This is clearly reflected in the dipole moment (molecules). Therefore, Aw is related to the (_I-ec rease in polariz-
values of Li@Cgy and F@Cg, mentioned earlier. Furthermore, ability of encapsulated atoms (molecules). Thus, the effect of
this fact is supported by the binding energy per atom (A£), listed encapsulation is stronger on Li atom than F atoms, as far as Cgo 15
in Table 1. Note that the AE of Li@Cyy (1.25 eV) 1s larger than concerned. This fact also agrees with the afurf:m::ntn:‘rn-i'd
that of F@Cgy (0.58 eV). This may suggest that Cg, becomes properties of Li@Cgo and F@Cgo. _The theoretical results such
relatively more stable by accepting the charge from Li than by the HOMO-LUMO energy gap. dipole moment, and polariz-
donating the charge to F. ability discussed here may be useful in the dﬂ‘!‘sﬁl_gn of chaf'ge:-
The plotted molecular orbital energy level diagram of  transfer complexes consisting of Li@Cgp and P-@Cﬁr{ S}'Stu.ﬂl::i
Li@Cgo, F@Cgo, and Cg is shown in Fig. 3. The energy Such complexes are Ilkel;_y to possess strong IﬂUn-llnt:dr.ﬂptlLd
difference between frontier molecular orbitals such as the high- properties. Further work in this direction is in progress in our
est occupied molecular orbital (HOMO) and lowest unoccupied laboratory, and will be reported shortly.
molecular orbital (LUMO) i1s referred to as the frontier orbital
energy gap (Eyap), marked in Fig. 3. One can see that the £,,,  Conclusions
value of Cg 1s 2.76 eV, which decreases to 0.88 eV in Li@Ceg A comparative study on Li@Ceo and F@Ceo performed at the
and 1.08 eV in F@Cs,. This is possibly due to the fact that the B3y vp/6-31G(d) level revealed that the structure of Cgo 1S
encapsulation of Li or F introduces additional energy levels into equally affected by either encapsulation of L1 or F, producing a
the molecular orbital energy diagram. Thesc additional energy marginal difference in bond lengths. The off-centre distance of F
levels tend to shift the HOMO energy up in Li@Ceo and the is, however, smaller than Li. There is charge transfer to and from
the Cgy cage in both cases, although Li@Cey becomes more

LUMO energy down in F@Cg. consequently reducing the
energy gap. In Fig. 4, we show the HOMO surfaces of polar than F@Cs,. This may suggest that Cgy 1s a better electron
Li@Ceo and F@Ce. In both cases, the HOMO is contributed ;;eptor than electron donor. This fact was further supported by
by C atoms of the cage. However, the major contributioncomes  h NBO charge and dipole moment as well as binding energy
from C atoms in the vicinity of Li in the case of Li@Ceo but C 11165 The molecular orbital analysis suggests that the encap-
atoms far away in the case of F@Ce. sulation results in shifting the energy of the HOMO higher in
As encapsulated Cgo becomes polar owing to charge transfer Li@Cgo and the energy of the LUMO in F@Ceo is lowered
~ to and from the Li or F atom, we calculated the mean polariz- . jqtive to empty Cgo, consequently reducing the frontier orbital
~ ability (o) of Li@Ceg and F@Csy, also listed in Table 1. The  ohoroy oup reducing the ionization energy of Li@Cgo, and
- components of polarizability are computed by numerical differ- - i roqging the electron affinity of F@Cgo. We also noted that the
Em“ﬂ using a uniform electric ficld of magt?xtudc effect of encapsulation on polarizability 1s only marginal in the
0.001 atomic unit (au). The a, of the empty Ceo cage, L, and  cace of F@Cyo but that of Li@Ceo is strongly affected. These
F atoms are 4688 au (~ 70x10 cm?), 130.9 au findings may be useful in the design of new systems based on

el z : 3
(19.37 x 107%* cm’), and 1.67 au (0.25 x 10”** em’) respec- .o prototype endohedral fullerenes.

tifel}g, which agree well with the corresponding experimental
values'“1of76.5 x 10 *%,24.33 x 10" *,and 0.55 x 10 *'em®  g,001amentary Material

_I pec vely. For encapsulated Cg. o, increases compared with _ ' O
Ca‘oﬂwmg to charge transfer within the cage, In order to The Cartesian coordinates of Cgp molecule and Li@Cyp and
B o ke affsor of the trapped atom on polarizability, we F@Cgo complexes are available on the Journal’s website.

- - R yre

computed the depression in polarizability (Ax). For Li@Ceo. :
¢ <0, i.e. a depression of polarizability takes place (see Conflicts of Interest

ble 4} It has been already repnrtedm] that the encapsulated

The authors declare no conflicts of interest.
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Biological, Electronic, NLO, NBO, TDDFT
and Vibrational Analysis of
1-benzyl—4-f0rmyl—1H—pyrrole-3-carboxamide

Kumar Pandey, Anoop
Govt. College Bishrampur Surajpur Chhattisgarh, INDIA

Narayan Mishra, Vijay
Sri Ramshwaroop Memorial Institute of Engineering and Management Lucknow, INDIA

Singh, Vijay*"
The University of Dodoma, Dodoma, TANZANIA

ABSTRACT: Biological Electronic, Optical Properties and Vibrational Analysis of 1-benzyl-4-
formyl-1H-pyrrole 3carboxamide are studied by using a combination of DFT/B3LYP method
and 6-311G (d p) basis set. Optimized parameters of the title molecule are well-matched
with the experiments. The NLO properties of 1-benzyl-4-formyl-1H-pyrrole 3 carboxamide
have been examined with the help of Polarizability and Hyper-Polarizability. The electronic properties
of 1-benzyl-4-formyl-1H-pyrrole 3carboxamide are described with the help of HOMO, LUMO
composition. The UV spectra suggest that a strong excitation line occurs at 2.03 eV (160 nm) due to
H-2—LUMO (30%). NBO analysis shows that hyper conjugative interaction energy has higher
value during LP— w* m— w* transitions. Several biological activities are calculated by PASS
software. Docking of the molecule is performed with 5P4Q protein and FF score is -1051.65A4.U.

KEYWORDS: Vibrational analysis; NBO; NLO; DFT; Electronic properties; PASS.

INTRODUCTION

Quantum Chemical calculations give important
information about molecular geometry, vibrational
frequency, electronic properties, UV spectra analysis
as well as NLO properties of a molecule. [1-2] Benzyl is
the substituent possessing the benzene ring attached to
a CHz group (CeHsCH,-). [3] The position of the first
carbon bonded to benzene or another aromatic ring
is described as benzyl. The 4-formyl-1H-pyrrole-3
carboxamide is a heterocyclic aromatic organic compound

in which three hydrogen of Pyrrole ring (five-membered)
replaced by formyl, carboxamide, and Benzyl group.
Heterocyclic compounds are those cyclic compounds that
contain at least two different elements as ‘ring members’
atoms. These compounds are organic or inorganic, within
the ring structure containing one carbon atom. and one or
more atoms of elements other than carbon. such as
sulphur, oxygen, nitrogen, etc. Simple N heterocycles
have acknowledged significant consideration because o

* To whom correspondence should be addressed.
+ E-mail: drvijay239@gmail.com
1021-9986/2020/1/233-242 10/8/6.00
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WIS e e
Angle (<C3-C12-N15-C18)

Fig. 1: PES Scan of dihedral angle <3C-12C-15N-18C with 20
Step each of 57,

RESULTS AND DISCUSSIONS
Optimization

The local minimum energy obtained by structure
optimization of the molecule is approximately
716.02957909 A.U. Animated gauss view picture shows
that the molecule has no point group symmetry.
For optimized parameters bond length is measured in A°
and bond angle in degrees. To obtain global minima we scan
dihedral angle <3C-12C-15N-18C with 20 step each of 5°
and then plot a graph (Fig. 1) in between relative energy
and dihedral angle. From this plot, conformer with
dihedral angle <3C-12C-15N-18C = 91.147 9(shown Fig. 3)
has the lowest energy. This conformer has 0. 01041
kcal/mol lower energy than next stable conformer
mth-GBC-DC-ISN-IBC 76.147°. For sake of simplicity
we have considered the most stable conformer for our

.at_udy. In the molecule there are two rings namely pyrrole
and benzyl rings, nearly perpendicular, are connected
‘with methyl group. The calculated geometry parameter

are compare with experimental data in Supplementary
Table 1. The calculated (C-N) bond length, lies in

'b&twaen 1.3976A- 1.3488A, is in agreement with
experimental results [16](1.37A -1.36A) while calculated
 (N-H) hanﬁ length lies in between 0.9973A- 0.9937A,

;whlch matehes with experimental value (1 A). The C-O

is found to be 1.37 A however experimental

"": T wlue’«ls i29 A In Fig. 2 we plot a graph between

J' d
.? .'r"‘:—_.--' A ""_

ﬁﬂd wlﬁulmd hnnd Iength of thﬂ mnlecule

; .‘.-ij !.I.."'-‘ 1 .,;n:'_-"";.l._ = st
ety '4-[ < *“'qﬁt

b e
Scanned by TapScanner



Iran. J. Chem. Chem. Eng.

14

- 7o

=

2 1.3

o |

S

= 1.2
1.1
1.0

1.0 1.1 1.2 1.3 1.4 1.5
Experimental (A°)

Fig. 2: Comparison between experimental and theoretical
bond length.

Fig. 3: Model molecular structure of 1-benzyl-4-formyl-1H-
pyrrole-3carboxamide.

Calculated = 0.98062 experimental + 0.01911

with correlation factor R*=0.99861.
The correlation factor >0.99 shows that the DFT

can reproduce experimental result well. The angular changes

in benzene ring geometry have proved to be a sensitive
indicator of the interaction between the substituent and

the attached ring. The (C-N-C) bond angle varies from
124.82°- 109.40° while (C-N-H) varies between 181.07%-

123.24°.

Polarizability, Hyper polarizability and thermodynamic
properties

The Dipole moment (1), polarizability <a> and total
first static hyper polarizability B are used to determine
NLO property of title molecule.[24-25] These parameter
are calculated by using combination of DF T/B3LYP
method and 6-311G(d, p) basis set (supplementary Table-2).
First order hyperpolarizability is a third rank tensor of
3x3x3 matrix. By using Kleinman symmetry,

Research Article
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consideration 27 components of the 3-D matrix
can be reduced to 10 components.[26] Polarizability and
hyperpolarizability belongs to first and higher order
derivatives of the electron density which is helpful
to determine shape and interaction characteristics
of chemical bond in molecule. These
can be expressed in terms of x, y, z components and are given

by following equations 1, 2,3

parameter

2 |/2
u=(ux+],ﬁ..+ui) (1)

ﬁa}=1!3[u1x+mw+aﬂ] (2)

Z

BTmul o5 ([}i 2 ﬁi + [ﬁ )”I2 X |:([5H-‘ % B’W‘f ¥ ﬁ"‘fi ) w3 )

/2
(Bﬂ’? +B}'H +Byﬂ: )E T (_B?J.z +Bz:~::¢ +Bzﬂr )2]

The B components of Gaussian output are reported

In atomic units.
Where (1 a.u. = 8.3693X 107 e.s.u.).

For | -benzyl-4-formyl-1H-pyrrole-3carboxamide
molecule, calculated dipole moment value is 42863 Debye
which is greater than dipole moment of water

(2.16 Debye), is attributed to electron withdrawing group
—COONH2- and ~OH- group present on hetro-cyclic ring.
From supplementary Table 2 we see higher contribution

of axial component in polarizibility shows that molecule

towards axial direction.

is elongated more
In hyperpolarizibilty Bex. Pxzz component having larger
contribution shows that a larger electron density along
bond along X direction and XZ plane. This shows that
X axis and XZ plane are more optical active directions.

The calculated values for the total intrinsic hyperpolarizability
BroraL and the component of the hyperpolarizability (P)
are given in supplementary Table 2. The calculated value

BroraL of title molecule (0.9339x10°° es.u.) is nearly

five times greater than hyperpolarizibilty of urea
(0.19347x10%.s.u.) so title molecule use as NLO active

molecule

Thermodynamical Properties

Thermodynamic properties like entropy, enthalpy
and heat capacity at various temperatures (100-400 K)
have been calculated (Fig. 4) by DFT/6-311G(d, p) method
from the theoretical vibration analysis. These parameters
graphs between

increase with temperature. The

235
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Vol. 39, No. 1, 2020

Fig. 6: Electronic Transition of TD-DFT of title molecule by DFT/B3LYP method.

functional group occur at 3637 cm™,3554 cm’!. At lower
region frequency two scissoring S(H»s-Na3-Has) of —
CONH; group are 1682 cm™ and 1145 cm™' and wagging
modes w(H24-N23-Has) R obtained are 1184 cm™', 1226 cm
!, 856 cmrl and 611 cm™. The C=0 stretching band having
high intensity is obtained in the region 1800 cm'-
1650 cm™! [35.], however their exact position is governed
by the inter and intra molecular hydrogen bonding,
electronic and mass effects of adjacent substituents and
conjugations [36-37]. The C-O stretching vibrations
intensity increases the probability of formation of
hydrogen bonds. The C=O bond is produced by px - px
between carbon and oxygen atoms. In C=0O bond bonding
electron are not equally distributed but shifted towards
oxygen because oxygen is more electronegative than
carbon and lone pair electron of oxygen decides nature
of the C=0 group. In this study a very intense polarized
band with polarization vector directed along
the plane of adjacent ring occurs at 1785 c¢m™ due to
n(C2»-02) Rz In this stretching mode both carbon and
oxygen vibrate with equal intensity. Some bending modes
due to Cx-Ouxin plane bending modes appears lower side

of IR spectra with low intensity e.g. 627 cm™.

Other Modes of Vibration
Pulay et al [38] recommended the vibratuinal

frequencies on the basis of internal coordinate system.

238

NH; and CH; group connect with six types of vibrational
frequencies namely: two stretching modes symmetric,
asymmetric and rest four bending modes e.g., scissoring,
rocking, wagging and twisting. In which two scissoring and
rocking deformations belong to polarized in—plane vibration
however wagging as well as twisting deformations belong to
depolarized out-of-plane vibration.

In calculated spectra one low intense polarized peak with
polarization vector is directed along C;-Njs at 3140 cm™
due to pes(Hi4-Ci2-Hi3) adj R; and a medium intense peak
occurs at 3097 cm” due to symmetric ps(Hi-Ci-Hiz)
stretching vibration. £ On the lower side of spectra, two
intense peaks due to scissoring modes of vibration, occur at
1612 ecm™ and 1460 cm™. A very intense polarized peak
occurs at 1472 em™ with polarization vector directed along
bond Ci-Ha due to S(Hu-Crp-Hp)adjR:. At higher
frequency region an intense polarized peak at 3760 cm™
with polarization vector directed along Ny5-C ¢due to i (Ox~Hoxs)
R> occurs. From lower side of IR spectra two intense peaks
occur at 709 ecm™,713 ecm™ due y (Ox-Hzs) Ry The O-H
group present in our molecule is expected to be most
sensitive which shows noticeable shifts in the spectra of

the hydrogen-bonded species.

NBQO analysis
Natural bond orbital analysis is used to study

interaction among the bond and charge transfer or

Research Article
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Fig. 7: Calculated IR spectra of Title molecule using
combination of DFT/B3LYP method and 6-311G(d, p)
basis set.

conjugative interactions in a molecular system. NBO
analysis provides information about how electron density
gets transferred from the bonding orbitals to the
antibonding orbitals [39]. The strength of these
interactions depends on the value of the second order
energy of interaction between the donor and acceptor
orbitals. The interaction between electron donors and
electron acceptors is intense If the value of E@ is high.
The second order energy lowering is calculated by using
each donor NBO(#) and acceptor NBO(/) and the strength
of delocalization interaction [40]

Several significant interactions are listed for the study
molecule in Supplementary Table 4. From this table this
is clear that o electron density (1.976e - 1.983¢e) shows
higher value than m electron density (1.862e -1.665¢).
In this molecule mainly o — ¢* 71— o* n—n* LP—n*/ o*
interactions occurs between bonding antibonding orbitals
ie. The o — o * interactions between bonding and
antibonding orbitals are found to be o (C23-C25)—0c™
(C22-026) and o (C16-C18)—0* (C18-C21), having E®
values of 10.04 kcal/mol and 4.15 kcal/mol respectively.
The m— o * interactions between bonding and
antibonding orbitals which stabilized molecule is found
to be 1 (C2-C3)—c*(C4-C5) with E® 4521 kcal/mol.
The mn— m* interactions between bonding and
antibonding orbitals are = (C1-C6) —m* (C2-C3),
1 (C1-C6)y—n* (C4-C5).m (CA-C5) — n* (C2-C3), n (C4-C5)

Research Article

Vol. 39, No. 1, 2020

— t* (C1-C6), having E® values 46.69 kcal/mol, 46.75
kcal/mol, 4801 kcal/mol and 4521 kcal/mol
respectively. The strongest interaction LP— . of
involving lone pairs and nearly vacant antibonding
orbitals such as LP(1) N15—n* (Cl16-C18)and LP(l)
N22—x* (C17-C20) and LP(2)026—c* (C22-N23) have
high E@ values of 67.11 kcal/mol 72.42 kcal/mol and
24.69 kcal/mol respectively. These interactions contribute
the greatest role to stabilizing the molecule.

Biological activity and docking

PASS [41] predicts Methylenetetrahydrofolate
reductase to be inhibitor (0.7610) and having Antiallergic
biological activity (0.7180), which is based on the
structure activity relationships with Pa > 0.70. In methy|
cycle Methylene tetrahydrofolate, reductase is the rate-
limiting enzyme .The molecule under study inhibits this
enzyme and prevent the human body from Alzheimer,
other forms of dementia, colon cancer and acute leukemia
disease. The molecule shows better activity against
allergic diseases which are caused by hypersensitivity
of the immune system typically harmless substances
in the environment [42]. Swiss dock [43] is online webserver,
which predicts suitable binding protein for the molecule
is 5P4Q [44]. The structure 5P4Q has in total one chain
with  sequence from  Cryphonectria  parasite.
The Cryphonectria parasitica is fungus belonging to
Ascomycota taxon pathogen. It is the main cause
of chestnut disease, a shocking disease of the American
chestnut trees. [45]

After predicting suitable protein we perform docking
of the molecule with the trial protein SP4Q by Swiss
Dock web server. All the probable conformers of
the ligand and their corresponding energy values are resolute
and best binding modes are ranked allowing to the full
fitness (FF). This docking process is not covered
on specific region of the chosen protein but blind follows
whole region of chosen protein. The highest negative
values of full fitness score shows best binding site
between protein and the taken molecule. The full fitness
score obtained in docking is -1051.65 A.U. Docking
between title molecule and SP4Q protein is shown in Fig. 8
using UCSF chimera software. The binding sites between
title molecule and 5P4Q protein are H9%and LIG (residue)
and distance between H9-LIG is 2.169A°. . FF score and
docking between title molecule and 5P4Q protein shows
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Structural, IR spectra NBO, TDDFT, AIM calculation, biological activity
and docking property of [1,2,4]-triazolo[3,4-b][1,3,4] thiadiazole
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Article history: I:;:Egpager; c_t;-t-l;;l_edt_e .qu..iﬁt.ﬁ-m chemical study of [1,2,4)-triazolo [3.4-b][1.3.4] thiadiazole has veen
Jede s > August 2018 done with the combination of DFT/B3LYP method and 6-311G(d, p) basis set. The vibrational assignments
e svisedform 7.0ciober' 2013 are calculated with the help of PED, By using quantum theory of atoms in the molecule (QTAIM) we have

Accepted 11 October 2018

calculated topological parameters at BCP point by which the nature of several intermolecular hydrogen

Qe ne o bondings are studied. Electronic properties are calculated with the help of HOMO-LUMO plot. Chemical
Keywords: active sites of title molecule are described by FF, chemical hardness, chemical softness etc. uv spectr;a arr_;'
QTAIM : calculated with the help of TDDFT using optimized parameters. NBO analysis g]ues idea about transier o
DFT charge between bonding and antibonding electrons. Biological activity analysis suggests that the I'!'IID;E*
TDDFT cule can be used in anti- inflammatory drugs to explore new drugs. The molecule is docked with
HOMO MBNL1 receptor with the help of Swiss-Dock online server with Full fitness score of —541.58 a.u.

LUMO © 2018 Mansoura University. Production and hosting by Elsevier B.V. This is an open access article under
lh;\fEsp the CC BY-NC-ND license (http://creativecormmons.org/licenses/by-nc-nd/4.0/).
MBNL1

NBO
1. Introduction the accumulation of excess salts or fats [8]. 1.2,4-Trnazole dernva-

1,3-thiazole containing both Nitrogen and sulphur is a hetero-
cyclic compound. The term °thiazole’ refers to a large family of
derivatives | 1]. Thiazole having molecular formula C3H;NS is a soft
yellow liquid with pyridine-like scent |2]| and used in a variety of
specialized products, often by fusing with benzene derivatives.
These are naturally occurring peptides, and utilized in the com-
mercial development of peptidomimetics |3.41. Thiazole is hetero-
cyclic series organic compound characterized by a ring structure
composed of three carbon atoms, one nitrogen atom, and one sul-
phur atom. This ring structure attributes many significant biologi-
cally active natural qualities such as thiamine, penicillin, and in
many synthetic drugs, dyes, and industrial chemicals |5,6]. These
are found in a number of various food products and flavors and
are used in the manufacturing of prepackaged food products
including noodles [7]. Thiazoles help flavorists to create healthier
crops by enhancing the flavor of meats and savory foods without

* Corresponding author at: Department of Physics, SRMGPC Lucknow, Tiwari
ganj, U.P. 226028, India.

E-mail address: vnvictorious@email coim (V. Narayan).

hitps://doiorg/10.1016/j.¢jbas,2018.10.0(1
HTMXJG 2018 Mansoura University. Production and hosting by Elsevier B.V.
i Thhis an open access article under the CC BY-NC-ND
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tives and their bonded heterocyclic correspondents are well known
for their different biological activities and 1,2,4-triazole rings have
been combined into ligands used in coordination compounds. The
1,.2.4-triazole derivatives and their N bridged heterocyclic
equivalents have been widely studied |9-14]. Numerous
3,6-disubstituted [1,2,4] triazole [3,4-b] [1.3.4] thiadiazoles are
testified to display significant antibacterial [15-18], pesticidal
[19], anticancerous [20]|, anti-inflammatory, and anti-oxidant
activities | 21]. Many studies are carried to synthesize organic com-
pounds, inorganic metal complexes and are detected by using NMR
FTIR spectra |22 -27|. Monirah A. Al-Alshaikh etal. synthesized the
crystal structure of [1,2.4]-triazolo[3,4-b][1.3.4] thiadiazole
molecule and found it as a potential bioactive agent [22-28]. The
present study on the [1,24]-triazolo[3,4-b][1,.3.4] thiadiazole
molecule has been carried out to support and as an extension of
the work of Monirah A. Al-Alshaikh et al. [29]. As mentioned in
the work of Monirah A. Al-Alshaikh et al.. due to bioactive potential
of the molecule its biological properties are studied by using
several parameters and also docking is made for designing new
anti-inflammatory drugs. Along with this the geometrical parame-

ters, NMA, Biological and Chemical activities, electronic transitions.
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thermodynamic properties are studied by the combinatio

i vy A0 el WA U | n of DFT
B3Lﬂf met’hﬁdend 6-311G(d, p). A complete DFT analysis s per{
formed on the title molecule (Fig. 1),

2. Computational details

All the calculations are done with GO3 program package [29]
us_ing_ combination of B3LYP/DFT method and 6-311G (d, p) basis
set. This basis set 6-311G (d, p), with 'p' polarization functions
on hydrogen atoms and ‘d’ polarization functions on heavy atoms,
1S used for better description of polar bonds of molecule [30,31].
Initial geometry is modeled with the help of Gauss View 3.0 pro-
gram package [32]. AIM calculation, performed by AIMALL pro-
gram package [33], is based on quantum theory of atoms in a

mqlecule. Natural bond analysis is carried with NBO 3.0 program
package [34]. Electronic transitions, vertical excitation energies,

and oscillator strengths are computed with the TD-DFT method.

3. Result and discussion

3.1. Optimized parameters

The molecule taken has two benzene rings, one thiazole and

other phenyl rings. The molecule shows some deviation from

pla-
narity, with fluoro ring

(C19-C14) forming dihedral angle of 2.65°
and the phenyl ring (C12-N1 7) 3.84°. The distance of the interac-

tion between benzene ring and thiazole ring C14-C19 is 2.33 A
AIM [35] calculation shows that there are two interactions
between N18-H8 and N18-F29 in the molecule, which are shown

in Fig. 2. According to Koch and Popelier standard, an existence
of hydrogen bond follows bond critical point (BCP) for the ‘proton
(H)...acceptor (A), |36] which involves electron density (q) in the
range of 0.002-0.040 a.u. and Laplacian (V3) in the of range 0.024-
0.139 a.u. All calculated parameters at BCP, in between N18-HS,
and N18-F29, are listed in Table 1. On the basis of topological
parameters three types of H-bonds are characterized. According
to Rendering to Rozas et al. [37], the characterization demands,

at BCP, that for strong and covalent nature of H-bond V? <0 and
H <0, for medium and partially covalent nature of H-bond ‘Ff, >0

and H <0, and for weak H-bond of electrostatic character V>0

and H > 0. From Table 1, the Laplacian of charge density are posi-
tive, however value of H < 0 signifies that the interaction is med-
lum strong in nature. According to Espinosa et al. interaction
energy calculated is Ej;; =% V at BCP [38]. In this study calculated

interaction energy of N18-H8, N18-F9 is 3.95 kcal/mol and
5.648 kcal/mol respectively.

Fig 1. Molecular Picture of title molecule according to numbering,
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Fig 2. Molecular Graph of the studied compound at BCP.

e

3.2. Electronic property and HOMO-LUMO surfaces

The HOMO represents the ability to donate an electron by an
atom while LUMO represents the ability to accept. The HOMO
and LUMO energies are calculated by DFT/B3LYP method. The elec-

tronic parameters, such as highest occupied molecular orbital
(HOMO) energy (E-HOMO), lowest unoccupied molecular orbital
(LUMO) energy (E-LUMO) and band gap energy (AE=FLUMO-
FHOMO) are described theoretically [39). The energy (Egap)
between HOMO and LUMO in the present study is found to be
3.71 eV. In this molecule LUMO is located over whole molecule
however HOMO is located only on benzene ring. The transition
from HOMO — LUMO in the molecule indicates charge transfer
from benzene ring to thiazole ring. The molecular electrostatic
potential (MESP) is a map of potential i.e. electrostatic potential
over constant electron density of all molecules. It displays molecu-
lar size and shape as well as positive, negative, and neutral electro-
static potential regions in terms of color grading scheme. In this
color grading schemes, the blue color represents the most elec-

tropositivity i.e. low electron region, whereas the red color corre-

sponds to the most electronegative center or electron rich

regions [40.41]|.The MESP plot of title molecule is display in

Fig. 3. From this fig. ring R; is covered by red region so it is the most

electronegative region of title molecule. On the basis of energy of

frontier orbitals, eHOMO, ¢LUMO [energy of highest occupied

molecular orbital, Energy of lowest unoccupied molecular orbital

respectively| the different global reactivity descriptors such as
electronegativity y (tendency to attract electrons), chemical poten-
tial 4 (energy that can be absorbed or released), global hardness 7
(hardness basically signifies the resistance against the deformation
or polarization of the electron cloud of the atoms, ions or mole-
cules under small perturbation of chemical response), global elec-
trophilicity index @ (capacity of a species to accept arbitrary
number of electrons) and global softness S (Softness signify how
easily a molecule becomes polarized) are computed using equa-
tions as given below [42] (Fig. 4).

The energies of frontier molecular orbitals (sHOMO, sLUMO),
energy band gap (eLUMO-gHOMO), electronegativity (). chemical
potential (z¢), global hardness (1), global softness (S), and global
electrophilicity index (w) of the molecule have been listed in
lable 2. On the basis of eHOMO and gLUMO. these parameters
are calculated by using equation given below |43 45)

X = ~1/2(6LUMO + ¢HOMO)
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| waw parameters for bonds of interacting atoms: electron density (pBCP),

........

opological parametei | _ | Laplacian of electron density (V?BCP), kinetic electron energy density (G BCP), potential electron
| wdensﬂy I[VBCF]. total electron energy density (HBCP), estimated interact

ion energy (E;,) at bond critical point (BCP),

O-H Pece vzpm Guer Vacr Hacr Eint
| (a.u.) (a.u.) (a.w.) (a.u.) (au) (kcal/mol)
m:-l-t! 0.0150 0.0630 0.0142 ~-0.013 -0.014 3.953
-F29 0.0159 0.0897 0.0201 ~0.018 -0,0186 5.648

3.2.1. Fukui function

The Fukui function (FF) [46,47] of a molecule provides informa-
tion about reactive sites and the method of understanding as well
as categorizing chemical reactions. The atom with the highest FF
value is highly reactive site as compared to the other atoms in
the molecule. The use of the Fukui functions for the site selectivity
in title molecule for nucleophilic and electrophilic attacks has been
made with special emphasis on the dependence of the Fukui values
with the basis of B3LYP/6-311G(d, p) level of theory. Using the
Mullikan atomic charges of neutral, cation, and anion, state of

the molecule, the Fukui functions (f,. f,. f,). local softness (S,
Fig. 3. MESP surfaces of thiazol, Sy Sy) [48] and local electrophilicity indices (g, wg, wy) are cal-
culated using the following equations

fi = [qe(N+1) = q,(N)] for nucleophilic attack

fr = [qu(N) = gi(N — 1)] for electrophilic attack

fi = 1/2[q(N+ 1) + (N - 1)] for radical attack

where g, is electronic population of atom k in the neutral molecule
with N electrons.

Local softness and electrophilicity indices are calculated using

Elow =1.545cV
S =5fi, St = St wi =wf,, o) =of,
where +, —, and 0 signs show nucleophilics, electrophilics, and rad-
ical attacks, respectively. The Fukui functions, for all the carbon
atoms in both benzene ring (R, R4) and sulfar atom in thiazole ring
e, =3.71eV (R3), calculated by using combination of DFT/B3LYP method and 6-
| 311G (d, p) basis set are listed in Table 3. From Table 3, it can be
| seen that the carbon of both benzene ring. 14C and 31C are more
| reactive sites for nucleophilic and 26C as an electrophilic reactive
attacks. However 30S atom of the thiazole ring shows more favor-

able site for both electrophilic and nucleophilic substitution than
ring carbon atoms. Furthermore, 30S site is more reactive to the

electrophilic than nucleophilic substitution because f; > f}.

Time dependent density functional theory (TD-DFT) method is
important tool for studying the nature of the transitions of UV—-vis
spectrum of the compound. Optimized geometry is obtained for
TD-DFT calculation by using same level theory. UV spectra of the
molecule, calculated by combination of DFT/B3LYP method and
6-311G (d, p) basis set is shown in Fig. 6. In this graph, two promi-
nent peaks observed at 4.02 eV (294 nm), 2.03 eV (610 nm) origi-
nate mainly due to H—L (37%), H-4 — L (43%) transitions
respectively. These transitions are shown in Fig. 5 and listed in
Table 4, On the basis of the calculated molecular orbital coefficients
analyses electronic transition are assigned to n - 7 and ©™ — 7
respectively.

Fig. 4. HOMO, LUMO surfaces of thiazol.

H=-y=1/2(eLUMO + ¢eHOMO) | :
3.3. Non linear optical parameter

n=1/2(¢eLUMO — eHOMO) ,
The Gaussian 03 program is used to calculate the dipole

S =1/2n moment () and polarizability () of the molecules, based on the
finite field approach. The first hyperpolarizability (8) and polariz-
i #z /2n ibility of the title molecule are calculated by using same level the-

e e
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Table 2
Elutitmic parameters of title compound Calculated by DFT/B3LYP method and 6-31 1G(d. p).
HOMO energy LUMO energy Electronegativity () Chemical potential (1) Global hardness (n) Global softness (5) Global electrophilicity

index ()
-6.255 ~2.545 4.400 4,400 1888 0270 5218
Table 3
Fukui values on the basis theory of the Mulliken atomic charges of neutral, cation, and anion, the Fukui functions (f;. f;. /).
S.N Neutral Positive Negative £ I [
1C -0.133 -0.128 ~-0.136 0.005 0.003 0132
2C -0.171 -0.173 ~-0.163 -0,002 ~0.008 0.168
3C 0.188 0,190 0.191 0.002 -0.003 0.191
4C =017 ~0.169 ~0.169 0.002 0.002 0.169
sC -0.133 -0.129 -0.135 0,004 0.002 ~-0.132
6C ~0.123 -0.113 -0,129 0.010 0.006 0.121
12C 0.041 -0.011 0.077 ~-0.052 -0,036 0.033
14C 0.313 0.344 0,239 0.031 0.074 0.292
20C 0.069 0.063 0.070 0.006 0.001 0.066
21C —-0.160 ~-0.147 ~-0.183 0.013 0.023 -0.165
22C 0.313 0.332 0.285 0.019 0.028 0.309
23C -0.132 -~0.126 ~-0.134 0.006 0.002 ~-0.130
25C -0.190 ~0.181 ~-0.199 0.009 0.009 0.190
26C -0.124 ~0.105 ~0.154 0.019 0.030 0.130
31C 0.039 0.065 0.002 0.026 0.037 0.034
305 0.301 0.484 0.118 0.183 0.183 0301

ory and listed in Table 5. In the presence of apphed electric field,
energy is function of applied electric field. Hyperpolarizability
and Polarizability are described as the response of a system due
to application of the electric field [49). The Hyperpolarizability
and Polarizability are determined by nonlinear optical properties
(N L O) of the system as well as strength of molecular interaction
[50,51]. First order Hyperpolarizability of the system is defined
by 3 x 3 x 3 matrix of is a third rank tensor. The third rank matrix
which contains 27 components can be reduced to 10 components
by using Kleinman symmetry |52]. All components of £ are coeffi-
cients in the Taylor series expansion of the energy. When weak and
homogeneous external electric field is applied, this expansion

becomes

E = E°—p,Fx — 1/20yFoF5 — 1/68,8,F.FsF,

where E° is the energy of the unperturbed molecules, F, the field at
the origin u,, o, and g,, are the components of dipole moment,

polarizability and the first hyperpolarizabilities respectively.
The total dipole moment and the mean polarizability and
hyperpolarizability using Xx,y,z components are defined as

1/2
1= (1 + 1y + 1)
where p, u,. p, are XY,Z components of dipole moment
(0) = 1/3[0tex + Oty + 0%2]

where oy, ayy, o, are the components of polarizibility in XX, YY, ZZ
planes

Protal = (ﬁ.f‘*‘ﬁf +ﬁ?Jm

= [(Boon + By + Beze) + By + B+ By)? + Bz + By + By )]
where f,,. are components of hyperpolarizibility along a direction
and in be plane and (1 a.u. = 3.6998 x 10~ e.s.u.).

The calculated value of dipole moment is 6.29 D. In title mole-
cule o and oy, have greater contribution of polarizibility which
indicates that the molecule is more polarized along Y and X direc-

LUNIO
l_.f". |I".I
|
b |
|
HOMO
|
l_
HOMO 4

Fig 5. Electronic Transition of TD-DFT of title molecule by DFT/B3LYP method.

nearly same as, 2-{|5-(adamantan-1-yl)-4-methyl-4H-12 4-tria

zol-3-yl|sulfanyl}-N,N-dimethylethanamine [53], and nearly one

fifth of Thiazole Azo Dyes.[54] Urea is benchmark compound for
NLO properties, therefore we compare our results with urea. The
calculated value of hyperpolarizibily of the compound 1S nearly
nine times greater than hyperpolarizibily of urea so it is a good
claimant as a NLO material.

tions. The calculated value of hyperpolarizibily of given molecule is

_fi-l:*,_'l- T
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Table 4
The observed UV-vis spectra as calculated by TD-DFT method at B3LYP/6-311 G (d, p) level.
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200 600 &%
Wave length (nm)

Fig 6. UV spectra of title molecule calculated by combination of DFT/B3LYP method a

300 1000 1300 1400

nd 6-311G(d,p) basis seL

Oscillator strength Orbital transition

Excitation energy (eV) Wavelength (nm)
Calculated Assignment
» s xj
4.02 294 N —n 0.023 HOMO — LUMO (43
2.03 610 T 0.130 HOMO-4 — LUMO (37%)
Table 5
Polarizability and Hyper Polarizability of title compound calculated by same level theory.
S.N. Parameter Polarizability S.N. Parameter Hyper Polarizability
L. Fiex -113.889 1. . -130.786
2. Oy ~129.426 2. | - 58.531
3. Oz 0.393 3. Ko 4053
4. Qxy 6.624 4. By ~-42.254
% [, . 2.339 5 | = 77.013
b. yz -2.853 6. [ 55 35.379
7 x -9.678 7. [ W 14.626
8. Bya -1.132
9. Byyz -1.432
10. Pryz -1.856
o g 211201

3.4. Vibrational analysis

The molecule under study contains 30 atoms, so there are 3N-6
modes of vibrations. All mode of vibration are studied with the
help of combination of Gauss View and VEDA 4.0 program package
[55]. In our calculations we ignore electron- electron correlation as
well as an-harmonicity | 56,57 |. These approximations cause calcu-
lated frequencies to be in higher region than experimental results,

therefore we scale calculated frequency by 0.9688. [58] Some of
selected modes of vibrations are listed in T able 6 and calculated

IR spectra of the molecule is also plotted in Fig. 7, using same level
theory. Some important modes of vibrations are discussed below.

34.1. C-H stretching
The hetero aromatic structure shows the presence of C-H

stretching vibrations in the region 2800-3100 cm~! [58]. In the
present study the C-H stretching vibration of the title compound
is observed at 3066-3108 cm~', Two sharp back to back peaks
observed at 3077 cm~", 3076 cm~" due to v(C-H)R; and mixing of

v(C-H)Ry,R4 with PED 24%, 43% respectively, are well matched with

| S5 TR A S R A
rticle in press as: Pandey AK et al. Structural, IR spec

Egyp. Jour. Bas, Ap y. Sci. (2018

e 207 ok b S ST
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.r]'-u-'!"l" B g T

e
r._r_-

traiNRO, TDRFT; A'M calcui:
doiorgf10.1016fj.ejbas.2018.10001

experimental as well as calculated IR spectra of 2-(4-methoxyphe
nyl)benzo[d]|thiazole at 3076 cm~' [59]. An intense mixing of
modes are observed at 1625 cm™! due to B (CH) R, with PED
16%. In mid region of spectra very intense and sharp polarized
peaks are observed at 1611 cm™' and 1605 cm ! due to g (CH)R,.
B(CH)R, respectively with PED 47% and 76%. In lower region some
out of plane bending and twisting mode of vibrations occur.

3.4.2. C-N vibrations
The determination of C-N vibrations is a difficult task, because

of the mixing of vibration in this region. Silverstein [58] has first
time assigned C-N stretching absorption in the range of 1382-
1266 cm~'. The C-N stretching vibration (15N-12C) and (17N-
12C) in the molecule observed at 1266 cm™' and 1263 cm™' with
PED contribution 15% and 46% respectively, are well matched
(1267 cm™') with C-N stretching mode and lies in the same region
as 2-(4-methoxyphenyl)benzo[d]thiazole |59]. In lower rage of fre-
quency some other in plane bending vibration modes (14C-13N-
17N) and torsion (14C-18N-17N-12C) are obtained at 1088 cm ™'

and 654 cm™! respectively with PED contribution 20% and 79%.
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| g RN = 1%
3172 33’-,2 ;;.:9 :?IP tﬁﬁ-nuﬁuﬂll
3168 3069 434 n:[h (26C-29H)] (27%) + R1[v (1C-7H)] (16%))
3154 13 _ [0 (4C-9H) (47%) + v (5C-10H) (2
154 3056 339 (26%)
3152 3054 R4{v (25C-28H) (50%)]
3148 389 R1[v (1C-7H) (49%))
4 3050 939  Refy (21C-24H) (37%)] + R
1677 1625 54056 Rijp(ac.ac ey
199311611 | 581320 Rify (:zc‘aci E:;:JI *RI[B (1C-2C) (14%))
1857 1605 3493  R4{ g (24H-21cC -
1637 1586 X42%)] + R4[p (22H-23C) (34%))
1622 157 3023 R1fv (1C-20)[31%)] + R2[v (15 N-12C) (11%)]
1577 152; ﬁ;; RI[v (1C-2C) (29%)] + R1(#s (6C-11 H)(34%))
1546 407 R1[v (5C-4C) (14%)] + R1[f (5C-4C-6C) (15%))
e e :9.53 R1[p (1C-2C-3C) (14%)]
1493 Tiean uﬁ" R1[f (8H-2C) (17%)] + R4[ (21C-23C-26C) (21%)]
7714 : R1[# (10H-5C-6C) (11%)] + R1{p (8H-2C-1C) (13%))
31 15032 Ri1[v (1C-2C) (27%)]
::;; 1367 2925  R3[v (14C-305) (17%))
el 1364 3413 R1[v (2C-3C) (15%)] + R1[f (8H-2C-1C) (21%)]
: 1340 243 R1[y (3C-2C-1C) (21%)]
Ig;l 1299 929  R2[v (14C-18N) (19%)] + R2[v (15 N-12C) (13%)]
7 1286 3.30 R2[v (12C-17N) (27%)] + R1| p(3C-6C-5C) (15%)]
1326 1285 324  R2[p(15N-12C) (39%)]
1287 1247 10.02 g[ B17N-12C-15N) (14%)) + R3[f(18N-14C-308)
3%)]
1254 1215 15036 R1[ »(2C-3C) (18%)] + R2[A(12C-15N-16N) (13%))
1218 1180 1579  R2[ p(17N-14C) (21%)] + R3[y(14C-18N-17N) (19%)]
1187 1150 64.61  R3[1(14C-30S) (17%)] + R1[3(11H-6C-5C) (23%))
1176 1139 026  R2[H(17N-12C-15N) (23%)] + R3[ fi(17N-14C-18N)
(21%)]
1150 1114 1586  R4| y(26C-23C-21C) (15%)] + R1[ y (1C-2€-3C)
| (21%)]
1119 1084 545 R2[v{15N-12C) (13%)] + R4|(22C-29F) (42%)]
1107 1072 0.73 R3] B(18N-14C-30S) (46%)] + R1| f(3C-2C-1C) (15%)]
1002 971 045 R2[B(17N-12C-15N) (12%)] + R1{#(1C-2C-3C) (11%)]
976 946 562  R3[v(30C-18N) (15%)]
966 936 6.31 R4[7(20C-21C-22C-23C) (24%)] + R3[1(14C-17N-
18N-30S) (21%))
925 896 3044 R2[v (15N-12C) (22%)]
865 838 0.71 R4[7(22C-23C-25C-26C) (11%)]+R2[ (17N-12C-
15N-16N) (10%)]
850 822 1.05 R2[p(14C-17N-18N) (13%))]
776 752 1088  RI1[ 7(3C-6C-1C-2C) (11%)] + R3[t(14C-17N-18N-
30S) (15%)]
660 639 524 R1[7(6C-5C-4C) (11%)] + R2[3(12C-15N-16N) (17%)]
655 635 647  RI1[7(3C-6C-2C-1C) (24%)] + R3[7(14C-18N-17N-
13C) (18%)]
606 587 098 R4[7(19C-20C-22C) (17%)] + R1[y(1C-2C-3C) (13%)]
531 514 27957 R3[t(13C-17N-18N-30S) (30%)] + R1[1(6C-5C-4C-

3C) (42%)]

Abbreviations: § =in plane bending, y = out of bending, w =wagging. 7 = twisting,
S = scissoring, R = rocking, v = stretching. Note: The PED distribution less than 12%

are neglected for the sake of calculation.

3.4.3. C-C vibrations

(2018) xaxx-xxx

fng experiences torsion 1 (14C-17N-18N-30S) at 936 cm™' with
PED 21%, however opposite half segment of thiazole ring experi-
€Nnces very intense peak of torsion t (29F-19C-22C-20C) at
920 cm™' with PED 27%. In fuoro ring a medium intense polarized
mode of vibration with polarization vector along the plane of ring,
due to v (29F-20C), is obtained at 1207 cm ' with PED 15%. Some
other modes of vibrations are reported in table however those
mode of vibration are not reported for which PED < 15%.

3.5. Donor acceptor interaction

3.5.1. NBO analysis

NBO gives the most suitable 'natural Lewis structure’ because
all orbitals include the highest possible percentage of the electron
density (ED). NBOs deliver an accurate method for studying intra
and intermolecular interaction as well as charge transfer or con-
jugative interaction in different molecular systems [60]. The value
of E?) shows the strength of interaction in between electron
donors and electron acceptors, i.e., As the value of E? increases
the strength of interaction increases and vice-versa. For each donor
NBO(i) and acceptor NBO(j), the strength of delocalization interac-
tion (or stabilization energy) E'*’ associated with electron delocal-
ization between donor and acceptor is estimated by the second
order energy lowering as [61,62]

EIII = AEj = q Fﬁ
v . € — &

where g, is the population of donor orbital or donor orbital occu-
pancy;g;, & are orbital energies (diagonal elements) of donor and
acceptor NBO orbitals respectively; F; is the off-diagonal Fock or
Kohn-Sham matrix element between i and j NBO orbitals. The
second-order perturbation analysis of Fock matrix in NBO basis
are listed in Table 7. From this table we see that strong intra-
molecular hyper conjugative interactions are formed by orbital
overlap Lp(1)N15/N17,Lp(2)S30,0(C-C).o(C-H)x(C-C)o (C-C),
g (C-H), 'ﬂ:'[C-C} which results in intra-molecular charge transfer
causing stabilization of the system. From Table 7, interactions
between C1-C2 to C3-C4, C5-C6 of n(C1-C2) — = (C3-C4) and
n(C1-C2) — 7 (C3-C4) with electron density 0.9897 e stabilize by
10.28 kcal/mol, 10.49 kcal/mol respectively. The interaction
between C3-C4 to C1-C2, C4-C5, C12-C17 of n(C3-C4) — = (C1-Q2)
n(C3-C4 — 7 (C5-C4), n(C3-C4) — o (C12-C17) with electron den-
sity 0.833e stabilizes by 10.04 kcal/mol, 9.72 kcal/mol and
3.11 kcal/mole respectively. Similarly interaction between C5-CG6
to C3-C4, C1-C2, of mn(C5-C6) — = (C3-C4) =(C5-C6) — = (C1-Q2)
with electron density 0.829 e stabilizes by 9.6 kcal/mol, 10.54 kcal/mol
respectively. A strong interaction observed in between lone pair
Le(1)N17 — ' (C14-N18), ® (N18-C31) with energy 21.09 kcal/mol
and 20.25 kcal/mol respectively are comparable with interaction
has been observed due to the electron density transfer from the

Normally the (C-C) stretching vibrations are expected within
the middle region of spectra. The C-C stretching vibrations of the
aromatic compounds, calculated by B3LYP/6-311G (d, p) method,
are at 1600cm~', 1586cm™!, 1568cm™', 1500cm™' and
1293 cm ! in thiazole ring however in benzene ring C-C aromatic
stretching mode of vibrations lies in between 1645 and 847 cm™'.
The other modes of vibration i.e. in-plane and out-of-plane bend-
ing are also observed at lower frequencies.

3.4.4. Other modes of vibration

Some other modes of vibrations are also reported at lower range
of frequencies. In thiazole ring intense plane polarized mode of
vibration due to v (29F-20C) with PED 19% is obtained at
1207 cm~". In this study below 1000 cm ™" half segment of thiazole
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lone pair (LP1) of nitrogen atom to antibonding orbitals = (C-N)
and 7t (N-C) with stabilization energies 41.07 and 46.78 kcal/mol,
respectively in similar molecular system 2-{|5-{adamantan-1-yl)-4
-methyl-4H-1,2 4-triazol-3-yllsulfanyl}-N,N-dimethylethanamine
1531, Since 7 orbitals have lower occupancies than o, correspond-
ingly showing more electron- donating ability in comparison to ¢
orbital. This also shows that [Le(1) (S30) — 7 (C14-C16)] is the most
intensive interaction between the acceptor and donor which results
in the molecular stability. A very strong interaction by m to =
orbital overlap of 7 (C22-C25)— 7w (C23-C26) stabilizes by
153.69 kcal/mol. In this system stabilization occurs by intermolecu-
lar interactions of orbital overlap among 7 and = orbitals, which
results in intermolecular charge transfer (ICT). Since ICT makes
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Fig 7. Calculated IR spectra of title molecule by using DFT/B3LYP method.

Table 7
Second-order perturbation theory analysis of the Fock matrix, in the NBO basis for intermolecular interactions within title molecule: Stabilization energy of interactions (E(2)),

Energy difference between donor (i) and acceptor (j) NBO orbitals (Ej-Ei), Fock matrix element between i and j NBO orbitals (Fij).

Donor NBO Occupancy Acceptor NBO Occupancy g4 (Ej-Ei) Fij)
(i) (1) () () (kcal/mol a.u a.u.
n (C1-C2) 0.9897 m (C3-C4) 0.1792 10.28 0.28 0.07
n(C1-C2) 0.9897 ' (C5-C6) 0.1632 10.49 0.28 0.07
o(C1-C6) 0.9906 o (C1-C2) 0.0070 1.26 1.28 0.05
a{C1-H7) 0.9914 o (C2-C3) 0.0118 1.88 1.10 0.06
o{C1-H7) 0.99140 o' (C5-C6) 0.0078 1.78 1.10 0.06
n(C3-C4) 0.8334 m (C1-C2) 0.1552 10.04 0.29 0.07
n{C3-C4) 0.8334 mt (C5-C6) 0.1632 9.72 0.28 0.07
n(C3-C4) 0.8334 o (C12-N17) 0.0308 3.11 0.55 0.06
n(C5-C6) 0.8296 n (C1-C2) 0.1552 9.60 0.28 0.07
7(C5-C6) 0.8296 n (C3-C4) 0.1792 10.54 0.28 0.07
Lp(2) N15 0.9998 1t (C14-530) 0.0226 22.72 0.21 0.09
Lp(1) N17 0.9996 n (C14-N18) 0.2496 21.09 0.27 0.10
Lp(1) N17 0.9996 o (N18-C14) 0.0337 20.25 0.26 0.09
Lp(2)530 0.9997 n (C14-N18) 0.0138 11.85 0.25 0.07
Lp(2)530 0.9997 n (N18-C30) 0.2145 9.85 0.25 0.06
Lp(3)F29 0.9999 n (C22-C25) 0.0135 9.34 0.43 0.09
n(N17-C13) 0.1732 m (C12-C2) 0.0245 28.45 0.04 0.07
n (C22-C25) 0.1840 7' (C23-C25) 0.0165 153.69 0.01 0.08

properties of molecule. Consequently the compound may be used
for NLO materials in future,

3.6. Biological properties

Before discussing the biological activity of the molecule aque-
ous solubility (log S) and Lipophilicity (log P) are calculated. For
evaluating log P and log S, ALOGPS 2.1 program [63] is used. This
program developed by Tetko et al. [64-G6] is based on electrotopo-
logical state indices and associative neural network modeling. The
Structure-property relationship studies are justified by these two
parameters. The transport property of drugs and their interaction
with receptors are closely related by Log P however bioavailability
is closely related by log S. The calculated value of log P is 2.34
which suggests that molecule is able to diffuse across the cell
membranes, so it can be utilized in pharmacological applications.

In general 85% of drugs have Iug 5 values in between the ra inge of

iC F in 1*4‘*

.I.I. .I—:' Ill.‘tl'l i{

—1 to —-5.36. The calculated value of log S (-3.30) further approves
the permeability of molecules through cell membranes. Some bio-
logical activities of title molecule are calculated with the help of
PASS software, PASS calculates 900 pharmacological properties,
molecular mechanisms of action, mutagenicity, carcinogenicity,
teratogenicity, and embryotoxicity. PASS predicts these properties
on the basis of structure activity relationships for the training set,
considering more than 46 000 drugs, drug candidates, and prime
compounds whose biological activity are resolute experimentally.
The calculated results by PASS software have average accuracy of
about 85% |67]. In this study we only listed those biological activ-
ities, in Table 8, for which Pa > 70%. The molecule shows high value
of biological activity for Chloride peroxidase inhibitor. The Chloride
peroxidase belongs to the family of enzymes, which catalyzes the
chlorination of organic compounds. It employs one cofactor, which
may be either heme or vanadium [68]. The molecule inhibits chlo-
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Pa Pi
- Albenda; 0756  0.005
- 3.  Corticosteroid 0.688 0.004
D Phobic disorders trea 0682 0010
| tment
- Glucocorticoids 0686  0.082
s - 0646  0.050
i)
P ctorial di | |
B al disease, It is used for Phobic disorders treatment also.

Zhi::z: l':xthe most common type of anxiety disorder, in which
ek o Periences an extreme or irrational fear of a place,
in]all ;;:::IBT; Sslﬁuatlt;l{l. Corticosteroid side-chain isomers exist
N Eedie ik it c“:i ighest activity in liver and kidneys. The
Sy 3 orticosteroid side-chain isomers in liver and

eys and protect these organ from multiple myeloma. Gluco-
corticoids (0.646) are part of the response mechanism in the im-
mune  system which decreases certain features of immune
function, such as drop of inflammation [69]. So they are used as
medicines to treat diseases caused by an intense resistant sys-
tem. They also inhibit growth in cancer cells, therefore high doses
of Glucocorticoids are used to treat cancer. This contains inhibitory
effects on lymphocyte production, as in the handling of lym-
phomas and the moderation of side effects of anticancer drugs.
Designing new anti-inflammatory in Myotonic dystrophy diseases,
agents require the identification of targets, which when inhibited
can kill the affected cells. We have done molecular docking studies
by using Swiss-Dock web server [70]. MBNL1 receptor is identified
as an efficient target, based on the prediction by Swiss-Dock web
server. Muscleblind-like (Drosophila), also known as MBNLI, IS
a protein which is encoded in humans by the MBNL1 gene |71~
73]. MBNL1 is stated in the early heart, and its levels rise across
fatal and postpartum development. The docking score is expected
to have minimum interaction energy value (e-value). As more neg-
ative the e-value is the docking becomes more efficient. Docking
process does not cover on a specific region but over entire protein.
The docking picture of the molecule, obtained from the UCSF chi-
mera software, is shown in Fig. 8. The Full Fitness score for the title
molecule is —541.58 a.u. and binding affinity (AG in kcal/mol)
_5.46 a.u., which suggest that it has good binding affinity. The
results obtained from docking studies suggest that the compound
can be used as an anti-inflammatory agent in Myotonic dystrophy.

SPp sl bt

4. Conclusion

Equilibrium geometries, harmonic frequencies, electronic prop-
erties, NBO, NLO analysis, TDDFT and biological activity of title
molecule are determined and analyzed using combination of
DFT/B3LYP level of theory using 6-311G (d, p) basis set. The theo-
retical calculation of UV-vis spectra shows a medium intense peak
(at 610 nm) corresponding to H-4 — L. The NBO analysis shows
that strongest interaction with energy 153.69 kcal/mol corre-
sponding to 7 (C22-C25) - 7' (C23-C26) stabilizes flouro ring.
The chemical reactivity of the molecule is explained by energy
gap (3.71 eV) and plot of HOMO-LUMO. FF shows that 14C and
31C are better nucleophilic centers however 30S shows better elec-
trophilic center. Full Fitness score corresponding to docking of the
molecule with and MBNL1 protein is ~541.58 a.u. The molecular

docking of title molecule suggests that it can bind and inhibit the
receptor enzymes.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
hitps://dororg/ 1t 1016/5.e1bas.2018.10.001.
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CREATIVE COMPONENTS MAKES CREATIVE
ADVERTISING : AN ANALYSIS
[0 Dr. Pradeep Kumar Srivastava®

I ABSTRACT -

Creative components are means for helping creative people to final new and relevant ideas to carry their themes

in advertising. Creative advertising has now become an indispensable activity in our economy and its significance is
increasing year after year. Its need has arisen due to the sweeping changes in the life of everyone. Actually after
economic liberalization Indian advertising industry witnessed a boom. The entry of many MNCs in India has further
added new variety of feathers to the growth-cap of advertising. Advertising expenditure in India has been increasing
rapidly. It is only because of creative advertising is considered one of the most vital areas of investment. The objective
of the present study is to examine the different creative associations which make the advertisement creative.

Keywords : Creativity, Innovation, USP, Relevance, Execution, Incubation , lHluminat 100

eV T

Methodology
The research work has been undertaken to explore

requirements, impact and the analysis of creative
association in advertising. This 1s descriptive in nature. In
order to achieve the objectives of the study secondary
sources of data have been used viz., Centre for
Monitoring on Indian Economy (CMIE); FICCI- Price

waterhouseCoopers report.

Result
There are different creative components which

make advertising creative like creative association,
creative idea, creative process etc. A number of creative
associations that may be in the advertisement like Unique
Selling Proposition, relevance, jingle, slogan,
positioning, celebrity, execution, humor, branding etc.

which makes advertisement creative. Preparation,

incubation, illumination, and verification are four

established stages of creative process. Creative idea,
creative process and creative association are basic
components of creative advertisement. Creative
advertisement is now become necessary 10 exist and
make competitive in the market with maximum

profitability.
Conclusion

Creative advertising has now become an essential
parameter to every type of advertisement in our economy.
it will create the relevance of creative components that

are capable to make an advertisement creative. The one of
basic components are creative association like usp,
relevance, jingle, slogan, branding, celebrity humor €tc
other components are creative ideas and creative process.
Its need has emerged because of the major developments
that are influencing the life of everybody.
Introduction
Economic reforms attempted as of late have
achieved a great change in the economic environment.
Advertising sector, alongside different segments of the
economy, has additionally profited by and large by the
change measures. The passage of MNCs, in India,
combined with the battle of customary Indian corporate
to make due in the market brought about expanded
volume of ads from contending brands. Indeed. Indian
advertising industry saw a genuine ‘commercial boom' N
post economic liberalization time. The section of MNCs

Sant Gahira Guru University, Ambikapur, Chhattisgarh
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advertisement

2.4 To highlight the determinants of creative
advertising

Literature Review
Elms (1995)" has given two major components of

creative strategy are first is message content
message execution.

and second is

Jewler and Drewniany (2001)* say that an ad
“needs to contain a persuasive message that convinces
peopleto take action™. To be more creative, however, they
suggest that an ad “must make a relevant connection with
its audience and present a selling idea in an unexpected
way.
William et. al. (2004)° says that effective ads work
on two levels. First, they should satisfy consumer's

objectives by engaging them and second, delivering a
relevant message.

Creative Ideas

An idea must be novel and relevant to be creative.

Both the qualities are as two wheels of two wheeler motor

cycle. If one of them is not present in any idea, that will

not be creative. Creative ideas are novel and relevant

realities resulting from connection of old realities. Often

this is by-product of analogical or metaphorical thinki ng.

Creative advertising ideas require some basic

norms such as adaptability, durability, newness, oneness

relevance. memorability and simplicity. This

'ADNORMS' are characteristic standard of quality found

inthemostc  reative advertising ideas. Off-course, we

could not ensure that all creative advertising ideas will
satisfy or possess the entire above characteristic to meet
standards of quality but they are considered as goal for the
creative advertising mind. Marra (1990)° pointed out that
creative advertising ideas were uniquically and
strategically positioned in the target audience's mind.
Their newness and rightness ensure their productivity
which are durable and satisfier of market requirement.
With above ADNORMS we can examine creativity in

¥ adxfemsmg ldeas

'."I"'-‘.k‘?l_ ! L rf

] YN W D
ot " & *

verification. Preparation is the phase during which the
creative person does all the preliminary work. He thinks
In a sort of free way, he collects he searches
suggestions, and lets his mind wander. The stage of
incubation is inferred from the fact that a certain period of

. listens to

time, ranging from a few minutes to months or years,
elapses between the period of preparation and that of
llumination"”, This period may be variable length as the
person turns to his everyday business. The third stage
lumination presents the emergence of an idea or a
solution to a problem. The creative individual after
analyzing existing ideas and verifying the old one submit
a solution to the best of his ability in respect of problem
selected under creative process. The last stage of
verification, at this stage actual working of the idea take
shape and the creative individual find out the creative

ideas as a final solution after verification. On the other

hand Taylor retains Walla's four stages but also believes

that creativity exists at five different levels..

Every models of the creative process are base on
the steps in the creative process. The creative process is
going through the stages of orientation, preparation,
analysis, ideation, incubation, synthesis and verification.
Thus, we can say that the primary objective of creative
process is a person, a problem and a solution.

Approach towards Advertising

In India the main Advertising Convention was set
up in Kolkata in 1960's. As per Dr. Keskar, The promoting
ought to be Indian in thought and substance. In 1980,
there was an extension in both electronic and print media.
The idea of supported software engineers on TV was start
presented for "Murmur Log" famous drama in 1983, at
that point came "Buniyaad, Nukkad" and " Mahabharata"
and "Ramayana" from 1986 ahead which was appeared in
Doordarhan with no serious channels. 1990s was the yvear
for satellite stations, which assisted the promoting scene
with thriving completely fledged.

Subsequent to picking up Independence the matter
of publicizing slowly began cutting a reasonable
specialty in social and monetary arrangement of the
nation. Notwithstanding, till 1970s Indian business
sectors had restricted presentation to rivalry. Markets

were practically vender arranged. In an economically

QUARTERLY BI-LINGUAL RESEARCH JOURNAL
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‘lﬁbt m:l'kﬂ, the dealer needs adverting with the sole  theories have been created to explain method of creativity
- reason for anticipating a picture of the venture in the  anditssignificance. The accompanying segment presents

Fhoy |  brains of clients. The whole publicizing program is  the primary discoveries of the examination:
ﬁttcnded to suit the customer’s likes instead of definitive i Creative advertisement is now become necessary

| $°h 'ﬂ'm Consequently, promoting involves a little to exist and make competitive in the market with
o i specialty in the whole range of showecasing procedure of maximum profitability.
e  theseller’. . Creative idea, creative process and creative
' During this time, creative advertising becomes association are basic components of creative
essential prerequisite to address the difficulty for advertisement,
advertising of a specific item. The customer is lord in free o Creativity and innovation are two basic pillars of
undertaking framework and his needs will decide an advertisement for productivity and
handiness of items. In light of the current situation private sustainability.
| associations as well as open endeavors will undoubtedly o Originality and imagination are useful in creativity
} B focus on the part of creative advertising to get the and also expected to make feasible solution to real
- considerations of focused shoppers, and to get the most problems, despite profitability.
s e fﬂxf:remc consideration, they are offering items and o Preparation, incubation, illumination, and
strations upheld by creative advertising. Thus, verification are four established stages of creative
: Creative advertising has become an imperative process.
s mawmnt in our cconomy and its notcworthincss is o Creative ideas arc very dependent on these
:'1'.‘5'." of dmga seemingly endless amount of time after year. qualities of newness and relevance. Such creative
m‘“f Iﬁ nmd has emerged because of the far reaching ideas relating to advertisement possessed
t_:;f: dweltlpments that are influencing the life of everybody. adaptability, durability, oneness, newness,
"‘}"?; greanve advertising 1s presently an acknowledged force relevance, memorability, and simplicity.
’f."‘: (% o iﬂthabusmess world. Anyplace we go, we notice a plenty Therefore, creative advertising ideas are
“3?:«'}1;, aef notices around us, disclosing to us various messages. uniquecally and strategically positioned in the
nz:.'ﬁ":_f g ’_f’_ftlve pmmnng gives the open the option to pick target audience mind.
{Bchvﬁcn numerous chmces, numerous brands. It  Conclusion
*"' ; mlpaWeIgs :huppem to pmk the best quality or the most During the current period, imagination 1n

[:i &Y Mﬂlﬁ] cost onﬁthe best blend of value and cost. The  promoting becomes essential prerequisite to address the
-.. & *—. + ﬁnanmai spapma};sts eveq'where on over the world have difficulty for advertising of a specific item. The buyer 1s
": VEre ruler in free endeavor framework and his needs will
decide value of items.
Thus, creative advertising has now become an
essential parameter to every type of advertisement in our
economy. it will create the relevance of creative
uﬁmponents that are capable to make an advertisement
(;raﬁnve The one of basic components are creative
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