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Three triazole derivatives, 2-[3-(2-cyanopropan-2-yl)-5-(1,2,4-triazol-1-ylmethyl)phenyl]-2-
methylpropanenitrile (anastrozole) (TR1), 3-amino-1-benzyl-5-phenyl-1H-1,2,4-triazole (TR2) and 5-
amino-1-benzyl-3-phenyl-1H-1,2,4-triazole (TR3) were analyzed for the structural, nonlinear optical,
electronic and biological properties. The functional nature of the compounds were analyzed using
vibrational spectra and was compared with the scaled, simulated spectra obtained using DFT with
diffused orbitals. Relaxed potential energy scan predicts the stable conformers. Frontier molecular orbital
was found and used to generate some important data pertaining to the reactivity and stability of the

g?/rwords. molecule. Time dependent DFT was used to model the excitation and de-excitation dynamics of these
Triazole molecules and to predict the use of these molecules as effective photo sensitizer in DSSC. This work
GERS further discusses in detail, NBO study for intra molecular interactions, MEP for reactivity preferences and
NLO hyperpolarizability calculations for predicting the optical properties. Further molecular docking studies
Docking were conducted for the compounds with CYP2C9 inhibitor (PDBID: 4NZ2), cytochrome P450 inhibitor
Graphene (4D75), tyrosine-protein kinase JAK2 (4YTC), estragen synthase (4GL5) to predict their utility as potential.

The compounds were found to interact with graphene monolayer results shows that there is enhance-
ment in various physico-chemical descriptors and surface enhanced Raman spectra (SERS).
© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Anastrozole is a newly developed benzyltriazole group non
steroidal molecule, widely used against breast cancer, especially
the hormone receptor positive breast cancer along with other
chemotherapeutic agents [1]. It will reversibly bind with the aro-
matase enzyme by competitive inhibition, which enables the in-
hibition of the bioconversion of androgens to estrogens in the
peripheral extra gonodal tissues like breast tissues [2], leading to
about eighty five percent estradiol level without affecting the level
of other corticosteroids |3]. Estrogen is a vital factor that promotes
the growth and survival of young neoplastic cells, which binds to
the estrogen receptors which enhances the cellular progression of
the cancer by the production of several proteins required for the
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proliferation of cells [4]. Even though a variety of metabolotes are
possible for this compound due to N-dealkylation, glucurodination
and hydroxylation, the primary drug action is due to the unmeta-
bolised anastrozole [5]. Anastrozole, an aromatase inhibitor is used
with other treatments such as surgery or radiation to treat breast
cancer in women and the side effect of this drug has been reported
such as weakness, headache, weight gain, diarrhea, loss of apetite
and depression [6]. Akcay and Bayrak [7] reported the computa-
tional studies of anastrozole and letrozole. Triazoles represent an
important class of hetero-cyclic compounds having diverse bio-
logical properties such as anti-HIV activity [8,9], anti-microbial
activity against gram positive bacteria [10], selective adrenergic
receptor agonism [11]. Compounds containing triazole moiety are
also found to have various industrial applications such as dyes,
corrosion inhibition, photo stabilizers, photographic material and
agrochemicals [12,13] together with their special catalytic behavior
and magnetic properties [14]. Mary et al. [15] and Muthu et al.
[16—18] reported computational and experimental study of triazole
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derivatives. In the present work, spectroscopic characterization and
molecular docking studies are reported for the triazole derivatives,
2-[3-(2-cyanopropan-2-yl)-5-(1,2,4-triazol-1-ylmethyl)phenyl]-2-
methylpropanenitrile (TR1), 3-amino-1-benzyl-5-phenyl-1H-1,2,4-
triazole (TR2) and 5-amino-1-benzyl-3-phenyl-1H-1,2,4-triazole
(TR3). Quantum chemical studies for these molecules are not re-
ported till date for these important analogues; hence we decided to
perform detailed theoretical and computational analysis of these
compounds. The DFT which is highly popular among the organic
chemists has been used to carry out the study with B3LYP func-
tional and the huge double diffused 6—311++G(d,p) basis set for
improved accuracy. Relaxed potential energy scan (PES) of the
molecules were performed to study the conformational preference
of the compounds. Molecular properties of the title compounds
have been calculated, including MEP, HOMO, LUMO, first and sec-
ond order hyperpolarizability values. This paper also attempts the
study of photovoltaic modeling of the triazole analogues with the
help of TD-DFT using the long range effects corrected CAM-B3LYP
orbital using the same basis sets for higher accuracy of the time
dependent phenomena. By virtue of the molecule’s biological ac-
tivity molecular docking has also been studied and reported.
Graphene is one of the novel carbon allotropes with two
dimensional structure and atomic thickness [19]. Chemical modi-
fication of graphene structures, reactions with organic and inor-
ganic molecules and taking into account various noncovalent and
covalent interactions with graphene are some techniques for
functionalization of graphene [20—22]. The integration of graphene
sheets with other functional parts is an effective way to boost their
performance in a variety of applications [23]. Graphene quantum
dots (GQDs) entered the field of uniqueness due to quantum
containment and edge effects and these nano sized graphene
fragments can be easily adsorbed by target molecules due to their
large specific area [24]. Due to their efficient photoelectronic
properties, graphene quantum dots can provide have stronger SERS
signals to detect target molecules in solution [25,26]. Adsorption is
an acceptable alternative for the various methods used to extract
pollutants from drinking water due to its ease of operation and low
cost. Nano based graphene materials are an appropriate alternative
for removing critical contaminants from water due to their
enhanced surface reactivity compared to their bulk counterparts
[27—29]. Adsorption of molecules on carbon nano structures and
graphene sheets can be a step in the development of nano sensing
technology [30]. It is of common knowledge that graphene layer
can be used to adsorb molecules. This may cause enhancement in
Raman activity of the adsorbed molecules aiding the observation of
surface enhanced Raman spectra (SERS) [31]. This manuscript ex-
amines the possibility of enhancement of Raman spectra of the
compounds on adsorption at the surface of the graphene layer via

(a) (b)

various non covalent interactions.

2. Computational details

The ground state geometries of the compounds (Fig. 1) were
simulated using the DFT method. The B3LYP hybrid functional
[32,33] using 6—311++G(d,p) basis set were employed to perform
the calculations in gas phase for all the above mentioned com-
pounds in neutral state. The B3LYP functional is a popular density
functional among chemists, which describes all the electronic
properties of organic molecules in particular. The basis set used is
comparatively large wit—h diffused functions to provide higher
accuracy during the simulations [34]. The optimized structural
parameters of DFT calculations and all other calculations at the
same level of theory and basis set were used in the vibrational
frequency calculations. Vibrational frequency calculations were
performed with high degree of accuracy and no imaginary fre-
quencies were found. The theoretically generated frequencies were
scaled using a scaling factor of 0.9613 [35]. Relaxed potential energy
scan were also performed using the same theory level. Electronic
spectra and photovoltaic modeling was performed using long range
corrected Coulomb-attenuating method introduced CAM-B3LYP
using the same basis set. The calculations were performed for
first six singlet states in methanol solvent cage using the IEFPCM
solvation model [36]. Hence true minimum on the potential energy
surface were obtained in each case. The Gaussview program [37]
which is a graphical user interface designed to be used with
Gaussian09 [38] has been used to predict the vibrational modes,
intensities and spectra by visual animation for the verification of
the normal mode assignments. The vibrational spectra of the title
compounds are obtained from Spectrabase [39]. Dispersion cor-
rected functionalw-B97XD along with the same basis sets was used
to study the interaction of molecules with graphene layer [40].

3. Potential energy scan (PES)

PES (Fig.S1) was conducted to study the preference of confor-
mation of the molecules, 2-[3-(2-cyanopropan-2-yl)-5-(1,2,4-
triazol-1-ylmethyl)phenyl|-2-methylpropanenitrile ~ (TR1), 3-
amino-1-benzyl-5-phenyl-1H-1,2,4-triazole (TR2) and 5-amino-1-
benzyl-3-phenyl-1H-1,2,4-triazole (TR3). Fully relaxed scan was
conducted on the dihedral between the atoms of C13, C11, C14 and
N1 at the scan interval of 30° from O to 180° using the B3LYP
functional and 6—311++G(d,p) basis set for TR1. The global minima
is observed at 60° as at that point, the heterocyclic ring is far away
from the molecular plane, which is favored due to less amount of
repulsion. The global maximum was at 120° as the heterocyclic ring
is coming towards the central phenyl ring causing steric interaction
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Fig. 1. Optimized geometry of (a) TR1 (b) TR2 (c) TR3.
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due to van der Waal repulsion. Relaxed potential energy scan was
conducted between the dihedrals 6C—5C—7C—10C along the C—N
bond for 18 steps in the increment of 10° for TR2. The global
minima is found to be at 60° where the substituent are in fully
staggered conformation, while the global maxima was found to be
at 0°, when the eclipsed conformation predominates and there is
van der Waal’s repulsion between the groups. In the case of TR3, the
relaxed potential energy scans along the dihedrals of
2N—1N—-5C—6C along the C—N single bond for 18 steps at an in-
cremental angle of 10°. The global minima is found to be at 120°
where the substituent are in fully staggered conformation, while
the global maxima was found to be at 0°, where the C—N bond is in
fully eclipsed conformation. The relative stabilization energy for
the staggered form is 6.7864 kcal/mol.

4. Electronic properties and molecular electrostatic potential

HOMO and LUMO play an indispensable part in chemical re-
actions of compounds [41]. The frontier molecular orbitals, the
density of states spectrum and UV spectra are given in Figs.S2-54.
The energies of HOMO, LUMO and energy gaps were found to
be —8.657, —4.625, 4.032 eV for TR1, TR2 and TR3. Hardness(n),
softness(a), chemical potential(it) and electrophlicity index(w) are
respectively, 2.016, 0.496, -6.641, 10940 for TR1, 1.421,
0.704, —6.027, 12.784 for TR2 and 1.382, 0.724, —6.192, 13.875 for
TR3. Following the above calculations, other electronic properties
were summarized based on the relations shown in Table 1 [42]. The
hardness value (reciprocal of softness) of the compound indicates
that it cannot be polarized easily. The low softness value implies the
low toxicity of the compound [43]. Further, the compound under
study was found to have a good biological activity based on the
electrophilicity index [44—47].

Data from electronic spectra (Table S1) can be used to model the
photovoltaic efficiency of a compound. Organic compounds with
specialized chromophores are capable of absorbing light and excite
electrons to higher levels by vertical excitation. The excited elec-
trons can transfer the electronic energy to the semiconducting
photo electrode, which is usually made up of TiO2. If the energy of
excited electrons are more than that of the band gap of the semi-
conductor, that energy can be transferred to the TiO2 to excite its
electrons from valence band to conduction band. In the case of
TiO2, the band gap is found to be —4.0 eV [48—50]. From these data,
the free energy of electron injection can be found out, which is a
measure of the spontaneity of the energy transfer between dye and
semi conductor. The first major factor that decides the ability of the
dye for vertical excitation is the light harvesting efficiency (LHE),
which is a function of the oscillator strength (f) of the corre-
sponding excitation. LHE is defined as 1-10 T, whose value changes
from 0 to 1. For TR1 which contains a triazole ring and two cyano
groups, the oscillator strength for the electronic transition at
207.06 nm is only 0.0132 and the LHE were found to be 0.0300,
which is almost equal to zero. But for the compound TR2, the
oscillator strength improved to 0.3015 for the 242.82 nm transition
with an LHE of 0.5005, which indicates that 50% of the incident

light energy can be used for electronic excitation and most inter-
estingly, for the third derivative, TR3, the oscillator strength is
0.5847 for 239.11 nm excitation, whose LHE is 0.7298, which means
roughly 73% of the incident light energy can be used for electronic
excitations. The AGjjec in kecal/mol is —35.697.-42.823
and —43.031 kcal/mol respectively for the three derivatives, which
shows that the substituted derivatives can effectively act as a better
photo sensitizer than the parent TR1 [51]. This also indicated that
the photovoltaic efficiency of dyes can be tuned.

Molecular electrostatic potential (MEP) gives a clear picture of
distribution of charge at surface and surrounding of the title
compound in three dimensions. By doing so, the nature of in-
teractions and chemical bonds can be identified. Color grading
helps us to classify nucleophilic and electrophilic regions effort-
lessly. It also aids in evaluating the physiochemical properties of the
title compound [52,53]. Fig.S5 shows the MEP map for the title
compounds. Color grading (Red, Orange, Yellow, Green, Blue in the
increasing order) is used. N atom has the highest electrophilicity
indicated by red color, while hydrogen atoms have the highest
nucleophilicity. Neutral regions are shown in green.

5. Nonlinear optical properties

Properties like the first order hyperpolarizability, polarisability
and dipole moment of the title compound were studied. These
parameters help us to understand the non-linear optical nature of
the compound [54], which in utility for the design of a variety of
organic electronic devices. Urea was chosen to compare the results
obtained as it is the classical NLO material. It can be seen that the
TR2 has higher first-order hyperpolarizability (1.219 x 103? e.s.u)
and TR1 has lower value and in comparison to that of Urea, these
values are respectively 9.38, 49.09, 17.13 times that of urea indi-
cating the likely NLO candidature [55,56]. The second order
hyperpolarizability varies in the order TR1 > TR3 > TR2 (table S3).

6. Molecular docking

Sub-atomic docking was utilized to perceive the dynamic site of
the receptor, and secure the best geometry of ligand-receptor
complex. Prediction of Activity Spectra [57] predicts different
types of activities and given in Table S3. The high resolution crystal
structure of corresponding receptors CYP2C9 inhibitor (PDBID:
4NZ2), cytochrome P450 inhibitor (4D75), tyrosine-protein kinase
JAK2 (4YTC), estragen synthase (4GL5) were downloaded from the
RCSB protein data bank website. Several genetic polymorphisms in
genes such as cytochrome-P450 (CYP)2C8 and CYP2C9, may influ-
ence survival after cancer diagnosis due to their role in the meta-
bolism of various breast cancer drugs, including tamoxifen and
chemotherapy [58,59]. Cytochrome P450s (CYPs) have been to a
great extent neglected in malignancy tranquilize advancement,
recognized uniquely for their job in stage I digestion of chemo-
therapeutics. The principal effective system focusing on CYP com-
pounds in malignancy treatment was the advancement of strong
inhibitors of CYP19 (aromatase) for the treatment of bosom disease

Table 1

Chemical descriptors.
Molecule En EL I =-Ey A= -E Gap 1 b} X n w £
TR1 —8.657 —4.625 8.657 4.625 4.031 2.016 0.496 6.641 —6.641 10.940 0.091
TR2 —7.447 —4.606 7.477 4.606 2.841 1421 0.704 6.027 —-6.027 12.784 0.078
TR3 ~7.574 ~4.810 7.574 4.810 2.763 1.382 0.724 6.192 —~6.192 13.875 0.072
TR1-G —8.663 -5.726 8.663 5.726 2.937 1.469 0.681 7.195 ~7.195 17.621 0.057
TR2-G —7.456 —5.726 7.456 5.726 1.730 0.865 1.156 6.591 —6.591 25.112 0.040
TR3-G ~7.575 -5.725 7.575 5.725 1.850 0.925 1.081 6.650 —6.650 23910 0.042
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[60]. Tyrosine-protein kinase JAK2, a cytoplasmic tyrosine kinase,
plays a critical role in hematopoiesis and activating mutations in
this kinase are associated with a number of hematological disorders
[61]. A definitive objective of bosom malignancy therapeutics for
example to recognize and hinder a basic advertiser of carcinogen-
esis, anticipation, and to distinguish and square basic endurance
pathways, treatment has effectively been accomplished by misus-
ing information on the estrogen (E2)/estrogen receptor (ER) signal
transduction framework [62]. All molecular docking calculations
were performed on AutoDock4.2 [63], Auto Dock-Vina software
[64,65] and as reported in literature [66,67].

The ligand binds at the active site of the substrates with the aid
of weak non-covalent interactions (NCI) as detailed in Table S4 and
Fig.S6. The docked ligand forms a stable complex with the receptors
as depicted in Fig.57. The binding free energy value of ligand with
substrate CYP2C9 inhibitor, cytochrome P450 inhibitor, tyrosine-
protein kinase JAK2, estrogen synthase
are —6.6, —9.8, —6.6, —6.8 kcal/mol for TR1, -8.5, —8.3, -7.7, —-7.5
TR2 and -8.3, - 8.4, 7.5, —7.7 for TR3 (table S4). These preliminary
results suggest that the compound having inhibitory activity
against the receptors.

7. Natural bond orbital (NBO) analysis

NBO's is widely used to determine the electron density location
in the atoms in the molecules and also in the chemical bonds be-
tween the atoms in a molecule. For the molecules under study, NBO
analysis was performed using the NBO package incorporated in the
Gaussian09 software [68,69]. The charge transfer from donor to
acceptor orbitals results from increasing stabilization energy. The
second order Fock matrix was used for the determination of the
donor acceptor interactions. The important interactions are:
N1—m*(N5—C21), N1—7*(N2—C22), N3 — o*(C6—C19),
N4 — o*(C7—C20), N2—C22 — w*(N5—C21), N5—C21 —» *(N2—C22),
C8—C12—»m*(C9—C10), C8—Cl12—m*(C11-C13), C9—Cl10—m*
(C8—C12), C9—-C10—m*C11—-C13),  C11—C13—T*(C8—C12),
C11-C13 - *(C9—C10) with energies, 50.82, 25.25, 12.00, 12.04,
11.30, 30.00, 19.85, 22.50, 20.83, 20.21, 19.06, 20.97 kcal/mol for
TR1; N1—-m*(N2—C6), N4—m*(N3—C11), N2—C6— m*(N3—C11),
C8—C12—m*(C13—C17),  C8—C12—7*(C16—C19),  N1—*
(N3—C11), N1—m*(C8—C12) with energies, 58.81, 56.43, 31.09,
19.19, 19.95, 18.50, 15.03 kcal/mol for TR2 and N1— m*(N2—C8),
N1—m*(N3—-C7), N4—o*(N7—C7) with energies, 21.11, 57.29,
49.31 kcal/mol for TR3. The interaction between the orbitals cause
the intra-molecular charge transfer provided the extra stabilization
energy to system. The lone pair charge transfer provided the highest
stabilization energy to the system.

8. Vibrational spectra

The C—H stretching modes are in the region 3000-3100 cm !
(table S5) and the frequencies calculated at the range
3208—-3077 cm ™}, 3122-3065 cm ™! and 3103-3058 cm ! belongs to
TR1, TR2 and TR3 aromatic stretching vibrations [70,71]. Experi-
mental aromatic CH stretching vibrations are observed at 3125,
3096, 3060 cm ™! (IR), 3205, 3130, 3075 cm ™! (Raman) (TR1), 3135,
3095, 3058 cm™! (IR) (TR2) and at 3100, 3050 cm™" (IR) (TR3). The
3C-H were observed at 1220, 1145, 1140 cm~! (IR), 1200, 1147,
1137 cm~! (Raman), 1212, 1142, 1141 cm ™! (DFT) for TR1, 1175, 1158,
1080, 1020 cm™! (IR), 1175, 1160, 1081, 1019 cm™" (DFT) for TR2 and
at 1195, 1175, 1122, 1097, 1075, 1024 cm~' (IR), 1192, 1127, 1120,
1093, 1076, 1023 cm ! (DFT) for TR3. Methyl modes are assigned at
3040, 2948 cm™~! (IR), 3045, 3025, 2935 cm™~! (DFT) (stretching);
1495-950 cm ! (IR), 1500-950 cm ! (Raman), 1492-949 cm ™! (DFT)
(bending modes) for TR1; NH2 modes at: 3450, 1625, 1070 cm !

(IR) for TR2 and at 3450, 1640 cm ! (IR) for TR3. The CH2 modes are
observed at 2975, 1350, 860, 752 cm ! (IR), 3005, 2970, 1350,
758 cm~! (Raman), 3015-754 cm~! (DDFT) for TR1, 3010, 2950,
1462, 1355, 1295, 785 cm ™! (IR), 3018-797 cm™! (DFT) for TR2 and
at 2950, 1362, 1308, 725 cm™ ! (IR), 2935-722 em™' (DFT) for TR3.
Usually, C=N cyanide vibrations are observed at 2250 cm~! and in
our study, it is at 2225 cm~! (IR), 2230 cm ! (Raman), 2211,
2210 cm ! (DFT) for TR1 [72,73]. Beegum et al. [73] reported C=N
stretching modes at 2238, 2245 cm™! in the IR spectrum, 2262,
2247 cm ! in the Raman spectrum and at 2257 cm ! theoretically.
The triazole CN and NN stretching modes are assigned at 1300,
1272, 979 cm~! (IR), 1300, 1271 c¢cm~!' (Raman), 1301, 1269,
981 cm~! (DFT) for TR1, 1555, 1475, 1405, 1342, 1008 cm~! (IR),
1556, 1475, 1404, 1344, 1011 cm~! (DFT) for TR2 and at 1568, 1440,
1410, 1344, 1287, 1000 cm™' (IR), 1569, 1442, 1418, 1346, 1289,
998 cm~!' (DFT) for TR3 [15]. Mary et al. reported the N—N
stretching modes at 939, 944 and 956 cm™! theoretically [44] and
the CN stretching modes at 1577, 1330, 1250 (IR), 1579, 1218
(Raman), 1579, 1325, 1243, 1214 (DFT) [15].

9. Adsorption behavior of molecules on the surface of
graphene

Graphene, which is a monolayer of graphite is an ideal candidate
to study the surface interaction properties of the molecules under
study. This interaction can be easily analyzed using Surface
enhanced Raman spectroscopy (SERS) methods [74—76] and anal-
ysis of Raman spectra of pyridine on silver was reported [77]. SERS
is found to enhance the signal strength of even weak Raman scat-
tering signals of small molecules [78,79] and this unique property
helps in the search for novel active materials, sensors etc with
extremely high accuracy, uniformity and reproducibility. Graphene
[80] a 2D sheet of carbon molecules show amazing Raman
dispersing properties when contrasted with respectable metals
because of its high adsorptivity, concoction soundness, biocom-
patibility alongside novel electronic and phonon properties. Gra-
phene upgraded Raman dissipating (GERS) utilize graphene as a
substrate rather than metal surfaces. Graphene related materials
like graphene oxide [81,82], aged and nanomesh graphene [83,84]
and graphene quantum dots are used as substrate for SERS appli-
cations [85].

In our work, we investigate electronic and vibrational properties
of the compounds over graphene quantum dots. The adsorption
energy (Ead) of the title compound over graphene is calculated
using the following equation: Eig = Etitlecompound+graphene—
(Etitlecompound + Egraphene) Where Etitlecompound + graphene iS the opti-
mized total energy of title compound over graphene, Etitlecompound i$
the optimized energy of title compound and Egraphene the optimized
energy of graphene [86]. Also the enhancement factors are calcu-
lated according to literature [86]. Using the definition, negative
value of E;q value shows a stable adsorption complex on the gra-
phene. The Raman spectra of the title compounds adsorbed in
graphene, HOMO-LUMO and MEP plots are given in Figs. S8-S10.
Table 1 provides data of the various electron density descriptors of
the graphene adsorbed TR1, TR2 and TR3. Chemical potential value
is more negative for TR1-G (—7.195 eV), which means that this
system is chemically more stable. High ionization energy values
and high energy gap confirms this observation. It may be due to the
presence of electron withdrawing cyano groups in TR1, adsorption
is high over electron rich graphene layer. Table S2 indicates that
there is a tremendous increase in the non linear optical activity of
the compounds when they are adsorbed over the graphene and
forms a complex. All the related properties like polarisability and
first and second order hyperpolarizability values increased
dramatically. The trend in adsorption energy of the molecules over
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graphene is given in Table S6. The adsorption energy is maximum
for TR2-G complex (—4.64 kcal/mol) and the least is for TR3-G
complex which is due to electronegative nature of atoms in TR2-
G as evident from molecular electrostatic potential maps and
frontier molecular orbitals of TR2-G complex [86].

GERS data (Table S7) shows enhancement of Raman signals for
several wave numbers. For TR1, the significant enhancement is at
1352 cm ! from 0.35 to 55.15, whose relative enhancement factor is
15657, which is easily detectable. It corresponds to the 6CH2 vi-
bration. Also enhancement of 1792 and 1076 times are observed for
3095 and 1593 cm_l. which corresponds to uCH and uPh vibrations.
In the case of TR2, significant Raman enhancement of 1659 times
was observed for 53CH2 vibrations at 1353 cm . In the case of TR3,
an enhancement factor of 6285 is observed at 1346 cm~!, which
corresponds to vCN vibration. This indicates that GERS using gra-
phene can be used for the detection of these compounds in various
medium and Graphene can act as an easily detectable and cost
effective sensor for this.

10. Conclusion

The compounds have been characterized using FT-IR and FT-
Raman and UV—Vis spectroscopic techniques. The experimental
and theoretical results were found to be in harmony. Relaxed po-
tential energy scan showed the conformational preference of the
molecules are in consistent with the optimized geometry. FMO’s
predicts the various physico-chemical properties of the molecules.
Study of the MESP predicted the electrophilic and nucleophilic
centers for the compounds. The ability of the molecules to be used
as photo sensitizers in DSSC's are also appreciable. Hyper-
polarizability calculations show that all the molecules are effective
candidates to be used in NLO applications. The title molecules are
docked with receptors CYP2C9 inhibitor (PDBID: 4NZ2), cyto-
chrome P450 inhibitor (4D75), tyrosine-protein kinase JAK2
(4YTC), estragen synthase (4GL5) and gives good binding affinity
values. Adsorption on graphene tremendously alters the physico-
chemical profile of the compounds. It enhances the non linear
optical properties and the Raman enhancement observed from
GERS simulation indicates the utility of grahene as potential sen-
sors for detection in condensed phase.
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