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Abstract

Intermolecular electron transfer interaction be-
tween coumrin dyes (v/c) and aromatic amines, n-
butyl amine (NBA) and Triethyl anine (TEA), has
been investigated in three different solvents water,
DMEF and DMSO. The excited state intramolecular
proton transfer (ESIPT) process of coumarin was
fully rationalized by DFT/TDDFT calculations with
optimization of the ground state (So) and exited
state (S1) geometries. The molecular Electrostatic
potential (MEP) map indicates the probable sites
for electrophilic and nucleophilic reactive sites
which interact with either solvent or quenchers
(NBA and TEA). Electronic properties were de-
rived from ground state DFT calculation. Mulliken
atomic charges of coumarin with NBA and TEA in
three different solvents have also been calculated.

Keywords: Coumarin, Density functional theory,
Aliphatic amines, Mulliken atomic charges.

Introduction

Theoretical chemistry presents a fundamental
frame work to recognize the truth on experimental
observations. Computational chemistry is a branch
of chemistry that utilizes the results of theoretical
chemistry incorporated into efficient computer
programs to calculate the structures and properties
of molecules and matter, by applying these pro-
grams to real chemical problems. This important
branch of science has been constructed with a
strong foundation of various disciplines such as
chemistry, physics, mathematics, computer science
and biology. In particular, quantum chemistry de-
monstrates a vital role in computation chemistry
which provides versatile instructions to compute
electronic structure properties of molecular sys-
tems [1,2]. The Wave Function Theory (WFT)
which is developed from Schrodinger equation and
Density Functional Theory (DFT), which is based
on Hohenberg-Kohn theorems, have achieved a
remarkable level of correlation towards experimen-
tal inference [3,4].

1.1 Density Functional Theory (DFT)

Density Functional Theory (DFT) is one of the most
popular approaches in quantum chemical research
to solve many body electronic structure issues of
molecular and condensed matter systems. This
theoretical method was developed from Thomas-
Fermi-Dirac model and Slater’s fundamental work
in quantum chemistry. This theory is identified as
an essential tool to investigate various physical and
chemical aspects of molecular and spectroscopic
properties. The accurate description of electronic
structure even for a larger system with moderate
computational cost confirms the significance of
DFT method [5,6,7]. DFT is completely different
from traditional ab initio quantum chemical me-
thods. Ab initio method is associated with wave-
function treatment whereas DFT deals with elec-
tron density.

The net energy in terms of electron density of a
system which has ‘N’ electrons can be mathemati-
cally represented as,

Ps()= 2 [1¥,CIF ds=poa () _
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Here, “¥/ represents single particle wave function.
The net energy with respect to electron density
functional includes following different terms
namely Columbic, kinetic energy due to interaction
with external potential and exchange-correlation.
Therefore the function of the energy can be de-
noted as,

Elp]=TIpl+JPI+ E [p]+ VeulP] 5

Here,

Jlpl== Z (ijlji) =

ij

—~@

j [ p(r,)p(r,)r;, dr,dr,

A
Vext [p] = ‘[Vext p(r)dr \ (4)

In the above net energy equation, Columbic and
interaction energy with respect to external poten-
tial has been defined. However, the remaining two
terms such as kinetic energy (Ts[o]) and exchange-
correlation terms are not defined. In order to de-
fine these two terms, Kohn and Sham has devel-
oped certain approximations in 1965. These two
theoreticians introduced an imaginary system of
‘N’ non-interacting electrons to be depicted by a
single determinant wavefunction in ‘N’ orbitals
‘@i. The non-interacting kinetic energy of this im-
aginative system is precisely well known from the
Kohn-Sham orbitals. This can be,

1
Tlpl=— X (¥, IV 1)
L ~ )
The exchange-correlation function is contributed
by the difference between classical and quantum
mechanical electron repulsion and the variation
among interacting and non-interacting system.

E. [p]=(Tlp]-T[pD +(V..[P]=VylP])

-~ (6)
Now, the Hohenberg-Kohn theorem can be imple-
mented to yield variation in density. The single
particle (Kohn-Sham) equation is

{—%V + Veff(r):| o(r)=¢9,

—(7)
The effective potential Ve (r)” with respect to elec-
trons can be written as,

Vi (1)=V,. 1)+ P iy ()
|r—r’|
—@®
Here, Vre(r) can be denoted by

Z

ne(1) ; r-R, |

—©9)
The exchange-correlation potential can be is de-
fined as the functional derivative of exchange-
correlation energy with respect to density. The ma-
thematical representation of Vxc(r) is,
v ()= ExlPl

“ Sp(r) — (10)
This Kohn-Sham equation explains the behaviour
of non-interacting electrons in an effective local
potential. These non-linear (Kohn-Sham) equations
show the similar structure as in the Hartree-Fock
equations which has non-local exchange potential
(v~), but replaced by local exchange-correlation
potential vx. It is expressed as,

|E(rr)' I dr'}¢i(r)+ [v.e(r,e0,(r)dr =£0,(r)
- (11)

From the equations 2 and 11, the exact ground
state density and energy can be easily calculated.
1.2:Time -depended Density Functional Theory
(TDDFT)

{—%Vz +v_ (r)+ J.

The TDDFT Kohn-Sham theory can be derived
from the above said Runge-Gross theory. The or-
bitals generated from time-dependent Kohn-Sham
equation can be given by,

Oy 1,

za—t"= _EV +V (r,0)+V, (r,0)+V _(r,0) v, (1)
- (12)

This equation can be solved by explicit time-

stepping strategy.

2. Materials and Methods

In the present scenario, the Onsager’s model called
Polarized Continuum Model (PCM) has been in-
corporated to study the solvent effect on molecular
interactions [8].

Computational Profile
The entire quantum chemical calculations have
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been performed by Gaussian09 [9] program pack-
age and the results were visualized by Gass-
View5.0 [10] graphical user interface (GUI). The
geometry optimization and ground state properties
were calculated by using PBEPBE/6-31+G(d) model
chemistry. The absorption spectrum was simulated
from TDDEFT bench using PBEPBE/6-31+G(d) mod-
el chemistry under PCM model solvated environ-
ment. The molecular interaction of Coumarin and
Coumarinl with various quenchers under different
solvent system has been studied intensively. Num-
ber of solvents such as water, DMF and DMSO
were incorporated individually along with differ-
ent quenchers such as n-butyl amine (NBA) and
tetra ethyl amine (TEA). Ground state molecular
orbitals (MO’s), excited state MO’s and their re-
spective band gap have been analyzed. Similarly,
the experimentally observed absorption spectrum
was compared with simulated adsorption spec-
trum along with their respective transition and
oscillator strength which projects the possibility of
transition.

Frontier Molecular Orbital Calculation

HOMO and LUMO are acronyms for Highest Oc-
cupied Molecular Orbital and Lowest Unoccupied
Molecular Orbital, respectively. The analysis of the
wave function indicates that the electron absorp-
tion corresponding to the transition from the
ground state to the first excited state and is mainly
described by one electron excitation from highest
occupied molecular orbital to the lowest unoccu-
pied molecular orbital.

Molecular Electrostatic Potential Analysis
Molecular Electrostatic Potential (MEP) correlates
with dipole moment, electronegativity and partial
charges. It provides a visual method to understand
the relative polarity of the molecule. Electrostatic
potential maps are very useful for three dimen-
sional diagrams of molecules. They enable us to
visualize the charge distributions of molecules and
charge related properties of molecules. They also
allow us to visualize the size and shape of the mo-
lecules. In organic chemistry, electrostatic potential
maps are invaluable in predicting the behaviour of
complex molecules.

Mulliken Atomic Charges
The quantum mechanics of Mulliken population

analysis has been proposed by R. S. Mulliken [11].
This theory characterizes the electronic charge dis-
tribution in a molecule which includes the state of
bonding, nonbonding and antibonding of molecu-
lar orbitals. When two normalized atomic orbitals
interact together, it will produce a normalized mo-
lecular orbital. This conceptual agreement can be
mathematically represented by,

Wz‘ = Cij¢j + C:‘k¢k
The probability distribution of charge density can
be given by

2 2 g2 2 g2

Wy =c 0 e 0, + 20,00,
when the atomic and molecular orbitals are norma-
lized, then the product would be,

2 2 .
c; +¢;+ ZCy.ct.ijk =1

The overlap integral of two atomic orbital can be
given by Sk The Ci? and Ca’are atomic orbitals
population. The 2CiCuSjk defines overlap popula-
tion. If the overlap population is greater than zero
then it is identified as bonding molecular orbital. If
it is less than zero, then it is denoted as antibond-
ing orbital. If the overlap population is equal to
zero then it is assumed as nonbonding molecular
orbital. The matrix representation of entire molecu-
lar orbitals with respect to atomic charge is called
as Mulliken population matrix. The role atomic
charge is crucial in the interactions between mole-
cules.

3. Results and Discussion

On considering the computed individual molecu-
lar entities, nearly, eighteen molecular geometries
were characterized via theoretical strategies such
as optimized geometry, total ground state energy,
frontier molecular orbital energy, vertical excitation
energy, band gap, molecular electrostatic potential
energy, Mulliken atomic charge, simulated UV
spectral wavenumber and oscillator strength [12-
17]. The treatment on Coumarin (C) with respect to
quenchers such as n-butyl amine (NBA) and trie-
thyl amine on ground of various solvents such as
water, dimethyl formamide (DMF) and dimethyl
sulfoxide (DMSO) exhibits about eighteen logical
combinations. All the eighteen combinations were
computed under polarized continuum solvation
model (PCM). The visual projections and numeri-
cal data are given in this paper appropriately with
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figure and table number. The theoretical interpre-
tations were given against the computed results
and plots that were projected.

Further electronic structure calculations such as
ionization potential (IP), electron affinity (EA),
chemical potential (u), global hardness (1), electro-
negativity (x), global softness (o) and electrophilic-

ity index (w) has been calculated and tabulated in
Table 1. The relationship among these quantum
chemical entities can be by following mathematical
relation, IP=-Enomo, EA~-ELumo, p=-x, 1 = (IP-EA)/2,
x = (IP+EA)/2 and w= p?/21. In systems such as C,
C-NBA, and C-TEA have their respective proper-
ties but have minor impact with respect to various
solvents.

Electronic structure properties derived from ground state DFT calculations

Electronic Structure Properties
Systems
IP EA pn H X o w
C_Water 6.0080 1.8379 -3.9230 2.0851 3.9230 0.4796 16.0440
C_DMF 6.0067 1.8346 -3.9206 2.0860 3.9206 0.4794 16.0328
C_DMSO 6.0072 1.8360 -3.9216 2.0856 3.9216 0.4795 16.0370
C_NBA_Water 5.5400 1.8455 -3.6927 1.8473 3.6927 0.5413 12.5949
C_NBA_DMF 5.5329 1.8428 -3.6878 1.8451 3.6878 0.5420 12.5465
C_NBA_DMSO 5.5357 1.8439 -3.6898 1.8459 3.6898 0.5417 12.5653
C_TEA_Water 4.7228 1.8428 -3.2828 1.4400 3.2828 0.6944 7.7593
C_TEA_DMF 47171 1.8346 -3.2759 1.4413 3.2759 0.6938 7.7332
C_TEA_DMSO 4.7179 1.8411 -3.2795 1.4384 3.2795 0.6952 7.7352

IP- Ionization potential, EA- Electron affinity, p - Chemical potential, x- Electro negativity, n — Global hardness,

o — Global softness’s, w — Electrophilicity index

The PCM computation on C with respect three
different solvents such as water, DMF and DMSO
has been carried to report. The ground state ener-
gy, energy gap and vertical excited state energy
was tabulated in Table 2, and Mulliken atomic
charge was in Table 3. Graphical pictorial projec-
tions on optimized geometry, FMO’s and MEP
were given in Figs. 1-9. The highest ground state
energy of this complex was observed in polar
aprotic solvent DMF and the lowest was observed
in water. Similarly, the band gap was observed
high in DMF than rest of others and the vertical
excitation energy is high in DMF as well. The plot-
ted HOMO and LUMO clearly indicates the chan-
nel that allows the promotion electron from occu-
pied to unoccupied molecular orbitals. The contri-
buting atoms on vertical excited MO’s are com-
pletely different for both HOMO and LUMO as
illustrated in Figs. 1-9. The MEP map indicates the
probable sites for electrophilic and nucleophilic

reactive sites which interact with either solvent or
quenchers. According to Mulliken atomic charge,
the highest positive negative charge magnitude has
been observed at C4 with 1.77261 in water solvated
environment. The electron rich atom has been
identified as C6 in which -0.76725 of charge. The
charge hierarchy against different solvents follows
the given order Water>DMSO>DME. All the hy-
drogen atoms tend to have positive charge in every
solvent model. And it is visualized in histogram
plot of Fig. 10. The electronegativity of O10 and
O11 has been exposed by intensed red surface. The
p of C all the different solvents fall on greater than
-3.9 and its positive magnitude represents x. Since
the softness of the molecule is reciprocal to hard-
ness, their values are inversely related to each oth-
er. The global electrophilicity index was greater in
C against all the solvents in comparison with other
different composition.
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Table 2

Properties of electronic structure calculations

Vertical
Total Ground Tot.al ertica Experi- Theo- | Oscil-
ound State vertical Excited ental etical lato
T n men reti T
System gst:te AEcs | excited State AEEs Wavj WaV: stien
ener HO Ly state +0 v length length th s
8 | Mo | MO energy | MO | MO 8 8
4 - ? 4.17 -
C_Water | 497.6695 | 6.008 | 1.83 | ./ | 497.5%41 | - - - - - :
2993 04 | 787 3125
] . N 4.17 -
C_DMF | 497.6692 | 6006 | 183 | 0 | 497.5338 | - - = - ¢ :
8636 68 | 460 7135
) . | 417 -
C_DMSO | 497.6693 | 6.007 | 1.83 | [~ | 4975339 | - i = - . -
8091 21 | 59 7171
(\;\]-TBA— 711.1773 | 5.540 | 1.84 ‘1'56? 711.0423 | 6.008 | 1.51 i‘fg 290 276 0.078
- 1484 00 | 549 4112 59 | 641
;I—FNBA—D 711.1769 | 5.532 | 1.84 ‘3‘1679 711.0419 | 6.007 | 1.49 ‘;553 296 275 0.084
2097 5776 6774 79 Y925
E/I—SI\(IDBA—D 711.1770 | 5.535 | 1.84 31'863 711.0421 | 6.411 | 1.93 ;167 300 277 | 0.083
7387 65 | 385 1534 05 | 509
Ct-TEA—W 789.6769 | 4.722 | 1.84 %‘588 7895711 | 4.722 | 0.40 %)'(?12 290 287 | 0.076
ol 2005 84 | 276 2124 84 | 283
E/I}TEA—D 789.6761 | 4.717 | 1.83 22‘538 789.5706 | 4.705 | 0.40 ‘;‘g’f 291 288 0.007
9540 13 | 460 7885 42 | o041
;—STC?A—D 789.6767 | 4.717 | 1.84 26'517 7895710 | 4.717 | 0.41 ‘;'gf 292 289 0.010
1788 94 | 113 4086 94 | 293
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Table 3
Calculated Mulliken atomic charges of Coumarin with various solvents
Atoms Coumarin
Water DMF DMSO

C1 -0.30451 -0.30338 -0.30382
C2 -0.03851 -0.03801 -0.03820
C3 -0.48938 -0.48902 -0.48916
C4 1.77261 1.77122 1.77176
C5 -0.72849 -0.72773 -0.72802
C6 -0.76725 -0.76647 -0.76678
Cc7 -0.56479 -0.56513 -0.56500
C8 -0.66845 -0.66848 -0.66847
9 0.60848 0.60731 0.60776
010 -0.30834 -0.30774 -0.30797
O11 -0.47167 -0.46963 -0.47043
H12 0.21657 0.21611 0.21629
H13 0.21354 0.21305 0.21324
Hi14 0.21863 0.21800 0.21824
H15 0.22733 0.22709 0.22718
H16 0.25684 0.25631 0.25652
H17 0.26930 0.26907 0.26916
H18 0.28891 0.28842 0.28861
H19 0.26919 0.26902 0.26909

When the C interacts with quencher NBA under
different solvents, a different physical behaviour
was observed for each solvent respectively. The
total ground state energy of the complex increased
than the individual C with various solvents. The
lowest energy was observed in C-NBA under water
environment. The highest energy was observed in
DMF solvent. But the inverse was observed with
respect to band gap for the first excited state. On
considering vertical excitation, the energy differ-
ence of the transition orbitals found to be 4.49218,
4.50852, 4.47596eV in water, DMFE and DMSO sol-
vent respectively. The theoretical wavelength of
corresponding transition energies is 276, 275 and
277nm respectively and they are good agreement
against experimentally derived absorption spectral
values such as 290,296 and 300nm accordingly. On
considering the oscillator strength, the values clear-
ly indicate the possibility of achieving transitions
due to appropriate wavelength in UV region.
Hence, the choice of model chemistry for the
TDDFT calculations appreciated. The optimized
structure, FMO, transition orbitals of vertical exci-
tation and MEP of C-NBA complex with different
solvents has been given in Fig. 4-6 respectively. The

Mulliken atomic charge was given Table 4.for C-
NBA complex. All the optimized structures indi-
cate the similar orientation between C and quench-
ers. The NBA and C were oriented one upon the
other. The ground state HOMO of has been domi-
nated by NBA moiety in water and DMSO solvent,
where as it was by C in DMF solvent. But, the LU-
MO was often contributed by C in all the three sol-
vent system. With respect to TDDFT transition or-
bitals, the HOMO of C was contributed in water
and DMSO. On considering LUMO, again it was
unoccupied by MO of C. This projection helps us
to understand on the nature of electron transfer
among occupied to unoccupied molecular orbitals.
From electrostatic potential map, the highest Mul-
liken negative charge was observed in C20 atom
and highest positive charge was observed in C4
atom. The electro-negativity of O10 and O11 was
observed by red colour surface on MEP. On consi-
dering other electronic structure properties, the C-
NBA show remarkable change in all the properties
than in pure C under different solvent. The IP, EA,
K, 1, X, 0 and w are given as 5.5, 1.8, -3.6, 1.8, 3.6,
0.54 and 12.5 respectively.

300



INTERNATIONAL JOURNAL OF PHARMACEUTICS & DRUG ANALYSIS
VOL.5 ISSUE 8, 2017; 295 — 309; http://ijpda.com; ISSN: 2348-8948

Table 4
Calculated Mulliken atomic charges of Coumarin with NBA and TEA in various solvents

Atoms Coumarin in NBA Atoms Coumarin in TEA
Water DMF DMSO Water DMEF DMSO
C1 -0.28236 | -0.28129 | -0.22212 | C1 -0.22325 | -0.237643 -0.22212
2 -0.05183 | -0.05069 0.04471 | C2 0.04527 | -0.049449 0.04471
C3 -0.65657 | -0.65659 | -0.48647 | C3 -0.48573 | -0.482266 -0.48647
Cc4 1.82166 1.82135 1.87988 | C4 1.88149 | 1.858469 1.87988
C5 -0.85855 | -0.85710 | -1.41160 | C5 -1.41313 | -1.582826 -1.41160
Cé6 -0.60493 | -0.60607 | -0.47808 | C6 -0.47828 | -0.184974 -0.47808
c7 -0.57116 | -0.57172 | -0.56520 | C7 -0.56543 | -0.601207 -0.56520
C8 -0.62063 | -0.62085 | -0.59948 | C8 -0.59933 | -0.727909 -0.59948
C9 0.60021 0.59934 0.51667 | C9 0.51678 | 0.699201 0.51667
010 -0.26290 | -0.26227 | -0.19514 | O10 -0.19567 | -0.202084 -0.19514
O11 -0.45313 | -0.45095 | -0.43123 | O11 -0.43253 | -0.457917 -0.43123
Hi12 0.21411 0.21357 0.21523 | H12 0.21552 | 0.216585 0.21523
H13 0.21196 0.21145 0.21234 | H13 0.21263 | 0.213509 0.21234
H14 0.21845 0.21786 0.21718 | H14 0.21755 | 0.217086 0.21718
Hi15 0.22698 0.22670 0.22316 | H15 0.22329 | 0.224675 0.22316
Hi1e6 0.25738 0.25689 0.25728 | H16 0.25756 | 0.256686 0.25728
H17 0.27018 0.26995 0.27031 | H17 0.27055 | 0.270336 0.27031
H18 0.29220 0.29159 0.28961 | H18 0.28988 | 0.289032 0.28961
H19 0.26896 0.26881 0.27217 | H19 0.27226 | 0.269867 0.27217
C20 -0.95069 | -0.94841 0.00311 | N20 0.00117 | -0.002694 0.00311
C21 -0.06546 | -0.06679 | -0.11122 | C21 -0.11050 | -0.128551 -0.11122
Cc22 -0.63654 | -0.63715 0.20666 | H22 0.20676 | 0.205906 0.20666
C23 -0.25956 | -0.26002 0.21485 | H23 0.21516 | 0.210678 0.21485
N24 -0.87482 | -0.87265 | -0.95832 | C24 -0.95957 | -0.872407 -0.95832
H25 0.22151 0.22129 0.22902 | H25 0.22923 | 0.228965 0.22902
H26 0.22463 0.22468 0.22716 | H26 0.22734 | 0.225707 0.22716
H27 0.22431 0.22429 0.23453 | H27 0.23435 | 0.234359 0.23453
H28 0.22189 0.22170 | -0.08538 | C28 -0.08440 | -0.168994 -0.08538
H29 0.22414 0.22406 0.20706 | H29 0.20728 | 0.207943 0.20706
H30 0.21587 0.21560 0.21787 | H30 0.21782 | 0.213229 0.21787
H31 0.22262 0.22301 | -1.00655 | C31 -1.00722 | -1.018546 -1.00655
H32 0.21955 0.21941 0.22807 | H32 0.22821 | 0.232067 0.22807
H33 0.20938 0.20916 0.23097 | H33 0.23105 | 0.238718 0.23097
H34 0.39809 0.39748 0.23471 | H34 0.23465 | 0.235864 0.23471
H35 0.38506 0.38438 | -0.74059 | C35 -0.73994 | -0.612368 -0.74059
H36 0.22715 | 0.225041 0.22702
H37 0.22750 | 0.225225 0.22745
C38 -0.48223 | -0.583327 -0.48218
H39 0.22862 | 0.227888 0.22819
H40 0.22425 | 0.224501 0.22422
H41 0.23388 | 0.241621 0.23414
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Coumarin / Water Ground state FMO Vertical Excited state FMO
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MEP HOMO HOMO

Fig.1 Optimized structure, FMO and MEP of Coumarin in water solvent

Coumarin / DMF Ground state FMO Vertical Excited state FMO

Fig.2 Optimized structure, FMO and MEP of Coumarin in DMF solvent
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Coumarin / DMSO Ground state FMO Vertical Excited state FMO

9

Optimized structure

MEP

Fig.3 Optimized structure, FMO and MEP of Coumarin in DM SO solvent

Coumarin + NBA / Water Ground state FAIO Vertical Excited state FMO

HOMO HOMO

Fig.4 Optimized structure, FMO and MEP of Coumarin with NBA in water solvent
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Coumarin + NBA / DMF Ground state FMO Vertical Excited state FMO

Optimized structure

D

I
‘\U

-~

MEP HOMO HOMO

Fig.5 Optimized structure, FMO and MEP of Coumarin with NBA in DMF solvent

Coumarin + NBA /DMSO Ground state FMO Vertical Excited state FMO

MEP HOMO

Fig.6 Optimized structure, FMO and MEP of Coumarin with NBA in DMSO solvent
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Coumarin+ TEA/ Water Ground state FMO Vertical Excited state FMO

MEP HOMO HOMO

Fig.7 Optimized structure, FMO and MEP of Coumarin with TEA in water solvent

Coumarin + TEA/DMF Ground state FMO Vertical Excited state FMO

HOMO HOMO

Fig.8 Optimi: MO and MEP of C inwith TEA inDME solvent
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Ground state FMO Vertical Excited state FAO

Coumarin + TEA / DMSO

9
s
AT
*’w U\‘,-Q’f

L 9

Optimized structure

HOMO

Fig.9 Optimized structure, FAO and MEP of Coumarin with TEA in DMSO solvent

Coumarin with various solvents

Chargele

Atoms

Fig. 10. Mulliken atomic charge histogram plot of Coumarin and Coumarinl with various

solvents
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Coumarin with NBA in various solvents
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Alike NBA, the TEA is another quencher added to
C under the same three solvent conditions. The
total ground state energy of C-TEA system still
reduced in comparison with quencher NBA. The
higher stabilization was observed in water than the
rest of the two solvents. The magnitude of band
gap is not much different in the selected three sol-
vents. Its value found to be less than 2.882eV. On
experimental absorption spectrum, the observed
spectrum values found to be 290, 291 and 292nm of
wavelength. The simulated TDDFT spectrum has
good agreement with experimental results. It was
about 287, 288 and 289nm wavelength. The re-
quired energy for the transition of the respective
molecular orbitals found to less than 4.32eV. The
feasibility of transition has been supported by os-
cillator strength values namely 0.076, 0.007 and
0.10 respectively for water, DMF and DMSO sol-
vents. The optimized structure, FMO’s and MEP of
C-TEA has been shown from Fig. 7-9 and the Mul-
liken atomic charge has been given in Table 3. The
optimized orientation of C and TEA seems to be
parallel to each other. On considering HOMO
lobes, it was contributed from TEA moiety in all
the three solvent. While on LUMO, a large in-
volvement from C has been observed. Simulated
TDDFT UV spectrum indicates the contribution
from C than TEA except in HOMO of DMEF solvent.
These transitions of orbitals are corresponding or-
bitals of with respect to experimental and theoreti-
cal wavelength given in the Table 2. All the Mulli-
ken atomic charge of hydrogen exhibits positive
magnitude. However, as indicated in histogram
plot in Fig. 11, the apex positive and negative
charges were observed in C4 and C5 atoms. Red
surface on MEP indicates the negative charge of
hetero O10 and O11 atoms. With respect to other
electronic structure properties such as, IP, EA, w, 1,
X, 0 and w, their values are reported in Table 1. The
hardness is low and consecutively, the softness is
high. Hence, C-TEA is completely sensitive against
photophysical property, particularly in quenching
process.

4. Conclusion

Although the calculated properties vary with re-
spect to solvent system, a periodic trend has been
observed predominately in C, C-NBA, and C-TEA,
C1-NBA and C1-TEA as discussed above. The total

ground state energy was notably reduced from C
to C-TEA and the individuals and complexes sta-
bility increases. Similarly, the DFT calculated band
gap observed as descending in nature from C to C-
TEA. On comparing the ground state band gap
and vertical excited state band gap, a slight higher
magnitude has been observed in vertical excited
state band gap. Finally, the experimentally record-
ed UV spectral peaks and simulated spectral peaks
are in good agreement. On the whole, the theoreti-
cal and computational approach on this investiga-
tion to study the molecular interaction between
Coumarin and quenchers NBA and TEA under
different solvent systems has been logically ratio-
nalized to fortify the photo physical and photo-
chemical process involved in this study.
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