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Abstract

In this work, we studied influences on the absorption and fluorescence emission spectra of coumarin-4066 (C-466) with different
solvent polarity scale. The spectral shifts reflect the effect of the equilibrium solvents association across the energized solute
particle, which adjusts inertially as a result of quick charge realignment upon radiative deactivation to the lowest electronic state.
The dipole moments of C-466 are determined by employing the Bakhshiev, Kawski-Chamma-Viallet, Lippert-Mataga and
McRae relations. The results from all these methods are, excited state dipole moment of C-466 is higher than the ground state
dipole moments and which indicates molecule is less polar in the ground state. Theoretical analysis was also carried out by
Density Functional theory (DFT and TD —DFT) employing the BECKE-1998 (exchange)/STO-6G basic set in ethanol solvent
and in vacuum medium. The HOMO-LUMO, Solvent Accessible Surfaces (SAS) and Molecular Electrostatic Potential (MEP)
were analysed to acquire additional knowledge of the molecular arrangement and electronic properties of C-466. These
photophysical properties suggest delineation can be mauled for laying out new luminescent tests for various solvents
microenvironment.
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Introduction and photophysics process. The photophysics properties

of fluorescent dye has been playing a field of continu-

The environment and energy of organic dye molecules in
electronically excited conditions decide its photophysical
and photochemical properties. In significant estimations the
particle is expected verifiably towards disengaged, as though
it stayed in the gaseous form at low density. In all actuality, we
are apprehensive about particles in dense stage, fluids, gooey
fluids and solids; the impact of these phases on the total and
comparative energies of electronic conditions of solute
molecular properties. In this manner the excited state
solute molecule significantly changes in photochemistry
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ous attention since for improved considerate of the ex-
cited state molecular properties help not only in design-
ing novel molecules but similarly in improving the per-
formance of these as laser dyes, probes for polymers [1],
micellar and in biological systems [2], molecular devices,
photovoltaic cells [3], in dielectric enrichment [4], etc. The
photophysical properties of coumarin dyes are a dynamic field
of exploration for their prominence as laser materials.
Maximum of the coumarins are extremely fluorescent and
are widely used as laser dyes in blue-green wavelength region.
The resilient fluorescence emission of coumarin molecules
outcomes as of the polar atmosphere of their low lying excited
states. This is known statistic that, the electronic spectra of
these dyes are subjective by their direct medium. Amongst
the foremost environmental aspects that influence the
electronic spectrum, the effect of solvents is one of
specific significance. A variation of solvent is usually
convoyed by a change in dielectric parameter, polarity
and polarizability of the medium. Therefore, changing
the solvent distresses the excited state and the ground state
properties [5, 6].
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Dipole moments are also used for determining the place of
substitutional groups in aromatic compounds. Dipole mo-
ments of a molecule in the excited state is an another param-
eter that delivers important findings about the geometrical and
electronic configuration of the molecule structure in the short-
term excited state. Hence electric dipole moments of organic
dye molecules have been broadly considered. Attentiveness of
these molecule properties is persuaded by the rapid advance-
ment in material research and for novel organic dye molecules
in nonlinear ophthalmic nature. Outsized number of dyes are
selected in many physical and chemical research laboratories
intended for infrequent ophthalmic properties with higher ex-
cited state dipole moments. Dyes are used routinely in laser
research [7] and medical applications, etc. [8], because of
these quick advancements in photochemistry investigations
of electric dipole moments in energized states acquired more
significance. The various methods are used for obtaining the
excited state dipole moments i.e., electro-optical methods
(Stark splitting of 0—0 vibrational bands, electrochromism
of absorption and fluorescence bands, fluorescence an-
isotropy in an external electric field) and the naivest,
utmost extensively used by researchers are solvent shift
method [9, 10].

This work reveals the study of the absorption and fluores-
cence spectra of Coumarin 466 (C-466), at room temperature
in various solvents and subsequently the estimation of the
dipole moment of the excited state (S;) through the
solvatochromic analysis of the data in accordance with
Bakhshiev, Kawski-Chamma-Viallet, McRae and Lippert-
Mataga relations. The HOMO-LUMO and MEP were also
investigated using theoretical calculations [11, 12].

Materials and Methods
Materials

The laser dye (Coumarin 466) 7-(diethylamino) - 2H -1-
benzopyran-2- one is procured from Exciton Company
USA, have been used without other purification (purity
99%). Optimised structure of (Coumarin 466) C-466 is
shown in Fig. 1. In this present study Acetone, Toluene,
Cyclohexane, Butanol, Dichloromethane, 1,4-Dioxane,
Hexadecane, Ethanol, Methanol, Pentadecane, Propanol,
Hexane, Ethyl ether, and Trichloromethane solvents of
HPCL grade procured from commercially available S-
D fine chemicals Ltd. India are used without any further
dilution.

Experimental Methods

The Uv-vis absorption studies were carried out on a Shimadzu
UV-1800 spectrophotometer. Steady-state fluorescence
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Fig. 1 Optimized molecular structure of Coumarin-466

studies were carried out on Hitachi F-2700 Fluorescence
Spectrometer. The excitation wavelength is selected for re-
cording the fluorescence emission spectra and obtained at
the highest — intensity at more resolution. All measurements
were performed at 273 K with solutions concentration are
107°-10"° M. The solvent parameters dielectric constant (¢)
and refractive index (n) of the ‘solvents are taken from the
collected works [13—15].

Theoretical Context
To resolve the electric dipole moments of C-466, the absorp-
tion maxima (in cm ), fluorescence maxima (in cm ') and

dipole moment ratios to the probe have been defined by
following equations.

Method |

On the basis of various assumptions, the four indepen-
dent equations, which are derived [16—19], to determine
the dipole moment in excited state (u.) of the probe by

means of,
Lippert-Mataga equation (LME) [16]

U,—0¢ = m; Fy(g,n) + constant (1)
Bakshiev’s equation (BE) [17]

U,—¢ = my Fa(€,n) 4 constant (2)
Chamma-Viallet-Kawski’s equation (CVKE) [18].

Va —; vr _ —m;3 F5(¢e,n) + constant (3)
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McRae’s equation (MRE) [19]

vy = —my F4(e) 4+ Constant (4)
- - 2
where Figyp(en) =55~ Faee(en) =355
2n2+1 _ 2n%+1 _ 2n2+1 n2+1 _ 2nl+1
{“%” “%“]’ Faevie (e,m) = [2(22+2) (2(22+2> 2(EZ+2)>

+ zz(ﬁii;)] and Fympg) = {2&—21)} are known as solvent polar-

ity functions respectively. Table 1 contains all used solvent pa-
rameters and polarity functions. Using quantum mechanical per-
turbation theory above equations having absorption (7, ) max-
ima, fluorescence (¢ ) maxima and Stokes shift (in wave num-
bers) in various solvent medium of different refractive index (n)
and dielectric constant (¢) and where m;, m,, ms and my are

o 200) 0
w2
m, = "‘%7“) (8)

The notations ¢, h, p, and p are velocity of light (in vac-
uum), Planck’s constant, ground and excited states dipole

moments respectively. The slopes m;, m, mj; and m, are
obtained by plotting linear curve fitting for (v, - U ¢) versus
Fi(e, n), (7, - v ¢) versus F»(e, n), (D"f’" ) versus Fs(e,
n) and F4(e) versus 7, correspondingly. According to
the Edward atomic increment method the Onsager radi-
us (a) of solute molecule was estimated [20]. Both
ground state and excited state dipole moments are cal-

culated by the following equations.

1

m3—mp hca3 2
- - 9
1 3 {Zml} 9)
h 3 %
m3 +mjp | hca
=—|— 10
p=m e e (10)
m3 + mp
e = {m}ug ; m3 > my (11)

If the ug and u. are not parallel to each state, which forms
small angle ¢ and angle ¢ can be estimated as follows

1 nms
cos 9 =5 | (1) 2 42 |
g, my

The graphical plots of (7,—7¢ ) and (f’“;ﬂ" ) against solvent

polarity functions gives linear relations and their slopes. These
formulas were based on certain assumptions by considering
dipole moments of ground and excited state are co-linear for
same molecular radius.

(12)

Table 1 Solvent parameters and solvent polarity functions

Solvent € n Fi(e,n) F>(e,n) Fs(e,n) F4(e) E1(30) E 1{, o4 8] s
Hexane 1.890 1.375 0.00140 —0.00014 0.25510 0.458 31.0 0.0092 0 0 0.11
Cyclohexane 2.020 1.426 —0.00158 —0.00127 0.28740 0.507 30.9 0.0061 0 0 0
Pentadecane 2.039 1.431 —0.00102 0.00201 0.29134 0.514 - - - - -
Hexadecane 2.046 1.434 —0.00119 —0.00240 0.29310 0.517 - - 0 0 0.08
Toluene 2.379 1.497 0.01311 0.02879 0.34980 0.630 33.9 0.0987 0 0.1 0.49
1,4 Dioxane 2210 1.421 0.02094 0.04238 0.30693 0.575 36.0 0.164 0 0.37 0.49
Ethyl ether 4.335 1.352 0.16708 0.37724 0.42829 1.053 34.5 0.1172 0 0.47 0.24
Trichloromethane 7.430 1.430 0.19300 0.54780 0.60090 1.364 35.9 0.16 0 0 0.49
Dichloromethane 8.930 1.424 0.21800 0.63000 0.58520 1.451 40.7 0.32 0.13 0.1 0.73
Butanol 17.10 1.397 0.26330 0.74710 0.64337 1.686 49.7 0.6018 0.84 0.84 047
Propanol 20.80 1.385 0.27492 0.78260 0.65316 1.737 50.7 0.6172 0.84 0.9 0.52
Acetone 20.70 1.359 0.24650 0.79028 0.63952 1.736 422 0.3549 0.08 0.48 0.67
Ethanol 25.30 1.361 0.28976 0.81676 0.65410 1.780 51.9 0.6543 0.86 0.75 0.54
Methanol 33.00 1.328 0.30894 0.85533 0.65133 1.829 55.4 0.7623 0.98 0.66 0.60
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Method I

The empirical polarity parameter £}, versus spectral shifts by
Reichardt [21], the dipole moment of excited state molecule
can be calculate as follows,

S O 2 ag\3
D¢ = 11307.6 (ﬂ) (7)
B

5

EL + const (13)

where ‘dup’ the difference in dipole moment and ‘a’
Onsager cavity radius of chosen molecule. The ‘0u’ can
be measured as

mx 81

11307.6(6.2/a)’ (14)

Ou = pre=pg =

Where, ‘m’ is the slope of linear graph of Stoke shift versus
ET, microscopic solvent polarity.

We have also examined the Solvatochromic investigation
of C-466 within the sight of different solvents using
Solvatochromic model which deals the solute-solvent interac-
tion. We used Kamlet-Taft (KT) model [22, 23].

A=A¢+st +ax+bp (15)

where ‘A’ is the spectral peak frequency of molecule in
solvents, ‘Ay’ for frequency peak position of the solute
in vapour state, 7t* signifies polarity, &« for Hydrogen
Bond Donor (HBD) and 3 for Hydrogen Bond Acceptor
(HBA) properties of the solvents where ‘s’, ‘a’ and ‘b’
are the coefficients obtained from linear regression
method. Solvents parameters 7t*, « and {3 are taken from
literature report [13—15].

Result and Discussion

Solvent Effects on Absorption and Fluorescence
Spectra

The absorption spectra and fluorescence emission spectra of
C-466 in dissimilar solvents are shown in Figs. 2 and 3. The
wavenumbers of absorption and fluorescence emission maxi-
ma of the coumarin molecule in varies solvents are reported in
Table 2. Table 2 also contains the selected solvents Stokes
shift data, by which the proportion of excited state to the
ground state dipole moments can be ascertained. From
Fig. 2, C-466 spectrum in various solvents are tranguil of
different bands in the range 340-390 nm. It apparent that,
the structure of the C-466 and polarity of the intermediate each
are of immense significance to an influence on spectral behav-
iour of the laser dye [24]. The highest wavelength of absorp-
tion maximum 385 nm for propanol and lowest absorption
maximum 351 nm for hexane. The shape of the spectrum for
all solvents follows same trend but only in cyclohexane,
hexadecane and pentadecane solvents shows dual peaks.
The fluorescence spectra of C-466 in all studied solvents as
in Fig. 3 reveal wavelength range 390-460 nm. From fluores-
cence data, C-466 in 1,4-dioxane, toluene, cyclohexane, buta-
nol and propanol solvents shows highest intensity. As in meth-
anol, C-466 has least intensity of fluorescence. From both the
absorption and emission spectrum of C-466, noted that the
bathochromic(red-shift) observed in all the solvents. These
bathochromic shifts are obtained by increasing polarity of sol-
vents suggest that the transitions convoluted 7t — 7t*. Such
kind of spectral shifts are in general, due to the interactions of
solvent and solute molecules, which might be possibly of
general type or specific type such as Hydrogen bonding.

The general type of solvent effect depends on the refractive
index and dielectric constant of solvents parameters, whereas
the specific effects are related by means of 7t-donor, n-donor
and Hydrogen bonding ability of the solvents. Intended for

Fig. 2 UV-vis spectrum for 35
Coumarin-466 for all studied

solvents 3.0
25
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Fig. 3 Fluorescence spectra for | .
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polar solutes molecules the interface with non-polar solvents
be subject to the dipole-induced-dipole forces, although with
aprotic solvents, the solvent-solute interaction be influenced
by the resilient dipole-dipole forces. In protic solvents in
adding to dipole-dipole interplays, specific interaction, such
as Hydrogen bonding might be operative as the Intermolecular
Charge Transfer (ICT) character favourable Hydrogen bond-
ing along with hydroxyl group in alcohol solvents. Hydrogen
bonding interaction generally sets a simple constraint on the
validity of the Egs. (1-3). The dependence of Stokes shift, 7,
—U¢ on solvent polarity as given by Lippert’s manifestation
appears to be less consistent within solvents. This tendency
can possible because of the fact that, the Lippert’s equation

disregards the molecular characteristic of solvation. It is thusly
convenient as pointed out by others besides [24, 25] to use AF
([AF = (e-1)/(2e+1)-(n*~1)/ (2n* + 1)]) parameter which is an
experiential quantity of solvent polarity for considerate the
polarization dependency of spectral individualities.
Figures 4, 5 and 6 are shows the absorption maxima, fluores-
cence emission maxima and Stokes shift versus AF. As un-
derstood from these Figs. 4, 5 and 6 the absorption and fluo-
rescence emission maxima are linearly correlated to AF for
only selected solvents. Here we used only selected solvents,
because the reason that other solvents are deviated from the
linearity due to specific interaction effects by hydrogen bond-
ing ability of solvents. The residual square R? of the graph for

Table 2 Electronic absorption and fluorescence spectra of studied compound

Solvent Aa Ar W) wy) (Ta—vy) W +vy) Wa+vp)2
Hexane 351 398 26,881.78 25,725.62 1756.10 52,007.34 26,003.67
Cyclohexane 373 399 26,809.65 25,062.65 1747.00 51,872.30 25,936.15
Pentadecae 374 402 26,737.96 24,875.62 1862.34 51,613.58 25,806.79
Hexadecane 374 405 26,737.96 24,691.35 2046.61 51,429.30 25,714.65
Toluene 374 414 26,704.94 24,154.58 2570.45 50,879.52 25,439.76
1,4 Dioxane 373 417 26,774.02 23,980.81 2793.21 50,754.83 25,377.45
Ethyl ether 362 417 26,809.65 23,980.81 2828.84 50,790.46 25,395.23
Trichloromethane 378 432 26,455.02 23,148.14 3306.88 49,603.16 24,801.58
Dichloromethane 374 430 26,737.96 23,255.81 3482.15 49,993.77 24,996.88
Butanol 378 451 26,455.02 22,172.94 4282.08 48,627.96 24,313.98
Propanol 385 452 25,974.02 22,123.89 3850.13 48,097.90 24,048.95
Acetone 372 436 26,881.72 22,935.77 3945.95 49,817.48 24,908.74
Ethanol 378 455 26,455.02 21,978.02 4477.00 48,433.04 24,216.52
Methanol 381 460 26,246.71 21,739.13 4507.58 47,985.80 23,992.90

A and A wavelength of Absorption and fluorescence maxima (nm)

~ ~ . .. . —1
v, and 7y wavenumber of absorption and fluorescence emission maxima (cm )
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Fig. 4 Absorption max. Versus solvent polarity parameter for Coumarin-
466 in selected solvents

fluorescence emission is more linearity (0.931) as compared
to absorption maxima (0.810) this implies that the studied
coumarin dye, solvation is large in S; state compared to that
in ground state [25]. In other words, the dipole moments in
excited state is larger compared to ground state (Hc* > ).
The linear dependence of Stokes shift (R*=0.966) on AF
categorizes the existence of general kind of solvent-solute
interaction.

Assessment of Ground and Excited State Dipole
Moments

Towards quantify the statement that, p.* > w, we calculated
the ground state dipole moment (1,) and excited state dipole
moment (1. *) for C-466 dye calculated using Lippert-Mataga
[16] Bakhshiev [17] Chamma-Viallet-Kawski [18] and
McRae [19] relations. Solvent shift data for coumarin dye is
presented in Tables 1 and 2 and plots of v, - V¢ versus FyuE)

460 Methanol ¢
Propanol ¢, thanol
450 )/
_ Butanol
£
£ 440
% ’Trichloroethane
= 430 L 2
8 oromethane
c
@ 420
b <
g Toulene‘
o 410
2
L Hexadecane Adj. R2 =0.931
400 Pentadecane
Hexane CYclohexane

390
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
AF

Fig. 5 Fluorescence max. Versus solvent polarity parameter for
Coumarin-466 in selected solvents

@ Springer

-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
AF

Fig. 6 Stoke shift versus solvent polarity parameter for Coumarin-466 in
selected solvents

(g, n), v, - Vg versus to Fog) (€, n), vV, + v ¢/2 versus to
F3cvi) (€, n), v, versus F4orE) and v, - V¢ versus to solvent
polarity function EI}I are shown in Figs. 7, 8, 9, 10, 11 and 12
using least square fit method [26, 27] are used to calculate the
above assessments. As can be seen from the figures, for some
solvents deviation from the linearity is observed and
this feature is ascribed to the approximation made in
the specific solvent-solute interaction and/or solvatochromic
shift method. To minimize these deviations, we chose
some selected Stokes shift to get good a correlation
between the shifts and solvent polarities. The data sta-
tistical treatments from all methods viz. the slopes, in-
tercept, correlation co-efficient and number of data are
presented in Table 3. Obtained correlation coefficients
from the graphical data are larger than 0.845 residual
square, which represents a linear relationship of correla-
tions. Substituting the values of m;, m,, m;, and my of

500

4000]

3000

(Va-V¢) (cm™)

2000)

0.0 0.1 0.2 0.3
F1 (87 n)

Fig. 7 A plot of (7, - U ¢) function versus F; (¢, n) of Coumarin-466
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Fig. 8 A plot of (7, - ) function versus F, (¢, n) of Coumarin-466

the compound obtained from the slopes of Figs. 7, 8, 9, 10,
11 and 12 in Egs. (5-8) and (15) to get the u.* for C-466 [28,
29]. The correlation co-efficient are greater than 0.91, indicat-
ing a better linearity. Table 3 contains the values of slopes m;
and m, of the fitted lines and the correlation factor (r). From
Egs. (5-8) and (14), the results obtained for ground state,
excited state dipole moment, change in dipole moment and
ratio of dipole moments are tabulated in Table 4.

The increase of values in the excited state dipole moment
as obtained is revealing of the order of magnitude of the
change and not the exact value due to the limitations set by
the assumptions made while deriving the relations. All of
these results are reported in Table 4. For C-466 it is found that
W™ > g, i.e. the excited state dipole moment is higher com-
pared to that in the ground state for all methods, a great
Intermolecular Charge Transfer (ICT) in the excited state so-

26000

25000

WV, + V)2 (em™)

24000

0.3 0.6 0.9
Fa(e.n)

Fig. 9 A plot of (7, - I ¢)/2 function versus F; (¢, n) of Coumarin-466

26950
*
i *
26600
~
«
e
* * X
26250 >
0.6 1.2 1.8

F4le)
Fig. 10 A plot of (7 ,) function versus F, (¢) of Coumarin-466

lidifies the molecule more polar in excited state as compared
to the ground state. The variance among ground state and
excited state dipole moments are ranged from 1.435—
6.342D. This represents C-466 coumarin is more polar in ex-
cited state as compared to the ground state due to redistribu-
tion of charge and change in geometry of C-466 in excited
state [30, 31].

For the compound coumarin (C-466), the slopes of Figs. 7
and 9 were originate to be m,=2617.50 em !, msy=
3445.76 cm ' and radius of solute molecule was calculated
(a=3.6 A). As a result of using Eqs. 9 and 10, we get Ho=
0.5621D, u*=4.1157D and Ap = p, - p* is 7.332D.
Starting the Eqs. 9 and 10 the dipole moments w, (ground
state) and p.* (excited state) be subject to not only on m;
and m; but also on solute radius. Figures 7 and 9 shows the
spectral shift of (7, - 7 ¢) and (7, - ¥ /2 of C-466 in various
solvents vs. solvent polarity parameter. The obtained results of

5000

4000

3000

(Va-Vi) (em™)

2000

0.0 0.3 0.6 0.9
2

Fig. 11 A plot of (7, - () function versus £, of Coumarin-466
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Fig. 12 A plot of (¢, - I ¢) function versus E#30) of Coumarin-466

Hg (ground) and p.* (excited) for this Coumarin dye are pos-
itive, which signifies that the excited state is more polar [32,

33]. Besides, it is determines the excited state electronic
charge appropriation ought to be considerably not quite the
same as the ground state charge appropriation. By estimating
the surface area of the molecule as sphere-shaped, based on
absorption maxima and fluorescence maxima band shifts
in various solvents, u*/p, can be determined. Similarly,
the current study using Eq. 11 to estimate the value of
the excited state by pre facts of the value of ground
state, short of the necessity to knowing the molecular
radius.

The Hydrogen bonding ability and solvent polarity
dependence of C-466, are calculated using Kamlet-Taft
relation. To obtain the knowledge about each contribu-
tions of HBD and HBA ability of solvents on the spec-
troscopic parameters of 7,0, and Av (= U, -Uy ).
These are related to the solvatochromic factors o, 3 &
w* properties of solvents. To get these values we use
the multilinear regression analysis (MLRA) [34]. The
measurement of MLRA results along with co-efficient
are presented in the below relation form.

7, (em™) = 26829.75-151.387 ~503.670a + 116.0103(Adj.R* = 0.894)
Uy (em™') = 24267.68 4 321.017°~1452.650-1025.123(Adj.R* = 0.975)
AU (em™) =25319.18 4 1762.657" + 2024.680—478.7003(Adj.R* = 0.965)

The absorption and emission spectra (v,,,,) values in gas
phase show a discrepancy and the polarizability parameters (s)
intensifications from the p, to p.* which indicates the
molecular stability. It is observed from the above rela-
tives that, the nonspecific dielectric interaction (7*) has
the strong solvent influence on the molecule. Above
relation shows that HBD (&) stimuluses more than
HBA (B) for 7, and Uy, where as in A, HBD («) effect is
higher than HBA (3).

Computational Details

To obtain the extra enlightenment of the molecular electronic
properties for C-466, we examined hypothetical Ab initio

quantum mechanical calculations which were executed
in GAMESS [35] performed time-dependent DFT (TD-
DFT) using BECKE-1998 (exchange)/STO-6G basis
set. The ground Highest Occupied (HOMO) and
Lowest Unoccupied (LUMO) Molecular Orbital were
calculated in vacuum and in solvent medium. The
Molecular Electrostatic Potential (MEP) and Solvent
Accessible Surface (SAS) were also analysed. The ab-
sorption energy’s, orbital contributions and oscillator
energy towards the minimum ten levels of singlet-
singlet transits in optimized geometry of the ground
condition were acquired through ZINDO-CI computa-
tions employing the identical basis set in regard to
optimised geometry.

Table 3 Statistical data of linear

plots for different correlation Method Slope (cm ") Intercept Correlation coefficient (r) No. of data
methods of studied compound
Lippert-Mataga correlation 7553.53 2027.58 0.92881 14
Bakhshieve’s correlation 2617.50 2054.97 0.91136 14
Kawski-Chamma-Viallet 3445.76 26,752.2 0.87414 14
McRae 328.280 26,949.4 0.89170 09
ET correlation 3318.43 2226.48 0.84840 12
E+(30) 102.800 926.860 0.84500 12
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Table 4 Onsager cavity

radius, ground state and Compound C-466

excited state dipole

moments of C-466 (in Onsager radius A 3.6484

Debye) 1t (D) 0.5621
1L (D) 41157
TRE() 1.9970
ud (D) 6.9041
1S (D) 4.0293
TRE(>) 1.9990
ApE (D) 6.3420
e /1tg" (D) 73220
@ ! (rad) 1.5689

 Ground state dipole moment

® Excited state dipole moment calculated
from Kawski-Chamma-Viallet Equation

¢ Excited state dipole moment calculated
from Bakhshieve’s Equation

4 Excited state dipole moment calculated
from Lippert-Mataga Equation

¢ Excited state dipole moment calculated
from ET, Equation

TExcited state dipole moment calculated
from McRae Equation

€ Change dipole moment from . and i,

LTh /ugThe ratio of excited state and
ground dipole moment

! The orientation of the molecule in ex-
cited state w.r.t ground state

Molecular Orbital Study

To acquire more information about molecular arrangement
and its phyisco-chemical properties of C-466, We have per-
formed theoretical computations using GAMESS [35].
Quantum mechanical Time dependent Density Functional
Theory (TDDFT)with STO-6G basis set has been used to
achieve (a) Optimised Structure (b) HOMO-LUMO orbitals
(C) MEP and (D) SAS in both ethanol and vacuum media.
The 3D pictures of Frontier orbitals HOMO-LUMO for C-466
in vacuum and ethanol are depicted in Fig. 13, From the
Table 5 we infer that, there is a minor change in the values
of oscillator strength for probe molecule studied both in vac-
uum and ethanol. The dipole moment values in ethanol media
compared to vacuum there is a significant change which im-
plies that charge distribution in ethanol is more compared to
vacuum.

For HOMO in vacuum the electrons are strongly localized
C2,C3, C4,C5,C7, C8, €9, C10, O11 of carbon and oxygen
atoms, and least localized on N12 nitrogen atom. In ethanol
media the electrons are partly located at C2, C4, C9, C8, H23
carbon and hydrogen atoms. The LUMO orbitals both in vac-
uum and ethanol are located at the same C1, C2, C3, C10, C8,

C5, C6 and O11 atoms [36-38]. There are no significant
changes observed in LUMO+2 and LUMO+1 in vacuum ex-
cept localized on O11 oxygen atom. In ethanol media locali-
zation of electrons occurs in two different benzene rings for
LUMO+2 and LUMO+1 orbitals. In C-466 HOMO-1 in vac-
uum and HOMO-1 in ethanol localization are on same carbon
atoms (C5, C7, C9, C10). Only HOMO-2 orbital in ethanol
localization of electrons seen in C15, H27, H28, C16, H30,
H31 atoms of dimethylamine group. Based on the optimized
geometry, molecular orbital analysis for studied molecule, we
observe from the Table 5 energy gap is very small (0.2702 eV
in vacuum and 0.2098 eV in ethanol) which indicates 7t-7r*
transitions is easier, further probe molecule is more suscepti-
bility and high chemical reactivity [39, 40]. By using HOMO
and LUMO energies we determined chemical quantities of
sample properties and atomic/molecular properties [40]. In
basic molecular orbital theory, the HOMO energy was associ-
ated to the Ionization potential (Z) and the LUMO energy
analyse the electron affinity (E) correspondingly by the
succeeding form: Z =Eyomo and E =E; ypmo. The hardness
of the molecule () = (Z-E)/2. The softness of the molecule is
inverse of the hardness (S)=1/2n. The chemical potential
(w)=— (Z+E)/2. The electrophilicity index (w)= w2 m.
The electronegativity (x) = (Z+ E)/2. These chemical quanti-
ties calculated both in vacuum and ethanol media and results
are tabulated in Table 6. Molecular orbital states energies for
C-466 in different medium as listed in Table 6, It is observed
small energy values of HOMO-LUMO, a molecule with small
orbital energy gap is known as excitation energy which im-
plies 7t-7t* transitions is easier, high chemical reactivity of
molecule towards electron transfer and newly employed to
establish the bioactivity from ICT (intramolecular charge
transfer) [46—48] together low kinetic stability.

Solvent Accessible Surfaces

Solvent accessible surface (SAS) indicates active regions of
the probe with the solvent molecules. SAS for the sample C-
466, both in vacuum and in ethanol media with the contour
values ranging from —0.331 to 0.203 are depicted in the
Fig. 14 adopting BECKE-1998(exchange)/STO-6G basis set
in GAMESS program. The green surface is spread over the
entire molecule of C-466 suggests that entire molecule is ac-
tive in solvent. The robust interactions site of sample is found
to be at ester group with the surrounding media [41, 42].

Molecular Electrostatic Potential

Electronic charge density describes the electron cloud
magnitude of the molecules. Calculated electron densi-
ties of C-466 molecule by using DFT/BECKE-1988 (ex-
change)/STO-6G in vacuum and in ethanol are repre-
sented in Fig. 15. According to electron density on

@ Springer



848 J Fluoresc (2018) 28:839-854

Fig. 13 Plots of Molecular

Orbitals for Coumarin-466 Coumarin - 466
HOMO-2 %

Table 5 HOMO and LUMO
energy details for C-466 in Orbital Energy in eV Orbital states Oscillator strength Dipole in Debye

Vacuum and Ethanol media

Vacuum Ethanol Vacuum Ethanol Vacuum Ethanol
L+2 0.02624 0.045889 H—L 0.8204 0.6002 14.010 329150
L+1 0.01426 0.010722 H-2—-L 0.3518 0.2184 15.438 31.5796
L —-0.02623 —0.04640 H-1 > L 0.0847 0.0463 14.547 28.9459
H —0.29647 -0.2562 H-oL+1 0.3737 0.3435 6.3948 33.3055
H-1 —-0.33306 —-0.30956 H—->L+2 0.1740 0.1252 11.187 21.8795
H-2 —0.36644 —-0.32551 H2->L+1 0.0464 0.1582 7.5919 32.0506
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Table 6 Physico-Chemical properties for C-466

Parameters (eV) C-466

Vacuum Ethanol
HOMO Energy —0.29647 —0.2562
LUMO energy —0.02623 —0.0464
Energy Gap 0.27024 0.2098
Electro negativity —0.16135 —0.1513
Chemical potential 0.16135 0.1513
Global hardness —0.13512 —0.1049
Electrophilicity —0.09633 —0.1091
Global softness —3.70041 —4.7664

oo DI

Fig. 14 3D plots of solvent accessible surfaces for Counarin-466 (A) in
Vacuum and (B) in Ethanol solvent

various points of the molecule, helps in knowing the
location of nucleophilic reactions, electrophilic strikes
in addition to hydrogen bonding interactions within sol-
vents. Different value of electrostatic potential in the
exterior are exhibited with dissimilar colours. The neg-
ative (Red) area has been associated to electrophilic
reactivity, positive (Blue) area to nucleophilic reactivity,
and neutral (Green) area [43-45]. For C-466 contour
values are in the range —0.0298 to 0.0298 in vacuum
and —0.0625 to 0.0625 in ethanol. In vacuum and etha-
nol electrophilic reactivity are predominantly localized
on O-11 oxygen atom. Nucleophilic reactivity is spread
almost entire molecule for both in vacuum and ethanol.
Neutral region is spread more in ethanol than vacuum
on second ring structure. The magnitude of electron
density is found to be more on oxygen atom, followed
by nitrogen, carbon and hydrogen atoms. In ethanol
solvent, solvent interactions on C-466 results is decrease
in electron densities on most of the atoms. Molecular
orbitals are used to study the data about the charge
transfer within the sample for both in vacuum and ethanol
solvent media [46, 47].

Mulliken Atomic Charge Distribution Studies

The atomic charge distribution of an organic molecule
characterises the charges of each and every atom within the
molecule. The literature studies exhibit atomic computations
gave a vital function in the utilisation of chemical estimation
to molecular system due to atomic charges, electronic struc-
ture, acidity-basicity, molecular polarizability, dipole moment
role and numerous characteristics of molecular system.
Atomic charges of each and every atom of C-466 has been
examined in vacuum and ethanol solvent to yield knowledge
about electrical dipole moment originating from non-uniform
charge dissemination [48, 49]. Electron density and Mullikan
atomic charge distribution in vacuum and ethanol for C-466
are tabulated in Table 7. The improved pattern of Electron
density and Mullikan atomic charges has been visualized
graphically in Fig. 16, for C-466 in vacuum with atom number
(C2, C3, C4, C7, C9, C10, C12, C14) carbon atoms (N12)
nitrogen atom, (06, O11) oxygen atoms exhibit negative
charge (electron donor) though (C1, C5, C8, C13, C15) car-
bon atoms and all hydrogen atoms exhibits positive charge
(electron acceptor). In ethanol medium, an increase in atomic
charge of most of hydrogen atoms, slight increase in atomic
charge of (C2, C3, C7, C15) carbon atoms. There is a drastic
increase of atomic charge of (N12) nitrogen atom in ethanol
than in vacuum [42, 50-53]. O6 and O11 oxygen atoms have
opposite trend in vacuum and ethanol. The charge distribution
either in vacuum and ethanol solvent indicates their occur-
rence in substantial polar character, directive from C1 (Q =
0.5715) to O11 (Q=-0.6091) atom for C-466. Such a charge

@ Springer



850

J Fluoresc (2018) 28:839-854

Fig. 15 Molecular Electrostatic
Potential for Coumarin-466 (A) in
Vacuum and (B) in Ethanol

0.0298 -> 0.0232

0.0232-> 0.0165

0.0165-> 0.0099

0.0099-> 0.0033

0.0033-> -0.0033

-0.0033 -> -0.0099

-0.0099 -> -0.0165

-0.0165 -> -0.0232

-0.0232 -> -0.0298

-0.0298 -> -0.0364

0.0625-> 0.0486
0.0486 -> 0.0347
0.0347 -> 0.0208
0.0208 -> 0.0069
0.0069 -> -0.0069
-0.0069 -> -0.0208
-0.0208 -> -0.0347
-0.0347 -> -0.0486

-0.0486 -> -0.0625

. -0.0625-> -0.0764

shift is attributed to the discrepancy between ground
and first excited dipole moment states. Only positive
values of hydrogen atoms imply the charge shifts from
H-atom to other atoms.

Photoluminescence Properties of C-466

The effective advancement of OLEDs depends on the ability
to acquire outflow over the full visible range. OLEDs transmit
different colours relying upon the transmitting fluorescent col-
ours utilized, which are likewise the key materials influencing
the luminance, proficiency, turn-on voltage and lifetime. In
visible region light is made primarily out of three added sub-
stances essential colours, blue 435.8, green 546.1 and, red
700 nm, respectively from which it is conceivable to get dif-
ferent colours. As to shading, the human visualization reacts
to trichromatic lifts on the virtual cortex, assessed by the
Commission Internationale de L’Eclairage (CIE) in three co-
ordinating limits or powerful spectral bands, A(A), B(A) addi-
tionally C(A), open as free-get to tables. Chromaticity outline
is a graphical portrayal of tristimulus values, which describe
conceivable colours, shaped by a triangle with vertices

@ Springer

controlled by colours value [54]. The ‘A’ and ‘B’ CI facilitates
for the fluorescence emission of C-466 in different po-
larity solvents, were figured by Egs. (16) and (17) from their
x, y and z tristimulus integrations of Egs. (18-20). Using
photoluminescence results it is conceivable to make a graph
of integrated PL intensity for each solvents, as appeared in
Fig. 17.

A=x/(x+y+7z) (16)
B=y/(x+y+2z) (17)
x=0T(A) A (\dA (18)

750 =

y=ls5 (N B (M)A (19)

2= T(\) T (\)dA (20)
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Table 7 Mulliken atomic charges

(a.u) and electron density (a.u) of Atoms DFT (in vacuum) TDDFT (in ethanol)

C-466 molecule in vacuum and

ethanol Electron density Atomic charge Electron density Atomic charge
1C 591621 0.5715 5.92656 0.1335
2C 6.03497 —0.0608 6.03325 —0.1152
3C 6.11494 —0.0285 6.10665 —0.1494
40 8.13279 —0.0040 8.12504 0.0030
5C 6.06455 0.1815 6.06639 0.1415
6C 6.05857 —0.3398 6.05785 -0.3607
7C 591778 -0.0915 5.92272 —-0.0982
8C 5.82093 0.1543 5.83812 0.2171
9C 6.09378 —-0.0924 6.08974 —-0.0323
10C 6.10369 —-0.0657 6.09913 —0.0483
11N 7.19991 —-0.6091 7.19744 -0.4190
120 8.18981 -0.3754 8.1977 -0.2368
13C 6.02801 0.0242 6.02639 0.0195
14C 6.02964 —0.1469 6.02617 —0.1365
15C 6.18502 0.0154 6.18538 0.0284
16C 6.18619 —0.1487 6.18512 —0.1461
17H 0.92459 0.0981 0.93186 0.0493
18H 0.9378 0.0892 0.93175 0.1055
19H 0.9328 0.1070 0.92404 0.0936
20H 0.94196 0.0743 0.93307 0.1331
21H 0.92802 0.0755 0.92511 0.1022
22H 0.92545 0.0637 0.92181 0.0957
23H 0.92568 0.0600 0.92128 0.0900
24H 0.92436 0.0585 0.92181 0.0413
25H 0.92467 0.0626 0.92115 0.0406
26H 0.92252 0.0458 0.93289 0.0480
27H 0.92688 0.0627 0.92899 0.0901
28H 0.92252 0.0604 0.93037 0.0858
29H 0.92955 0.0541 0.93075 0.0625
30H 0.92632 0.0578 0.92898 0.0635
31H 0.93007 0.0459 0.932497 0.0983

A Coumarin-466 is self-colourless solution. At 385 nm
excitation a CIE chromaticity coordinates value x =0.14—
0.16 and y=0.10-0.16, for C-466 in alcohols solvents
(Butanol, Ethanol, Methanol and Propanol) generates near
bluish green colour. For other solvents in studied compound
which is deep blue colour with CIE coordinates almost
same range between x=0.14-0.16 and y=0.02-0.08.
The colour difference observed in the CIE graph prob-
ably photophysical characteristics of different solvent
environment with different polarities of molecular net-
work structure. The emission shading tuning is more
featured and obviously reacts to the pulling back of
electrons of the substituents. These consequences are
propelling for a significant comprehension of emission

modification approaches and the new molecular engineer-
ing along with desirable scenery.

Conclusions

From the absorption and emission spectrum of C-466,
noted that dye exhibit in all solvents shows a red-shift
(bathochromic). These bathochromic shifts obtained with
increasing polarity of solvent suggest that the transitions
m — 7% involved. We also calculated the experimentally
ground state dipole moments of C-466 from Bakshive,
Kawski-Chamma methods. Excited state dipole moment are
calculated by Kwaski-Chamma -Villet, Lippert — Mataga,
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Fig. 16 Plots of (a) Electron a

density and (b) Mulliken atomic
charge distributions for
Coumarin-466

Electron density (a.u)
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Fig. 17 CIE chromaticity plot for colour coordinates of Coumarin-466
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Atoms

Bakshieve’s, E]}/ and McRae salvatochromic shift methods.
From all methods, it is observed that p.* is higher than the
H,. To obtain extra enlightenment of the molecular electronic
properties for C-466, we examined hypothetical Ab initio
quantum mechanical calculations which were executed in
GAMESS performed time-dependent DFT (TD-DFT) using
BECKE-1998 (exchange)/STO-6G basis set. The Highest
Occupied Molecular Orbital and Lowest Unoccupied
Molecular Orbital were calculated both in vacuum and solvent
medium. The Solvent Accessible Surface (SAS) and
Molecular Electrostatic Potential (MEP) were also analysed.
Based on the optimized geometry, molecular orbital analysis
for studied molecule, we observe from the energy gap of
HOMO- LUMO is very small (0.2098 eV) which indicates
m-7U* transitions is easier, further probe molecule is
more susceptibility and high chemical reactivity. Proposition
comes to fruition are moving designed for additional
ordered photophysical properties in different medium
with different polarities of solvents can be for delineat-
ing to new luminescent test.
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