






































































Dipole moments and quenching of fluorescence of a new 
Coumarin dye 
Omnath Patil, P.K. Ingalagondi, Shivaraj Gounhalli, and S.M. Hanagodimath 

Abstract: The absorption and fluorescence emission spectrà of a newly synthesized laser grade coumarin dye, 

1H(4-methoxyphenoxy) methyl-3H-benzo|f|chromen-3-one (4-MPMBC), have been recorded in various solvents having different 

polarities. The spectrum peak was found to shift toward a higher wavelength with an increase in the solvent polarity. The dipole 

moments of the ground state (rg) and excited state (4) were estimated using the Lippert, Bakshiev, and Kawski-Chamma-Viallet 

equations. The e Values were found to be greater than the ug values in all solvents, indicating that the dye is more polar in the 

excited state than in the ground state. The absorption maximum and emission maximum energies, ground- and excited-state 

dipole moments, and HOMO-LUMO energy gaps were estimated using Gaussian 16W. These have been compared with the 

experimental results. The estimated chemical hardness of the dye molecule indicates the soft nature in all of the solvents. The 

reactive centers such as nucleophilic and electrophilic sites were identified along with contour action using electrostatic 

potential three-dimensional map density functional theory analysis. The fluorescence quenching has been studied in solvents of 

varying polarities using aniline as a quencher. The quenching process was found to follow the Stern-Volmer equation and was 

studied by considering the role of diffusion. In all solvent�, the probability of quenching per encounter (p) was found to be less 

than unity. The activation energy for diffusion and activation energy for quenching were estimated using the values of p. 

Key words: dipole moment, Gaussian 16W, stokes shift, coumarin dye, fluorescence quenching, activation energy. 

Résumé: Nous enregistrons les spectres d'absoption et de fluorescence du colorant coumarine de qualité laser récemment 

synthétisé H(4-méthoxyphénoxy) 
méthyle)-3H-benzo[f|chromène-3-un (4MPMBC) dans différents solvants ayant différentes 

polarités. Nous trouvons que la raie du spectre est décalée vers des longueurs d'onde qui augmentent avec la polarité du solvant. 

Les moments dipolaires du fondamental (u,) et de l'état excité (u) sont estiméés en utilisant les équations de Lippert, Bakshiev 

et 
Kawski-Chamma-Viallet. Les valeurs de pe sont plus élevées que celles de Hg pour tous les solvants, ce qui indique que le 

colorant est plus polaire dans l'état excité que dans le fondamental. Nous utilisons l'ensemble logiciel Gaussian 16W pour 

estimer les énergies maximales d'absorption et d'émission, les moments dipolaires du fondamental et de l'état excité et les gaps 

en énergie HOMO-LUMO. Nous comparons ces valeurs avec les résultats expérimentaux. La dureté chimique estimée de la 

molécule de colorant indique une nature molle dans tous les solvants. Les centres réactifs, tels les sites nucléophiles et 

électrophiles sont identifiés, avec carte de contour à partir de la carte électrostatique tridimensionnelle issue d'une analyse en 

théorie de la fonctionnelle de densité. L'extinction de la fluorescence est étudiée dans différents solvants en utilisant de l'aniline 

comme inhibiteur. Le processus 
d'extinction suit l'équation de Stern-Volmer et est étudié en considérant le rôle de la diffusion. 

Dans tous les solvants, nous trouvons que la probabilité p d'inhibi�ion par rencontre est moins que l'unité. Les énergies 

d'activation pour la diffusion et l'extinction sont estimées à partir des valeurs de p. [Traduit par la Rédaction 

Mots-clés: moment dipolaire, Gaussian 16W, déplacement de Stokes, colorant coumarine, extinction de fluorescence, énergie 

d'activation. 

and spectroscopic properties. The fluorescent diagnostic sensors, 

charge-transfer complexes, laser dyes, fluorescence whiteners, 

and nonlinear optical materials have been fabricated and charac 

terized (3|. 
The coumarin dyes have been synthesized by many 

researchers 

for chemical, biological, and medicinal applications |4-7]. The 

properties of these dyes such as electric dichroism, microwave 

conductivity, and electric polarization are considered to be very 

precise. However, their use. is limited due to their equipment 

sensitivity and constraint to relatively micro- and nanomolecules 

8-10. The ground-state and excited-state dipole moments of a 

molecule can be evaluated by different methods. The solvatochro 

mic shift method is relatively popular for the determination of 

dipole moments among the available methods [11-13 

Introduction 

The photophysical properties of coumarin dye molecules, 

namely ground-state (4) and excited-state (4e) dipole moments, 

and microscopic solvent polarity parameter (;) are significant [1, 

since they give 
information on the change in electronic redis- 

tribution due to excitation. The coumarins have enormous ap- 

plications such as stabilizers, 
constituents, 

antioxidants, and 

immunomodulatory
substánes as fluorescent markers and in the 

medical field [2]. The nature of solute-solvent 
interactions can be 

properly 
understood by the knowledge of spectrOScopic proper 

ties in solvents of varying polarities. A systematic study of the 

solvent effect and quenching 
mechanism of a dye molecule will 

provide much information for understanding the photophysical 
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Fig. 1. Molecular structure of 4-MPMBC. 

Fig. 2. Typical absorption spectra of 4-MPMBC in different sohvents (Colour online.] 
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Fig. 3. Typical emission spectra of 4-MPMBC in different sovents. Colour online.] 

1.0 
The derease in the intensity of tluorescence and lifetime of a molecule due to various molecular interactions such as energy tnster. excited-state reactios. collisional quenching. bimolecu- lar quenching. ground-state complex formation, molecular rear- rangement, electron charge transfer, etc., is referred to as fluorescence quenching. Various quenchers such as aniline, metal ions, bromobenzene, halide ions, etc., [14-24| have been used. In the present work, the solvent effect on the coumarin dye molecule and estimation of ground- and excited-state dipole mo0 ments by experimental and computational methods have been reported. The fluorescence quenching nechanism in solvents of different polariry has been studied by using aniline as a quencher. These spectroscopic studies provide iformation on the electronic and geometrical structures of the molecule in the excited states. 
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Materials and methods U.U 
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Wavelength (nm) 
The lasergrade coumarin dye 14(4-methoxyphenoxy) methyl} 3H-benzof|chromen-3-one (4-MPMBC) has been synthesized using the procedure outlined elsewhere |25, 26. The molecular struc ture of 4-MPMBC is shown in Fig. 1. The solvents n-pentane, toluene. cyclohexane, 1,4-dioxane, benzene. ethanol. methanol -butanol, hexane. acetone, diethyl ether, dimethylformamide, dimethyl sulfoxide. ethyl acetate. and acetonitrile were used. All of these solvents were of spectroscopic grade and were obtained from S.D. Fine Chenicals Ltd.. India. The solutions were prepared by keeping the concentrations of dye molecules at a fAxed concen tration (1 x 10-5 molL) in all of the solvents. The double-distilled aniline was used as a quencher for the fuorescence quenching mechanism. The concentration of quencher was varied from 0.00 to 0.10 mol/L in all of the solvents. 

ments wen done at room tenmperature. The values are epmiud ible with an experimental error of 5%. 

Thoretical methods 
The dye molecule has been optimised using Gaussian 16\W sott- ware with ground-state and semiempirical PM6,6-31G. From T DFT/IEFPCM, we estinated the absorption and emission maxima. excited-state dipole moment in varying solvent poarities, ex tracted ESP with contours action, HOM0-LUMO eneryies, ad chemical hardness of the dye molecule. All of the oomputations were carried out in the Photo-Physical Laboratory, Department ot Physics, Gulbarga University, KaBaburagi. Ixperimental methods 

The absorption and fluorescence spectra of the dye molecule were obtained with a UV-Vis spectrophotometer (make: PG lnst. Ltd., model T-90+) and a fluorescence spectrophotometer (make: Jobin Yvon, Horiba model: Fluoromax-4), respectively. The fluo- 

Estimation of dipole moments 
The ground-state («and excited-state (4) dipole moments of a dye molecule were estimated independently usiyy the lippIT equation 27] (eq. 1), Bakshiev quation |28| (eq. . and Kawski Chamma-Viallet equation |29, 30| (. 3): 

rescence lifetime measurements were done in the absence and in the presence of the quencher using a time-correlated single photon counting technique (TCSPC ISS 90021). All ot the measure , n) COnstint 
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Table 1. Solvatochromic data and calculated polarity functions used for the estimation of dipole moments or 4-MrmB Gye 

Solvent (Cm-) (Cm-) aU (cm-") (cm-) F(e.n) Fle.n) Fde.n) 
-

1-Pentane 28 986 24 213 4772 -0.0004 -0.0025 0.2430 
26 599 

0. 
0. 006 

Hexane 28 818 233 310 5508 -0.0014 -0.0024 0.2538 009 
26 064 

-0.0007 0.2878 
Cyclohexane 
1.4-Dioxane 

28 736 24 272 4464 26 504 -0.0012 

28 653 24 096 4557 263 375 0.0245 0.0100 0.3116 0. 164 

4547 0.0288 0.3430 0.111 
Benzene 28 818 24 271 26 545 0.0046 

Toluene 28 818 23 981 4838 26 400 0.0131 0.0499 0.3498 0.099 

DEE 28 818 242 213 4605 265 516 0.1669 0.3768 4281

0.4893 0.4977 0.228 Ethyl acetate 
Butanol 

288 818 239 981 4838 26 400 0.1998 

28 818 239 980 4838 264 400 0.2655 0.7545 0.6460 0.596 

Acetone 28 735 238 866 263 301 0.2842 0.7903 0.6395 0.355 
4869 

Ethanol 28 653 23 981 4673 26 317 0.2887 Q.8127 0.6523 0.654 

DMF 28 653 23 866 4787 26 260 0.2746 0.8357 . 7096 0.386 

Acetonitrile 23 981 0.3055 0.8631 0.6658 0.460 28 653 4673 26 317 
Note: DEE. diethyl ether; DMF, dimethylformamide: Ffe.n), Lippert polarity function: Fale.n), Bakshiev polarity function: Fle.n). Kawski-Chamma-Vialet polanty 

function. 

Fig. 4. Variation of Stokes shift with F,(s, 11) using the Lippert 

equation for 4-MPMBC. 
Fig. 5. Bakshiev ()and Kawski-Chamma-Viallet (A) correlation 

for 4-MPMBC. [Colour online.) 
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Fig. 6. Variation of Stokes shift with microscopic solvent polarity parameter. 

m/2E. n) + constant (2) 
4.9k 

mgF,ls, n) + constant (3) 4.8k 

4.7k where and y are absorption and fluorescence maxima wave numbers in cm-i, respectively, and n and e denote the refractive index and dielectric constant of a solvent, respectively. The expressions for Fle, n) (Lippert polarity function), F2le, n) (BakshieV polarity function). and F(, n) (Kawski-Chamma-Viallet polarity function) are given as 

4.7k 

4.6k 

4.6k 

- 4.5k 
(4) 

0.0 0.1 FAe.) - -n=1(2n Fe.n)= 2 +2l n + 2) 

0.2 0.3 0.4 0.5 0.6 0.7 

(5) EN 
F. n) = 4 30- 

2( +2 
2(+2)l: - (6) 2( g = 

hca (7) 
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Table 3. Phozophysical parumeters obtained firom DFT studies of +MPMMBC. 

Lowest frequency 
mode 1 (cm-) 

Highest frequency 
mode 117 (cm-) AD) Zindo a (a.u.) Dye molecule 

+MPMBC 
D) Opt . D) DFT 

9.61 220 9.87 2768.93 537 

Table 4. Exctad-state dipole moments 
from the TD-DFT and Zindo methods us- 
ing Gaussian 16W for +MPMBC. 2 

Dipole moment (D) S 

Solvent TD-DFT Zindo 

Acetone 7.51 9.43 
9 Acetonitrile 7.58 9.53 

Benzene 6.50 S.10 hca 
7.96 Cyclohexane 

Ethanol 7.54 9.47 From eqs. -3. it follos that. - versus Ffe. n). -versus 
F. n). and -T2versus Ffe. rn) give linear graphs with slopes 

7and m. respectively. These slopes are given by eqs. -9 

respectivelv The svmbols h andc are Planck's constant and speed 

of light in a vacuum, respectively. Parameter a is the Onsager's 

cavity radius of a dye molecule, which can be estimated by the 

Edward method (31. In general. 4 and 4, are not parallel but they 
are inclined at certain angle [32]. By assuming 4 and A are par- 

allel. the following equations can be obrained using eqs. 8 and 9: 

Toluene 6.53 8.15 

Water 7.64 9.61 

m3aha|2 for (my> m (10) 

Published by NRC Research Press 
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Fig. 9. Electrostatic potential map with contours action of +MPMBC. Color onhe] 
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e 

Molecular microscopic solvent polarity parameter (E) 
Reichardt (33) has proposed E using which the hydrogen bonding 
effect on spectral characteristics can be studied The cortelation of 

the Stokes shift with E proposed by Reichardt and developed by 

Ravi et al. [34| is given by 

In eq. 12, Eiirat 8.591 Where Aaa responds to the
peak wavelength in the albsorption spectrum of pyridinum- 

N-phenolatebetaine dye. The change in dipxole moment can be 

estimated from the graph of Stokes shitt vesus using 

udlishal dy NRC Reunh Hess 
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Table 5. Theoretical and experimenial absorption wavelengths (A), optical energy band gap (F"), HOMO-LUMO energes 

and their difference (AE), and chemical hardness (7) in different solvents of the dye molecule 4-MPMBC 

rn 
ps 

a(nim Aa(nm) Solvent E" (ev (theoretical) (experimental) (theoretical) (experimental) (ev 
E (eV) HOMO LUMO 

eV 
ChemicalAcetone 407 

(eV) hardness () 405 Acetonitrile 407 .05 3.06 -0.2066 -0.0765 0.1301 0.06505 
402 Benzene 404 3.05 3.09 -0.2063 -0.0766 0.1298 0.06489 
384 Cyclohexane 403 3.07 3.23 -0.2054 -0.0750 0.1305 0.06524 386 Ethanol 407 3.08 3.22 -0.2054 -0.0748 0.1306 0.06530 389 Toluene 3.05 3.19 -0.2063 -0.0765 0.1298 0.06490 404 393 Water 3.07 3.16 -0.2055 -0.0750 0.1304 0.06522 407 405 3.05 3.07 -0.2064 -0.0662 0.1402 0.07010 

Table 6. Theoretical and experimental electronic transition energies of 4-MPMBC aye. Absorption Emission 
Solvent Ftheory (eV) Difference (eV) Etheoryev) experimentai (ev) Difference (eV) experimental (ev) 

Acetone 3.05 3.06 0.01 2.78 2.79 0.01 Acetonitrile 3.05 2.88 0.16 3.09 0.04 2.72 
Benzene 3.07 3.23 0.16 2.80 2.89 0.09 

3.03 0.29 2.74 Cyclohexane 
Ethanol 

3.08 3.22 0.. 14 

2.78 2.92 0.14 3.19 

3.16 
3.05 0.14 

2.74 2.92 0.18 Toluene 3.07 0.0 09 

2.78 2.89 0.11 3.05 3.07 0.02 Water 

Fig. 11. Variation of total energy of 4MPMBC with optimization step. Fig. 10. Variation of dipole moment with optimization step for 
4-MPMBC. 
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Results and discussion 

Effect of solvents on absorption and fluorescence emission 

spectra 
Figures 2 and 3 show the absorption and emission spectra of the 

4-MPMBC dye molecule in various solvents, respectively. From 

these graphs, it can be observed that for all solvents, the absorp 

tion wavelength varies from 347 to 405 nm and the emission 

wavelength varies from 412 to 450 nm. The absorption maxima, 

emission maxima, Stokes shift and arithmetic-mean Stokes 

shift, vaues of polarity function, namely Lippert, Bakshiev, and 

Kawski-Chamma-Viallet, and microscopic polarity parameters 
for a dye molecule are presented in Table 1. The emission spectra 

show a bathochromic shift and also indicate an increase in the 

Au a (13) 
-F 11307.6 + constant 

A4sa*, 

where Au(= u. - u,) is the change in dipole moment of a dye 

molecule, an is the Onsager radius of betaine dye, and a is the 

radius of the counmarin derivative. The values of a and A4D are 

6.2 A and 9 D, respectively [34). 

Stokes shift values with increasing polarity of solvents. This con- 

firms the increase in the dipole moment on excitation. 

Analysis of fluorescence quenching 

The most popular equations used for studying the quenching of 

luorescence by an experimental method are referred from previ 

ous studies |35. By using aniline as a quencher, we analyzed the 

Stern-Volmer plot and estimated the quenching rate parameters, 

probability of quenching per encounter, activation energy for dif 

fusion, and activation energy for the quencher. 

Estimation of ground- and excited-state dipole nmoments 

The variation of Stokes shifts with the Lippert polarity function, 

Stokes shifts with the Bakshiev polarity function, and arithmetic 

Published by NRC Research Press 



Fig. 12. Typical fluorescence emission spectra of 4-MPMBC in ethyl 

acetate with varying quencher concentrations of aniline. jColour 

online.) 
nal 

Fig. 14. Fluorescence decay curves of 4-MPNB 

s: 
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Fig. 13. Stern-Volmer plots for steady-state 
fluorescence emission 

intensity 
measurements of 4+MPMBC dye with aniline as a quencher 

in different solvents. 
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1.6 ods are higher, indicating that the dye molecule is more stable in 

the excited state than in the ground state and show the existence 

of a more relaxed excited state. 

1.Acetonitile 
12 

Computational studies 

The ground-state dipole moment of 4+MPMBC dye estimated 

using the Gaussian 16W program 
was found to be 5.37 D. Figure? 

shows the optimized molecular geometry with dipole moment 

vector in which the arrow indicates the direction of the dipole 

moment. The polarizability (a) and lowest and highest frequency 

modes of the dye molecule are also estìmated from the same 

program and are listed in Table 3. The dye molecule was found to 

have 1-117 frequency modes. The excited-state dipole noments 

estimated using' time-dependent density functional theory 

(TD-DFT) and Zindo methods are listed in Table 4 

The typical HOMO-LUMO in the gas phase and water and elec 

trostatic potential map with contour action of the dye molecule 

are shown in igs. 8 and 9, respectively. From these figures, it is 

apparent that the HOMO of these molecules mainly localized on 

the electron-donating aliphatic chain, wheras the LUMO level 

shifted to the peripheral electron accepting moiety, resulting n 

an obvious spatial separation of frontier orditals. The polarity of a 

molecule depends on its electron distribution over the molecule. 

The transition of an electron trom HOMO to LUMO is due to'the 

bsorption of an appropriate electromagnetic 
radiation. As a re- 

sult, the transition of an electron from an orbital having low 

energy to an orbital having higher energy results in a change of 

dipole moment with respect to the ground state. Also, the orien- 

1.56 p 
13 Benzene 
1.28 
1.24 

0.02 0.04 0.06 0.08 0.10 

Stokes shifts with the 
Kawski-Chamnma-Viallet polarity function 

are shown in Figs. 4 and 5. The slopes obtained from these linear 

graphs were used to estimate the ground-state (4g) and excited- 

state (p) dipole noinents of dye. The variation of Stokes shift 

with microscopic solvent polarity paranmeter (F) is shown in Fig. 6 

from which changes in dipole moments (Ae) were estimated. The 

values of the Onsager cavity radius (a), statistical correlation val- 

ues, and Hg He and Alu of 4-MPMBC are given in Table 2. It is 

observed that the dipole moments of the ground state of dye 

obtained from all of the methods were smaller than the dipole 

noments of the excited state. The higher value of 4, indicates that 

the dye molecule is more polar in the excited state than in the 

ground state. Further, it can also be seen that the Aju values esti 
mated from solvatochromic and solvent polrity p:arameter meth 

hublished by NRC Research Press 

Variation of quencher 
concentration 



Table 7. The values of lifetime (7o). viscosity of solvents (7), slope (Ks.-v quencn 
diffusion rate parameter (k). quenching probability per encounter (p). diffusion coefficient (D), activauon 

energy for diffusion (Ea). and activation energy for quencher (e) in different solvents for 4-MPMBC Gy 

Rs-v kx1010 
(mol-) (mol-l s-}) (mol-l s-') 

kx 1010 Fa 
(kJ/mol) (kJ/mol) 

Solvent To (ns) 7x 10* (P) 

Dx 10-5 

(cm/s) 

Acetonitrile 0.815 3.88 06.50 0.798 
12.55 20.91 

21.29 23.5 
0.03 41.7 

Ethyl acetate 

Butanol 

0.785 4.62 03.90 0.497 
12.13 

20.0 
0.02 35.1 

0.627 8.06 06.43 1.030 11.9 
0.09 20.1 

05.88 

Ethanol 0.690 8.34 11.65 1.690 
10.64 15.03 

11.4 0. 15 19.4 

Benzene 1.030 

27.21 
.62 

Note: R = Rp + Ry = 6.48 A (R = 4.07 A and R = 2.81 A). 

01.74 0.169 16.3 0.01 28.8 15.83 

and ethanol, respectively. 
The life decay curves 

with quencher (red) 

and without quencher (black) are 
shown in Fig. 14. 

The values of Eg were 
smaller than those of E, in all the studied 

solvents (Table 7), indicating 
that the influence of the activation 

process is greater 
than that of the 

material 
diffusion 

process 
in 

the 
bimolecular 

quenching 
reaction. The values of dye radius, 

quencher 
radius, and sum of radii of dye and quencher 

are 
shown 

at the bottom of Table 7. 

tation of the dye molecule is going to be inverted from HOMO to 

LUMO. The HOM0-LUMO energies and the difference in their 

energies (AE) along with chemical hardness of the dye molecule 

and optical energy band gap are tabulated in Table 5 for various sok 

vents. The small difference in the energy 
values between 

HOMO-LUMMO 

and chemical hardness inmply that the dye imolecule can be con 

sidered as a soft molecule [36-38]. The degree of charge separation 

and hence the dipole moment 
direction can be visualized by the 

electrostatic potential map as depicted for the molecule in which 

the yellow lines indicate a positive-phase 
nucleophilic 

site and red 

lines indicate a 
negative-phase

electrophilic site; the line seg- 

ments are 
two-dimensional 

projections of thhe cube 
molecule into 

a z-plane. The optical energy 
band gap of the dye 

molecule calcu 

lated using the equation E = hc/a in different 
solvents both 

theoretically 
and experimentally 

was found to lie between 3.05 

and 3.23 eV for absorption 
and emission, 

respectively. 

The DFT and TD-DFT with the basis set 3BLYP/6-31G 
combined 

with the integral equation 
formalism 

polarizable 
continuum 

model 
(IEFPCM) 

solvation 
model was 

utilized for optimizing 
the 

dye 
molecule 

for the 
ground-state 

and 
excited-state. 

The elec 

tronic 
tTansition energies 

for absorption 
and 

emission 
recorded 

using the 
theoretically 

computed 
absorption 

and 
emission max- 

ima values are listed in Table 6. The 
electronic transition 

values 

were 
also evaluated using 

experimental 
values of absorption and 

emission 
maxima of the dye molecule (Table 6). The 

theoretical 

electronic 
transition 

energies 
for both absorption 

and
emission 

are in good 
agreement 

with the 
corresponding 

experimèntal 
val- 

ues. For absorption, 
the 

difference 
between 

theoretical and exper 

imental 
transition energy 

is of the order of 0.01-0.16 eV, whereas 

the 
difference is of the order of 

0.01-0.18 eV for emission, except 

in cyclohexane. 
where the energy 

difference is 0.29 eV. These 

absorption 
and 

emission 
transition energies undergo blue shift. 

Further, the 
theoretical 

transition energies 
computed using the 

TD-DFT/IEFPCM 
solvation 

model and the 
coresponding 

experi- 

mental 
values display a 

similar trend and they are comparable. 

From Figs. 10 and 11, one can predict the dipole 
moment 

and 

total energy 
of the dye 

molecule with respect to optimization

steps using the Gaussian 16W program [39]. It gives the maximum 

value of dipole 
moment and total energy 

of the dye 
molecule. 

Conclusion 

The effect of solvents on 
photophysical 

parameters 
of a newly 

synthesized dye 
molecule 

has been studied both 
theoretically 

and 

experimentally. 
The dye 

moleculeshows positive

solvatochromism 

with increasing 
solvent polarity,

indicating
the 

association of the 

transition.
Both 

experimentally and 
theoretically, it is 

observed 

that the He 
values are greater 

than the u values. The Au values of the 

dye were 
estimated using a 

solvent polarity 
parameter. 

A compari- 

son 
between 

absorption 
energies 

and 
emission energies gives good 

agement 
between theory and 

experimental. 
The intensity of fluo- 

rescence 
of the dye was 

found to 
decrease with the addition of ani 

line. The 
Stern-Volmer plots were 

found to be linear and the value of 

the probability of quenching per 
encounter 

was found to be less than 

unity. The activation energy 
for the quenching process

is greater 

than that for diffusion in all solvents. 
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Abstract.The effect of solvents on absorption and fluores cence spectra of a newly synthesized coumarin laser dye 

namely, 6-Meth oxy-4 (2-Methoxy methyl) -Chromen-2 one (2-MMC) has been studied in different solvents at room 

temperature (300 K). Ground and excited state dipole moments were estimated using Lippert's Bakhshiev's and Kawski- 

Chamma-V1olet's equations. It is found that the ground state dipole moment is less than that of excited state dipole 

moment. 

INTRODUCTION 

Coumarin is a naturally existing heterocylic organic compound. A suitable substituted functional group to these 
coumarin dyes are exellent environment for dye lasing action in the blue green region of the radiation [l2JA deep 
study on the spectroscopic properties of these substituted coumarin dyes in different solvents gives the information 
to standardize the parameters in making a suitable probes for lasing action 3,4]. Since last decades these lasing 
action properties of a coumarin attracted several investigators [5-8]. This prompted us to study thesolvent effect on 
the spectral properties of a dye in different solvents by estimatingground (4 and excited (4) state dipole moments. 

MATERIALS AND METHODS 

The coumarin laser dye 2-MMC was synthesized according to the literature [9]. The molecular structure of the 
dye is shown in Fig. 1 (a). The solvents Ethanol,Pentanol, Propanol,Butanol, Toluene, Benzene, 1,4-Dioxane and 
DMSO were of HPLC grade, procured from S. D. Fine Chemicals Lid., India. The solutions were prepared to keep 

fix ed dye concentration (1X10° M/L). 
The absorption and fluorescence emission spectra were recorded using a PG Instruments T90+ UV-Visible

spectrophotometer andFluoromax-4 spectrotluorometer (Horiba-Jobin-Yvon) respectively. All these spectroscopic 
measurements were carried out at room temperature (300 K). The experimental values are reproducible with 5% of 

experimental error. DFT calculations were done on Gaussian-09 sottware. The independent equations used for the 
estimation of ground state and exCiled state dipole moments of the coumarin molecules are as follows, 

Lippert's equation [10] 

,-=m, Fj(¬, n) + Constant (1) 
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Published by AlP Publishing. 978-0-7354-1 885-1/$30,00

140028-1 

1QAC Co-brdlnatór
Smt. V.G. Women's Degree Colle PRINCIPAL

Smt. V.G.Degreo tigo for Wo781, KALARURAGI 
KALABURAGI 



KALASURAGI 

Bakhshiev's equation [10 
(2) 

-, =m, F,(¬, n) +Constant 

Kawski-Chamma-Viallet's equation [l1, 12] 
(3) 

=m, F(E. n)+ Constant 

2 

where a and U are absoption and fluorescence maxima wavelength in cm"', respectively. The other symbols 'e" 

and n' are dielectric constant and refractive index respectively. 

The expressions for F(e, n) [Lippert's polarity function], F2 (6, n) [Bakhshiev's polarity function] and Fs (e, n) 

[Kawski-Chamma-Viallet's 
polarity function] are given as 

(4) 

F(n)2e +1 2n * 5) 

-1n -1(2+1) 

E+2 +2 (n +2) (6) 

From equations (4), (5), (7) and (8) it follows that (,-,versus F, (6. n) and F(6, n). Also from equations (6) and 

9)it follows that (, +,)/2 versus Fi (e, n) should give linear graphs with slopes m, m,and m, respectively and are 

given beloW, 
(7) 

24,-H) 
hca 

(8) 

24H 
hca 

9) 

204-4 
m3 

Where 4 and 4, are the ground and excited state dipole 
moments of the solute molecule, 

respectively.
The symbols 

h'and 'c'are Planck's 
constant and velocity of light in vacuum, 

resp�ctively
and 'a' is the Onsager's cavity radius of 

the solute molecule, with the values 
evaluatcd using 

atomic 
increment 

method by Edward [13). In general case, the 

dipole 
moments lg and 4, are not parallel but they form certain angle |14]. By. assuming 

the ground state and excited 

state dipole 
moments are parallel, the föllowing equations 

are 
oblained on the basis of equations(8) and (9). 

nca 

(10) 
5 

For (m m2) 

(11) 

RESULTS AND DISCUSSION 

The absorption 
and emission 

wavelength 
maxima and respective 

wave 
numbers of 

2-MMC in ditferent 
solvents 

were given in Table 1. From this table one can 
observe that the type of the 

solvent is affect the absorption 
maxima 

and 
emission 

maxima of dye. This change in spectral 
shilt can be used as a probe 

between the 
interactions of dye 

and 
solvents. 

The 
calculated polarity 

parameters 
of solvent were given in Table 

2.Radius, 
statistical

correlation

values and dipole 
moments 

of2-MMC in the ground and excited states were 
summarized in T'able 3. From this table 

it observed that the ground 
state dipole 

moment is less than 
exciled state dipole 

moments by 
ditterent polarity 

functions. It con firms that that the 
involvement of tT 

ransition,

140028-2 
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FIGURE 2. Typical absorptionspectraof
2-MMC. 

FIGURE 1. Molecular stnucture of 2-MMC. 
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FIGURE 3.Typical
emission spectra of 2-MMC. 
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Tables 

TABLE 1. Max1mum absorption, maximum emission, wave numbers, Stokes snint 

an darith metic Stokes shift data for 2-MMC. 

Solvents 
nm) (nm) (cm (cm) (cm") (cm') 

1,4-Dioxane 375 438 26667 
26667 
26525 

3835 
3887. 
3694 
3887 

24749 
24723 

22831 

22779 Benzene 375 439 

377 Butanol 438 
375 439 

22831 

22779 
24678 
24723 
2456) Ethanol 26666 

26455 
26596 

Propanol 378 441 
779 22675 

2288 
22222 Pentanol 376 437 

3712 24739 

DMSO 378 450 26455 4233 24339 

. 

TABLE 2. Lippert's, Bakhshiev's, 
Kawski-Chamma-Voillet's 

and Microscopic solvent polarity parameters 

Dielectrie Refractive 

F F3 

Solvent 
constant Index 

(D) 
1.36 

0.2886 0.8117 0.6516 

Ethanol 24.3 50 
1.385 0.2746 0.78 12 0.6524 

1.399 
1.410 

20.60 Propanol 
Butanol 

Pentanol 
DMSO 

0.2633 0.7494 0.6459 

17.4 
14.80 
47.24 

0.2524 0.7158 0.6364 

0.2634 0.8414 0.7445 

1.479 
I.421 

0.0217 0.0439 0.3083 

1,4-Dioaxene 2.30 

1.501 
0.0027 0.0058 0,3409 

Benzene 2.28 

of 2-MMC in the ground and excited states (in Debye) 
Dipole moments TABLE 3. Radius, 

statistical correlation 
values and dipole moments 

Statistical correlation 

Coumarin Radius a (A) 

laser dye 

Slope 
(cm 

n 

(D) (D) (D) (D) (D) 
( 

m-279.38 0.95 6 

m=70.796 0.9O 3.6 4.24 4.86 4.24 4.79 0.64 

m-872.3 

m=758 

3.86 
0.90 

2-MMC 0.68 

(I Debye 
=3.34 X 10 cm= 

10"esu cm.) 

r-Corelation coefticient. 

n- 
Number of data poin ts. 

Ground 
state dipole 

moment 

calculated using equation (10) 

Excited state dipole 
moment 

calculated using equation (11) 

Excited 
state dipole 

moment 

calculated 
from Lippert's equation (7) 

Excited 
state dipole moment 

calculated 
from 

Bakshiev's 

equation (8) 

Excited 
state dipole 

moment 

calculated 
from 

Kawski-Chamma-Viallet's 

equation (9) 

Change in dipole 
moment 

calculated using 
equations (10) and (1 1),) 

CONCLUSION 

We 
studied 

the effect of 
solvents on 

photophysical 

parameters 

for newly 
synthesized 

coumarinlaser dye by 

experimentally 

using 
different 

polarity 

functions. 

We 
observed 

that a dye undergo 
positive 

solvatochromism

with 

increase in 
solvent 

polarity, 
indicates 

that the 
involvement of 7>T 

transition. 

The dipole 
moment of this dye is 

more 
in the first 

excited singlet 
state 

than in the ground 
state. 

This 
indicates 

the 
existence of a 

more 
relaxed 

excited 

140028-4 
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Abstract: 

Absorption 
spectra of newly 4-(3-1methoxyphenoxy )methyl)-7-hydroxy-2H-chromen-2-one [3-MPHC] have been recorded at room temperature (300 K) in 

solvents of different polarities. The effects of solvents on the spectral properties are discussed. Using Lippert' s, Bakshiev's and 

Kawski-Chamma-Viallet's equations the ground (H) and excited state (He) dipole moments were estimated. Variation of 

Stokes shift with the solvent dielectric constant along with refractive index was made use of to estimate dipole moments. 

Density Functional Theory (DFT) was studied using Gaussian software 16. It was observed that excited state dipole moment 

was higher than the ground state dipole moment. Further we have analyzed microscopic solvent polarity parameter.

synthesized molecule coumarin 
namely 

Keywords: Coumarin, Dipole moment, Gaussian Software, Stokes shift, Microscopic solvent polarity parameter to carry out the present work to estimate and compare the ug and e of 3-MPHC. 

I. INTRODUCTIOON 

Estimation of the ground and excited state dipole moments of newly sy nthesized coumarin molecule is important, because the values of dipole moments provide information about the change in electronic redistribution upon excitation. Coumarin is the most important naturally occurring oxygen containing heterocyclic compound. From few decades coumarin and its derivatives are well recognized for their biological traits such as anticoagulant, antibacterial, anti-microbial, analgesic anti- Pyretic, anti-neoplasm, anti-metastatic and fungicidal activity 1-3]. Coumarin compounds are also used as food 
preservatives, additives and cologne in cosmetics. Therefore, determination of the coumarin content in different pharmaceutical and commercial products has become an 
interesting field of research. Coumarin molecules are very 
good media for efficient optical brighteners, laser molecules
and broad-band dye lasers in blue-green domain of radiation. 
These compounds are used as rodenticides, fluorescent
indicators. Using di fferent methods many researchers worked 
on the ground and excited state dipole moments by 
experimentally and theoretically for coumarins, fluorescent 

molecules, organic dyes and laser dyes [4-9]. We observed 
there is a blue shift in Iron doped ZnO nanoparticles at 

different molarities by Wet Chemical Method [20]. However, 
there are no reports available in the literature on the 

estimation of ground and excited state dipole moment values 

of the coumarin molecule 4-((3-methoxyphenoxy)methyl)-
7-hydroxy-2H-chromen-2-one [3-MPHC]. This prompted us 

I1. MATERIALS AND METHODS 

The coumarin derivative 3-MPHC was synthesized as per the procedure mentioned in the reference [10]. The molecularstructure of 3-MPHC is as shown in Fig.1. Sample solutionswere prepared by adding required amount of solute intob different solvents. The solvents used were, Ethyl acetate (EA), Acetone, Dimethyl sulfoxide (DMSO), Acetonitrile (AN), 1-Butanol,
Tetrahydrofuran (THF) and Dichloromethane (DCM) all were of spectroscopic grade. The solvents were used without 
any further purification. The required solutions were prepared at a fixed solute concentration (10 u M/L). The 
concentration of solute was kept sufficiently low in order to 
minimize the effect of self absorption. Absorption spectra 
were recorded on a PG Inst. Ltd., model T-90+, UV-Vis. 
absorption spectrophotometer and fluorescence spectra on a 
Fluorolog-3 spectrofluorometer (Horiba-Jobin-Yvon). Linear 
fil was done by using Origin pro 8 software. 

Ethanol, Methanol, Toluene, 
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OCH3 2(4- 4 
m2 (8) 

hca 

2(4M g) 
ma (9) 

hca 
O Where and u, are the ground and excited state dipole 

moments of the coumarin molecule. respectively. The 
symbols h' and 'c' are Planck constant and velocity of light 
in vacuum. respectively and 'a' is the Onsager's cavity radius 
of the coumarin molecule. The value of 'a is evaluated using 

atomic increment method by Edward [1 5. In general case, 
the dipole moments and e are not parallel but they form 

certain angle [16]. By assuming the ground state and excited 

state dipole moments are parallel, the following equations are 
ohfained on the basis of equations (8) and (9. 

O HO 
Fig. 1. Molecular structure of 3-MPHC 

ENPERIMENTAL ESTIMATION OF 
GROUND AND EXCITED STATE DIPOLE 

m2 hca For (m> m) 
2m, 

MOMENTS (10) 
The independent equations used for the estimation of ground 

the dipole 
3-MPHC molecule are as follous. 
state and excited state moments of 

(11) 2m 2m2 J 2 Lippert'sequation [11] 
-U, =m F(s, n) +Constant 

Bakshiev's equation [12] 

(1) Difference in Dipole Moment Using Molecular 

Microscopic Solvent Polarity Parameter 

Understanding the polarization dependence or hydrogen 

bonding effect on spectral characteristics, it may be 

worthwhile to use molecular microscopic solvent polarity 

E function proposed by Reichardt [17]. The theoretical 

basis for the correlation of the Stokes shift with E was 

U,-v =m, R(s, 7) +Constant 

Kawski-Chamma-Viallet's equation [13. 14]] 

(2) 

(3) 
= m, Fi(s. n)*Constant 

proposed by Reichardt and developed by Ravi et al. [18). 
Accordingly equation (13) is obtained and E is given as 

where u, and v, are absorption and fluorescence maxima 

wavelength in cm". respectively. The other symbols 's' and 

n are dielectric constant and refractive index respectively. follows: 

EN T(Sovent)-30.7 
32.4 

(12) 
The expressions for F, (6, n) [Lippert's polarity 

function]. F; (c. n) [Bakshiev's polarity function] and F (e, 

n) [Kawski-Chamma-Viallet"'s polarity function] are given and Er (solvent)= 28,591max Corresponds to the peak 
wavelength in the red region of the intramolecular charge 

transfer absorption of the pyridinium-N-phenolatebetaine 

dye. Using this method, change in dipole moment is 

calculated from the plots of Stokes shitt v ersus E 

Aucording to the following equation: 

as 

(4) 
F(6,)=2+127+i

(2 1 
(n +2) 

(5) F(E.n) = 

+30-1) 
2(n 2( +2)+2 n+2] 2( +2 

From equations (4), (5), (7) and (8) it follows that (w -U, 

2n+1 (6) 
-=11307.6 ALa |EN +Constant (13) 

Where 4 A 
= (4-H) and 'a' are the change in dipole moment 

and Onsager cavity radius of the coumarin molecule ot 

interest respectively. ln the eNpression, the Onsager radii of 

the both Betaine dye (a) and coumarin derivative (a) enter

asa ratio, as the values of' ap and Jap are known (o.2 A and 

9D, respeetively [17). 

ersus F (¬. n) andF2(¬. n), also from equations (6) and (9) 

it follows that (u, +U,)/2 versus F (6, n) should give 

linear graphs with slopes m), m; and n; respectively and are 

given below. 

244x 
m 

hca 
(7) 

= 
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Table 1. Absorption maxIma. fluorescent maxima wave 
IV. RESULTS AND DISCUSSIOV 

numbers in cm. Stokes shift and arithmetic Stokes shift 

data Effect of Solvents on Absorption and Fluorescence 

Emission Spectra 
Absorption spectra and emission spectra of 3-MPHC 

molecule in different solvents are shovwn in Fig. 2 and Fig. 3 

respectively. lt is observed that the absorption wavelength 

found nearly in the range 275-350 nm and emission 

avelength is nearl in the range 375-125 nm. Absorption 

(t,-, Solvents 

33085.19 28977.11 31031.15 4108.099 
Toluene 

S346.64 29973.35 
EA 

32646.67 27300.03 

32974.46 28538.81 4435.65 30756.64 
manima. emission mavima. Stokes shitt and arithmetic mean THF 

31050.73 10488.55 36295.0125806.45 

32431.73 26532.24 
Stokes shiti wave numbers in cm t -\MPHC are gis en in 

table 1. The band shift occurred in the emission spectra and 

there is increase in the Stokes shift values with increasing 

solvent polarity which indicates that there is an increase in 

the dipole moment on excitation. Polarity functions values 

like Lippert's [F, (E. n)]. Bakshie 's [F: (¬. n)]. Kawski- 

Chamma-\ iallet's [F: (E. n)] and E parameters are 

Acetonitrile 

5899.49 29431.98 
DCM 

30601.63 26164.31 4437.32 28382.97 
Butanol 

4954 45 27933 17 
Acetone 

30412.70 25458.25 

30228.02 
Ethanol 

32755.20 27700.83 5054.37 

32864.47 28113.58 4750.89 30489.02 
Methanol 

26910.66 5628.19 2972475 
DMSO 32538.84 

tahulated in table2 

Acetone 

Table 2. Polarity functions and microscopic solvent polarity 

parameter for respective solvents 

Butanol 

A 
DMSO 

Ethanol 

0.8 Methanol 

THF F(E,n) Fz(E, n) Fse. n) E 
Solvents 

0.6 0.0132 0.0291 0.3499 0.099 
| Toluene 

0.1996 0.4891 0.4979 0.228 
EA 

0.2096 0.5491 0.5511 0.207 
T!F 

0.1583 0.4784 0.6313 0.461 
Acetonitrile 

0.2184 0.5955 0.5857 0.321 
DCM 

0.0 0.2633 0.7494 0.6459 0.586 
Butanol 

225 250 275 300 325 350 375 400 425 450 

Wavelength . (nm) 
0.2848 0.7925 0.6404 0.355 

Acetone 

0.2887 0.8129 0.6525 0.654 
Ethanol 

0.8546 0.6510 
Fig. 2. Absorption spectra of 3-MPHC 

Butanol 

Methanol 0.3086 

0.2630 0.8400 0.7420 
DMSO THF 

1.0 Methanol 

Ethanol 

Ethyl acetate | 
DMSO 

Estimation of ground and excited state dipole 

0.8 moments 
DCM 
Acetonitrie The graphs obtained for Lippert's polarity tunction 

versus Stokes shift (Fig. 4), Bakshiev's polarity runction 

versus Stokes shifts (Fig. 5) and Kawski-Chamma-Viallet's 

polarity functions versus arithmetic mean Stokes shitts (Fig 
6) are found to be linear. From these graphs we obianed 

slopes to estimate the ground and excited state dipoie 

moments using the relevant formulae. We also ànaly zed he 

change in dipole nmoment using microscopic solvent polarnty 

parameter (E" ). The v ariation of Stokes shilt with 

Acetone 
0.6 

0.4 

0.2 

350 375 400 425 550 450 475 500 625 

microscopic solvent polarity parameter is shoWn in Fig 

Onsager cavity radius, statistical correlation v alues, dipule 

oments in ground and encited states and change in dipwle 

moments of 3-MPHC are given in table 3. 

Wavelength . (nm) 

Fig. 3. Fluorescence emission spectra of3-NIPIHC 
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6000 

Table 3. Radius. statistical correlatinn v alues and dipole 

moments of 3-MPHC in the ground and excited states (in 

Debye) 
6500 

5000 Statistical corretatio Dipote mnmente 

,uu,D 

()(D)(D) (D) (D) 
4500 Slope D 

(cm 

4000 
O.05 D.10 15 D.20 o75 .3 3 =6981 90 86 

3392 51091 7 

m-8634 097 10 
=3388 0 94 

Fe 

Fig. 4. Variation of Stokes shift with Lippert's polarity 
344 79o983 n 10621 45 2 

function for 3-MPHC 

6000 
(i Debye = 3.34 X 10 cm = 10 esu cm 

r- Correlation coefficient. 

n- Number of data points 

a) Ground state dipole moment calculated using equation 5500 

(10) 
5000 b) Excited state dipole moment calculated using equation 

(11) 

4500 c) Excited state dipole moment calculated from Lippert's 

equation (7) 
0.7 08 

F,(t, n) 

Fig. 5. Variation of Stokes shift with Bakshiev's polarity 
funetion for 3-MPHC 

d) Excited state dipole moment calculated from Bakshiev's 

cquation (8) 

e) Excited state dipole moment calculated from Kawski- 

Chamma-Viallet's cquation (9) 
36000 

) Change in dipole moment calculated using equations (10) 

and (11). 
30000 

25000 

20000 g) Change in dipole moment calculated using Ey cquation 

15000 i2) 
10000 

Theoretical studies using Gaussian 16 software 

From the theoretical calculations using Gaussian-16 program 

for the ground state optimized geometries. the estimated 

ground state dipole moment and Time dependent DFT 

studies, excited state dipole moments of the 3-MPHC 

molecule is tabulated in table 4. The optimized moleeular 

geometry of the corresponding 
molecule is shown in Fig. 3 

the arrow mark indicates the direction of dipole moment. The 

HOMO, LUMO and total density matriN of the molecule 3- 

MPHC are as shown in Fig. 9, Fig. 10 and Fig. 1i 

respectively. From these figures, it is apparent that the 

HOMO of 3-MPHC molecule mainly localized on the 

electron donating aliphatie chain, whereas the LL\O level 

shifted to peripheral electron aceepting moiety 
results lo a 

obvious spatial separation ot trontier orbital's. The polarity 

of a molecule depends on its electron 
distribution 

over the 

molecule. The absorption of a suitable 
electromagnetic 

radialion will cause 
transition ot an electron trom HOMO 

LUMO Oorbital. Consequently, the mov ement of àa 
eleciron 

Irom the low energy 
orbial to the higher cierg 

oroilal 

5000 

0.4 0.5 0.6 0.7 9.0 

n) 

Fig. 6. Variation of arithmetic mean Stokes shift with 

Kawski-Chamma-Viallet's polarity funetion for 3-MPHC 

6000 

5750 

5500 

5250 

5000 

4750 

4500 

4260 D.6 
0.7 

.3 04 0.6 

Fig. 7. Variation of Stokes shift with E for 3-MPHC 

4 



d Appicd 

CONCLUSIONN 

results in a change of dipole moment with respect to the 

ground state dipole moment [19. We studied the effect of solvents on photophy sical 

parameters for 3-1PHC molecule by evperimentally and 

theoretically. We observ ed that 3-MPHC molecule undergo 

positive 
soivatochromism with increase inm solvent polarity. 

indicates that the involvement of t* T transition. The 

dipole mement of 3-MPHC molecule is more in the first 

excited singlet state than in the ground state. This indicates 

the existence of a more relaxed excited state. due to 

transfer. We compared the 
charge 

experimental values of dipole moments with theoretical 

values: it is found that the ground state dipole moment is 

same in both the case. Experimentally the solvent effect is 

more on 3-MPHC molecule rather than the theoretical value 

From microscopic solvent polarity function we estimated the 

difference in dipole moment and are compared. This is the 

first 

intramolecular 

Fig. 8. Optimized geometry with Dipole moment vector 

study of photophy sical 
extensive 

characteristics ot biologically active 3-MPHC molecule 

which helps to understand the usage of this molecule in 

various fluorescence applications as well as in the field of 

report on 

medicine. 
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ABSTRACT 

A set DEV is said to be a efticient complementary nil domination set of a graph G if it is 

efficient dommating set and its compliment V-D is not a efficient dominating set of G. The minimum 

cardinality of à ecnd-set is called the efficient complementary nil domination number of G and is denoted 

by Yecnd G). In this paper some results on the efficient complementary nil domination number are 

obtained. 

INTRODUCTION: 
The graphs considered here are simple,finite,nontrivial,undirected and without 

isolated vestices.A set D of vertices in a graph G is a dominat1ng setif.cvery...vcrtex.not. 

in D is adjacent to atleast one vertex in D.The domination number y(G) of G is the 

order of a smallest dominating set in G. This concept was defined by Ore[6] and 

Berge[]. A set D of vertices in G is an efficient dominating set if every vertex u in V- 

D is adjacent to exactly one vertex in D. The efficient domination number ye (G) of G is 

the minimum number of vertices in an efticient dominat1ng set of G. This concept was 

defined by E.J.Cockayne, B.L.Hartnell, S.T.Hedetniemi and R.Laskar[3]. A set SEV is 

said to be a complementary nil dominating set of a graph G tf it is a dominating set and 

its complement V-S is not a dominating set for G. The minimum cardinality of a cnd- 

set is called the complementary nil domination number of G and is denoted by 

Ycnd (G). This concept was defined by Y.Tamizh Chelvam and S.Robinson 

Chellathurai[7]. The uniform domination number Y(G) of a graph G is the least 

positive integer k such that any set with k vertices is a dominating set of G. Let 

SCV,then a vertex vES is said to be enclave of S if N[vjES. Any undefined terms in 

this paper may be found in Harary[5]. 

Definition 
A set DEV is said to be a ecnd-set of a graph G if it is a etticient dominating set 

and its compBement V-D is not a efficient dominating set. The minimum cardinality of 

a ecnd-set is called the efficient conplementary.nil 
domination number of G and is 

denoted by Yecnd (G). 
In [4], Cockayne and Hedetniémi gave necessary and sullicient conditions for a 

minimal dominating set. 

Theorem A[4| :A dominating set S of a graph G Is minimal if and only it for cach 

vertex uED one of the following 
conditions is satisfied. 
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11) 

Theorem 1. A Yecnd (G)-set D of G is minimal if and only if for each vertex uED one of the following conditions is satisfied. 
u has a private neighbour V-(D-{u}) is a dominating set of G. 

Proof: Let us suppose that D is minimal Then on the contrary if there exists a vertex uED such that u does not satisfy any of the given conditions then by Theorem A, D =D- u is a dominating set of G and by (ii) <V-D> is not a dominating set which implies that D is a efficient complimentary nil domination set of G, a contradiction. Hence each vertex uED satisfies at least one of the given conditions. Converse is obvious. 
Since the proof is simple we omit the proof of following Theorems 

Theorem 2: For any graph G, 
Y(G) S Yecnd (G) 

Theorem 3: Forany graph G 
Y(G)= minYns{G), Yecnd (G)} ************************************-************* ** ** ****~**~** 

Now we list exact values of Yecnd (G) for some standard graphs. 
Propostion I: 

For any complete bipartite graph 
Yecnd (K,n) = 2 with m22 and n23 

(1) For any cycle Cp, with p> 4 

Yecna (Cp)= if p=0,1 (mod 3) 
+1if p=2 (mod 3) 

For any wheel Wp 
Yecnd (Wp) =1 
For any path Pp with P23 vertices 

(111) 

(iv) 
Yecna (Pp) = 

Propostion 2:Let S be yecnd set of G. Let u and v be two enclaves of S. 
Then, 

N[u] i N[v] # 0, where u and v are adjacent 

Proof: Let N[u]nN[v] # ), where u and v are two cnclaves of S. Then u is an enclave of S-N(v). Clearly S-N(v) is a ccnd-set of G and (S-N(v)}<|SFYeend (Ci), which is a contradiction. 
Thus , N[u]ON[v] # 0 
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Let us suppose that u and v are non-adjacent, then u£ N(v) and so S-{v} contains an enclave u of S-{v}. Hence S-{v} is ccnd-set, which is a contrad1iction to minimality of S. 

Since the complement of an independent set is a dominating set we get the following. 

Proposition 3: A ecnd-set of a graph Gis not an independent efficient dominating set. 

Theorem 4: If K(G)> B%(G) Then 
'ecnd(G)= Y(G) 

where x(G) is connectivity of G and Po(G) is independence number ofG. 
Proof:Let D be a y-set of G, since x(G) > Bo(G) 2 Y(G), it implies that <V-D> is not a efficient dominating set of G. This proves that D is a Yecnd-Set of G. 

Theorem 5: For any tree T 

(a) Yecnd (T) 2p-m 
where m is number of vertices adjacent to endvertices 

Proof:Let T has atleast three vertices and D is a Yecnd -Sel of T, then each vertex of V- 
D is a cutvertex of T. Let..S.be.set.of.all.cutvertices.wBuch.are.adjacent.10.endvertices with |S=m. Let uEV-D, if uES, then D=V-S and (a) holds. If uES then there exists a 
cutvertex vE D adjacent to u. 

Further all vertices which are connected to v not through u also belonging to D. 
This implies that V-D has atmost m vertices and (a) holds. 

Theorem 6:Let D be Yecnd set of a connected graph G 

Yecnd tE(1)2 p... (6) 
where e(T) is maximum number of endvertices in any spanning tree T of G. 

Proof:Let D be Yecnd -set of G, since for any two vertices ui,v EV-D, there exists two 
vertices u1,vj¬ D such that u IS adjacent to u but not v and vj is adjacent to v but not uj, 
this implies that there exists a spanning tree T of <V-D> in which each vertex of V-D is 
adjacent to a vertex of D. This proves that 

s(T)2 V-D 
Thus (b) holds. 

Theorem 7: For any graph G if y(G) = then Yecnd (G) = +1 

Proof: Let us suppose that y(G) = Then let S be a y-set of G. This implies V-S is a 

dominating set with |V-S|= Let uEV-S be any vertex such that (V-S)- {x} is not a 

dominating set. This implies that Sufuf is a dominating set and Sufu; is a eend-sel. 
Thereforel Su{u}| 2 Yecnd (G). Thus y(G) + 1Yocmt (Ci). Hence the proof. 

2 
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Theorem 8: For any graph G 

Yecnd (G) S y(G) +6 

Proot: Let S be a y-set of G. Let uEV such that d(u) = 6. Then atlcast one vertex UjE 

Nuj such that ujES,. Now SU(Nul- {ur}) is a ecnd-set of G which implies that 

Yecnd (G) S IS,U(N[uJ-{ui}) 

s S HN[uj-{ui}l 
Y+o 

Therefore, 
Yecnd (G) y+6 

Now we establish a Nordhus-Gaddum[2] type results 

Theorem 9: Let G be connected complement of a graph G 

Then, Yecnd (G)+ Yecnd ()s +1+6(G) -A(C) 

Proof: From theorem (8) 
Yecnd (G) y(G) +5(G) 
Yecnd (G) y(G) + O(G) 

y(G) +p-1-4(G) 
Yecnd (G)+ Yecnd (G) S y(G) + y(G) +p-1+ S(G) - A(G) 

since (G) + r{6) s 5+ 21 
Yecnd (Gt Yecnd (G) +2 +p-1+ (G) - A(G) 

--********************************* 

1+6(G) - A(G) 
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ELUCIDATION OF A WORK OF ART 

Dr. S. G. Dollegoudar Patil 

Principal 
Sharanabasaveshwar College of Commerce, Gulbarga 

& 

Prof. Shakuntala B. 
Dept. of English 

Smt.V.G Degree College for Women, Gulbarga 

In this joint paper an effort is made to analyze some of the 

critical cannons used by G S Shivarudrappa in his critical work of 
Kannada entitled - Vimarsheya Poorva Paschima. Criticism is indeed 

an outcome of the study of literature, which is packed with rich 
experiences of life. The different principles of criticism are revealed to 
the critic by seeking answers to various questions that he confronts in 
the study of literature. The principles of criticism are also the results 

and the outcome of the aesthetic pleasures that he gets by reading the 

literary texts, and also the analysis or examination he makes about their 
chief characteristics and defects. Therefore, the principles of eriticism 

are the results of the study of literary works made with special interests. 
But, these principles are not brought or borrowed from outside to 
measure the outcome of literary merits of the works. As the experiences 
of the reader grew over a period of time with the study of literary 
works, the methods of observations and interpretation also expanded, 
and also obviously changed leading to change in the principles of 
criticism. The influences and the consequences of the fundamental 
understanding of the poetry and the poets of action as per the different 
ages or times, led to the limiting of the power of criticism. When you 
look at the history of western criticism, it was not confirmed till the j 
seventeenth century that the power of "imagination' - a relative power, 
which was not endowed with the poet. Since the time of Aristotle till 
the seventeenth century it was considered that the poet was merely an 

Imitator. The strong reason for this kind of perception was, it wasa 
firmly believed that the poet was only capable of imitating and was not
able to create. Eventually this was also the chief reason. Then it was 

believed in philosophy that the human mind was not capable of creating 
anything. Further, it was a theory that was prevalent among them very 
strongly considering that the mind could perceive anything. By the turn 
of the eighteenth century all these emotions reached a stage of upside 
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a 
period of time it reached a 

evolving 
into an imaginative 

1er. the poetry is not nmerely an imitation in language, over stage: from there it was considered to be and creative principle. Indeed it evolved. 

down. Hou 

Dy crilics in innocencc, without knowing any principies or it, nauid7 
ad several times, is likely to be blameless, honest and accurate. Along 
wilh this, the earlier Inductive Criticism and Judicial Criticism in vogue Then 

onwards the outlook and direction of criticism changed forever. ats conducted in the laboratories of psychology in the century and their influences, the biographical details of a 

coud be named as two procedures. The meaning of Inducti've Criticism 
IS to tind out some general and common principles with the help of 

certain instances and experiments. It means to say that the critics of this 

Oup do not accept that there are some pre-existing rules for the

nterpretation of the work of art before. As a scientist observes the 
nature, simnilarly, a critic also observes a work of art and tries to 
understand the rules and procedures that are born out of an artist's 

talent. The work is naturally a creation of his talent from such laws. But 
a Judicial critic goes ahead with certain fixed principlea for the 

examinations of a work of art. He considers that a work of art must also 

be adhering to certain external principles, just like a human being, who 
1S governed, being confined in the world by rules of government. 
SOciety and religion. The attention of this critic is on imagination. and it 
is his support also. 3. We can identify this group of critics with the 

Second group, as identified by Johnson. It is a kind of procedure 
wherein the poets and critics are classified as per the rules/norms and 

regulations available to them, or else, as per certain theories which they 
do not like. 4. The third group of critics named by Johnson are worthy 
of our honor and adulation. 

The exper 

et's life, the poet's titude and his observations have altogether 
thinking. Till this principle was accepted, even in the Indian poetics the 

Even in Indian poetics, till the importance 
s 

of 
also 

aesthetics 
accordeducs 

in poetry was 

the 

twentieth 

anded the field of critici beyond the cantors of the earlier 
ine oiven to aestheticS in dance was also accorded to poetry. 

impo 

accepted, the same was accepted earlier in dance form as wel. From ednction of figure of speech till the stage of attaining the absolute dergoing deep spiritual experience, it suggests that the type of ifeline that was in vogue in poetry by the majority of the composers of fontres of speech. This gives us an idea about the development of criticism of poetry in those days. As the different theories of poetry were propounded and got expanded, the principles of criticism about Doetry also grew over the years. Consequently, they were reformulated and were modified. As the materials and substances of the power of thinking increased, unsurprisingly the noticeable modifications took place even in the way of thinking too. 

When we observe the history of criticism in this way, consequently, it amply demonstrates that the criticism cannot boast of 
having its own firm procedures. But a critic has to evolve some 
procedures and principles that befit his scheme of thinking. For our 
own understanding, let us see what Dr. Johnson has to say in this 
context, he recognized three types of critics and says: 'some critics are 
those who do not know any principles of criticism, but they can give value judgment on the work of art with the help of their natural taste for 
literature and by its study, and they can be called as the first group. 
There is a second group of critics, they know the principles of criticism, 
and they can determine the value of the work of art with the help of the 
principles of criticism. There is yet another group, the third one, this 
group of critics knows the principles of criticism, but, yet they can go 

0eyond these principles, they are on top of them, they are exceedingly 
great. Among the three classes of these critics, the poet has to make this 
EOup to agree. If this group is not taken into consideration, the poet has 

make the third group to agree, but they never take into consideration 
the third group. 2 

If we read today the western critical literature, we are really 
marveled at and surprised to see there is a phenomenal growth being 
made in their variety and expansions in the field. We can witnes there 
Something that rarely happens in our country, in westerm criücal 
literature a book is being written on another book, when a work of art is 
subjected to the critical canons. Such is their variety and diversity that 
the procedures they adopt in critical sphere range from a pure 
individualist way to a most scientific way. Such kind of critical 
approaches have not yet come to light in our critical sphere. Before we 
form our critical procedures and find out our critical approaches to 
literature, it is important to heed certain amount of attention to already 
well and abundantly developed approaches to literary criticism. It is 
also essential to know them for our own good. 

If an able lover of books reads a work of art and completes it. 
naturally he would love to reflect upon it, and he certainly reflects upon 
it, he might have his own point to share. He would love to share his 
experiences of the study along with the kind of influences it has made 
on him with others. We can easily declare that he is on his way to 

subject the work under critical canons. In this process, the first step 
would be to ask, what has the work done to hinm, and how far it has 

his statement of Johnson describes three types of critics in a 

SEappealing way. The criticism and value judgment of a work made m 

31 30 



of composers of figures of speech, figures of 

dd his mind? By the interpretation and examination o 

Teel 'something'. That feeling or a kind of emotion defects, system, sublime spirit, noble diction etc. as a 

influenced him and 
the work, he would feel 'something'. That ieei 

Occasionally the composers of rh instance from a famous poem; sometimes when the 
hyme sche 

en he* 
one stetern 

him. Sometimes. it is likely that the work would nave d 
at the work would have a long sting otne reader. Without explaining in detail about the 

ners, if its effect is expressed in a nut shell or 

nim. Sometime. 
lergoes is the result of total effect and influence of that book on 

. 

the quintessence of the entire poetry just in 

influence on the 

characters of poetry are found in the poet 
Onest 

s s Messa 

influence of the book to others, if its effect is expresseu 
in 

proach 
form of principles, in that case, we have to accept that it is a form or leam that the special characteristics of a poet appearin 

composers of "figures of speech, 
When they give instances, their attar. 

ind of a system, wherein we are made to 

ppearing in his work 

approach to criticism. It is a kind of a system, whereim w become lifeline of the poet and that has been greatiy stress romance, more specificall wards dry Toman 

and that has been reatly stressed. 
common taste. Instead of this had they picked up instkance 

ic poetry, we could have had a most beautitiul deveopme 
in 

of Shakuntala' especially its fourth act and the fourth Shloka are very 

ong poetry, drama is the most fascinating form. The drama 

a 

criticism. Instead of this, we do not have system wheet 
art & ne 

scope of development of keeping the work of 
System 

nagical and enticing. Here, we come across the poets and critics Irom 
time to time, who had their own feelings poets. Then, could it be called an emotional criticism? It amounts to say 

that different poets held different opinions about a work of art of one 
poet, rather, these are different exclamations. Among these, some nave 
een evolved traditionally through writing, like Upma Kalidasa Se . in 
tnese statements, we find most of them are mere opinions but not the 
criucal statements. Basically, criticism begins with a personal opinion 
and a feeling. When this feeling gets a form of an appropriate decisi0n, 
the 'criticism' gets its worthy meaning. But even such statements and 
Teelings owing to long term consequences, could become unique 
principles of criticism, and there is no doubt about it, provided, if it 

comes out with its proper critical knowledge. It is better on the part of 

those who undertake the work of criticism seriously on a work of art to 

look at the statements of such emotional criticism. 

and making their value judgments. "Sri Maasti guesses the reasons for this as his observation reveals 
scope in our society to publish bad works of at earlier. A 
demonstrate and establish his poetic power before a 

towards the earlier works of 

before an enlightened assembly. It would also con athers: further the Scope was given to poets to nteca 

also consit of 

t bstance and 
before audience. Hence, poetry without substance ami would not survive in such presentations. Therefore, sthe was no necessity todeclare which was a good work and whit 
a good work etc.... A book that was not good ne Therefore there was no necessity of criticism as a substuir 
would be easily rejected mercilessly by the community, and m 
it was very difficult to publish a work in those days. Ther good books got published and were able to reach te disseminate the essence of books. Owing to these reasons, ve a 
get works on literary criticism. But they had only boos t In these statements there are two i 

Traditionally, the art of making a work easy for readers is 
amply done in Samskrit literature. The most difficult components of 
poetry are explained and made easy for the readers. We can also 
recognize critical cannons being used while writing professional 
commentary and making interpretations even on poetry and scriptures 
as well. The intelligence and skills of such commentary writings can be 

found in them. Along with this, if we observe the Indian figures of 

speech, the examples cited and the commentary made by our writers of 

figures of speech give us an insight into the full-fledged development 
of a system in our 'figures of speech'. In a way, it is clearly and 

distinctly seen here and rather directly too. Thus, there is a commentary 
being written in the form of languages. In Indian literary criticism on 

the work of a poet on one side, and on another side there is a system 

being developed -there is a systematic development in Indian poetics 

needed for poets'.5 
1Ssues to be noticed. Primarily it was a difficult task to wrie leaf, by having control over the sound/breath. Due to this limitation being imposed in the creating of the work. DE 
was a filtration after filtration of the poetry by Demg before the scholars and getting their approvals. Anu u take them to the people but before such enlignei poetry could survive but only poetry with sudsu Referring to public the statement, 'this is a g ment, "this is a good work and ts 

ehatitg 

was not be mentioned' rather it became a ma true that the poetry composed then was to go before 
h Cour 

na 

that was Scrutinized by the community of shn 
e do not have enough courage 

scholars for its approval, but we o that the poetry 32 
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influence of the book to others. if its effect is expressed in a nut shell or 

in form of principles. in that Case, we have to accept that it is a form or 

approach to criticism. It is a kind of a system. wherein we are made to 

learn that the special characteristics of a poet appearing in his work 

become lifeline of the poet and that has been greatly stresseed 

Occasionally the composer: t rtyrme cheme gck ip 

instance from a famous poem: sommeti7mes when they wt o determine 

the quintessence of the entire poetry just in one stateTent Y the chie 

characters of poetry are fround n the pretmessage. he 

composers of 'figures of speech 

When they give nstances. their aftention is alwrys towards 

romance. more specifically towards dry mmance. ind poetry 

common taste. Instead of th1s had they picked up instances from aor 

poetry, we could have had à most beut1ful development of desi 

criticism. Instead of this, we do not have system where here s o 

sCope ot development of keeping the work of art poet eoarteiv

and making their value judgments. 

guesses the reasons for this as his observatton reveals here was 

SCope in our society to publish bad works of art earlier. A poet nad o 

demonstrate and establish his poetic power before committee that oo 

betore an enlightened assembiy. It would also cons1st of poetry o 

others: lurther the scope was given to poets to present their works 

before audience. Hence, poetry 
without substance and a ad oetry 

would not survive in such presentations. 
Theretore. subsequentiy there 

Was no necessity todeclare which was a good work and which was 20t 

a good Work etc.... A book that was not good never survived 

Therefore there was no necessity of criticism as a substandard Dock 

would be easily rejected mercilessly by the community, and more >er 

it was very difficult to publish a work in those days. Ihererore en 

good books got published and were abie to reach the peopie 

dsseminate the essence of books. Owing to these reasons. we could no 

get works on literary criticism. But they had oniy books that 

needed for poets 

issues to be noticed. Primarily it was a difticult task to write on a palm 

leaf, by having control over the sound/breath. Due to this there was 

limitation being imposed in the creating of the work. Secondly. there 

was a filtration atter filtration of the poetry by being recited 

before the scholars and getting their approvals. And then they would 

take them to the people but "before such enlightened gatheing no 

poetry could survive but only poetry with substance could surnive

Referring to public the statement, this is a gOOd work and this is nOt. 

was not be mentioned' rather it became a matter for debatüng. t w 

true that the poetry composed then was to go before the communt! 

scholars for its approval, but we do not have enough courage to dec.ar 

that the poetry that was serutinized by the community of scholars 

Among poetry. drama is the most fascinating form. The drama 

of Shakuntala' especially its fourth act and the fourth Shloka are very 

magical and enticing. Here. we come across the poets and critics from 

ume to time. who had their own feelings towards the earlier woriks of 
poets. Then. could it be calied an emotional criticism? It amounts to say 
that different poets held different opinions about a work of art of one 

poet: rather. these are different exclamations. Among these. some have 
been evolved traditionally through writing. ike 'Upma Kalidasa Sc'. In 

these statements, we find most of them are mere opinions but not the

critical statements. Basically, eriticism begins with a personal opinion 

and a fecling. When this feeling gets a form of an appropriate decison. 
the 'eriticism' gets its worthy meaning. But even such statements and 
feelings owing to long term consequences, could become unique 

principles of criticism, and there is no doubt about it. provided. if it 

comes out with its proper critical knowledge. lt is better on the part of 

those who undertake the work of criticism seriously on a work of art to 

Sri Maasti enikatesh iyengaar 

look at the statements of such emotional criticism. 

Traditionally. the art of making a work easy for readers is 

amply done in Samskrit literature. The most difficult components of 

poetry are explained and made easy for the readers. We can also 

recognize critical cannons being used while writing professional 

commentary and making interpretations even on poetry and scriptures 
as well. The intelligence and skills of such commentary writings can be 

found in them. Along with this, if we observe the Indian figures of 

speech, the examples cited and the commentary made by our writers of 

figures of speech give us an insighi into the full-fledged development 
of a system in our figures of speech'. In a way, it is clearly and 

distinctly seen here and rather directly too. Thus, there is a commentary 

being written in the form of languages. In Indian literary criticism on 

the work of a poet on one side, and on another side there is a system 

being developed -there is a systematic development in Indian poetics 

In these statements there are two importa 
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always good and the poetry that was not good did not pass through the 

committee's scrutiny and the remaining poetry that was not scrutinized 

cannot be declared to be good. If there were poets who could compose 

poetry independently without adhering to the established tradition 

could not pass through the scrutiny committee of the scholars in spite 

of those compositions being good works of art. Such was the situation 

and the circumstances that could have prevailed then. When we look at 

an old Kannada book of thousand years, it is very difficult to believe 

that the not so good poetry would not have survived'. More ever, "the 

public was not informed that this was a good book and this was not. 

This is a debatable issue. Instead of that people should have been well 

informed, of theem, which was a good book and which was not. ThisS 

could have augmented the reader's taste. Such a kind of atmosphere 

would have encouraged the reasoning capacity of the people and in turn 

it could have encouraged the springing up of good books in sOCiety. 

Such a state of affairs clearly indicates that owing to lack of well 

developed system of criticism for over a period of thousands of years 

the taste of poets and readers has been continuing merely in the 

framework of the traditions. However, we cannot deny the fact that 

now and then some new experimentation was implemented in the 

poetry of old Kannada. Such a move initiated by them really needs to 

be greatly appreciated and honored. We can recognize through the 

ages that there is a tradition of criticism being developed, wherein the 

good poets are appreciated and the bad poets are denounced. This has 

been a special 
characteristic of the poets in the past and thejr poetic 

tradition. We have also a detailed 
introduction in the poetics about the 

way of poetics, 
traditions from the point of view of the poet, the poetry 

and the readers in the early part of the poetry. It also 
introduced 

about 

all the poets that was to be known and to ascertain 
which was good 

poetry 
and which was not good poetry, and with which qualities a good 

poetry 
can be composed 

and who are the real listeners of the poetry. 

Although 
we can 

recognize 
the direct 

influence of Indian 
characters 

very clearly in such prefaces 
of poets, yet our poets thought 

ndependently 
and said something 

on the 
criticism of the poet and 

poetry. 
This is clearly 

seen 
here. From this 

understanding 
though we 

learn that their objectives 
were in favor of composition 

of good poetry, 

but it cannot 
be definitely 

said that their 
works 

were of high quality. 

There are 
also some 

fascinating 

explanations 

that throw light on the 

detects of a bad poetry 
and poet, 

and with what 
attitude the poet 

had to 

struggle 
then. This is how in a way 

there is a gradual 
development 

of 

satire. In all, in the preface 
of ancient poet's poetry 

we can 
recognize 

the vision of the poet 

Then what is the chief desire of the poct? How far can he perceive i? 

In what ways can he explain to the readers whatever he has perceived? 

These are some questions that an interpreter indulges in descriptive 

criticism. It is not pertinent to raise objections like the poet should have 

written like this or that, because the composition of the work of art is 

already over. This work has not come out the way if I was to write the 

same work of art, if one keeps it in front of him, and makes an 

interpretation saying so, it does not augur well and this objection is not 

acceptable. "Here the critical inputs flow keeping in mind primarily the 

poet as the focal point. Keeping in mind the contemporary 

environment 

the characters are 
sketched in the work. It tries to probe into the 

fundamentals of poet's 
emotions. 

Therefore a work of art is a total 

outcome of an artist's experiences 
which is more 

essential and it does 

not come just in part by part. Those critics who could offer a good 

interpretation 
would alone realize the internal truth of the work of it 

with their invisible eyes. 6 

KALABUR 

Such aesthetic interpretations
and descriptions with a sensitive 

vision and 
commentaries are much more interesting and also palatable. 
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