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Abstract 
 

In the present study the absorption and emission spectra of the synthesized 
compound 4-methyl-7-hydroxy-chromen-2-one was determined in organic 
solvents of different polarities. The effects of solvents on the compound were 
carried out by the determination of stoke’s shifts. The bathochromic shift 
indicates the occurrence of *π→π  electronic transitions in the compound. 
Extinction coefficients were found vary in the range of 1.67x104 to 2.22x104. 
Quantum yield was found to be 0.002 for less polar solvent cyclohexane and 
0.97 for highly polar solvent water. The ratio of excited to ground state dipole 
moment was calculated by using solvatochromic shift methods viz. Lippert’s, 
Bakhshiev’s and Kawski-Chamma-Viallet’s correlations. The estimated value 
was found to be 4.4 in this perspective. 
 
Keywords: Fluorescence, Solvatochromic effects, Dipole moment, Quantum 
yield. 

 
 
Introduction  
Coumarin is important naturally occurring oxygen containing heterocyclic compound. 
These are δ-lactone of coumaric (o-hydroxycinnamic) acid. Coumarin and its 
derivatives are well known for its biological properties such as anticoagulant, 
antibacterial, antimicrobial, analgesic, anti-pyretic [1] antitumor, antimetastatic and 
fungicidal activity [2-3]. Coumarin derivatives also exhibited antimalarial activities 
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and good cytotoxicity against Col2, KB, and LNCaP human cancer cell lines [4]. 
These compounds are used as rodenticides, fluorescent indicators [5-6], optical 
brighteners and laser dyes in the blue-green region [7].  
 To find out the ground and excited state dipole moments of organic compounds 
and dye molecules etc. is of great importance in determination of change in electronic 
distribution, geometrical structure, designing nonlinear materials and determination of 
the photochemical transformations. Several works has been carried out to find the 
ground and excited state dipole moments of different compounds theoretically and 
experimentally for last two decades [8-22]. The experimental method to find the 
single excited-state dipole moments by solvatochromism is based on the shift of 
absorption and fluorescence maxima in different solvents of varying polarity. Koutek 
obtained significant results by using solvatochromic method under suitable 
conditions.  
 The aim of present work is to determine the effect of different solvents of various 
polarities of the absorption and emission characteristics on the synthesized compound 
4-methyl-7-hydroxy-chromen-2-one. The extinction coefficients, quantum yield and 
the ratio of excited to the ground-state dipole moment of the compound were 
experimentally determined. The ratio was evaluated by using Lippert’s, Bakhshiev’s 
and Kawski-Chamma-Viallet’s solvatochromic correlations. 
 
 
Experimental  
The method of Pechmann and Duisberg was followed for the preparation of 7-
hydroxy 4- methyl chromen-2-one, according to scheme 1. The solvents used in the 
present study were cyclohexane, carbontetrachloride, benzene, ethyl ether, 
dichloromethane, chloroform ethanol, ethyl-acetate, 1,4-dioxane, methanol, 
acetonitrile, dimethylsulfoxide, and N,N dimethylformamide are of 
A.R./G.R./spectroscopic grade. Double distilled water was taken for the experimental 
purpose. The required solutions were prepared at fixed solute concentration (3x10-5) 
in all the solvents. The absorption spectra of the 4-methyl-7-hydroxy-chromen-2-one 
were recorded at room temperature with the help of Lambda-35 Perkin Elmer; UV-
VIS spectrometer. The fluorescence spectra were recorded by using 
spectrofluoremeter (Perkin-Elmer LS-55). The fluorescence quantum yield were 
determined using quinine sulfate as the standard (ФF= 0.54 at 20±2oC).  
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Scheme 1: General method of synthesis of 4-Methyl-7-hydroxy- chromen-2-one (1). 
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Table 1: Electronic absorption and fluorescence and quantum yield of 4-methyl-7- 
hydroxy- chromen-2-one in different solvents.  
 

solvent Absorpton 
Maxima 

Photophysical properties 

λ abs,nm 
(ε1 ×104) 

λ emm,
nm 

Stoke’s shift ∆,cm-1 Quantum Yield
 (φ F )  

Cyclohexane 327.2 (1.67) 359.0 2710 0.002 
Carbontetracholoride 344.3 (1.76) 374.9 2370 0.46 
Benzene 324.8 (1.93) 373.1 3982 0.20 
Ethyl ether 320.8 (2.10) 347.2 2377 0.14 
Dichloromethane 322.4 (2.11) 374.6 4321 0.51 
Chloroform 323.8 (1.99) 375.0 4211 0.58 
Ethanol 323.5 (1.93) 378.1 4466 0.98 
Ethyl acetate 319.2 (1.80) 369.3 4245 0.05 
1-4 dioxane 319.5 (1.85) 368.7 4183 0.04 
Methanol 322.4 (2.31) 379.8 4689 0.74 
Acetonitrile 318.5 (1.88) 370.5 4402 0.08 
DMSO 323.4 (2.04) 379.8 4586 0.37 
N,N-dimethylformamide 322.9 (1.77) 378.5 4552 0.52 
Water 321.0 (2.22) 445.8 8728 0.97 

 
 
 From the absorption spectra (λabs), it is observed that the band positions showed 
hyperchromic shift of about 6nm on changing solvent polarity (cyclohexane to water). 
The fluorescence emission spectra are also characterized by one peak (λemm). On 
going from cyclohexane to water the observed peaks λemm, are found red-shifted (app. 
87nm) from 359-446 nm. This bathochromic shift reflects the occurrence of *π→π  
electronic transitions in the 4-methyl-7-hydroxy-chromen-2-one singlet excited state. 
The fluorescence wavelength shift to a great extent is indicative of stronger 
interaction of the solute with polar solvents in the excited state.  
 
Determination of excited to ground stated dipole moment ratio 
The solvato-chromic method is used to determine the excited singlet-state dipole 
moment of 4-methyl-7-hydroxy-chromen-2-one by using Lippert’s, Bakhshiev’s and 
Kawski-Chamma-Viallet’s formula respectively [23-24]:  
  ( ) constnSFfa +=− ,ενν         (1) 
  ( ) constnFSfa +=− ,11 ενν             (2) 
  ( ) constnFSfa +=− ,2/)( 22 ενν           (3) 
 
 The expression for Lippert’s polarity function, F(ε,n), Bakhshiev’s polarity 
function, F1 (ε,n) and Kawski-Chamma-Viallet’s polarity function F2(ε,n) were 
evaluated by following expressions:  
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 Where,  and  indicate the wave numbers (cm-1) of electronic absorption and 
fluorescence emission maxima, n and ε represent the refractive index and the 
dielectric constant of the solvents.   
 From the above equations the graphs were plotted and the slopes S, S1 and S2 were 
determined and are given as follows:  
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where, µe  and µg represent the permanent dipole moments in the ground and in the 
excited singlet state, respectively, h represents Planck’s constant and c, the velocity of 
light in vacuum, a0, the Onsager cavity radius of the solute molecule.  
 The graphs in between )( fa υ−υ  versus F, )( fa υ−υ  versus F1, and 2/)( fa υ+υ
against the solvent polarity functions F2 were plotted and are given in figs 3, 4 and 5 
respectively. The slopes S, S1 and S2 were determined respectively from these graphs. 
The satisfactory results were obtained from the statistical treatment of Lipert’s, 
Bakhshiev’s and Kawski-Chamma-Viallet’s correlations. The slope of 7220 cm-1 is 
found for Lipert’s with intercept of 2664 cm-1. The slope of 2375 cm-1 is found for 
Bakhshiev’s with intercept of 2656 cm-1. However, for Kawski-Chamma-Viallet’s, 
the slope and intercept are found to be -1488 cm-1 and 29637 cm-1, respectively. Figs 
3, 4 and 5 show that the solvents, cyclohexane, 1-4 dioxane, Acetonitrial, nn-
dimethylformeldhide, ethyl-ether, dichloromethane and water did not obey the 
Lipert’s correlation, while the solvents cyclohexane, 1-4 dioxane, chloroform, nn- 
dimethylformeldhide,ethyl ether, dicholoromethane and water did not obey 
Bakhshiev’s correlation and carbontetra-chloride, methanol, acetonitrile, ethyl acetate, 
nn-dimethylformeldhide, ethyl-ether and water did not obey Kawski-Chamma-
Viallet’s correlation. The correlation coefficients value was found to be 
approximately 0.90 showing the good linearity against the majority of solvents.  
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 The experimentally obtained value 4.4 shows that the dipole moment of 4-methyl-
7-hydroxy-chromen-2-one is moderately high in the first excited singlet state than in 
the ground state. The comparatively higher value of μe than μg shows the existence of 
difference in the electronic charge distribution in the excited singlet state relative to 
the ground state. This result confirms that an extended π electronic delocalized system 
is present in the organic compound, with important charged resonance structures in 
the excited singlet state. The *π→π  may increase the magnitude of charges leading 
to increase in the dipole moment of 4-methyl-7-hydroxy-chromen-2-one in excited 
state. 
 
 
Conclusion 
We have successfully synthesized 4-methyl-7-hydroxy-chromen-2-one, characterized 
by spectral and fluorescence studies. The absorption and fluorescence spectra were 
measured in various solvents of different polarities. A ratio of excited state and 
ground dipole moment was found to be 4.4 indicates the existence of difference in the 
electronic charge distribution in the excited singlet state relative to the ground state. 
The values of extinction coefficients were found in the range 1.67x104 to 2.22x104. 
The quantum yield in different solvents were evaluated and found to be 0.002 for low 
polar solvent cyclohexane and 0.97 for high polar solvent water. 
 
 
Acknowledgement 
The authors are thankful to UGC New Delhi, India [Grant No. F.4-3/2006(BSR)/11-
84/2008(BSR)], for financial assistance. 
 
 
References 
 
[1] Keri, R. S., Hosamani, K. M., Shingalapur, R. V., and Hugar M.H., 2010, 

“Derivatives of benzimidazole pharmacophore: Synthesis, anticonvulsant, 
antidiabetic and DNA cleavage studies European Journal of Medicinal 
Chemistry,” 45(5), pp. 1753-1759. 

[2] Stein, A. C., Alvarez, S., Avancini, C., Zacchino, S., and Poser G.V., 2006, 
“Antifungal activity of some coumarins obtained from species 
of Pterocaulon (Asteraceae),” Journal of Ethnopharmacology, 107(1), pp. 95-
98. 

[3] Chiang, M.T., Bittner, M., Selra, M., Mondaco, A., Zemelman, R., and 
Sammes, P.G., 1982, “A prenylated coumarin with antimicrobial activity 
from Haplopappus multifolius” Phytochemistry, 21, pp. 2753-2755. 

[4] Lee, K. H., Chai, H. B., Tamez, P. A., Pezzuto, J. M., Cordell, G. A., Win, K. 
K., and Tin-Wa, M., 2003, “Biologically active alkylated coumarins 
from Kayea assamic,” Phytochemistry, 64(2), pp. 535-541. 

[5] Schulman, S.G., 1977, Fluorescence and Phosphorescence Spectroscopy: 
Physicochemical  Principle and Practice, Pergamon Press, New York, pp 98. 



8  Sushil Chandra Sati et al 

 

[6] Bergman, A., and Jortner, J., 1973, “Study of spontaneous and stimulated 
emission of various solutions of 4-methylumbelliferone,” Luminescence, 6, 
pp. 390-403. 

[7] Maeda, M., 1984, Laser Dyes, Academic Press, New York. 
[8] Raikar, U. S., Renuka, C. G., Nadaf, Y. F., Mulimani, B. G., Karguppikar, A. 

M.,  and Soudagar, M. K., 2006, “Solvent effects on the absorption and 
fluorescence spectra of coumarins 6 and 7 molecules: Determination of ground 
and excited state dipole moment,” Spectrochim. Acta Part A, 65, pp. 673-677. 

[9] Parkanyi, C., Oruganti, S. R.,  Abdelhamid, A. O., Szentpaly, L. V.,  Ngom, 
B., and Aaron, J. J., 1986, “Dipole moments of indoles in their ground and the 
first excited singlet states,” J. Mol. Struct. Theochem., 135, pp. 105-116. 

[10] Sharma, N., Sapan, K., and Rastogi, R. C., 2007, “Solvatochromic study of 
excited state dipole moments of some biologically active indoles and 
tryptamines”  Spectrochem. Acta Part A., 66, pp. 171-176. 

[11] Aaron, J. J., Gaye, M. D., Parkanyi, C., Cho, N. S.  and Szentpaly, L. V., 
1987, “Experimental and theoretical dipole moments of purines in their 
ground and lowest excited singlet states” J. Mol. Struct., 156, pp. 119-135. 

[12] Inamdar, S. R., Nadaf, Y. F., and Mulimani, B. G., 2003, “Ground and excited 
state dipole moments of exalite 404 and exalite 417 UV laser dyes determined 
from solvatochromic shifts of absorption and fluorescence spectra,” J. Mol. 
Struct. Theochem., 624, pp. 47-51. 

[13] Nadaf, Y. F., Mulimani, B. G., Gopal, M., and Inamdar, S. R., 2004, “Ground 
and excited state dipole moments of some exalite UV laser dyes from 
solvatochromic method using solvent polarity parameters,” J. Mol. Struct. 
Theochem., 678, pp. 177-181. 

[14] Parkanyi, C., Stem-Beren, M. R., Martinez, O. R., Aaron, J. J., Mac-Nair, M. 
B.,  and Arrieta, A.F., 2004, “Solvatochromic correlations and ground- and 
excited-state dipole moments of curcuminoid dyes,”  Spectrochem. Acta Part 
A, 60, pp. 1805-1810. 

[15] Kabatc, J., Osmialowski, B. J., and Paczkowski, J., 2006, “The experimental 
studies on the determination of the ground and excited state dipole moments of 
some hemicyanine dyes,” Spectrochim. Acta Part A, 63, pp. 524-531. 

[16] Kumar, S., Rao, V. C., and Rastogi, R. C., 2001, “Excited-state dipole 
moments of some hydroxycoumarin dyes using an efficient solvatochromic 
method based on the solvent polarity parameter, ET

N,” Spectrochim. Acta Part 
A, 57, pp. 41- 47. 

[17] Srividya, N., Ramasamy, P., and Radhakrishanan, V.T., 1997, “Solvent effects 
on the absorption and fluorescence spectra of some acridinedione dyes: 
determination of ground and excited state dipole moments,” Spectrochim. 
Acta Part A, 53, pp. 1743- 1753. 

[18] Acemioglu, B., Arık, M., Efeoglu, H., and Onganer, Y., 2001, “Solvent effect 
on the ground and excited state dipole moments of fluorescein,” J. Mol. Struct. 
Theochem., 548, pp. 165-171. 

[19] Kumar, S., Jain, S. K., Rastogi, R. C., An experimental and theoretical study 
of excited-state dipole moments of some flavones using an efficient 



Estimation of Ratio of Excited-State and Ground State Dipole Moments 9 

 

solvatochromic method based on the solvent polarity parameter, ET
N,” 2001, 

Spectrochim. Acta Part A, 57, pp. 291-298. 
[20] Aaron, J. J., Maafi, M., Parkanyi, C., and Boniface, C., 1995, “Quantitative 

treatment of the solvent effects on the electronic absorption and fluorescence 
spectra of acridines and phenazines. The ground and first excited singlet-state 
dipole moments,” Spectrochim. Acta A,” 51, pp. 603-615. 

[21] Biradar, D. S., Siddlingeshwar, B., and Hanagodimath, S. M., 2008, 
“Estimation of ground and excited state dipole moments of some laser dyes,” 
J. Mol. Struct., 875, pp. 108-112. 

[22] Ghazy, R., Azim, S. A., Shaheen, M., and Mekawey, F. E., 2004, 
“Experimental studies on the determination of the dipole moments of some 
different laser dyes,”  Spectrochim. Acta Part A, 60, pp. 187-191. 

[23] Lippert, E., 1957, “Spectroscopic determination of the dipole moment of 
aromatic compounds in the first excited singlet state,” Z. Elektrochem, 61, pp. 
962-975.  

[24] Lippert, E., and Lüder, W. Z., 1962, “Spectroscopic investigations and dipole 
measurements on the electron structure of cis- and trans-pdimethylamino 
cinnamic acid nitrile and related nitriles,” Z. Physik.Chem. (Frankfurt), 33, pp. 
60–81. 


