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Abstract

The absorption and emission properties of coumarin-4-(4-
Methoxy-Phenoxymethyl)-6-phenyl-chromen-2-one (4MPPC) 
at room temperature are investigated in pure polar and 

characteristics. This is investigated by applying theories such as 
the Lippert-Mataga polarity function, Reichardt’s microscopic 
solvent polarity parameter, and Kamlet and Catalan’s multiple 
linear regression techniques. The main role of solute and solvent 
interaction in pure solvents, particularly, depends on dielectric 
properties and hydrogen bonding. The computed HOMO 
and LUMO energies of the compound indicate that they are 
chemically active with a tendency for molecular interactions 
and are supported by the electrostatic potential data. The electric 
dipole moments of both the ground and excited states have been 
estimated using the solvatochromic shift method. The value of 
the electric dipole moment of the excited state and the redshifts 
of emission spectra show that the emitting single state has an 
intramolecular charge transfer character (ICT). From the present 
work, we conclude that both polar and nonpolar solvents change 
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1. Introduction

for many years. These investigations have considerable importance in the 
1-2]. The experimental and 

computational methods are very important for the determination of ground 
and excited state dipole moments and investigations of photophysical 

f), 

state dipole moments of electronically excited molecules is quite useful in 
designing nonlinear optical materials [3]. Differential stabilization of ground 
and excited states are observed when the polarities of the solvents are varied 
[4]. Solvatochromism is the most commonly established method due to its 
high linear correlation between solvent polarity functions and spectroscopic 
parameters. The solvatochromic shift method has been adopted to determine 

molecules, including coumarins [5]. The present investigation focuses on the 
estimation of ground and excited state dipole moments of coumarin 4MPPC 
molecule using solvents with different polarities [5].

The solvatochromic characteristics of coumarin 4MPPC have been 
investigated using Kamlet’s and Catalan’s solvent polarity parameters to 

solvents [6]. In fact, to the best of our knowledge, there have been no reports 
on the determination of ground and excited state dipole moment values of 
4MPPC [6].

The molecule 4MPPC is a coumarin (chromen-2-one) derivative 
containing multiple aromatic rings and heteroatoms, because of its extended 

– conjugation, substituent effects, and possible intramolecular interactions. 
Density Functional Theory (DFT) is an appropriate method to study its 
optimized geometry and electronic structure.
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Figure 1: DFT Structure of 4MPPC

Figure 2: OPT Vector of 4MPPC

Electrostatic potential is created by the molecule’s electron distribution and 
atomic nuclei. The three-dimensional charge distributions of molecules are 
depicted by the electrostatic potential surfaces [7-8]. It is used to understand 
how molecules interact and optimize their electrostatic complementary [8]. 
It shows regions of positive and negative electrostatic potential around a 



52

ISSN 0975-3303 Mapana - Journal of Sciences, Vol. 25, No.1

predict the properties of molecules [9]. If the discussion is about molecular 
properties or molecular interactions, it likely refers to the electrostatic 
potential. If the discussion is about computational methods for predicting 
chemical behaviour, it could be an Electrostatic potential surface [9-10].

Figure 3: EPS of 4MPPC

The molecular electrostatic potential surface of coumarin 4MPPC was 
generated using Gaussian 16W software with B3LYP/6-31 basis set, as 

predominantly located around O2, indicating that O2 acts as an electron 
donor in the compound [11-12]. The positive regions, which are nucleophilic 
and act as acceptors, are located over the CH4 group. This uneven charge 
distribution leads to a higher dipole moment [12-13]. The molecular 
electrostatic potential helps identify sites for electrophilic attack, nucleophilic 
reactions, and hydrogen bonding interactions [14].

5. Main Insights
The 4MPPC is a highly conjugated coumarin derivative with environment-

15-16]. Its photo-physical and 
spectroscopic properties make it a candidate for optoelectronics, sensors, 
and bioimaging [17-18].

6. Core Molecular Features
Formula: C H O .

Exact Mass: 358 amu.

Molar Mass: 358g·mol ¹.

Double Bond Equivalents (DBE): 15 (high aromaticity and conjugation). 
LogP: ~4.0-4.6 (hydrophobic, organic soluble) [18].
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Topology: Lactone (chromen-2-one core) + 6-phenyl + methoxy-phenoxy 
methyl (electron-donating substituent) [19].

7. Photophysical Properties

Absorption and Emission

) shifting to the higher 300 nm due to the electron-donating 
substituents and extended conjugation [19-20].Emission: Blue-green region 
(400–520 nm), with emission red-shifting in polar solvents; the Stokes shift is 
moderate (60–140 nm).Quantum Yield ( f): Predicted 0.3–0.8; higher in non-
protic, rigid media and lower with H-bonding or quenching processes [21-
22]. Lifetime ( ): ~1–5 ns in air-saturated solution; longer in deoxygenated/
nonpolar Environments [23].

Figure 4: Absorption spectra of 4MPPC in polar solvents

Figure 5: Absorption spectra of 4MPPC in nonpolar solvents
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Figure 6: Fluorescence spectra of 4MPPC in polar solvents

Figure 7: Fluorescence spectra of 4MPPC in nonpolar solvents

coumarin 4MPPC

were recorded in various solvents with increasing polarity at room 
temperature [24
coumarin 4MPPC [24-25], was found to be in the range of 258–298 nm and 
339–434 nm, respectively, in the chosen solvents [25-26]. Absorption maxima 
( ), emission maxima ( ), Stokes shifts ( ) and the arithmetic mean 
of Stokes shift values (in cm ) were calculated and tabulated [26].

The independent equations used for the estimation of ground and excited 

and refractive index (n) are as follows,

Lippert-Mataga equation- = 1 1 Constant 

Bakhshiev’s equation - = 2 2 Constant 

Kawski-Chamma-Viallet’s equation [27]
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=— 3 4 Constant

Where  and  are absorption and emission maxima wave numbers in 
-1

The dipole moment of coumarin (4MPPC) was calculated using Bakshiev's 
and Kawski-Chamma-Viallet's equations [28]. Using these polarity 

The slopes 1 and 2 are obtained from the plots of ( ) versus 1  
and  versus 2  for different solvents, respectively [28-29].

Where h is Planck’s constant, a is the Onsager cavity radius of a molecule, 
and c is the velocity of light [29].

 are not parallel to one another, then the angle  and 
 can be estimated using the below

The  is also estimated by means of using the below

Where B is the change in dipole moment

aS is the Onsager radius of the solvent

29].



56

ISSN 0975-3303 Mapana - Journal of Sciences, Vol. 25, No.1

Figure 8: HOMO and LUMO of 4MPPC

10. Mulliken Charges 

Mulliken Charges and Chemical Reactivity

like C6, C12, C22.Electron-poor (electrophilic) centres: C23 (+0.6372), C16 
(+0.2755), C31 (+0.2181). Strong intramolecular charge transfer (ICT) axis, 
especially across C23 and adjacent Oxygens, governs absorption/emission 
shifts [30
targets for reactivity or coordination [30-31].

Table 1: Mulliken charges of 4MPPC

1 1C -0.166318 16 16C 0.275590 31 31C 0.218166
2 2C 0.025081 17 17C -0.194183 32 32C -0.197305
3 3C -0.173991 18 18H 0.170937 33 33C -0.196414
4 4C -0.120805 19 19H 0.156613 34 34C -0.189105
5 5C -0.150161 20 20H 0.175212 35 35H 0.129435
6 6C -0.119310 21 21C 0.089796 36 36H 0.155540
7 7H 0.145568 22 22C -0.445558 37 37H 0.129846
8 8H 0.152438 23 23C 0.637218 38 38O -0.388242
9 9H 0.145380 24 24O -0.367949 39 39H 0.170492

10 1H 0.146480 25 25O -0.447181 40 40H 0.175151
11 1H 0.144390 26 26O -0.323972 41 41H 0.164120
12 12C -0.026952 27 27C -0.285909 42 42H 0.171802
13 13C -0.105289 28 28C 0.157570 43 43H 0.303736
14 14C -0.169349 29 29C -0.200801 44 44H 0.262227
15 15C -0.085132 30 30C -0.150347 45 45H 0.201483
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Table 2: Calculated values for solvent polarity parameters, ,  and .

Absorption

SL Solvents (nm)

1 Propanol 296 1013513 33783
2 Butanol 226 1327433 44247
3 Heptanol 292 1027397 34246
4 Decanal 231 1298701 43290
5 Pentanol 220 1363636 45454
6 Toluene 290 1034482 34482
7 DMSO 281 1067615 35587
8 Benzene 286 1048951 34965
9 THF 262 1145038 38167
10 DMF 289 1038062 34602

Table 3: Calculated values for solvent polarity parameters, and .
Emission

SL Solvents  (nm)

1 Propanol 299 1003344 33444
2 Butanol 324 925925 30864
3 Heptanol 359 835654 27855
4 Decanal 347 864553 28818
5 Pentanol 300 1000000 33333
6 Toluene 294 1020408 34013
7 DMSO 344 872093 29069
8 Benzene 295 1016949 33898
9 THF 319 940438 31347

10 DMF 284 1056338 35211

Table 4: Calculated values for solvent polarity parameters,  1 ) and 1

SL Solvents
1 ) 1

1 Propanol 10169 0.2746 37032
2 Butanol 401508 0.2633 1524906
3 Heptanol 191743 0.2525 929456
4 Decanal 434148 0.2041 2127133
5 Pentanol 363636 0.2524 1440713
6 Toluene 14074 0.3351 41999
7 DMSO 195522 0.2684 728472
8 Benzene 32002 0.0475 673726
9 THF 204600 0.1971 1038051

10 DMF 18276 0.2753 66385
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Table 5: Calculated values for solvent polarity parameters, , 2 ) and 2

SL Solvents
2 ) 2

1 Propanol 10168 0.524 19406
2 Butanol 401508 0.79 1524906
3 Heptanal 191743 0.652 929456
4 Decanal 434148 0.553 2127133
5 Pentanol 363636 0.716 1440713
6 Toluene 14074 0.142 41999
7 DMSO 195522 0.841 728472
8 Benzene 32002 0.475 673726
9 THF 204600 0.197 1038051
10 DMF 18276 0.839 66385

Table 6: Calculated values for solvent polarity parameters,
— , 2 ( , n) +2g(n) and 3

SL Solvents —
2
 ( , n) +2g(n)

3

1 Propanol 10168 1.305 7792
2 Butanol 401508 1.291 311005
3 Heptanal 191743 1.227 156269
4 Decanal 434148 1.146 378837

5 Pentanol 363636 1.273 285652

6 Toluene 14074 0.812 17332

7 DMSO 195522 1.489 131310

8 Benzene 32002 0.925 34596

9 THF 204600 0.749 273164

10 DMF 18276 1.422 12852

Table 7: Calculated values for solvent polarity parameters,

SL Solvents
2 ( , n) 2g(n)

2 ( , n) 
+2g(n)

1 propanol 0.781 0.524 1.305 2.29
2 Butanol 0.749 0.542 1.291 75.91
3 Heptanal 0.652 0.575 1.227 54.60
4 Decanol 0.553 0.593 1.146 101.22
5 Pentanol 0.716 0.557 1.273 62.84
6 Toluene 0.142 0.67 0.812 4.92
7 DMSO 0.841 0.648 1.489 42.31
8 Benzene 0.475 0.45 0.925 9.72
9 THF 0.197 0.552 0.749 76.10

10 DMF 0.839 0.583 1.422 3.51
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Table 8: Calculated values for solvent polarity parameters,

SL Solvents

1 Propanol 3 339 2016857 10169 595 297.5 6722859 3361429
2 Butanol 98 13383 2253358 401508 550 275 7511198 3755599
3 Heptanol 67 6391 1863051 191743 651 325.5 6210172 3105086
4 Decanal 116 14472 2163254 434148 578 289 7210848 3605424
5 Pentanol 80 12121 2363636 363636 520 260 7878787 3939393
6 Toluene 4 469 2054890 14074 584 292 6849636 3424818
7 DMSO 63 6518 1939708 195522 625 312.5 6465695 3232847
8 Benzene 9 1067 2065900 32002 581 290.5 6886334 3443167
9 THF 57 6820 2085476 204600 581 290.5 6951590 3475795

10 DMF 5 609 2094400 18276 573 286.5 6981334 3490667

Table 9: Calculated values for solvent polarity parameters,

SL Solvents
1 ( , n) g(n)

2( , n) + g(n)

1 Propanol 0.2746 0.262 0.54 5.59
2 Butanol 0.2633 0.271 0.53 183.41
3 Heptanal 0.2525 0.285 0.54 124.65
4 Decanal 0.2041 0.296 0.50 231.95
5 Pentanol 0.2524 0.278 0.53 150.83
6 Toluene 0.3351 0.477 0.48 8.38
7 DMSO 0.2684 0.324 0.59 106.35
8 Benzene 0.0475 0.225 0.27 33.03
9 THF 0.1971 0.276 0.47 120.48
10 DMF 0.2753 0.291 0.57 8.829

Table 10: Some physical constants of solvents and absorption maxima of 4MPPC

SL Solvents m  (nm)
1 Propanol 1.385 20.6 0.52 0.8 0.9 296.92
2 Butanol 1.399 17.4 0.47 0.8 0.84 292.71
3 Heptanal 1.424 11.3 0.4 0.8 0.86 289.93
4 Decanal 1.41 14.8 0.4 0.8 0.86 291.24
5 Pentanol 1.437 8.0 0.45 0.7 0.82 220.32
6 Toluene 1.496 2.4 0.38 0.84 0.89 290.61
7 DMSO 1.479 47.24 1.0 0.65 0.76 281.44
8 Benzene 1.5 2.28 0.62 0.82 0.72 288.50
9 THF 1.406 7.4 0,73 0.75 0.75 292.71
10 DMF 1.43 38.25 0.88 0.76 0.69 287.08
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Figure 9: Absorption frequency Vs Absorption wavelength of 4MPPC

Figure 10: Fluorescence frequency Vs Fluorescence wavelength of 4MPPC

 
Figure 11: Lippert’s graph, the variation of Orientation polarizability ( 1 ( , n)) with 

Refractive index function g(n) of 4MPPC
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Figure 12: Dielectric–Refractive index correlation graph of 4MPPC, 
( 1 ( , n) + g(n) Vs g(n),

Figure 13: Lippert’s polarity function, Vs 1 ( ,, n) of 4MPPC

Figure 14: Bakshiev’s polarity function of 4MPPC, ( 2 ( , n)) Vs 2g(n)
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Figure 15: ( 2 ( , n) + 2g(n) Vs 2g(n), Dielectric – Refractive index correlation graph 
of 4MPPC

Figure 16: Bakshiev’s polarity function of 4MPPC, ( 2 ( , n) + Vs 2 ( , n) + 2g(n)
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Figure 17: Lippert-Mataga graph of 4MPPPC,  Vs g(n)

Figure 18: Bakshiev’s polarity function of 4MPPC, Vs
2
 ( , n)

Figure 19: Bakshiev’s polarity function of 4MPPC, Vs 2 ( , n) + 2g(n) 

11. Spectroscopic Features: UV-VIS Electronic Transitions

Figure 20: UV- VIS Spectrum of the molecule 4MPPC
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Table 11: Excited states of 4MPPC

State Energy(eV)
Wavelength 
(nm)

Oscillator
Assignment

Excited State 1(S ) 2.7332 253.65 0.0037 (sym forbidden)

Excited State 2(S ) 2.7966 443.33 0.0676

Excited State 3(S ) 2.9196 424.66 0.0473 Dominant UV 
absorption

Strong absorption at 424.66–443.33 nm (S /S ) dominates UV-Vis spectrum 
[31-32]. Emission is expected from S , but with low quantum yield due to 
forbidden nature.

12. IR Vibrational Assignments

Figure 21: IR Spectrum of the molecule 4MPPC

C=O (Lactone): 1815, 1725 cm ¹ (conjugation shifts the lower peak) [32].
Aromatic C=C: 1654, 1509 cm ¹.C–O–C (Ether/Methoxy): 1202–1243, 1049 
cm 32-33].Aromatic C–H Stretch: 2650–2770 cm ¹ 
(some peaks possibly overtones)Aromatic out-of-plane C–H bends: 810, 851, 
910 cm ¹ (indicative substitution patterns)No OH broad band: Consistent 

phenoxy substituents, and enhanced conjugation [33]

13. Dipole Moment and Polarizability (NLO Potential)
Ground-state dipole: 7.3195 D (strong, anisotropic; dominates along 
X-axis).

²  cm³) [33].

dominant).
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High polarizability and hyperpolarizability make this chromophore 
a candidate for NLO applications (frequency doubling, electro-optic 
modulation) [34].

UV–Vis (in multiple solvents): Map solvatochromic shifts and molar 
34]. PL spectra + quantum yield: Compare to standards 

(quinine sulphate) or using an integrating sphere [35-36]. Time-resolved 
35

assignable methoxy/phenoxy signals and aromatic patterns [36]. HRMS: 
Verify calculated mass and main fragments. Photobleaching test: Assess 
photostability under continuous illumination.

Table 12: Peak Assignments

Region (cm ¹) Approx. Peaks
Functional 
Group

2640–2780 2650–2770 C–H stretching Aliphatic/aromatic hydrogens

1500–1825 1509,1654,1725, 
1815

C=C & C=O 
stretching

Conjugated aromatic and 
carbonyls

1202–1243 1202–1243 C–O, ring modes Aryloxy methoxy, methoxy, 
aryl ethers

1049 1049 C–O stretch Methoxy/phenoxy substituent

810–910 810, 851, 910 C–H (loop) 
bending Substituted benzene/aryl rings

Table 13: Wavelength, Intensity of 4MPPC
Wavelength 
(nm)

Intensity
¹cm ¹)

Assignment Structural Origin

1815, 1725 Strong, very strong C=O stretch (lactone/
ester)

Chromen-2-one 
coumarin carbonyl

1654,1509 Moderate/strong Aromatic C=C stretch Phenyl/coumarin 
aromatic rings

1202–1243 Strong cluster C–O–C stretch, 
C–O, ring modes

Methoxy, phenoxy, 
aryl ethers, in-plane 
C–H bends

1049 Very strong Alkyl/aryl C–O stretch Phenoxy, methoxy 
ether group

810,851, 910 Strong Aromatic C–H bend 
(loop)

Substituted aromatic 
environments

2650–2770 Multiple, moderate Aliphatic/aromatic C–H 
stretches

Methoxy/benzylic/
aromatic hydrogens

Table 14: Comparative Table of Photophysical Feature Reference

Property

Absorption/
Emission

Wavelengths for photon 
absorption/emission

Indicates chromophore 
applications (imaging, 
optoelectronics)
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Quantum Yield 
( f)

Emitted/absorbed photon 
ratio

High f
better detection

Lifetime ( f) Excited state residence time Gives info on local environment, 
quenching, and FRET capability

Stokes Shift Abs–Em peak separation Minimizes reabsorption, enables 
clear spectral detection

Solvatochromism Spectral shift with solvent 
polarity

Used for microenvironment 
sensors; environment-sensitive 
imaging

Photostability Resistance to 
photobleaching

Required for long-duration 

Dipole/
Polarizability

Molecular polarity and 
electron cloud distortion

Key for NLO materials, sensor/
bioelectronic interfaces

Charge 
Distribution Mulliken atomic charges

Highlights donor–acceptor 
regions, guides functionalization/
development

15. Applications
Fluorescent probes/dyes: Blue-green emitter with microenvironment 
sensitivity.

NLO activity [37].

Sensors: FRET donor capability, ratio metric sensors tunable by 

The IR spectrum features several diagnostic bands related to functional 
groups present in the coumarin-based molecule [37].

16. Molecular Structure and Evidence

Lactone carbonyl:
Strong doublets around 1725 cm ¹ (very strong, conjugated C=O) and 1815 
cm ¹ (lactone C=O) [38]. Indicates coumarin-type core; lower C=O due to 
aromatic conjugation.

Intense features from 1202–1243 cm ¹ and 1049 cm ¹ validate multiple 
.
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Aromatic substitution:
Several strong out-of-plane modes (810–910 cm ¹) reveal various aromatic 
substitution environments.

Multiple sharp signals at 2640–2780 cm ¹
hydrogens, though the region appears shifted low, as noted in the data 
comments [38].

Fingerprint region:
Rich, complex, indicative of multiple ring systems and ether linkages.

Recommended Checks:
Compare experimental spectrum with DFT-computed IR: Use a scaling 

Additional spectra (e.g., Raman, isotope labelling):
assignments of C–H, C–O, and aromatic vibrations [39].

In the present investigation, the photophysical properties of the molecule is 
studied by using the computational methods. Firstly B3LYP/6-31 1+G (d, p) 
method is used to obtained the optimized ground state geometry. Using the 
TD- B3LYP/6-31 1+G (d, p) method, the ground state and excited state dipole 
moments, absorption and emission maxima in nm and HOMO-LUMO gap 
in eV to be calculated. 

The theoretical photophysical properties of solute is in satisfactory 

which is quite expectable due to inherent limitations of computational 
calculations.

The DFT studies on coumarin 4MPPC can provide valuable insights 
into its electronic structure and photophysical properties. It gives an idea 
about the Prediction of its reactivity and interactions with biomolecules, 
development of new coumarin derivatives with improved performance. 

18. Future Scope
The study on coumarin 4MPPC can be extended to explore its potential in 
optoelectronics, such as OLEDs and sensors. It can be used to design and 
synthesize derivatives with improved properties. Its biological activity 
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and pharmaceutical applications can be probed. Advanced computational 
methods, like TD-DFT, can be used to further understand its photophysical 
properties. The study can also be extended to investigate its interactions 
with nanoparticles and biomolecules. This study can serve as a foundation 
for future research on coumarin-based compounds, exploring their potential 

19. Summary

chromen-2-one (4MPPC) offers a rich conjugated framework that endows 
it with distinctive photophysical and nonlinear optical properties [39]. Its 
strong absorption and tenable emission, environment-sensitive behaviour, 

and functional group diversity. The charge distribution, dipole, and 
hyperpolarizability underline its capacity for nonlinear optics and sensing, 
while practical characterization is supported by IR/NMR/UV–Vis spectral 

for diverse use in advanced imaging, sensing, and optoelectronic applications 
[40].

20. Conclusions
The ground and excited state dipole moments of coumarin (4MPPC) were 

solvent polarity [40-41]. Solvent effects on excitation and emission spectra 
were analyzed using various solvent polarity correlation methods. The 
ground state dipole moment was computationally estimated using Gaussian 
16W software with B3LYP/6-31G basis set. Lippert-Mataga and Bakhshiev's 
methods were employed to determine the experimental excited state dipole 
moment of coumarin (4MPPC) [41-42].
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