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Abstract 

The iodinated derivative 13IBC3 was synthesized and its 
photophysical properties were studied in polar and 
nonpolar solvents. The ground- and excited-state dipole 
moments were estimated using equations. Results showed 
a bathochromic shift with increasing solvent polarity, 
indicating a larger excited-state dipole moment (μe > μg). 
The change in dipole moment (Δμ) was 6.92D (DFT 
method) and 7.12D (Semiempirical method). The Kamlet 
and Catalan multiple linear regression analysis revealed 
that solvent dielectric constants and polarizability 
significantly influence spectral characteristics. The excited 
state exhibits intramolecular charge-transfer (ICT) 
character. Polar solvents alter the fluorescence properties 
of coumarin.  The computational study was carried out 
with the Gaussian 16W program using the B3LYP. UV-
visible spectra of solvated species were calculated using 
TD-DFT, which confirmed the experimental findings and 
provided insights into HOMO-LUMO energies, ESP maps, 
and nonlinear optical properties. The change in dipole 
moment matched the experimental value.  
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1. Introduction 

Coumarin derivatives are significant oxygen-containing heterocyclic 
compounds and represent important structural motifs in natural 
benzopyrone products. They are widely known for their diverse biological 
activities, including anticancer, antituberculosis, anti-inflammatory, 
antioxidant, antimalarial, anti-HIV, and antimicrobial effects. In recent 
years, cancer has emerged as a major cause of mortality and remains a 
largely incurable disease affecting multiple organs of the human body [1, 
2]. Owing to their broad range of biological activities, structural 
adaptability, and favourable pharmacokinetic profiles, coumarin 
derivatives play a crucial role in medicinal chemistry. Their importance 
stems from their role as key molecular frameworks, offering a broad 
pharmacological spectrum, ease of chemical modification, strong potential 
as drug leads or scaffolds, and compatibility with modern drug design 
strategies [3, 4]. These compounds continue to drive the development of 
next-generation therapeutic diseases. In iodinated coumarin derivatives 
with biological activity, iodine serves as a heavy halogen, increasing 
molecular lipophilicity and thereby enhancing drug absorption and 
improving binding affinity for hydrophobic regions of enzymes and 
receptors without activating them, ultimately contributing to notable 
anticancer and antitubercular properties [5]. 

We have studied the 13IBC3 molecule, a member of a series of 
iodinated 3-aryloxymethyl coumarins. The dipole moments of the 13IBC3 
molecule were evaluated by the solvatochromic method. Stokes shift was 
determined by using Molecular absorption and emission spectra. A 
bathochromic (red) shift signifies positive solvatochromism and depends 
on the nature of solute–solvent interactions. When a solute is introduced 
into a solvent cavity, its ground state becomes stabilised. If the dipole 
moment of the solute increases upon electronic excitation, the excited state 
is partially stabilised by the surrounding solvent dipoles. As the polarity of 
the solvent increases, a bathochromic (red) shift is observed because the 
excited state experiences greater stabilisation than the ground state, 
indicating a higher polarity of the excited state. In contrast, if the dipole 
moment of the solute decreases during electronic excitation, the excited 
state is less effectively stabilised due to the unfavourable alignment of 
solvent dipoles within the cavity. With increasing solvent polarity, a 
hypochromic (blue) shift occurs. This suggests that the ground state 
possesses a greater dipolar character than the excited state [6]. In this study, 
the ground and excited state dipole moments of 13IBC3 were 
experimentally determined using the Lippert, Kawaski-Chamma-Villet, 
and Bakhshiev equations with polar and nonpolar solvents." A theoretical 
quantum-computational study was conducted using Gaussian 16. The 
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dipole moment, Mulliken charges, HOMO-LUMO molecular orbital 
energies, electrostatic potential map (ESP), and nonlinear optical properties 
of the molecule were studied with optimised geometry using density 
functional theory. The UV-Visible spectra were estimated theoretically 
using TD-DFT in solvents [7]. 

2. Materials and Methods 

2.1 DFT Structure of 13IBC3 

 

 

 

 

 

 

Figure 1: DFT Structure of 13IBC3 

The molecular structure of 13IBC3 is shown in (Figure 1). We used alcohol 
from Methanol, Ethanol, Propanol, Pentanol and Hexanol and some 
general solvents like Acetonitrile, Chloroform, Benzene, DMSO (Dimethyl 
sulfoxide) and Toluene. 

2.2 Optimised Vector (OPT-Vector) of 13IBC3 

Optimized geometry of 13IBC3 is shown in Figure 2. The arrow mark 
indicates direction of dipole moment of the molecule. 

 

 

 

 

 

 

 

Figure 2: OPT Vector of 13IBC3 

The gaussian 16 program was used for geometry optimisation from 
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the Semi- empirical method at the PM6 basis set. Theoretical calculations 
of HOMO-LUMO and ESP maps were drawn using TD-DFT approaches.  

2.3 Core Molecular Features 

• Formulae: C20H13IO₃. 

• Exact Mass: 376.9675 g/mol. 

• Molar Mass: 377.16 g/mol. 

• Double Bond Equivalents (DBE): 11. 

• Log P: 4.2 (estimated) [8]. 

 

 

 

2.4 Electrostatic potential surface  

Electrostatic potential (ESP) maps provide insight into charge distribution, 
with different colours indicating varying potentials [9, 10]. The maximum 
red value is -6.248 a.u., and the maximum blue value is +6.248 a.u. The 
different electrostatic potential values are displayed in different colours. 
The figure shows the total electron density, with potential regions for 
electron transitions and reactivity sites indicated by yellow (positive phase) 
and red (negative phase) contours [11, 12]. 

 

 

  

 

 

 

 

Figure 3: EPS of 13IBC3 

 

 

Feature Description 

Ring system Benzopyrone, chromone 

Substituents Iodophenoxymethyl 
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3 Theoretical background 

3.1 Equations for the estimation of dipole moments 

The independent equations used for the estimation of ground and excited 
state dipole moments in various solvents with varied dielectric constant 
(ε) and refractive index (n) are as follows [13, 14], 

Lippert-Mataga equation- 𝜈̅𝑎 − 𝜈̅𝑓 = 𝑚1𝑓1(𝜀, 𝑛) + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Bakhshiev’s equation -  𝜈̅𝑎 − 𝜈̅𝑓 = 𝑚2𝑓2(𝜀, 𝑛) + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Kawski-Chamma-Viallet’s equation, 

𝜈̅𝑎 + 𝜈̅𝑓

2
=  −𝑚3𝑓3(𝜀  𝑛) + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Where ⱱ̅𝑎 and ⱱ̅𝑓 are absorption and emission maxima wave numbers in 

𝑐𝑚−1[15]. 

3.2 Estimation of dipole moments  

The   𝜇𝑒   The 13IBC3 molecule was determined by using the Lippert-
Mataga equation, Bakshiev’s, and Kawski-Chamma-Viallet’s relations. 
Using these polarity parameters, the following expressions can be 
obtained to estimate 𝜇𝑒 and 𝜇𝑔 [16, 17]. 

 𝜇𝑔 =
𝑚2−𝑚1

2 
(

ℎ𝑐𝑎3

2𝑚1
)

1
2⁄

𝜇𝑔 =
𝑚2+𝑚1

2 
(

ℎ𝑐𝑎3

2𝑚1
)

1
2⁄

 

Slopes 𝑚1  and 𝑚2  have got from the plots of (ⱱ̅𝑎 − ⱱ̅𝑓 )  v/s  𝑓1(𝜀  𝑛), 

and  
𝜈̅𝑎+𝜈̅𝑓

2
    versus 𝑓2(𝜀  𝑛)  for different solvents, respectively. Where ‘h’ 

is Planck’s constant, c is the velocity of light and ‘a ’ is the Onsager cavity 
radius of a molecule. 

If 𝜇𝑒 and 𝜇𝑔 are not parallel to one another, then the angle ϕ between 

𝜇𝑒 and 𝜇𝑔 can be estimated using the below (2) [18] 

cos ∅ = 
1

2𝜇𝑔𝜇𝑒
[(𝜇𝑔

2 + 𝜇𝑒
2) −

𝑚2

𝑚1
(𝜇𝑒

2 − 𝜇𝑔
2)] 

The 𝜇𝑒  is also estimated by means of 𝐸𝑁
𝑇using the below 

(𝜈̅𝑎 − 𝜈̅𝑓) = 11307.6 [(
∆𝜇

∆𝜇𝑠

)
2

(
𝑎𝑠

𝑎
)

3

] 𝐸𝑁
𝑇 + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Where ′∆𝜇𝐵′ is the change in dipole moment, ′𝑎𝑆′ is the Onsager radius 
of the solvent Δµ, and a are the corresponding parameters of the 
compound [19]. 



Mapana - Journal of Sciences, Vol. 25, No. 2  ISSN 0975-3303 

46 

 

3.3 Lippert equation 

The Lippert equation describes the interactions between solutes and 
solvents. The equation is as follows 

ℎ𝑐∆𝜈̅ = ℎ𝑐 (𝜈𝑎̅̅ ̅ − 𝜈𝑎̅̅ ̅) =  
2∆𝑓

𝑎3
 (𝜇𝐸 − 𝜇𝐺)2 + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Where  ∆ � is the frequency shift (cm-1) between absorption and 
emission. ∆𝑓  is orientation polarizability. In contrast, the new excited-
state dipole forms during this timespan, while the surrounding solvent 
molecules do not immediately reorient. Because of the relatively long 
lifetime of the excited state (10-8 s), solvent molecules can orient to their 
equilibrium positions around the fluorophore prior to emission [20, 21, 22]. 

  The energy of the dipole in an electric field is given by 

𝐹𝑑𝑖𝑝𝑜𝑙𝑒 =  −𝜇𝑅 

Where ‘R’ is the electric field. The reactive field is parallel and 
opposite to the direction of the dipole, and is proportional to the 
magnitude of the dipole moment [23, 24]. 

𝑅 =
2𝜇

𝑎3
𝑓 

Where ‘f ‘is the polarizability of the solvent and ‘a’ is the cavity radius. 
The high-frequency polarizability f(n) depends on the refractive index [25]. 

f(n) = 
𝑛2−1

2𝑛2+1
 

The solvent’s polarizability also depends on its dielectric constant, 
which accounts for the orientation of solvent molecules. The low- 
frequency polarizability of the solvent is expressed as: 

𝑓(𝜀) =  
𝜀 − 1

2𝜀 + 1
 

The difference between  𝑓(𝜀) and f(n) 

𝛥𝑓 =
𝜀 − 1

2𝜀 + 1
−

𝑛2 − 1

2𝑛2 + 1
 

This is called orientation polarizability. The electronic motions (𝑅𝑒𝑙
𝐺 , 

𝑅𝑒𝑙
𝐸 ) and those due to solvent reorientation (𝑅𝑜𝑟

𝐺 , 𝑅𝑜𝑟
𝐸 ).  Understanding that 

equilibrium around dipole moments of the ground states, these reactive 
fields are given by  

𝑅𝑒𝑙
𝐺 =

2𝜇𝐺

𝑎3  𝑓(𝑛)                    𝑅𝑒𝑙
𝐸 =

2𝜇𝐸

𝑎3  𝑓(𝑛) 

𝑅𝑜𝑟
𝐺 =

2𝜇𝐺

𝑎3  𝛥𝑓                   𝑅𝑜𝑟
𝐸 =

2𝜇𝐸

𝑎3  𝛥𝑓 
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For absorption of light, the energies of the ground (EG) and 
nonequilibrium excited (EE) states are  

EnergyE (absorption) = 𝐸𝑉
𝐸 −  𝜇𝐸𝑅𝑜𝑟

𝐺 − 𝜇𝐸𝑅𝑒𝑙
𝐸  

EnergyG (absorption) = 𝐸𝑉
𝐸 −  𝜇𝐺𝑅𝑜𝑟

𝐺 − 𝜇𝐺𝑅𝑒𝑙
𝐺  

Here, EV represents the energy levels of the fluorophore in the vapour 
state. The absorption transition energy is decreased by the electron 
reaction because the electrons in the solvent can follow the rapid change 
in electron distribution within the fluorophore [26, 27]. The effect of the 
orientation polarizability, given 𝜇𝐺𝑅𝑜𝑟

𝐺  and 𝜇𝐸𝑅𝑜𝑟
𝐺 , contains only the 

ground state orientational reaction field. This separation of effects is due 
to the Franck-Condon principle.  

Energy is related to the wavelength and is given by =
∆𝐸

ℎ𝑐
 . 

Energy of absorption 

hc νA = hc (νA) V – (𝜇𝐸 − 𝜇𝐺) (𝑅𝑜𝑟
𝐺 ) - 𝜇𝐸𝑅𝑒𝑙

𝐸  + 𝜇𝐺𝑅𝑜𝑟
𝐺  

For emission, the energy of the two electronic levels  

EnergyE (emission) = 𝐸𝑉
𝐸 − 𝜇𝐸𝑅𝑜𝑟

𝐺 − 𝜇𝐸𝑅𝑒𝑙
𝐺  

EnergyG (emission) = 𝐸𝑉
𝐺 −  𝜇𝐺𝑅𝑜𝑟

𝐸 − 𝜇𝐺𝑅𝑒𝑙
𝐺  

The energy of the emission is given by 

ℎ𝑐𝜈̅𝑓 = ℎ𝑐(𝜈̅𝑓)𝑉 − (𝜇𝐸 − 𝜇𝐺)𝑅𝑜𝑟
𝐸 − 𝜇𝐸𝑅𝑒𝑙

𝐸 + 𝜇𝐺𝑅𝑒𝑙
𝐺  

𝜈̅𝑎 − 𝜈̅𝑓 is constant for complex molecules, 

𝜈̅𝑎 − 𝜈̅𝑓 = −
1

ℎ𝑐
(𝜇𝐸 − 𝜇𝐺)(𝑅𝑜𝑟

𝐺 − 𝑅𝑜𝑟
𝐸 ) + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

But                  𝑅𝑜𝑟
𝐺 =

2𝜇𝐺

𝑎3  ∆𝑓                   𝑅𝑜𝑟
𝐸 =

2𝜇𝐸

𝑎3  ∆𝑓 

Then,         𝜈̅𝑎 − 𝜈̅𝑓 =
−2

ℎ𝑐𝑎3
(𝜇𝐸 − 𝜇𝐺)(𝜇𝐺𝛥𝑓 − 𝜇𝐸  𝛥𝑓) + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝜈̅𝑎 − 𝜈̅𝑓 =
2𝛥𝑓

ℎ𝑐𝑎3
(𝜇𝐸 − 𝜇𝐺)2 + 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

The Lippert equation is only an approximation and contains many 
assumptions. The fluorophore is assumed to be spherical, and there is no 
consideration of specific interactions with the solvent.  

The Lippert equation states that the ground and excited states' dipole 
moments point in the same direction. If one assumes the polarizability of 
the fluorophore is the same as the solvent, and that 𝜇𝐺  and 𝜇𝐸  point in 
different directions, then if these directions are different, the Lippert 
equation becomes [28]. 
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Where, 

∆𝒃 =
𝟐

𝒉𝒄𝒂𝟑  (𝜇𝐺
𝟐 − 𝜇𝐸

𝟐 − 𝜇𝐺𝜇𝐸 cos 𝛼 ) 

and 𝛼 is the angle between 𝜇𝐺  𝑎𝑛𝑑 𝜇𝐸. 

It is reasonable to expect that the solvent effect depends on the angle 
between 𝜇𝐺  𝑎𝑛𝑑 𝜇𝐸. However, for many fluorophores, dipole moments in 
the ground and excited states are oriented in similar directions. Despite 
this, significant spectral shifts are often observed due to specific solvent 
interactions. Therefore, it is more appropriate to apply the Lippert 
equation when interpreting this spectral analysis. Derivation from the 
predicted behaviour can indicate the presence of additional interactions 
[29]. 

4 Results and Discussion 

4.1 Photophysical Properties 

• UV-VIS Absorption: The dominant π–π* band typically appears at 
300-380 nm, with the maximum (λₘₐₓ) shifting to ~310 nm due to 
electron-donating substituents and extended conjugation [30]. 

• Emission: The compound emits in the blue-green range (400–520 nm), 
where emission shows red shift in polar solvents, and the Stokes shift 
is moderate (90–150 nm). 

• Quantum Yield (Φf): It is predicted to be 0.28–0.48; higher in non-
protic, rigid media and lower with H-bonding or quenching 
processes [31]. 

• Lifetime (τf): It is ~1.2–2.5 ns in an air-saturated solution 
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Figure 4: Absorption spectra of 13IBC3 in polar solvents 
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Figure 5: Absorption spectra of 13IBC3 in nonpolar solvents 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Fluorescence spectra of 13IBC3 in polar solvents 
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Figure 7: Fluorescence spectra of 13IBC3 in nonpolar solvents 

 

4.2 HOMO and LUMO of 13IBC3 
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Figure 8: HOMO and LUMO of 13IBC3 
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The charge distribution and photophysical properties of 13IBC3 have 
been investigated using molecular orbital calculations. The energy 
absorption of electrons, or the transition from the ground state to the first 
excited state, is essentially described by one electron excitation from the 
highest occupied molecular orbital to the lowest empty molecular orbital.  
The term "HOMO-LUMO energy gap" describes the difference in energy 
between HOMO and LUMO. The energy difference between these border 
orbitals is used as an analytical measure to understand and model 
molecular transport properties. 

The geometry of the 13IBC3 fluorophore was optimised using the DFT 
method B3LYP/6-31+G (d, p). The ground-state dipole moment is 6.92 
Debye. The molecular orbital surfaces for HOMO and LUMO are shown. 
These orbitals are crucial in determining a molecule's chemical reactivity 
and stability [32, 33]. A smaller HOMO–LUMO energy gap signifies 
enhanced molecular stability, which leads to a change in dipole moment 
due to the redistribution of electron density. The HOMO and LUMO 
energies in the gas phase are −0.341 eV and −0.053 eV. yielding an energy 
gap of 0.288 eV. This relatively small gap, along with high chemical softness, 
indicates that the molecule is soft and highly polarizable. Furthermore, 
electronegativity leads to an asymmetric distribution of electron density, 
and the chemical potential reflects the tendency of electrons to escape from 
the system, thereby indicating lower electrophilicity [34, 35]. 

 

Table 1: Solvent polarity parameter values 

𝝀𝒂 – 𝝀𝒇,  𝝀𝒂 +𝝀𝒇,  
𝝀𝒂 +𝝀𝒇

𝟐
,  

𝝀𝒂−𝝀𝒇

𝟐
, 𝛎𝐚 + 𝛎𝐟, 𝛎𝐚 − 𝛎𝐟, 

𝛎𝐚+𝛎𝐟

𝟐
 and  

𝛎𝐚−𝛎𝐟

𝟐
 

Solvents 𝝀𝒂 - 𝝀𝒇 𝝀𝒂 +𝝀𝒇 
𝝀𝒂  + 𝝀𝒇

𝟐
 

𝝀𝒂 − 𝝀𝒇

𝟐
 𝛎𝐚 + 𝛎𝐟 𝛎𝐚 − 𝛎𝐟 

𝛎𝐚 + 𝛎𝐟

𝟐
 

𝛎𝐚 − 𝛎𝐟

𝟐
 

Methanol 132 718 359 66 1726214 315768 863107 157884 

Ethanol 130 718 359 65 1726431 312659 863215 156329 

Propanol 129 717 358.5 64.5 1726762 309648 863381 154824 

Pentanol 124 718 359 62 1720195 296349 860097 148174 

Hexanol 109 695 347.5 54.5 1712096 329410 856048 164705 

Acetonitrile 128 712 356 64 1735348 308110 867674 154055 

Chloroform 138 710 355 69 1753564 339792 876782 169896 

Toluene 131 711 355.5 65.5 1743434 319588 871717 159794 
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The absorption maximums, emission maximums, wavenumbers, 
Stokes shift, and arithmetic mean values for a 13IBC3 in general solvents 
and alcohols are listed in Table 1. The emission spectra of 13IBC3 in 
general solvents and alcohols were shown in Figures 6 and 7. The shift in 
the peaks of the emission spectrum is due to the bathochromic transition.  

  

 

 

 

 

 

 

 

Figure 9: Stoke’s Shift,  νa − νf   Vs  𝜆𝑎 - 𝜆𝑓 of 13IBC3 

The Lippert–Mataga graph of 13IBC3 is presented in Figure 9. The 
Stokes shift is plotted against the solvent polarity function, a straight line 
with a good correlation coefficient.   

 

 

 

 

 

 

 

 

 

Figure 10: Graph of  νa + νf  Vs  𝜆𝑎 +𝜆𝑓 of 13IBC3 
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Figure 11: Lippert-Mataga graph of 13IBC3,  
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Figure 12: Stoke’s Shift of 13IBC3,  
𝛎𝐚−𝛎𝐟

2
 Vs  

𝞴𝒂−𝞴𝒇
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Figures 7 and 8 show plots of Stoke's shift versus the polarity function.  
The graphs were used to calculate the slopes for the Bakshiev and Lippert-
Mataga methods. According to the J T Edward technique, the radius of the 
4MPDC molecule is 3.98 Å. The ground state dipole moment for the 
Lippert and Bakshiev methods was found to be 1.99 D, and the excited 
state dipole moment was found to be 4.06 D and 5.31 D, respectively. 
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According to the computations, the dipole moment values of the excited 
state are greater than those of the ground state. 

4.3 Structure and Evidence 

Lactone carbonyl:  

Strong doublets around 1720 cm⁻¹ (conjugated C=O) and 1810 cm⁻¹ 
(lactone C=O). Indicates coumarin-type core; lower C=O due to aromatic 
conjugation [36]. 

Fingerprint region:  

Rich, complex, indicative of multiple ring systems and ether linkages [37]. 

Recommended Checks:  

Compare experimental spectrum with DFT-computed IR: Use a scaling 
factor (≈0.96–0.99) to match peak assignments to normal modes for 
confirmation. 

Additional spectra (e.g., Raman, isotope labelling): Can help refine 
assignments of C–H, C–O, and aromatic vibrations [38]. 

5 Results from Computation 

The DFT/B3LYP/6-311G method is used to obtain optimised ground-state 
geometry, ground- and excited-state dipole moments, absorption and 
fluorescence maxima in nm, and the HOMO-LUMO gap in eV [39].  

DFT studies of 13IBC3 provide valuable insights into its electronic, 
structural, and photophysical properties. It gives an idea about the 
Prediction of its reactivity and interactions with biomolecules, and the 
development of new coumarin derivatives with improved performance 
[40].  

6 Summary 

The fluorescent molecule 13IBC3 features an extensive conjugated structure, 
which gives rise to unique photophysical and nonlinear optical properties. 
Its intense absorption and adjustable emission, together with sensitivity to 
the surrounding environment and distinct IR features, are a result of its 
expanded aromatic framework and varied functional groups. The 
distribution of charge, dipole moment, and hyperpolarizability emphasises 
its suitability for nonlinear optical and sensing applications. Moreover, its 
properties can be reliably studied through UV–Vis spectroscopy. Overall, 
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strong fluorescence, significant polarizability, and excellent photostability 
make it well-suited for applications in advanced imaging, sensing, and 
optoelectronic devices. 

7 Conclusion 

The ground- and excited-state dipole moments of the iodinated coumarin 
derivative of molecule 13IBC3 were studied in polar and nonpolar solvents. 
From the experimental and theoretical methods, observed that the excited-
state dipole moment is greater than the ground-state dipole moment. The 
bathochromic shift observed as solvent polarity increases indicates positive 
Solvatochromism. Polar solvents stabilise the charge transfer excited state, 
resulting in red-shifted emission, and induce a strong 𝜋 𝑡𝑜 𝜋∗ transition. In 
a computational study using TD-DFT, the UV- visible spectra indicate that 
the dipole moments in the excited state are greater than those in the ground 
state, particularly in the presence of solvents. The small energy indicates an 
easier electron transfer from the HOMO to LUMO, and it is soft and highly 
polarizable. The ESP surfaces provide details regarding a molecule's partial 
charges, electron density, and electron negativity. Numerous possible uses 
for these photophysical characteristics exist in the biological and 
pharmacological fields.  
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