
             Aarhat Multidisciplinary International Education Research Journal (AMIERJ) 
 A Peer Reviewed Multidisciplinary Journal          UGC Approved Journal No 48178, 48818 

            Impact Factor 5.18                                                              ISSN 2278-5655 

 
 

415 
 

OCT - NOV 2017 

Estimation Of The Ground State And First Excited State Dipole Moment Of 

Styryl Dyes Based On 7-[(E)-2-(Phenyl)Vinyl]-2-(4-Methoxy) Phenylimidazo 

[1,2-A] Pyridine Nucleus By The Solvatochromic Method 

 

Siddheshwar D. Jadhav*, Nandkumar A. Borade 

Department of Chemistry, 

Kirti M. Doongursee College, Dadar (W), Mumbai (MH) India-40001 

  

Abstract: The ground state ( ) and the excited state ( ) dipole moments of two styryl dyes were 

studied at room temperature in various organic solvents. The dipole moments ( ) were 

estimated from solvatochromic shifts of absorption and emission spectra as function of the 

refractive index (n) and dielectric constant ( ) using Bilot-Kawski, Bakshiev, Lippert Mataga, 

Kawaski-Chamma-Viallet and Reichardt Methods. Then in order to estimate a theoretical 

investigation, the dipole moments were calculated in the respective organic solvents with 

computational method (TDDFT/B3LYP). Intramolecular charge-transfer (ICT) and twisted 

intramolecular charge transfer (TICT) have been observed due to higher values of excited state 

dipole moment than ground state dipole moment. The results show that excited state dipole 

moments of dyes are higher than ground state dipole moments of styryl dyes. The small change in 

the dipole moments was found after the introduction of sulphar and methoxy group in the styryl 

dyes are observed. It is observed that dipole moment value of excited state (μe) is higher than that 

of the ground state in both the styryl dyes indicating that these dyes are more polar in nature in the 

excited state than in the ground state. 

Keywords : Ground and excited state dipole moments, photophysical, styryls, imidazo[1,2-

a]pyridine, Solvatochromic shift 

1. Introduction: 

Electronic density in the ground state and the excited state is an important factor to reveal 

information about the overall electronic and geometrical structure of the molecule [1]. Dipole 

moment describes quantitative electronic distribution throughout the structure of the organic 

molecule. Prior knowledge of dipole moments in both states is useful to design non-linear optical 

(NLO) materials and estimation of the nature of the excited state as well as allows one to judge the 

site of nucleophilic and electrophilic attacks in some photochemical transformation[2]. A change 

in the solvent mean the change in polarity, dielectric constant or change in polarisability of the 

surrounding medium and hence the ground and excited states of the molecule[3]. A modification in 

donor-acceptor groups separated by a conjugated bridge (D–π–A) with the push-pull type of 

arrangement effects on dipole moments of the molecule and they are useful to design general 



            

 

  416 
 

www.aarhat.com 

OCT - NOV 2017 

guidelines for molecules of good nonlinear optical material (NLO) [4–8]. The required high first-

order molecular hyperpolarizaility for the second-order process is dependent on a proper push-pull 

effect operating in the molecule. Those push-pull organic π-systems intrinsically is related to 

intramolecular charge transfer in excited states [9–14] and such organic material is of great 

interested in NLO research [15–19].  Therefore, developing quantitative dipole moment 

measurement and solvation interactions has been of the highest interests[20,21]. 

Push-pull type of styryl dyes with such a system is one of the most significant classes of colorants 

in term of their high technological applications. Structural diversified fluorescent cationic and 

neutral styryl dyes typically employed in advanced material such as laser dyes[20], optical or 

electro-optical devices or sensor materials [22,23], solar cell sensitizer [24], DNA probes and 

voltage-sensitive dyes in cardiac tissue[25–28]. Recently derivatives of imidazo[1,2-a]pyridine 

used as a biomarker of hypoxic tumor cells, multiple fluorescent chemosensors,  in an electron 

transport layer of an organic light emission device, as a fluorescent high-affinity ligand in 

dopamine D3 receptor[29] due to their promising nonlinear optical properties[30]. 

Several methods are used to determine the dipole moment of the singlet excited state based on the 

spectral shift caused either externally by electrochromism or internally by solvatochromism[31]. 

The electrochromism method such as electric-dichroism[32], electronic polarization of 

fluorescence[33], microwave conductivity [34] and Stark splitting[35] are considered to be very 

accurate. But their use is limited due to equipment sensitive and they restricted to relatively very 

simple molecules[3]. In the thermochromic method, the same expressions as in solvatochromic 

method is used instead of many solvents, only one selected solvent of moderate polarity as a 

function of temperature is selected[36–41]. Solvatochromism is the simplified, informative and 

widely accepted method to determine the excited state dipole moments without the use of any 

external field[42,43]. It is based on a linear correlation between the wave number of the absorption 

and emission maxima with solvent polarity functions f(ε,n) which involves relative permittivity (ε) 

and refractive index (n) of the medium.  

In this context, we have studied the singlet ground state and excited state dipole moments of 

Methylsulfanylphenyl and methoxyphenyl substituted two imidazo[1,2-a]pyridine styryl dyes in 

different solvent polarity media. These values and solvatochromic behaviors support to understand 

the properties of environment’s polarity on the structural configuration of them in the ground and 

excited states and dipole moment. However, ground state and excited state dipole moment study is 

urgent need of of imidazo[1,2-a]pyridine class derivatives. The ground state and excited state 

dipole moments are determined by using well-known Bilot–Kawski, Lippert–Mataga, Bakhshiev, 

Kawski–Chamma–Viallet, Reichardt solvatochromic shift methods as well as by computational 

method.  
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Fig. 1 Structures of 7-[(E)-2-(phenyl)vinyl]-2-phenylimidazo[1,2-a]pyridine derivatives. 

2. Material and Theoretical Methods: 

The experimental data for calculating dipole moment in various solvents were used from 

previous published work[44,45]. These calculations were performed for five solvents that were 

used in the experiment: acetonitrile, tetrahydrofuran, toluene, dichloromethane and 

dimethylsulphoxide. Stroke shift calculation highest intensity absorption (λmax) is considered 

and it increases as the polarity of solvent increases for all dyes. Methods of calculating dipole 

moment are as follows. 

2.1. Method I: Bakshiev[39] and Bilot-Kawski co-workers[38,46] obtained a simple quantum 

mechanical second-order perturbation theory which involves dielectric function (ε) and the 

refractive index ( ) of the medium in la inear correlation between stroke shift and solvent 

polarity function. The method uses two functions for the solvent's polarizability, for simplicity 

they will be referred to as  and  governed by the following equations: 

(                                          (1) 

(                                         (2) 

Where is the energy of the absorbance maximum in wavenumbers and is the energy of  

the emission maximum in wavenumber, h is Planck’s constant, c is velocity of light, and a is 

Onsagar’s cavity radius,  is ground state dipole moment and is excited state dipole moment 

of the molecule.  and  solvent polarity functions and given by 

                                                   (3) 

                                                     (4) 

Using the Bilot–Kawski theory, the ground state  and excited-state  dipole moment can be 

measured by plotting  against the Stokes shift , as well as  against 

 for different solvents. Treating this Eq. 1 and Eq. 2 as a equation of straight line,  

 

Where the slopes and  are given by 
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                                                                     (5) 

                                                                  (6) 

The slopes of these plots and ), are used in the following equations to determine the dipole 

moments for ground states and excited states 

                                                              (7) 

                                                              (8) 

                                           (9) 

Generally, the dipole moments in the ground state  and excited state  are not parallel to 

each other but make an angle  given by Eq. (10): 

                               (10) 

The other independent equations used for the estimation of ground- and excited-state dipole 

moments are as follows. In above theory deviations from the dielectric solvatochromisam plot 

 and  are observed due to non consideration of short range specific interactions 

between the solvent and solute molecules. Interactions contributed in solute and solvent such as 

hydrogen bonding and electron-pair donor/electron pair acceptor interactions. Hence other optimal 

methods are available Lippert–Mataga, Bakhshiev and Kawski–Chamma–Viallet methods. 

In these methods, absorption and emission wave number values are expressed with polarity 

functions by following independent equations proposed by Lippert–Mataga (Eq.11) [41][40] 

Bakhshiev (Eq. 13) [39] and Kawski–Chamma–Viallet[47][48] (Eq. 15). 

2.2. Method II: Lippert-Mataga Equation 

                              (11) 

  Where                                                   (12) 

slope is   after rearranging                                             (13) 

2.3.  Method III: Bakhshiev Equation 

                          (14) 

 Where                                    (15) 

slope is  after rearranging                                              (16) 

 



              

419 
 

Aarhat Multidisciplinary International Education Research Journal (AMIERJ) 
 A Peer Reviewed Multidisciplinary Journal          UGC Approved Journal No 48178, 48818 

      EduIndex Impact Factor 5.18                                                              ISSN 2278-5655 

Vol VI Special Issues No. I 

2.4. Method IV: Kawaski-Chamma-Viallet Equation 

                                  (17) 

  Where                                    (18) 

slope is    after rearranging                              (19) 

2.5. Method V: Reichardt solvent polarity function In bulk solvent polarity function, 

polarisability, hydrogen bonding effect, electron pain effect, complex formation and molecular 

aspects of salvation are ignored[31]. The other method employing molecular-microscopic 

solvent polarity parameter  scale proposed by Reichardt[42] correlates the spectral shift 

better than the traditionally used bulk solvent polarity function. 

                                       (20)  

Where slope                                      (21) 

Dipole moment calculated by the equation 

 

                                                          (22) 

         is slope obtained from the linear plot of strokes shift versus microscopic solvent polarity 

 by using equation. 

2.6. Method VI: Dipole moment obtained from Density Functional Theory (DFT) by Gaussian 

program. The geometric conformation of styryl dye was optimized using the 6-31G(d) basis 

sets in the B3LYP level of theory, and the keyword “Volume” was used in order to calculate 

the Onsager radius of the molecule. The Onsager radius of dyes were calculated to be 5.42-

5.58 and 5.76-5.96 in various solvents for IMPY-1 and IMPY-2 respectively, which were later 

used to calculate the experimental dipole moments. All the computations of styryl dyes in 

solvents were carried out using the Polarizable Continuum Model (PCM) [49]. Gaussian 09 

program [50]was used for all the DFT and TDDFT computations and the results were 

visualized with GaussView 5.0 [51]. TD-DFT calculations were run to determine molecular 

orbital (MO) transitions for various excited states and to determine the most likely transitions. 

These calculations were performed using SCRF PCM models for five solvents that were used 

in the experiment: acetonitrile, tetrahydrofuran, toluene, dichloromethane and  
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dimethylsulphoxide. Onsager cavity radii (a) for investigated samples were determined 

theoretically according to their optimized geometry. 

3. Results and discussion:  

Estimation of Dipole moments: 

Solvent polarity function values , , ,  and molecular 

microscopic solvent function  for the various solvents and solvent mixtures used in this 

article are summarized in Table 1. The bulk solvent polarity functions were calculated using 

the values of relative permittivity and refractive index for mixtures obtained by Eqs. (3), (4), 

(12), (15), (16) and (18). 

Table 1 

Solvent polarity parameters of the solvents. 

Solventsa ϵb nc 
 

 
d e f g 

Toluene 2.38 1.4969 0.1147 0.7854 0.0132 0.0291 0.3499 0.0990 

THF 7.58 1.4072 0.6097 1.1629 0.2096 0.5491 0.5511 0.2070 

DCM 8.93 1.4242 0.6555 1.2312 0.2171 0.5903 0.5830 0.3090 

ACN 37.5 1.3441 0.9080 1.3767 0.3054 0.8631 0.6659 0.4600 

DMSO 46.7 1.4793 0.9205 1.5685 0.2631 0.8400 0.7442 0.4440 

a Abbreviations for the solvent mixtures are: THF=Tetrahydrofuran, DCM=Dichloromethane, 

ACN=Acetonitrile, DMSO=Dimethylsuphoxide. 
b Dielectric constant. 
c Refractive Index. 
d Lippart-Mataga solvent polarity function. 

 e Bakhshiev solvent polarity function. 
f  Kawski–Chamma–Viallet solvent polarity function. 
g Reichardt microscopic solvent polarity function. 

The absorption and emission maxima wavenumbers, Stokes shift, and the arithmetic mean of 

Stokes shift values (in cm−1) determined for all three molecules IMPY-1 and IMPY-2 in different 

solvents are given in Tables 2. 

Table 2 Solvatochromic data of three dyes in different solvents. 

Solvents 
IMPY-1    IMPY-2    

λa λf Δϒ X y 

 

λa λf Δϒ x y 

 Toluene 380 397 1127 25752 51505 
 

375 411 2336 25499 50998 

 THF 377 416 2487 25282 50564 
 

372 432 3734 25015 50030 

 DCM 376 416 2557 25317 50634 
 

372 433 3787 24988 49976 

 ACN 372 418 2958 25403 50805 
 

369 433 4006 25097 50195 

 DMSO 379 425 2856 24957 49915   375 441 3991 24671 49342   
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λa = Absorption wavelength in nm, λb= Emission wavelength in nm, Δϒ= Stroke shift in (cm-1), x= 

 in (cm-1), y=  in (cm-1).  

In order to determine the dipole moment, graphs are plotted  versus , 

versus  for Bilot kawaski function,  versus  for 

Lippert-Mataga function,   versus  for Bakhshiev function,   

versus  for Kawaski-Chamma-Viallet function and  versus  for 

solvent polarity function, which are given in Fig 2 and Fig 3. Slope, intercepts and correlation 

coefficients are given in Table 3.  

Table 3 Slopes and Regression Coefficient of other dyes for all different functions. 

    
     

 

IMPY-1 
Slope 2212.59 -769.07 6534.18 2160.35 -1710.95 4237.82 

R.C. 0.9635 0.7217 0.9892 0.9713 0.7948 0.7886 

IMPY-2 
Slope 2061.7 -1883.4 61223.6 2012.41 -1822.43 3827.44 

R.C. 0.9254 0.8515 0.9610 0.9323 0.8304 0.7115 

R.C.= Regression Coefficient 

As can be seen from Table 3, correlation coefficients are found in the range of 0.7115 to 0.9892 

depending on the solvent polarity, which is indicative of good linearity for these correlations. 

The dipole moment with the first excited singlet state of dyes is calculated by using the slope of 

Bilot-Kwaski graph and putting in Eq. (7) and (8) represented in Table 3. The value of Onsagar 

cavity radius for all dyes taken with respect to solvents from optimized B3LYP/6-31G(d) Level of 

DFT Gaussian Program as represented in Table 4, 5 and 6. The different graphs are plotted for 

different function and represented as Fig. 2 and Fig. 3 and their slopes and regression coefficients 

are shown in Table 3. The Excited state dipole moment calculated by considering ground state 

dipole moment from Bilot-Kawaski Eq. (8). Further excited state dipole moments are calculated by 

using Lippert–Mataga (Eq. (13)), Bakhshiev (Eq. (16)), Kawaski-Chamma-Viallet (Eq. (19)) and 

Reichardt (Eq. (22)) relations respectively. The theoretically calculated ground state dipole 

moments (μg) are in between 3.04 and 0.87 D. Computational higher dipole moment is due to 

exaggerated uneven electronic distribution in a model system compared to that of the real molecule 

and some computational artefacts. Experimental and Computational study shows higher dipole 

moment in an excited state and also increasing as the polarity of solvent increases.  

Table 4 Ground-state and singlet excited-state dipole moments (in Debyea, D). 

Dyes aa 
GS DMb 

 
Excited State dipole moment 

B-Kc DFTd 
 

TD-DFTd B-Kc LMe BKf KCVg Reichh 

IMPY-1 5.45 0.59 3.04 
 

3.13 5.38 10.85 6.49 5.28 7.28 

IMPY-2 5.66 0.26 0.87 
 

1.17 5.83 10.77 6.29 5.74 6.27 
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Abbreviations aOnsagar Cavity Radius in (A0), b Ground State Dipole Moment, cBilot-

Kawaski, dDensity Finctional Theory and Time dependent density functional theory, eLippert 

Mataga, fBakshiev, KCVKawaski-Chamma-Viallet and hReichardt Methods 

 

Fig. 2 Linear plots of IMPY -1 (a)  versus  and (b)  versus  for Bilot–

Kawski, (c)  versus  for Lippert–Mataga, (d)  versus  for Bakhshiev, 

(e)  versus  for Kawski–Chamma–Viallet and (f)  versus  for Reichardt 

correlation methods of solvent polarity functions. 
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Fig. 2 Linear plots of IMPY -1, Abbreviations are same in the above graphs 

4. Conclusions: 

In conclusion, we have reported experimental and computational estimation of dipole moments of 

some styryls based on imidazo[1,2-a]pyridine. The dipole moment in the excited state was 

determined by Bilot–Kawski, Lippert–Mataga, Bakhshiev, Kawski–Chamma–Viallet, 

computational and Reichardt correlation methods. In all the methods the dipole moments in the 

excited state for styryls were found to be higher than the ground state dipole moment. This implies 

that styryls are more polar or stable in the excited state than in the ground state. This also indicates 

that the styryl dyes have a more relaxed excited state due to photon induced intramolecular charge 

transfer (PICT). The dipole moment is drastically increased with donor group and acceptor group 
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attached to imidazo[1,2-a]pyridine ring. They can become good candidates for materials in non-

linear optics considering their higher first-order hyperpolarizability and structural simplicity.   
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