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Abstract 

 

Environment induced effects including polarity play important role in controlling physical, 

biological, and chemical behavior of local molecules. In this study, due to the importance of this 

issue, solvatochromism and charge transfer characteristics of some groups of pyridine compounds 

were investigated in various environments with different polarity. According to the experimental 

results, polarity of molecular surrounding environment, position of N-atom in pyridine rings, and 

various active functional groups have profound effects on the molecular photo-physical features.  

 

The contribution of various solvent induced effects on the solvatochromism characteristics of 

samples were also investigated by using of linear salvation energy relationship concept. Moreover, 

according to the experimental data and density functional theory calculations, the differences 

between molecular dipole moment values in the ground and excited states are high enough to 

increase the probability of charge transfer mechanism. Therefore, from the theoretical calculations 

and quantitative experimental results of solute-solvent various interactions, contributions, it is 

possible to estimate the operation of pyridine compounds in various physical, chemical and 

biological phenomena in the solvent media.     

 

 

Keywords: Photo-physical, Pyridine, Solvent polarity, Solute-solvent interaction, Dipole 

moment, Density functional theory 
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1. Introduction 

 

 
The compounds containing pyridine ring, nitrogen comprising six membered aromatic rings, have 

gained intense attention during the last years. These materials with interesting characteristics play 

major roles in metabolism [1]. Furthermore, these compounds can be used as precursor for 

synthesis of pesticides [1-2], ligand in coordination chemistry [2] and anti-cancer agents [3-5]. In 

addition to the mentioned characteristics, they are found widely in pharmaceuticals [6], dyestuffs 

[2] and electronic devices [7]. First derivate of pyridine was acquired from coal tar by Anderson 

in 1846 [8].Then different methods were provided by Ramsay [9], Hantzsch [10] and Chichibabin 

[11] for synthesis of pyridine and its derivatives. Because of their importance, they are still used 

in industrial processes. 

 

Various factors can modify the operation of pyridine compounds in various biological, physical 

and chemical phenomena. Molecular surrounding media features as one of the most fundamental 

factors can have considerable effects on the various phenomena. In real, the majority of 

experimental works and natural phenomena are usually performed in the solution state. In this 

case, different molecular interactions can play important roles on the response of solute molecule 

in various phenomena. These interactions are divided into two different types called specific and 

nonspecific interactions. 

 

In general, solvent induced effects are usually studied by means of solvatochromic and solvent 

polarity parameters [12]. There are various physical, chemical and biological processes that single 

solvent polarity scales cannot explain completely the nature and degree of different solute-solvent 
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interactions. Therefore, multi-parameter polarity parameters based on general multi-linear 

expression (equation (1)) are used [12]. 

 0y y aA bB cC                                                      (1) 

In equation (1), y0 describes the physicochemical property of understudy quantity in the reference 

solvent or gas phase. a, b and c coefficients also indicate the solvent dependent characteristic of 

understudy quantity (y) based on solvent polarity parameters (A, B, C).Two well-known sets of 

multi-parameter solvent polarity scales are proposed and formulated as Kamlet-Abboud-Taft and 

Catalan equations. Based on Kamlet-Abboud-Taft equation, A, B and C solvent polarity parameters 

indicate hydrogen bond donor (HBD) acidity (α) [13], hydrogen bond acceptor (HBA) basicity (β) 

[14] and dipolarity/polarizability (π*) [15], respectively. On the other hand, in Catalan 

formulation, A, B and C describe acidity (SA), basicity (SB) and polarity/polarizability (SPP) [16-

17] of selected solvents. 

 

In addition to molecular surrounding environment features, molecular electronic structure, 

molecular charge distribution characteristics and intra- and intermolecular interactions can be 

depend on the position of atoms in the aromatic rings and active functional groups in the molecular 

structures of selected samples. 

 

Unfortunately, during the last years, it has not been reported a comprehensive experimental and 

TDDFT study on the selected materials in various solvent media with different polarity. Our aim 

of this work is investigation of media polarity effects on the linear optical properties and dipole 

moment characteristics of pyridine compounds. In this case, at first, solvatochromism behavior of 

pyridine compounds is studied at room temperature by UV-Visible spectroscopic technique. Then 
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observable spectral shifts accompanied with theoretical methods are used for calculation of 

molecular dipole moments in the ground and excited states. By using these experimental and 

theoretical data for interactional behavior of pyridine compounds, it is possible to estimate the 

molecular dominant resonance structures and their operation in various physical, chemical and 

biological phenomena in solvent media. 

 

2. Experimental 

2.1. Materials 

In this work, the pyridine compounds were synthesized according to the common methods in the 

laboratory as follows: 

 

Sample I: The compound 1 was prepared according to a literature method [18].  First, 2 ml of 

methanol solution of 4-pyridinecarboxaldehyde (1.88 ml, 20.0 mmol) was drop-wise added to a 

10 ml methanol solution of 3-aminobenzoicacid (2.74 g, 20.0 mmol). Then, the mixture was 

refluxed for about 3 h. The acquired solid product was filtrated and washed with methanol before 

drying in air. Yield: 61% (1.54 g). FT-IR (KBr, cm-1): 3443(m), 2885 (w), 1696 (s), 1608 (s), 

1411(m), 1298 (vs), 1267 (s), 1229 (m), 1201(m), 1076 (m), 1048(m),824(m). 

 

Sample II: The compound 2 was prepared according to a literature method [19-21]. First, 20.0 

mmol (1.88 ml) of 4-pyridinecarboxaldehyde in 5 ml acetonitrile was added drop-wise to an 

acetonitrile solution of 1, 4-phenylendiamine (1.08 g, 10.0 mmol). Then, the mixture was stirred 
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for about 3 h at room temperature. The formed solid product was separated and filtered off, and 

washed with acetonitrile (3-5 ml) and hexane (3-5 ml). Finally, it was dried in air to give sample 

II. Yield: 78% (2.23 g). FT-IR (KBr, cm-1): 3028 (w), 2921 (w), 2888 (w), 2855 (w), 1627 (s), 

1595 (s), 1551 (s), 1486 (s), 1412 (s), 1323 (s), 1221 (m), 1191(s), 1100 (m), 984 (w), 891 (m), 

815 (s), 603 (m). 

 

Sample III: The compound 3was prepared according to a literature method [22-23]. This sample 

was also prepared with the similar method to the synthesis of sample II, except that 3- pyridine 

carboxaldehyde (20.0 mmol, 1.88 ml) was added instead of 4-pyridinecarboxaldehyde. Yield: 68% 

(1.95 g). FT-IR (KBr, cm-1) = 2924 (w), 2887 (w), 1619 (s), 1570 (s), 1489 (m), 1422 (m), 1363 

(w), 1330 (w), 1287 (w), 1236 (w), 1194 (m), 1129 (w), 1104(w), 1022 (m), 973 (w),881 (m), 836 

(s), 800 (m), 701 (s). 

 

Moreover, the selected solvents with high purity were prepared from Merck. The solvent polarity 

parameters and polarity functions of them were also summarized in Table 1 [12, 16]. 

2.2. Absorption and emission spectroscopy 

First, diluted pyridinesolutions were prepared in selected solvents with diverse polarity. In real, 

for investigation of solute-solvent interaction effects and regardless of solute-solute interactions, 

the diluted sample solutions were prepared. Then, two spectroscopic devices were used for 

investigation of absorption and emmesion spectra of pyridine solutions.Double beam Shimadzu 

UV-2450 Scan Spectrophotomete is used for recording absorption spectra and JASCO FP-6200 
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Spectrofluorometer was selected for studying emession characteristics of samples.In this case, the  

optical length of quartz rectangular cuvettes for measurements were about 1 cm. 

2.3. Calculation of ground and excited state dipole moments 

The values of samples, dipole moments give important information about their geometrical 

structures and charge distribution features. In addition, this parameter can be useful for designing 

of nonlinear materials. Various procedures such as fluorescence polarization [24], Stark splitting 

[25], electric dichroism [26], microwave conductivity [27] and solvatochromism method [28-29] 

can be used for calculation of dipole moment values. Among the mentioned methods, the method 

based on solvent induced spectral shifts is usually used due to its simplicity. In this case, Kawaski 

et al. [30-31] by using of quantum mechanical perturbation theory expressed simple expressions 

for relation between solvent polarity parameters and difference and sum of maximum absorption 

and fluorescence wavelengths (in cm-1) in diverse solvent environments. Such solvent dependent 

relations can be written according to the Eq. 2 and 3. 

 

1 ( , ) .a f m f n const     (2) 

2 [ ( , ) 2 ( )] .a f m f n g n const                                             (3) 

By definition of solvent polarity functions in the form of Eq. (4) and (5) and linear relation between 

the difference and sum of maximum wave numbers and solvent polarity functions, it is possible to 

obtain m1 and m2 slopes (Eq. (6) and (7)) . 
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In these relations, ε, n, a, and α symbols indicate dielectric permittivity, refractive index, spherical 

cavity radius of solute and average polarizability, respectively.  

For an isotropic polarizability of solute molecule, the condition of 2α/a3 =1can be satisfied. 

Therefore, the equations (4) and (5) are converted to Bakhshiev solvent polarity functions (Eq.8 

and 9). 
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With approximation of parallel dipole moments of ground and excited states, we can write: 
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Where h is Plank’s constant and c is velocity of light in vacuum. In addition, μg and μe indicate 

ground and excited state’s dipole moments, respectively. Onsager cavity radius (a) of pyridine 

compounds was also determined theoretically according to their optimized geometry. 

2.4. Theoretical methods 

 In this work, the molecular structures of selected samples were optimized by density functional 

theory (DFT) using M06-2X hybrid meta-functional and 6-31G (d, p) basis set [32-34]. By using 

these optimized structures (Fig. 1), time-dependent density functional theory (TDFT)was 

employed for investigation of molecular vertical excitations [35]. In addition, the molecular 

orbitals included in λmax transition of these molecules are shown in Fig.1. These molecular orbitals 

are the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital 

(LUMO). 

 

It is useful to know that all of DFT calculations were performed by NWChem quantum chemistry 

program [36]. Furthermore, Onsager radii of the samples were determined by the same method 

[37]. All of obtained theoretical results for dipole moment values, the most probable excitation 

wavelengths, and related oscillator strengths can be found in Table 3. Along with these results, for 
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precise investigation of solvent induced effects, molecular electrostatic potential (MEP) and 

solvent accessible surface (SAS) were observable in Fig. 2 and Fig. 3, respectively.  

3. Result and discussion 

3.1. The solvent effect on the absorption and fluorescence spectra 

In this section, spectroscopic technique as an applicable method is used for investigation of media 

polarity effects. In this case, the absorption and emission spectra of the pyridine parent molecules 

in various solvent media were recorded at room temperature according to Fig. 4-6. Moreover, for 

precise investigation of mentioned figures, the absorption spectra of samples are plotted in 

different solvent media, separately that they are available in supplementary data.  

Pyridine compounds with different position of N-atoms and various active functional groups in 

their chemical structures indicate various active bands in the range of 270-370 nm (Table 4-

6).Hence pyridine and C=N groups can have significant roles in molecular behavior.  

The selected samples indicate two active absorption bands in UV region of electromagnetic 

spectrum. By changing the position of N-atoms in pyridine rings, the observable absorption bands 

are modified. In contrast to sample II and III, high energy band of sample I occur in the limited of 

solvents. As seen in Fig.4-6, similar behaviors are also observed in the emission characteristics of 

selected samples. In this case, the fluorescence spectra were recorded by excitation the samples at 

fixed wavelength (maximum absorption wavelength). According to DFT calculations, these 

behaviors can be related to transition between various molecular orbitals that for all of the samples 

*  transitions are dominant (Fig.1). Moreover, the theoretical results from DFT calculation 

are accessible in Table 3.  
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In general, environment effects on the solvatochromism characteristics of materials are usually 

studied in the term of polarity parameter. According to Lippert equation, general solute-solvent 

interactions can be described in terms of the orientation polarizability parameter (∆f). Hence, for 

studying the solvent effects on the spectral characteristics of pyridine compounds, the maximum 

absorption and emission wavelengths are plotted as a function of orientation polarizability (∆f) of 

solvents. In this case, we focus on general solvent interactions effects on the spectral behavior of 

low and high-energy bands of pyridine compounds. The linear shown in Fig.7 and 8, help to the 

reader to recognize the blue and red shifts of used samples in different solvents with various 

polarity. 

 

As can be seen in Fig. 7, in sample II and sample III, maximum absorption wavelengths tend to be 

shifted toward the long wavelength region by increasing orientation polarizability (∆f).In this case, 

similar behavior occurs in emission process. In sample I, by increasing the solvent polarity 

parameter (∆f), two active absorption bands shift toward the low wavelength region and negative 

solvatochromism process occur.  

 

Moreover, the revealed differences between the absorption and emission of selected samples in 

various solvents media lead to phenomenon that is well known as Stokes shift. In real, fluorescence 

process occurs slower than the absorption process and at these circumstances; solvent molecules 

have enough time to reorient around to the solute molecules in the excited state. Therefore, 

emission process occurs at the relaxed state. In this case, the increasing of Stokes shifts (νa-νb) 

accompanied with increasing the polarity of organic solvents is due to reorientation of solvent 
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molecules around to the solute molecules (Fig. 8). It should be noted that opposite behavior is 

observed in the first band of sample III.  

 

A comparison among the experimental results indicates that the observable different spectral shifts 

is related to different position of N-atoms in pyridine ring of compounds and different active 

functional groups in their chemical structures. These differences can induce various solute-solvent 

interactions that lead to observation of various spectral behaviors.  

 

Although above explanations can describe the general solvent effects qualitatively, they cannot 

describe completely the contribution of specific and nonspecific solute-solvent interaction’s 

effects. For this reason in the next section, we will use the multi-parameter solvent polarity scales. 

3.2. Correlation with multi-parameter solvent polarity scale 

In order to investigate the various solute-solvent interaction’s contribution on the spectral 

characteristics of pyridine compounds, multi-parameter solvent polarity scales that are known as 

Kamlet- Abboud- Taft and Catalan formulation, were used. In the first step, all solvents were 

selected for multi-parameter analysis. Then according to the statistical factors (R2 and significance 

of F-test) and visual inspection, the appropriate solvents were selected for obtaining the best 

results. Multiple linear analysis of absorption, emission and stokes shift data with multi-parameter 

polarity scales show the satisfactory correlation for selected collection of solvents. The obtained 

results are summarized in Table 7 and 8. For the better comparison of data in Table 7 and 8, we 
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transformed them into contribution percentages of various solvent polarity parameters (Table 7 (b) 

and 8 (b)). 

 

The results from the multiple linear analyses (Table 7) indicate that by transition to the excited 

state, solvent dipolarity/polarizability and solvent hydrogen bond acceptor abilities play significant 

role on the spectral shifts of high- and low energy bands of sample I, respectively. In similar 

analysis to the sample I, solvent specific interactions with high contribution have important effect 

on the observable absorption properties of low- and high energy bands of sample II. In comparison 

to the ground state, by excitation to the excited state, solvent hydrogen bond donor and solvent 

dipolarity/polarizability abilities play significant role on the photo-physical behavior of high- and 

low energy bands, respectively. In addition to these solvent polarity parameters, other polarity 

parameters with lower contribution play minor role on the photo-physical behavior of two active 

bands of sample II in the excited state. Therefore, absorption and fluorescence characteristics of 

low- and high energy bands are due to both specific and nonspecific interactions with different 

contributions. 

 

In contrast to sample I and II, solvent hydrogen bond acceptor and solvent dipolarity/polarizability 

abilities have the same contribution in the absorption properties of high-energy band of sample III. 

By excitation to the excited state, the contribution of solvent dipolarity/polarizability ability is 

decreased and the contributions of solvent hydrogen bond donor and acceptor abilities are 

increased. The similar analysis for low-energy band indicates that in the ground state, solvent 
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hydrogen bond acceptor ability and in the excited state, solvent dipolarity/polarizability ability 

have dominant contribution. 

 

As discussed in previous section, the difference between the absorption and emission wavelengths 

leads to Stokes shift. Hence, investigation on the linear correlation between Stokes shift data and 

multi-parameter solvent polarity scales will give important information about the solvent polarity 

effects on the molecular reorientation. The experimental results (Table 7) indicate that in the most 

cases, the increment of dominant solvent polarity parameters increase stokes shifts of used 

samples. In this case, reorientation of solute molecules is increased in various solvent media. 

 

Now, we exploit of Catalan multi-parameter solvent polarity scales for description of solvent 

effects.   The advantage of this formulation in comparison to the Kamlet–Taft solvatochromic 

model is separation of nonspecific solvent effects into two dipolarity and polarizability terms. 

Therefore, in Eq. 1, the coefficient c is divided into c and d that they are describe the contribution 

of solvent dipolarity (SP) and polarizability (SdP) abilities, respectively. 

 

According to the obtained experimental results (Table 8), in the most cases, there are good 

correlation between absorption, emission and stokes shift data with Catalan multi-parameter 

solvent scales. The data in parenthesis in Table 7 and 8 indicate the number of selected solvents in 

multi-parameter analysis.  
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In high-energy band of sample I, solvent dipolarity parameter has dominant role in its absorption 

characteristic. Moreover, the multi-linear analysis indicates that in the excited state, the correlation 

between Catalan solvent polarity parameters and first emission band of this sample is weak.  In 

low-energy band of sample I, solvent acidity in the ground state and solvent basicity in the excited 

state as effective solvent polarity parameters play a significant role in the molecular photo-physical 

behavior. In sample II, solvent dipolarity have high contribution in the ground and excited states 

of two observable active bands. The similar solvent effect is also observed on the absorption 

characteristics of sample III. Furthermore, the analysis of solvent effects on the emission 

characteristics of two active bands of sample III reveals this fact that solvent acidity and solvent 

dipolarity with high contribution have significant effect on the excited state properties of low and 

high-energy bands, respectively. Moreover, similar analysis for stokes shifts data (Table 8) 

indicate that by increasing dominant solvent polarity parameters (except the high-energy band of 

sample III), the reorientation of solute molecules are increased in various solvent media. 

In addition to the solvent effect on the spectral properties of used samples, it can effect on the 

stability of ground and excited states of solute molecules. Through the investigation on the stability 

of ground and excited states by changing each of solute-solvent contribution coefficient sign, it is 

clear that absorption is an instantaneous event and absorption spectroscopy give only information 

about the ground state of the molecules. Increasing the positive coefficients in Eq. (1) leads to 

stability of ground state. In contrast, fluorescence lifetime is usually longer than solvent relaxation 

time. Hence, fluorescence spectra illustrate the excited state of molecule. Therefore, increasing the 

negative coefficients in Eq. (1) increases the stability of excited state [38-39]. According to data 

in Table 7 and 8, in both selected models, dominant solvent polarity parameters lead to stability of 

ground and excited state of sample I. Dominant solvent polarity parameters also stabilize the 
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excited state of low-energy band of sample II. Moreover, the similar behavior is observed in low-

energy band of sample III. 

 

In addition to the solvent effects on the spectral characteristics of pyridine compounds, they can 

alter the electronic structure and charge distribution properties of the solute molecules. For this 

reason, in the next section, the dipole moments of solute molecules are calculated and investigated 

in the ground and excited states. 

 

3.3. Estimation of ground and excited state dipole moment 

For calculation of dipole moments of pyridine compounds, first solvent polarity functions, f(ε,n) 

and f(ε,n)+2g(n), were calculated (Table 2). Then the spectral shifts νa-νf  and νa+νf of the selected 

sample were plotted as a function of solvent polarity functions f(ε,n) and f(ε,n)+2g(n), respectively, 

(Fig. 8). Hence, the points in Fig. 9 indicate the spectral shifts of samples in specific solvents with 

certain solvent polarity parameters. Moreover, according to the statistical factors (R2), we deleted 

some solvents and selected the proper solvent collections. Finally, using the slopes of these lines 

and equations of (10) and (11) the ground and excited state dipole moments of samples were 

calculated. The obtained experimental results in various solvent media can be seen in Table 9. 

 

The revealed experimental results indicate that the first excited state dipole moment values are 

higher than the ground state dipole moments in solvent media. On the other hand, dipole moments 

of the high-energy bands are smaller than the low-energy bands for three mentioned samples. The 
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increase of excited state dipole moments of high and low-energy bands of sample I in solvent 

media with different polarity are about 3.55 and 3.77 Debye. The similar calculations indicate that 

these values are higher in sample II and III in comparison to sample I. The differences between 

ground and excited state dipole moments are about 6.83 and 6.34 Debye in high-energy band of 

sample II and sample III, respectively. These changes are also about 7.33 and 8.99 Debye for low-

energy band of sample II and sample III, respectively. These results are in good agreement with 

DFT calculations. It is noticeable that DFT calculations have been performed in gas phase. Hence, 

dipole moments calculated by DFT method are usually different from experimental values. 

However, the trend of DFT data is in agreement with experimental ones. As it can be observed in 

Table 3, the differences between ground and excited state dipole moments (Δμ) indicate that 

excited states have higher dipole moments in comparison with their ground states. In addition, 

DFT calculations predict higher Δμ values for lower energy bonds of calculated samples. The 

observable changes in dipole moment values of samples are highly sensitive to the possible 

resonance structures in various solvent media. In real, the various solute-solvent interactions can 

affect the electronic structure of solute molecules that the statistical weight for contribution of 

resonance structures depends highly on the molecular interactions. These resonance structures are 

obvious from HOMO and LUMO molecular orbital of these samples; see Fig. 1. As it can be seen 

from this figure, location of π bonds is different in HOMO and LUMO orbitals.  

 

Moreover, the large differences between ground and excited state dipole moments increase the 

probability of charge transfer in solute molecules that are depend on the position and presence of 

active groups in the molecular chemical structures.   
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In this case, sample I with an electron-withdrawing group (COOH) in its terminal part tends to 

pull non-bonding electrons on the nitrogen atoms toward itself and leads to local intramolecular 

charge transfer. A comparison between dipole moment values of this sample with two other used 

samples reveals that increasing of conjugated length can lead to increment of dipole moments of 

sample II and III. On the other hand, the differences dipole moment values of sample II and III can 

be related to different position of nitrogen atoms in their pyridine rings. 

 

Other results can be obtained by considering molecular electrostatic potential (MEP) and solvent 

accessible surface (SAS) of these molecules.  MEP describes the regions of used molecules with 

positive and negative charges. According to Fig 2, the density of positive charges in sample I and 

II are more than sample III. Therefore, depend on the contribution of positive and negative charges 

on the solute molecules, the solute-solvent interactions can be modify. Under this condition, in 

contrast to positively charge regions, the negatively charged regions operate as a good electron 

donor agent in solvent media.  Moreover, solvent accessible surface (SAS) values give useful 

information.  As can be seen in Fig 3, the largest SAS value is related to sample II.  This large 

interaction surface can increase the stability the structural form of sample II in comparison two 

others samples.      

 

Therefore, solute-solvent interactions and induced resonance structures can be modified by 

presence of various active groups, position of N atoms, various contribution of negatively and 

positively charges on the solute molecules and solvent accessible surfaces while they have 

significant effects on dipole moment values. 
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4. Conclusions 

The experimental results of spectroscopic and quantum chemistry methods reveal the interesting 

characteristic of pyridine compounds. The experimental results indicate that various solute-solvent 

interactions, position of atoms and active functional groups have profound effects on the 

interactional behavior of selected samples. 

 

For precise investigation of specific and nonspecific solute-solvent interaction’s contribution on 

the photo-physical behaviors of samples, Kamlet-Abboud-Taft and Catalan models were 

employed, separately. According to the results, in most cases, there were good correlations 

between spectral data with Catalan multi-parameter solvent scales that it gives a possibility to 

separate non-specific solvent effects into dipolarity and polarizability terms. Furthermore, the 

dynamic behavior of pyridine samples as widely used compounds in pharmaceuticals was studied 

by stokes shifts results in various environments. 

 

According to the results, dipole moment values are dependent on the solute-solvent interactions 

and induced resonance structures properties. In this case, presence of various active groups, 

position of N atoms, solvent accessible surfaces, and various contribution of negatively and 

positively charges on the solute molecules have significant effects on the dipole moment values. 

Moreover, the large differences between the ground and excited state dipole moments increase the 

probability of intramolecular charge transfer process by excitation. 

 

Moreover, the majority of works are usually focus on the compounds with N atoms outside of 

aromatic rings while in this work, the effect of N atoms inside the aromatic rings and the effect of 
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their position was investigated. On the other hand, these materials with pyridine rings can play 

important role in pharmaceuticals as an anti-cancer agent. Hence, investigation of the operation of 

these materials in various solvent environments can give useful information about their behaviors 

in various phenomena.  

Therefore,, dipole moment values, interactional behavior, and recognizing environment polarity 

effects on the electronic structure of selected pyridine compounds, can give valuable information 

about how these samples can operate in various physical, chemical and biological phenomena. In 

other words, obtained results of operation of pyridine compounds in various solvent environments 

can be expanded to the biologically important environments with similar polarity characteristics. 
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Figure captions: 

 

Fig. 1. The calculated optimized structures of a) Sample I, b) sample II, and c) sample III and their 

involved HOMO and LOMO molecular orbital in the most probable vertical excitation by TDFDT 

method. 

Fig. 2. MEP for optimized structures of a) sample I, b) Sample II, and c) sample III. 

Fig. 3. SAS for optimized structures of a) sample I, b) sample II, and c) sample III. 

Fig.4.a) Absorption and b) fluorescence spectral of sample I. 

Fig.5. a) Absorption and b, c) fluorescence spectral of sample II. 

Fig.6.a) Absorption and b, c) fluorescence spectral of sample III. 

Fig.7. Variation of a) maximum absorption, b) emission wavelengths and c) stokes shift of used 

samples as a function of orientation polarizability parameter (∆f). 

Fig.8. Variation of stokes shifts of a) sample I, b) sample II, and c) sample III as a function of 

orientation polarizability parameter (∆f). 

Fig. 9.  The variation of νa-νf  with  f(ε,n) and νa+νf  with f(ε,n)+2g(n) for a) sample I, b)sample II 

and c)sample III. 

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

28 
 

List of Tables: 

 

Table 1. Molecular name, molecular structure and molecular weight of used samples. 

Table 2. Solvent polarity parameters, physical properties and polarity functions of employed 

solvents. 

Table 3.  TDDFT results for pyridine samples with dipole moments (∆μ) of the most probable 

excitations, their wavelengths λmax, oscillator strengths (f), and involved molecular orbitals.  

Table 4. Absorbance and fluorescence data of sample I in various solvents. 

Table 5. Absorbance and fluorescence data of II in various solvents. 

Table 6. Absorbance and fluorescence data of III in various solvents.  

Table 7. a) Regression fit to Kamlet-Abboud-Taft multi-parameter solvent polarity scales for 

absorbance, fluorescence and stokes shift of used samples b) Percentage contribution of various 

solute-solvent interactions. 
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Molecular structure and  Molecular name Molecular weight (g/mol) 

 
 

(E)-3-(pyridin-4-ylmethyleneamino)benzoic acid 

(Sample I) 

 
 

(N1E,N4E)-N1,N4-bis(pyridin-4-ylmethylene)benzene-1,4-diamine 

(Sample II) 

 
(N1E,N4E)-N1,N4-bis(pyridin-3-ylmethylene)benzene-1,4-diamine 

(Sample III) 

 

 

226.23 

 

 

 

 

286.33 

 

 

 

 

 

286.33 

Table 1. Molecular name, molecular structure and molecular weight of used samples. 
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Table 2. Solvent polarity parameters, physical properties and polarity functions of employed solvents. 

 

 

  

solvent εr n α β π* SP SdP SA SB ∆f f(ε,n)+2g(n) f(ε,n) 

Water 78.40 1.333 1.17 0.47 1.09 0.681 0.997 1.062 0.025 0.319 1.364 0.912 

DMSO 46.68 1.479 0.00 0.76 1.00 0.830 1.000 0.072 0.647 0.263 1.488 0.84 

DMF 38.00 1.430 0.00 0.69 0.88 0.759 0.977 0.031 0.613 0.275 1.422 0.838 

Ethylene glycol  37.00 1.430 0.90 0.52 0.92 0.777 0.910 0.717 0.534 0.274 1.419 0.836 

Methanol 32.70 1.329 0.98 0.66 0.60 0.608 0.904 0.605 0.545 0.308 1.302 0.854 

Ethanol 24.50 1.361 0.86 0.75 0.54 0.633 0.783 0.400 0.658 0.288 1.304 0.812 

Acetone 21.01 1.359 0.08 0.48 0.62 0.651 0.907 0.000 0.475 0.284 1.281 0.792 

2-propanol 19.92 1.377 0.76 0.84 0.48 0.633 0.808 0.283 0.830 0.276 1.291 0.778 

1-Butanol 17.50 1.399 0.84 0.84 0.47 0.674 0.655 0.341 0.809 0.263 1.292 0.75 

1-Hexanol 13.00 1.418 0.67 0.94 0.40 0.698 0.552 0.315 0.879 0.243 1.253 0.686 

1-Heptanol 11.30 1.424 0.64 0.96 0.39 0.706 0.499 0.302 0.912 0.233 1.227 0.652 

Dichloromethane 8.93 1.424 0.13 0.10 0.73 0.761 0.769 0.040 0.178 0.217 1.165 0.59 

1-Decanol 8.00 1.437 0.70 0.85 0.45 0.722 0.383 0.259 0.912 0.204 1.145 0.552 

Diethyl ether 4.34 1.349 0.00 0.47 0.24 0.617 0.385 0.000 0.562 0.168 0.854 0.379 

1,4-Dioxane 2.22 1.420 0.00 0.37 0.49 0.737 0.312 0.000 0.444 0.022 0.615 0.045 

Cyclohexane 2.02 1.426 0.00 0.00 0.00 0.683 0.000 0.000 0.073 -0.001 0.574 -0.003 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

31 
 

Table 3.  TDDFT results for pyridine samples with dipole moments (∆μ) of the most probable excitations, their 

wavelengths λmax, oscillator strengths (f), and involved molecular orbitals. 

 

Molecular Name Δµ (Debye) λmax(nm) f Excitation Type 

Sample I     

Low energy band 1.220 308.69 0.1489 π→π* 

High energy band 1.780 249.41 0.3895 π→π* 

Sample II     

Low energy band 2.668 308.00 0.6344 π→π* 

High energy band 2.663 262.22 0.8253 π→π* 

Sample III     

Low energy band 2.84 336.38 0.7305 π→π* 

High energy band 2.17 270.00 0.5313 π→π* 
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Table 4. Absorbance and fluorescence data of sample I in various solvents. 

solvent (1) 

λAbs(nm)               λFlu(nm)    

(2) 

λAbs(nm)               λFlu(nm)    

 Sample I  

Water -----                          -----   292                               408 

DMSO -----                          ----- 329                               411 

DMF -----                          ----- 327                               406 

Ethylene glycol  -----                          ----- 322                               415 

Methanol -----                          ----- 322                               415 

Ethanol 273                           334 324                               413 

Acetone ----                            ----- ----                                ----  

2-propanol 265                           316 324                               419 

1-Butanol 267                           311 324                               415 

1-Hexanol 273                          350 323                               415 

1-Heptanol 272                          307 324                               415 

Dichloromethane ----                            ---- 323                               403 

1-Decanol 268                          308 328                               415 

Diethyl ether ----                           ---- 324                               409 

1,4-Dioxane ----                           ---- 324                               396 

Cyclohexane ----                           ---- ----                                ---- 
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Table 5. Absorbance and fluorescence data of sample II in various solvents. 

solvent (1) 

λAbs(nm)               λFlu(nm)    

(2) 

λAbs(nm)               λFlu(nm)    

 Sample II  

Water     ----                        ----   355                       453 

DMSO    277                        335   366                      440 

DMF    282                        337   363                      415   

Ethylene glycol     278                       355   369                      465 

Methanol    277                       307   363                      433 

Ethanol    274                       318   363                      417 

Acetone    ----                        ----   360                      430 

2-propanol   278                       314   364                      411 

1-Butanol   281                       311   364                      436 

1-Hexanol    ----                       ----   366                      412 

1-Heptanol    ----                       ----   366                      434 

Dichloromethane  276                        330   360                      438 

1-Decanol  280                        305   366                      429 

Diethyl ether  -----                        ----   359                      427 

1,4-Dioxane  -----                        ----   360                      411 

Cyclohexane  272                        329   361                      404 
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Table 6. Absorbance and fluorescence data of sample III in various solvents. 

solvent (1) 

λAbs(nm)               λFlu(nm)    

(2) 

λAbs(nm)  λFlu(nm)            

 Sample III  

Water    ----                        ----   348                   419 

DMSO    283                      330   361                   438 

DMF    286                      300   359                   441 

Ethylene glycol     280                     310   360                   440 

Methanol    274                     308   354                   411 

Ethanol    274                     316   357                   420 

Acetone    ----                      ----   357                   429 

2-propanol    277                     315   358                   414 

1-Butanol    279                     310   359                   411 

1-Hexanol   ----                       ----   360                  412 

1-Heptanol   ----                       ----   361                  412 

Dichloromethane    274                     321   358                  435 

1-Decanol    277                     305   360                  427 

Diethyl ether    ----                      -----   358                  426 

1,4-Dioxane    ----                     -----   358                  419 

Cyclohexane    268                    322   353                  410 
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Table 7. a) Regression fit to Kamlet-Abboud-Taft multi-parameter solvent polarity scales for absorbance, fluorescence 

and stokes shift ofused samples b)Percentage contribution of various solute-solvent interactions. 

Multi-parameter 

scale 

ν0(103cm-1) a(103cm-1) b(103cm-1) c(103cm-1) R2 

Sample I      

Absorbance      

High energy band 25.967±9.262 -1.574±1.752 4.202±6.132 19.692±9.714 0.97 (5) 

Low energy band 29.682±0.900 1.821±0.451 -1.386±0.805 2.119±0.812 0.75 (12) 

Fluorescence      

High energy band 76.589±43.249 4.119±8.320 -24.824±29.141 -57.752±43.281 0.89 (5) 

Low energy band 24.700±0.175 -0.226±0.095 -0.692±0.174 0.300±0.153 0.84 (12) 

Stokes shift       

High energy band -32.954±12.664 -2.322±2.436 20.468±8.533 48.895±12.674 0.98 (5) 

Low energy band 6.052±0.313 0.912±0.207 0.125±0.338 -0.151±0.322 0.76 (13) 

Sample II      

Absorbance      

High energy band 36.758±0.264 0.511±0.328 -1.160±0.426 -0.607±0.377 0.72 (9) 

Low energy band 27.740±0.104 0.255±0.094 -0.776±0.134 0.335±0.126 0.79 (14) 

Fluorescence      

High energy band 30.500±0.514 2.230±0.662 0.390±0.915 -0.997±0.87 0.87 (9) 

Low energy band 24.840±0.457 -0.615±0.438 0.704±0.627 -2.631±0.570 0.75 (13) 

Stokes shift      

High energy band 0.781±1.929 1.080±0.925 -1.751±1.334 7.040±1.796 0.83 (9) 

Low energy band 3.064±0.463 1.012±0.398 -1.231±0.581 2.230±0.538 0.71 (15) 

Sample III      

Absorbance      

High energy band 37.375±0.274 0.594±0.285 -1.314±0.413 -1.328±0.373 0.86 (10) 

Low energy band 28.195±0.114 0.495±0.107 -0.869±0.158 0.167±0.142 0.76 (15) 
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Fluorescence      

High energy band 31.089±0.376 -2.185±0.687 3.386±0.799 -0.067±0.693 0.89 (7) 

Low energy band 24.211±0.246 0.980±0.229 -0.260±0.339 -1.369±0.305 0.76 (15) 

Stokes shift      

High energy band 6.613±0.64 1.693±0.803 -3.588±1.042 -2.489±0.923 0.83(9) 

Low energy band 3.973±0.238 -0.409±0.213 -0.700±0.319 1.632±0.285 0.77 (16) 

 

a) 

 

 

Multi-parameter 

scale 

Pα(%) Pβ(%) Pπ*(%) 

Sample I    

Absorbance    

High energy band 6 17 77 

Low energy band 34 26 40 

Fluorescence    

High energy band 5 29 66 

Low energy band 18 75 25 

Stokes shift     

High energy band 3 29 68 

Low energy band 77 10 13 

Sample II    

Absorbance    

High energy band 22 51 27 

Low energy band 19 57 24 

Fluorescence    
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High energy band 62 11 27 

Low energy band 15 18 67 

Stokes shift     

High energy band 11 18 71 

Low energy band 23 27 50 

SampleIII    

Absorbance    

High energy band 18 41 41 

Low energy band 32 57 11 

Fluorescence    

High energy band 39 60 1 

Low energy band 38 10 52 

Stokes shift     

High energy band 22 46 32 

Low energy band 15 26 59 

 

b) 
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Table 8. a) Regression fit to Catalan multi-parameter solvent polarity scales for absorbance, fluorescence and stokes 

shift of used samples b) Percentage contribution of various solute-solvent interactions. 

Multi-parameter 

scale 

ν0(103cm-1) a(103cm-1) b(103cm-1) c(103cm-1) d(103cm-1) R2 

Sample I       

Absorbance       

High energy band -3.583±62.044 79.613±105.378 16.250±19.816 -29.885±25.141 -16.539±19.198 0.77 (6) 

Low energy band 32.621±1.690 -0.836±2.285 -0.628±0.684 1.989±0.547 -1.884±0.564 0.81 (14) 

Fluorescence       

High energy band 132.099±376.125 -149.291±638.817 -29.570±120.130 9.041±152.412 18.682±116.381 

 

0.27 (6) 

Low energy band 24.813±0.601 1.154±0.813 -0.545±0.243 -0.522±0.194 -1.214±0.200 0.84 (14) 

Stokes shift        

High energy band -135.683±314.080 228.904±533.439 45.821±100.314 -38.927±127.270 -35.221±97.138 0.31 (6) 

Low energy band 7.807±1.712 -1.991±2.316 -0.083±0.693 2.512±0.554 -0.670±0.571 0.81 (14) 

Sample II       

Absorbance       

High energy band 38.860±1.228 -2.896±1.695 -0.399±0.374 0.379±0.470 -1.141±0.391 0.78 (9) 

Low energy band 29.271±0.513 -1.886±0.723 0.106±0.169 -0.171±0.164 -0.729±0.155 0.71 (16) 

Fluorescence       

High energy band -2.513±4.171 12.524±5.820 0.666±1.406 1.765±1.758 -3.790±1.488 0.74 (10) 

Low energy band 30.963±2.067 -9.232±2.847 -0.339±0.622 -2.475±0.652 -0.070±0.520 0.77 (14) 

Stokes shift        

High energy band -2.513±4.171 12.524±5.820 0.666±1.406 1.765±1.758 -3.790±1.488 0.73 (9) 

Low energy band -1.914±2.019 7.618±2.782 0.450±0.608 2.348±0.637 -0.647±0.508 0.78 (14) 

Sample III       
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a) 

 

Multi-parameter 

scale 

PSP(%) PSdP(%) PSA(%) PSB(%) 

Sample I     

Absorbance     

High energy band 56 11 21 12 

Low energy band 16 12 37 35 

Fluorescence     

High energy band 72 14 4 9 

Low energy band 34 16 15 35 

Stokes shift      

High energy band 66 13 11 10 

Low energy band 38 1 48 13 

Sample II     

Absorbance     

High energy band 60 8 8 24 

Absorbance       

High energy band 40.465±1.241 -4.291±1.731 -1.017±0.418 0.407±0.523 -1.243±0.443 0.87 (10) 

Low energy band 29.484±0.317 -1.698±0.447 -0.025±0.104 0.308±0.101 -0.698±0.096 0.89 (16) 

Fluorescence       

High energy band 31.907±1.990 -0.847±2.780 -1.331±0.734 2.500±0.944 1.029±0.712 0.78 (9) 

Low energy band 28.655±1.190 -6.306±1.633 -1.206±0.356 0.508±0.356 0.273±0.327 0.78 (15) 

Stokes shift        

High energy band 8.578±1.913 -3.569±2.671 -2.619±0.907 -2.619±0.907 -2.218±0.684 0.87 (9) 

Low energy band 2.544±1.028 2.354±1.456 1.425±0.358 -0.592±0.330 -1.316±0.330 0.79 (15) 
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Low energy band 65 4 6 25 

Fluorescence     

High energy band 72 5 8 15 

Low energy band 76 3 20 1 

Stokes shift      

High energy band 67 4 9 20 

Low energy band 69 4 21 6 

Sample III     

Absorbance     

High energy band 62 14 6 18 

Low energy band 62 1 11 26 

Fluorescence     

High energy band 15 23 44 18 

Low energy band 76 15 6 3 

Stokes shift      

High energy band 39 8 29 24 

Low energy band 41 25 11 23 

 

b) 
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Table 9. Dipole moments and essential parameters for measuring them. 

Sample’s name m1 m2 Radius   A   μg(D) μe(D) Δμ 

Sample I       

High energy band 7391.7 2859 5.04 2.81 6.36 3.55 

Low energy band 1591.2 1410.5 5.04 0.24 4.01 3.77 

Sample II       

High energy band 3338.9 9748.3 5.40 6.56 13.39 6.83 

Low energy band 12865 7021.4 5.40 3.04 10.37 7.33 

Sample III       

High energy band 3009.4 9704.2 5.32 7.06 13.40 6.34 

Low energy band 9060.8 7393.2 5.32 1.01 10.00 8.99 
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Research Highlights 

 

> Media polarity has main role on the photo-physical behavior of pyridine compounds. 

> Solute molecules with various positions of N atoms operate differently in solvents.  

> Kamlet-Abboud-Taft and Catalan models are useful for studying molecular interactions. 

> During the excitation process, samples tend to form a polar structure.  

> The results can be expanded to the biological media with similar polarity features. 
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