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Abstract
The electronic structure and electronic transitions of four new mono Schiff base derivatives are interpreted by using absorption
and fluorescence spectra including 28 different solution medium. Electrical dipole moments have been found by means of four
different quantummechanical methods based on solvatochromic shifts like Lippert–Mataga, Bakhshiev, modified Bilot–Kawski,
and Reichardt methods. Quantitative researches of solvent-solute interactions are done by using Kamlet–Taft and Catalan
parameters. In absorption and fluorescence spectra, bathochromic shift occurs with dispersion-polarization forces effect. The
electronic transitions and electronic structure of these molecules have changed to dependent on solvent medium property.
HOMO, LUMO, MEP, and SAS were calculated using B3LYP/6-311G(d,p) level of theory. Solvatochromism, photophysical
properties, and electronic structure were discussed in detail. The dipole moments in ground-state and excited-state have not
almost change.
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Introduction

Schiff bases are compounds containing the azomethine group
(–RC=N–) and are usually compounds in which the primary
amine occurs as a result of condensation reaction with an
active carbonyl. There are a number of studies on compounds
known as Schiff bases [1–5]. These compounds have a lot of
usage areas and are still an intensive research topic, whether

having novel and fresh usage areas, because the electronic and
molecular structure of Schiff bases and compounds having
Schiff bases nucleus have own. The more interesting usage
areas from Schiff bases compounds and complex are biolog-
ical activity such as anticancer, antioxidant [6–8], antiviral
[9–11], antifungal [12–14], antibacterial [15, 16], antimicro-
bial [17–19], genotoxic [20], and antiproliferative properties
[21–24]. The Schiff bases like push-pull systems have very
different properties such as organic photovoltaic materials [25,
26], membrane sensors [27–34], non-linear optic materials
[35–39], chemosensor properties [40–45], photochromism
properties [46–48], optical switching devices [49],
solvatochromic properties [50–55], fluorescent materials [56,
57], and liquid crystal properties [58–60]. Thus, electronic
structures of these groupmolecules and novel derivatives need
to be examined in detail.

The electric dipolemoments of molecules are very important
from physical parameters due to the dipole moment values that
provide information about the change in the electronic distribu-
tion and electronic change during excitation. Themost common
method used experimentally to determine electric dipole mo-
ments is quantum mechanical method done with using
solvatochromic shifts in spectrums. The dipole moments are
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calculated using Lippert–Mataga [61, 62], Bakhshiev [63],
Reichardt [64], and modified Bilot–Kawski [65–71] methods.
Solvatochromism has researched to changes in the electronic
structures of molecules depending on their solvent environ-
ment. Compounds having solvatochromic properties are mole-
cules that can be used during organic electronics, optical
switching, and processes in which electrons actively act. The
statistical analysis of solvatochromism, in that, another name is
LSERs (linear solvation energy relationships), done using
Kamlet–Taft [72, 73] and Catalan parameters [75–77], and
physical and solution parameters done on solvent-solute inter-
actions in different medium during excitation could be calcu-
lated to qualitative effects [77, 78].

Thus, it must be determined in Schiff bases and their deriv-
atives. In this study, the electronic structure, solvatochromism,
and electric dipole moment of four new Schiff base molecules
titled as (E)-2-(2,5-dimethoxybenzylideneamino)phenol (S1),
(E)-4-(3,4-dimethoxybenzylideneamino)phenol (S2), (E)-
N-(2,4-dimethoxybenzyliden)benzeneamine (S3), and (E)-
4-(2,4-dimethoxybenzylideneamino)phenol (S4) molecules
were determined after these molecules were synthesized and
characterized. The absorbance (UV) and fluorescence spectra
of Schiff base derivatives were measured at room temperature
in 28 different solvents with different polarities. Solvent-solute
interactions of the molecules are analyzed by using Kamlet–
Taft and Catalan solvatochromism, which are LSER models.
Using the values obtained from the Kamlet–Taft and Catalan
solvatochromism, the quantities involved in solvent-solute in-
teractions such as solvent polarity, solvent dipolarity, solvent
acidity, and solvent basicity, dispersion-induction interaction,
and dipolar-orientation interaction were compared with each
other. The excited- and ground-state electric dipole moments
are calculated by the methods of Lippert–Mataga, Bakhshiev,
modified Bilot–Kawski, and Reichardt, respectively. Ground-
state and excited-state dipole moments, HOMO, LUMO, SAS,
and MEP shape, have been calculated by using DFT (B3LYP)
method and 6-311G(d,p) basis set in gas phase.

Materials and methods

Materials

The solvents and molecules were purchased from Sigma-
Aldrich. They were used without purification.

Synthesis method

The synthesis method of Schiff bases is given in supplemen-
tary materials. We show the synthesis reaction scheme in
Fig. 1. The 13C NMR, 1H NMR, and FT-IR spectra of synthe-
sized novel Schiff base compounds are shown in Figs. 1S–4S.

Synthesis of 2-((2,5-dimethoxybenzylidene)amino)phenol
(S1)

2-Aminophenol (1.091 g (0.01 mol)) was dissolved gently in
25mL ofMeOH to complete dissolution of thematerial. To this
solution, 1.661 g (0.01 mol) of 2,5-dimethoxybenzaldehyde
solution in 25 mL of MeOH was slowly added with stirring.
The crude product was filtered and purified by recrystallization
from methyl alcohol, and the vacuum was dried in a desiccator.

IR (KBr, disc, ν cm−1): 3375 (O–H), 3304–3000 (C–H,
aromatic), 2957–2834 (C–H, aliphatic), 1591 (C=N), 1495–
1379 (C=C, aromatic), 1222 (C–O, aromatic). 1H NMR
(300 MHz, DMSO) δ 9.01 (s, 1H), 8.94 (s, 1H), 7.80 (s, 1H),
7.13 (m, 1H), 7.08 (s, 1H), 7.08 (s, 1H), 6.92 (m, 1H), 6.88 (m,
1H), 6.85 (m, 1H), 3.84 (s, 2H), 3.80 (s, 3H). 13C NMR
(75 MHz, DMSO) δ 163.44 (s), 154.49 (s), 153.72 (s),
151.58 (s), 144.46 (s), 127.77 (s), 125.14 (s), 120.03 (s),
119.73 (s), 119.55 (s), 116.88 (s), 116.49 (s), 113.82 (s),
56.71 (s), 56.05 (s). Elemental analysis; C15H15NO3, calculated
(founded); C, 70.02 (64.04); H, 5.88 (5.83); N, 5.44 (5.28).

Synthesis of 2-((2,5-dimethoxybenzylidene)amino)phenol
(S2)

Aminophenol 1.091 g (0.01 mol) was dissolved gently
in 25 mL of MeOH to complete dissolution of the ma-
terial. To this solution, 1.661 g (0.01 mol) of 3,4-
dimethoxybenzaldehyde solution in 25 mL of MeOH
was slowly added with stirring. The crude product was
filtered and purified by recrystallization from methyl
alcohol, and the vacuum was dried in a desiccator.

IR (KBr, disc, ν cm−1): 3340 (O–H), 3004–2931 (C–H,
aromatic), 2840–2604 (C–H, alifatik), 1618 (C=N), 1514–
1419 (C=C, aromatic), 1272 (C–O, aromatic). 1H NMR
(300 MHz, DMSO) δ 9.44 (s, 1H), 8.49 (s, 1H), 7.52 (d, J =
1.8 Hz, 1H), 7.39 (d, J = 8.3, 1.8 Hz, 1H), 7.15 (dd, J = 8.7 Hz,
2H), 7.06 (d, J = 8.3 Hz, 1H), 6.79 (dd, J = 8.7 Hz, 2H), 3.83
(s, 4H), 3.82 (s, 2H). 13C NMR (75 MHz, DMSO) δ 157.36
(s), 156.33 (s), 151.80 (s), 149.44 (s), 143.42 (s), 129.95 (s),
123.84 (s), 122.71 (s), 116.13 (s), 111.74 (s), 109.58 (s), 56.05
(s), 55.87 (s). Elemental analysis; C15H15NO3, calculated
(founded); C, 70.02 (78.59); H, 5.88 (5.85); N, 5.44 (4.70).

Synthesis of 1-(2,4-dimethoxyphenyl)-N-phenylmethanimine
(S3)

Aniline 0.931 g (0.01 mol) was dissolved gently in 25 mL of
MeOH to complete dissolution of the material. To this solution,
1.661 g (0.01 mol) of 2,4-dimethoxybenzaldehydesolution in
25 mL of MeOH was slowly added with stirring. The crude
product was filtered and purified by recrystallization from
methyl alcohol, and the vacuum was dried in a desiccator.
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IR (KBr, disc, ν cm−1): 3017–2919 (C–H, aromatic),
2839–2572 (C–H, aliphatic), 1594 (C=N), 1506–1423
(C=C, aromatic), 1299 (C–O–C, aromatic). 1H NMR
(300 MHz, DMSO) δ 9.46 (s, 1H), 8.68 (s, 1H), 7.98
(d, J = 20.0, 8.3 Hz, 1H), 7.16 (t, J = 7.9 Hz, 1H), 6.60
(m, 5H), 3.88 (s, 3H), 3.85 (s, 3H). 13C NMR
(75 MHz, DMSO) δ 164.10 (s), 161.24 (s), 158.54
(s), 154.94 (s), 154.30 (s), 130.32 (s), 128.67 (s),
117.48 (s), 112.95 (s), 112.12 (s), 107.99 (s), 106.95
(s), 98.53 (s), 56.30 (s), 55.99 (s). Elemental analysis;
C15H15NO3, calculated (founded); C, 74.67 (54.70); H,
6.27 (4.09); N, 5.81 (4.69).

Synthesis of 4-((2,4-dimethoxybenzylidene)amino)phenol
(S4)

4-Aminophenol 0.931 g (0.01 mol) was dissolved gently
in 25 mL of MeOH to complete dissolution of the ma-
terial. To this solution, 1.661 g (0.01 mol) of 2,4-
dimethoxybenzaldehyde solution in 25 mL of MeOH
was slowly added with stirring. The crude product was
filtered and purified by recrystallization from methyl
alcohol, and the vacuum was dried in a desiccator.

IR (KBr, disk, ν cm−1): 3490 (O–H), 3053–2931 (C–
H, aromatic), 2880–2583 (C–H, alifatik), 1609 (C=N),
1513–1448 (C=C, aromatic), 1278 (C–O, aromatic). 1H
NMR (300 MHz, DMSO) δ 9.40 (s, 1H), 8.72 (s, 1H),
7.94 (d, J = 8.4 Hz, 1H), 7.08 (d, J = 8.6 Hz, 2H), 6.78
(d, J = 8.6 Hz, 2H), 6.64 (s, 1H), 6.61 (s, 1H), 3.87 (s,
3H), 3.83 (s, 3H). 13C NMR (75 MHz, DMSO) δ
163.61 (s), 160.86 (s), 156.17 (s), 152.26 (s), 144.22
(s), 128.31 (s), 122.54 (s), 117.95 (s), 116.16 (s),
106.80 (s), 98.53 (s), 56.24 (s), 55.93 (s). Elemental
analysis; C15H15NO3, calculated (founded); C, 70.02
(56.47); H, 70.02 (56.47); N, 5.44 (5.35).

Instruments and measurement methods

The 13C NMR, 1H NMR, and elemental analysis were done
with using High-Resolution Digital 300 MHz Bruker Biospin
NMR Spectrometer and LECO, CHNS-932 Elemental
Analysis, respectively. FT-IR spectra were taken on a Perkin

Elmer FT-IR Spectrometer. Ultraviolet–visible (UV–vis) ab-
sorption spectra and steady-state fluorescence spectra were
recorded on Perkin Elmer Lambda-35 Spectrophotometer
and Perkin Elmer-LS-55 Fluorescence Spectrometer, respec-
tively The solutions were prepared as 5 × 10−5 M. Ultraviolet–
visible absorption spectra were recorded on a wavelength
range of 200–700 nm, when fluorescence spectra were record-
ed on by choosing excitation wavelength 340 nm for S1,
330 nm for S2, 330 nm for S3, and 340 nm for S4,
respectively.

Electric dipole moment calculations

Lippert–Mataga, Bakhshiev, and Bilot–Kawski methods

The dipole moments were determined using the solvatochromic
shifts. These methods are Lippert–Mataga (Eq. (1)) [61, 62],
Bakhshiev (Eq. (2)) [63], and modified Bilot–Kawski (Eq. (3))
[65–70]. The theory of solvent-induced shifts was analyzed
according to the formulas derived by Bilot and Kawski and
rearranged by Chamma and Viallet [71].

~va−~v f ¼ m1F1 ε; nð Þ þ constant ð1Þ

~va−~v f ¼ m2F2 ε; nð Þ þ constant ð2Þ

~va þ ~v f
2

¼ −m3F3 ε; nð Þ þ constant ð3Þ

Where

m1 ¼
2 μe−μg

� �2

hca30
ð4Þ

m2 ¼
2 μe−μg

� �2

hca30
ð5Þ

m3 ¼
2 μ2

e−μ2
g

� �
hca30

ð6Þ

~va and ~v f are the absorption and fluorescence maxima
wavenumbers (in cm−1), respectively. F1(ε, n) (Lippert −
Mataga Function), F2(ε, n) (Bakshiev Function), and F3(ε,

Fig. 1 The general synthesis reaction of Schiff bases compounds. R1 =OH,
R2 = H, R3 = OCH3, R4 = H, R5 = H, R6 = OCH3, (E)-2-((2,5-
dimethoxybenzylidene)amino)phenol (S1); R1 =H, R2 =OH, R3 =H, R4 =
O C H 3 , R 5 = O C H 3 , R 6 = H , ( E ) - 4 - ( ( 3 , 4 -

dimethoxybenzylidene)amino)phenol (S2); R1 =H, R2 =H, R3 =OCH3,
R4 = H, R5 = OH3, R6 = H, (E)-1-(2,4-dimethoxyphenyl)-N-
phenylmethanimine (S3); R1 =H, R2 =OH, R3 =OCH3, R4 =H, R5 =OH3,
R6 =H, (E)-4-((2,4-dimethoxybenzylidene)amino)phenol (S4)
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n) (Modified Bilot −Kawski Function) are functions correlated
given by Eqs. (7), (8), and (9), respectively;m1,m2, andm3 are
the slopes found by linear curve fitting as seen in Eqs. (7), (8),
and (9), respectively.

F1 ε; nð Þ ¼ ε−1
2εþ 1

−
n2−1

2n2 þ 1
ð7Þ

F2 ε; nð Þ ¼ 2n2 þ 1

n2 þ 1

ε−1
εþ 2

−
n2−1
n2 þ 2

� �
ð8Þ

F3 ε; nð Þ ¼ 2n2 þ 1

2 n2 þ 1ð Þ
ε−1
εþ 2

−
n2−1
n2 þ 2

� �
þ 3 n4−1ð Þ

2 n2 þ 2ð Þ2
$ %

ð9Þ

Here, ε and n are dielectric constant and refractive index of
the solvents. Employing linear curve fitting route for ~va−~v f
versus F1(ε, n), ~va−~v f versus F2(ε, n), and ~va þ ~v f

� 	
=2 versus

F3(ε, n) gives m1, m2, and m3, respectively. If it can be sup-
posed that ground- and excited-state dipole moments are par-
allel, then:

μg ¼
m3−m2

2

hca3

2m2

� �1=2

ð10Þ

μe ¼
m3 þ m2

2

hca3

2m2

� �1=2

ð11Þ

μe ¼
m3 þ m2

m3−m2
μg; m3 > m2ð Þ ð12Þ

Besides, the Reichardt method based on the empirical scale
ET

N [64, 77, 78] can be used for estimating dipole variation
(Δμ) from the solvatochromic shift. The theoretical basis for
the correlation of the shift with ET

N has been developed by
Ravi et al. [79].

~va−~v f ¼ 11307:6
∇μ
∇μB

� �2 aBB
a0

� �3
" #

EN
T þ constant ð13Þ

Where ΔμB = 9D and ɑB = 6.2 Å are the change in
dipole moment on excitation and Onsager Radius of
reference betaine dye, respectively. Δμ and ɑ0 have
relevant with dipole moment change and Onsager radius
for the solute molecule. The change in dipole moment
Δμ and ɑ0 is the corresponding dipole moment change
and Onsager radius for the solute molecule. The change
in dipole moment Δμ can be determined as:

μe−μg ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

mEN
T
� 81

11307:6� 6:2=a0

� �3

vuuut ð14Þ

Where mEN
T
is the slope obtained from the linear plot of

Stokes shift as indicated in Eq. (15).

~va−~v f ¼ mEN
T
:EN

T þ constant ð15Þ

Quantum chemical calculations

Quantum chemical calculations are performed to research
as detail to the electronic structure of the investigated
molecule. Energy optimization and frequency calculations
of this molecule have been done by using B3LYP/6-
311G(d,p) [80] method and basis set with Gaussian09W
software [81]. Frequency calculations have controlled to
the question whether the imaginer frequency is observed
or not. Afterwards, Onsager cavity radiuses of these mol-
ecules have been calculated by using B3LYP/6-311G(d,p)
method and basis set. GaussView05 [82] is used for visu-
alization of the results from the output file obtained from
Gaussian09W.

Statistical methods

LSERs have depicted to the specific/nonspecific interac-
tions and intra/inter molecular interactions in electronic
transition mechanisms of solute molecules in the solvent
medium. The LSER approach is preferable because it has
been successfully applied to the positions or intensities of
maximal absorption in UV–visible absorption and fluores-
cence spectra [77, 78]. The Kamlet–Taft solvatochromism
equation is given as

ϑmax ¼ C0 þ C1 f nð Þ þ C2 f εð Þ þ C3β þ C4α ð16Þ

In here, ϑmax is defined as the maximum absorption
band depending on solvent parameters of the molecule;
f(ε) = (ε − 1)/(ε + 1), f(n) = (n2 − 1)/(n2 + 1), β, and α are
determined as dipolarity-orientation and polarization-
induction functions, hydrogen bonding acceptor ability,
and hydrogen bonding donor ability, respectively. The
C0 coefficient can determine the maximum absorption
band in gaseous phthe ase, and C1, C2, C3, and C4

are coefficients that represent f(n), f(ε), β, and α param-
eter values [72, 73].

Another method, Catalan solvatochromism equation, is
given as [75–77].

ϑmax ¼ C5 þ C6SP þ C7SdP þ C8SAþ C9SB ð17Þ

In here, SP defines the solvent polarity, SdP defines solvent
dipolarity, SA defines the acidity of solvent, and SB is the
basicity of solvent. The C5 coefficient can determine the
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maximum absorption band in the gaseous phase. C6, C7, C8,
and C9 are coefficients that represent SP, SdP, SA, and SP
parameter values. Dielectric constant, ε, and refractive index,
n, were taken from the literature [78].

Result and discussion

Electronic absorption and fluorescence spectra

The electronic spectral data of S1, S2, S3, and S4 in different
non-polar, polar aprotic, and polar protic solvents with various
polarities have been tabulated in Tables 1, 2, 3, and 4. As seen
from Table 1 and Fig. 2, electronic absorption spectra of S1
molecule exhibit two main bands centered in the regions of
269–291 nm and 358.17–379.22 nm, respectively. These first
electronic transition bands are born out from conjugations of
aromatic rings, while second electronic transition bands are
born out from delocalization between –N=CH– and aromatic

rings. The second electronic band displays hypsochromic shifts
in electronic absorption spectra with increasing solvent polarity.

Fluorescence spectra of S1 in different solvents are given in
Fig. 2. As can be seen in Table 1 and Fig. 2, fluorescence
spectra of S1 indicate three electronic transition bands in cy-
clohexane and two electronic transition bands in diethyl ether,
n-butyl acetate, DCM, and acetonitrile and one electronic tran-
sition band in other solvents. The first band in the fluorescence
spectra can be attributed to electronic transition of conjugation
between –N=CH– and benzene ring. The second band in fluo-
rescence spectra can be originated from the electron move-
ments in the –N=CH– group. Fluorescence spectra wave-
length λPL(nm), frequency ν (cm−1), and Stokes shift values
of S1 are listed in Table 1. Stokes shift does not regularly
change with solvent polarity for S1.

The absorbance spectra of S2 in different solvents are given in
Fig. 3. The absorbance spectra wavelength and wavenumber for
S2molecule are shown in Table 2. As can be seen in Table 2 and
Fig. 4, electronic absorption spectra of S2 derivatives exhibit four

Table 1 The absorption and fluorescence wavenumber data in different solvent medium of S1 molecule

Solvents λabs
1 λabs

2 νabs
2 λPL

1 νPL
1 λPL

2 λPL
3 λPL

4 νabs
2-νPL

1

n-Pentane 278.78 374.58 26,696.79 448.38 22,302.51 – – – 4394.28

n-Hexane 290.94 371.57 26,913.02 383.71 26,061.35 – – – 851.67

Cyclohexane 278.78 375.45 26,634.38 382.10 26,171.16 408.58 430.08 456.42 463.22

1,4-Dioxane 276.27 374.20 26,723.63 418.20 23,912 – – – 2811.63

Benzene – 379.22 26,370.17 380.49 26,281.9 – – – 88.27

Toluene – 377.96 26,457.66 382.69 26,130.81 – – – 326.85

o-Xylene – – – 382.69 26,130.81 – – – –

Diethyl ether 295.71 369.18 27,086.69 410.19 24,378.95 430.08 – – 2707.74

Chloroform 278.78 376.71 26,545.73 437.25 22,870.21 – – – 3675.52

Ethyl acetate 288.81 370.44 26,995.01 426.72 23,434.57 – – – 3560.44

n-Butyl acetate 290.06 372.95 26,813.48 387.07 25,835.12 411.80 – – 978.36

THF – 368.06 27,169.75 430.08 23,251.49 – – – 3918.26

DCM 290.19 375.08 26,661.09 418.38 23,901.72 436.67 – – 2759.37

1-Octanol 290.19 365.17 27,384.32 411.80 24,283.63 – – – 3100.69

1-Heptanol 274.51 362.41 27,592.77 411.36 24,309.61 – – – 3283.16

1-Hexanol 271.76 359.53 27,814.11 411.36 24,309.61 – – – 3504.5

1-Butanol 284.42 362.41 27,592.77 448.22 22,310.47 – – – 5282.3

iso-Butanol 284.42 358.15 27,921.23 451.44 22,151.34 – – – 5769.89

2-Propanol 258.97 359.53 27,814.11 450.71 22,187.22 – – – 5626.89

Acetone – 366.68 27,271.95 414.87 24,103.94 – – – 3168.01

1-Propanol 268.87 363.79 27,488.15 453.20 22,065.31 – – – 5422.84

Ethanol 283.04 356.77 28,029.17 651.13 15,357.92 – – – 12,671.25

Benzonitrile – 370.94 26,958.51 398.63 25,085.92 – – – 1872.59

Methanol 270.25 360.91 27,707.81 461.39 21,673.64 – – – 6034.17

DMF 287.30 366.68 27,271.95 426.72 23,434.57 – – – 3837.38

Acetonitrile 290.19 368.06 27,169.75 389.85 25,650.89 436.67 – – 1518.86

Ethylene glycol 288.68 358.15 27,921.23 479.53 20,853.75 – – – 7067.48

DMSO – 365.17 27,384.32 422.04 23,694.44 – – – 3689.88
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strong bands centered in the regions of 224–227 nm, 273–
282 nm, 312–316 nm, and 328–341 nm, respectively. The first
and second band in the fluorescence spectra can be originated to
conjugation on benzene rings. The third band in the fluorescence
spectra can be attributed to electronic transition due to delocali-
zation between –N=CH– and benzene rings. The forth band
corresponds to electronic transitions at –N=CH– group.

As can be seen in Table 2 and Fig. 3 in the fluorescence
spectra of S2, it exhibits one band centered in the region of
357–418 nm. This band can be attributed to electronic emis-
sion transition that represents conjugation between –N=CH–
and the benzene ring. As the polarity of the solvent increases,
the wavelength increases irregularly and displays a
bathochromic effect.

Absorbance spectra of S3 in different solvents are given
in Fig. 4. The absorbance spectra wavelength wavenumbers
for the S3 molecule are shown in Table 3. As can be seen
in Table 3 and Fig. 4, absorbance spectra electronic transi-
tions of S3 derivatives exhibit three strong bands centered
in the regions of 231–240 nm, 267–280 nm, and 319–

340 nm, respectively. The first and second band in the
absorbance spectra can be attributed to electronic transition
due to conjugation in benzene rings and conjugation be-
tween –N=CH– and benzene rings. The third band is orig-
inated from electronic transitions in –N=CH– group. As the
polarity of the solvent increases, the wavelength decreases;
in other words, it displays hypsochromic effect.

The fluorescence spectra of S3 in different solvents are
given in Table 3 and Fig. 4. As can be seen in Table 3 and
Fig. 4, the fluorescence spectra of S3 exhibit one band. This
band can represent the florescence transitions that originated
from conjugation between benzene ring and –N=CH– group.
As the polarity of the solvent increases, the wavelength de-
creases irregularly and displays hypsochromic effect.

The absorbance spectra of S4 in different solvents are given
in Fig. 5. The absorbance spectra wavelength and molar ab-
sorptivity values observed in for S4 molecule are shown in
Table 4. As can be seen in Table 4 and Fig. 5, electronic
absorption spectra of S4 derivatives exhibit four strong bands
centered in the regions of 223–232 nm, 264–280 nm, 305–

Table 2 The absorption and
fluorescence wavenumber data in
different solvent medium of S2
molecule

Solvents λabs
1 λabs

2 λabs
3 νabs

3 λabs
4 λPL

1 νpl
1 νabs

3-νPL
1

n-Pentane – 274.40 328.43 30,447.89 – 379.61 26,342.83 4105.06

n-Hexane – 272.13 312.01 32,050.25 341.60 359.26 27,834.99 4215.26

Cyclohexane – 273.51 313.01 31,947.86 335.71 359.43 27,821.83 4126.03

1,4-Dioxane – 279.53 332.70 30,057.11 – 399.95 25,003.13 5053.98

Benzene – 326.67 335.45 29,810.7 – 407.26 24,554.34 5256.36

Toluene – – 337.08 29,666.55 – 376.69 26,547.03 3119.52

o-Xylene – – 343.10 29,146.02 – 357.67 27,958.73 1187.29

Diethyl ether – 282.41 334.20 29,922.2 – 405.51 24,660.3 5261.9

Chloroform 266.11 273.92 337.08 29,666.55 – 409.16 24,440.32 5226.23

Ethyl acetate – 279.53 332.70 30,057.11 – 390.73 25,593.12 4463.99

n-Butyl acetate – 280.91 334.20 29,922.2 – 388.83 25,718.18 4204.02

THF – 279.53 338.59 29,534.24 – 407.70 24,527.84 5006.4

DCM – 282.41 334.20 29,922.2 – 417.21 23,968.74 5953.46

1-Octanol – 282.41 341.60 29,274 – 413.26 24,197.84 5076.16

1-Heptanol – 273.51 341.60 29,274 – 405.51 24,660.3 4613.7

1-Hexanol – 279.53 341.60 29,274 – 401.70 24,894.2 4379.8

1-Butanol – 280.91 340.09 29,403.98 – 405.51 24,660.3 4743.68

iso-Butanol – 280.91 341.60 29,274 – 394.39 25,355.61 3918.39

2-Propanol – 280.91 337.08 29,666.55 – 410.92 24,335.64 5330.91

Acetone 227.74 280.91 332.70 30,057.11 – 414.72 24,112.65 5944.46

1-Propanol – 280.91 338.59 29,534.24 – 379.61 26,342.83 3191.41

Ethanol – 278.03 338.59 29,534.24 – 403.02 24,812.66 4721.58

Benzonitrile – 316.39 337.08 29,666.55 – 394.39 25,355.61 4310.94

Methanol 224.73 282.41 340.09 29,403.98 – 405.36 24,669.43 4734.55

DMF – 281.66 335.45 29,810.7 – 418.38 23,901.72 5908.98

Acetonitrile 227.74 281.66 332.57 30,068.86 – 418.38 23,901.72 6167.14

Ethylene
glycol

227.74 281.66 339.72 29,436.01 – 398.19 25,113.64 4322.37

DMSO – – 334.48 29,897.15 – 398.05 25,122.47 4774.68
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315 nm, and 337–350 nm, respectively. The first transition
band is just observed in polar protic solvents. The second
transition band can represent the electronic transitions that
originated from conjugation in the benzene ring. The third
transition band is originated from conjugation between ben-
zene rings and –N=CH– group.

The fluorescence spectra of S4 in different solvents are
given in Table 4 and Fig. 5. As can be seen in Table 4 and
Fig. 5 in the fluorescence spectra of S4, one band was ob-
served. This band can represent the fluorescence transitions
that originated from conjugation in –N=CH– group.

Solvatochromism

It is well known that solvent induces the spectral shift and
related electronic transitions in the molecules. These spectral
shifts are analyzed by using linear salvation energy relation-
ships described with Kamlet–Taft and Catalan methods.

Statistical parameters derived from maximum absorption and
emission spectra are listed in Tables 5 and 6, respectively.

Figures 5S, 9S, 13S, and 17S show the correlation graph
between the frequencies obtained experimentally using the
Kamlet–Taft parameters for absorbance spectra S1, S2, S3,
and S4 (R2 = 0.887 (S1), R2 = 0.814 (S2), R2 = 0.744 (S3),
and R2 = 0.627 (S4)).

When the Kamlet–Taft parameters obtained by using the
absorbance spectra of molecules are examined, it can be seen
that the greatest contribution to absorbance spectra of S1, S2,
S3, and S4 molecules is from the diffraction function. The
Kamlet–Taft parameter calculations for maximum electronic
absorption transition of S1, S2, S3, and S4 molecules are
performed by using 27, 23, 23, and 22 solvents, respectively.

As seen from Table 5, C1 is negative for all of the mole-
cules and C2 is negative for S3 and S4. It is found that
│C1│ >│C2│for studied compounds. C1 is a measurement
of the orientation-induction interaction (refractive index func-
tion), while C2 describes the dispersion-polarization

Table 3 The absorption and
fluorescence wavenumber data in
different solvent medium of S3
molecule

Solvents λabs
1 λabs

2 λabs
3 νabs

3 λabs
4 λPL νPL νabs

3-νPL

n-Pentane – 267.75 312.15 32,035.88 334.90 422.04 23,694.44 8341.44

n-Hexane – 268.19 300.44 33,284.52 – 369.52 27,062.13 6222.39

Cyclohexane – 269.72 302.27 33,083.01 340.75 369.52 27,062.13 6020.88

1,4-Dioxane – 274.18 329.04 30,391.44 – 403.02 24,812.66 5578.78

Benzene – – 333.80 29,958.06 – 434.03 23,039.88 6918.18

Toluene – – 320.71 31,180.82 – 374.35 26,712.97 4467.85

o-Xylene – 315.95 343.38 29,122.26 – 374.35 26,712.97 2409.29

Diethyl ether – 276.53 326.70 30,609.12 – 405.36 24,669.43 5939.69

Chloroform – 278.94 331.46 30,169.55 – 417.21 23,968.74 6200.81

Ethyl acetate – 274.18 319.54 31,294.99 – 419.70 23,826.54 7468.45

n-Butyl acetate – 276.60 325.97 30,677.67 – 395.85 25,262.09 5415.58

THF – 278.94 331.46 30,169.55 – 414.87 24,103.94 6065.61

DCM – 272.94 327.87 30,499.89 – 419.70 23,826.54 6673.35

1-Octanol – 277.77 332.63 30,063.43 – 414.87 24,103.94 5959.49

1-Heptanol – 273.67 328.97 30,397.91 – 411.80 24,283.63 6114.28

1-Hexanol – 268.77 327.95 30,492.45 – 405.36 24,669.43 5823.02

1-Butanol 240.10 279.60 331.90 30,129.56 – 372.30 26,860.06 3269.5

iso-Butanol – 270.75 327.95 30,492.45 – 399.95 25,003.13 5489.32

2-Propanol – 277.02 330.19 30,285.59 – 410.19 24,378.95 5906.64

Acetone – – 344.48 29,029.26 – 414.26 24,139.43 4889.83

1-Propanol – 277.77 331.46 30,169.55 – 414.87 24,103.94 6065.61

Ethanol – 278.94 327.87 30,499.89 – 410.19 24,378.95 6120.94

Benzonitrile – – 340.97 29,328.09 – 386.20 25,893.32 3434.77

Methanol – 277.62 330.95 30,216.04 – 412.53 24,240.66 5975.38

DMF – – 331.46 30,169.55 – 419.70 23,826.54 6343.01

Acetonitrile 231.25 277.62 328.97 30,397.91 – 411.80 24,283.63 6114.28

Ethylene
glycol

– 280.28 329.31 30,366.52 – 403.02 24,812.66 5553.86

DMSO – 274.18 319.54 31,294.99 – 398.19 25,113.64 6181.35

Struct Chem



(dielectric function). The values in Table 5 indicate that elec-
tronic transitions exhibit bathochromic effect (red shift) de-
pending on dispersion-polarization force and the contribution
of the dispersion-polarization force is greater than those of the
orientation-induction force.

│C3│value is bigger than │C4│ value for S1 and S4 mol-
ecules. Thus, electronic transitions of S1 and S4 molecules
have occurred by the larger effect of H-bond acceptor ability
in accordance with H-bond donor ability. However, H-bond
donor ability in S2 and S3 molecules has a larger effect on
electronic transition than H-bond acceptor ability.

Figures 6S, 10S, 14S, and 18S show the correlation graph
between the frequencies obtained experimentally using the
Kamlet–Taft parameters for fluorescence spectra of S1, S2, S3,
and S4 (R2 = 0.738, R2 = 0.753, R2 = 0.837, and R2 = 0.723).

When the Kamlet–Taft parameters obtained by using the
fluorescence spectra of molecules are examined, it can be seen
that the greatest contribution to fluorescence spectra of S1, S2,
S3, and S4 molecules is from the diffraction function (disper-
sion-induction interaction).

The Kamlet–Taft parameter calculations for maximum
electronic emission transition of S1, S2, S3, and S4 molecules
are performed by using 23, 24, 22, and 16 solvents, respec-
tively. R2 and R values given in Table 6 indicate acceptability
of statistical parameters of the investigated molecules.

It can be said from Table 5 that absolute C1 values derived
from Kamlet–Taft model are obtained as bigger than C2 values.
Thus, electronic emission transitions are found more effective
on dispersion-polarization interactions in comparison with
orientation-induction interactions. Positive C1 values show that
electronic transitions in all molecules exhibit hypsochromic ef-
fect (blue shift) by the effect of dispersion-polarization forces. It
is also observed that │C3│ >│C4│except for S1. Thus, the
contribution of H-bond acceptor ability to the spectral shift in
the electronic emission transitions in S2, S3, and S4 molecules
is more effective than the contribution of H-bond donor ability.
However, the inverse case is true for S1.

C3 value is negative for S2 and S4 molecules, and this
value is positive for S1 and S3 molecules. We can say that
electronic emission spectra of S2 and S4molecules exhibit red

Table 4 The absorption and
fluorescence wavenumber data in
different solvent medium of S4
molecule

Solvents λabs
1 λabs

2 λabs
3 λabs

4 νabs
4 λPL νPL νabs4-νPL

n-Pentane – 264.98 305.61 – – 405.95 24,633.58 –

n-Hexane – 266.74 303.98 – – 382.25 26,160.89 –

Cyclohexane – 266.74 307.37 – – 382.25 26,160.89 –

1,4-Dioxane – 278.53 – 344.48 29,029.26 409.90 24,396.19 4633.07

Benzene – – 315.77 339.47 29,457.68 386.20 25,893.32 3564.36

Toluene – – 314.14 344.48 29,029.26 409.90 24,396.19 4633.07

o-Xylene – – – 337.71 29,611.2 381.52 26,210.95 3400.25

Diethyl ether – 276.87 – 341.10 29,316.92 409.90 24,396.19 4920.73

Chloroform – 278.53 – 342.85 29,167.27 425.69 23,491.27 5676

Ethyl acetate – 275.14 314.14 339.48 29,456.82 429.64 23,275.3 6181.52

n-Butyl acetate – 278.53 – 346.24 28,881.7 386.20 25,893.32 2988.38

THF – 279.03 – 344.48 29,029.26 386.20 25,893.32 3135.94

DCM – 276.90 – 337.71 29,611.2 424.38 23,563.79 6047.41

1-Octanol – 281.16 – 344.48 29,029.26 417.21 23,968.74 5060.52

1-Heptanol 223.85 275.14 – 346.24 28,881.7 410.19 24,378.95 4502.75

1-Hexanol 224.36 278.53 – 349.62 28,602.48 410.19 24,378.95 4223.53

1-Butanol – 278.53 – 346.24 28,881.7 388.10 25,766.56 3115.14

iso-Butanol – 276.90 – 339.47 29,457.68 400.53 24,966.92 4490.76

2-Propanol – 278.53 – 341.10 29,316.92 384.15 26,031.5 3285.42

Acetone – – – 353.01 28,327.81 417.21 23,968.74 4359.07

1-Propanol – 278.53 – 344.48 29,029.26 425.69 23,491.27 5537.99

Ethanol 227.74 276.90 – 341.10 29,316.92 412.53 24,240.66 5076.26

Benzonitrile – – 317.90 – – 381.52 26,210.95 –

Methanol 232.89 278.52 – 341.10 29,316.92 386.20 25,893.32 3423.6

DMF – – – 344.48 29,029.26 386.02 25,905.39 3123.87

Acetonitrile – 273.51 – 341.10 29,316.92 386.20 25,893.32 3423.6

Ethylene
glycol

232.89 280.29 – 337.71 29,611.2 398.19 25,113.64 4497.56

DMSO – 279.03 – 350.63 28,520.09 413.85 24,163.34 4357.09
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shifts depending on H-bond acceptor ability of using solvents,
while electronic emission spectra of S1 and S3 exhibit blue
shifts depending on H-bond acceptor ability of solvents.

Figures 7S, 11S, 15S, and 19S show the correlation graph
between the frequencies obtained experimentally using the
Catalan parameters for absorbance spectra of S1, S2, S3, and
S4 (R2 = 0.888 (S1), R2 = 0.715 (S2), R2 = 0.766 (S3), and
R2 = 0.729 (S4)).

When the Catalan parameters obtained by using the absor-
bance spectra of molecules are examined, it can be seen that
the greatest contribution to S1, S2, S3, and S4 molecules is
from the solvent polarity (SP). The Catalan parameter calcu-
lations for maximum electronic absorption transition of S1
molecules have been carried out by using 28 solvents, while
calculations for maximum electronic absorption transition of
S2, S3, and S4 molecules are performed in 24, 25, and 26

Fig. 3 The absorbance spectra and flourescence spectra of S2 molecule in the various solvents versus the wavelength (excitation wavelength is 330 nm)

Fig. 2 The absorbance spectra and flourescence spectra of S1 molecule in the various solvents versus the wavelength (excitation wavelength is 340 nm)
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solvents, respectively. According to MLRA results, polarity/
polarizability of the solvent, C6 coefficients are obtained as
negative for all investigated molecules. This demonstrates that
electronic absorption band maxima of S1, S2, S3, and S4
molecules exhibit bathochromic shift with increasing of
polarity/polarizability of solvents. The coefficients C8 and
C9 describe the contribution of solvent acidity (SA) and sol-
vent basicity (SB) to the electronic absorption spectral shift,
respectively. Negatively signedC9 suggests that basicity of the

solvent causes the absorption band shifts to lower energies
with the increasing of solvent basicity for S2, S3, and S4.
An inverse case for positively signed C9 can be considered
for S1 molecule.

According to the Catalan solvatochromic model, we have
observed that │C8│ > │C9│ for S1 and S2, whereas
│C9│ >│C8│ for S3 an S4. We can say that acidity of solvent
is relativelymore effective than basicity of solvent for S1 and S2.
The inverse case can be considered for S3 and S4 molecules.

Fig. 5 The absorbance spectra and flourescence spectra of S4 molecule in the various solvents versus the wavelength (excitation wavelength is 340 nm)

Fig. 4 The absorbance spectra and flourescence spectra of S3 molecule in the various solvents versus the wavelength (excitation wavelength is 330 nm)
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Figures 8S, 12S, 16S, and 20S show the correlation
graph between the frequencies obtained experimentally
using the Catalan parameters for fluorescence spectra
S1, S2, S3, and S4 (R2 = 0.759 (S1), R2 = 0.712 (S2),
R2 = 0.736 (S3), and R2 = 0.764 (S4)). When the
Catalan parameters obtained by using the fluorescence
spectra of molecules are examined, it can be seen that

the greatest contribution to S1 is from the solvent polar-
ity (SP), to S2 and S3 from the solvent dipolarity (SdP),
and to S4 from the solvent acidity (SA). The Catalan
parameter calculations for maximum electronic emission
transition of S1 molecule have been carried out by using
25 solvents, while calculations for maximum electronic
absorption transitions of S2, S3, and S4 molecules are

Table 5 LSER’s results calculated with using Kamlet–Taft and Catalan parameters for absorption maximum wavenumber of S1, S2, S3, and S4
molecules

Molecules C0 C1 C2 C3 R R2 F P N Extracted solvents

Kamlet–Taft solvatochromism (absorbance spectra)

S1 26,590.92 −88.82 1031.87 399.32 0.920 0.847 42.29 0.000 27 –

S2 29,853.31 120.04 −85.63 −528.45 0.85 0.723 15.664 0.000 22 n-Pentane, n-Hexane, Toluene, o-Xylene,
Benzonitrile, Acetonitrile

S3 32,215.11 −2453.96 −744.70 11.80 0.849 0.721 17.201 0.000 24 o-Xylene, 1-Octanol, Acetone, DMSO

S4 31,708.18 −3091.57 −1518.47 91.63 0.862 0.743 20.277 0.000 25 Ethyl acetate, Benzonitrile, Ethylene glycol

Molecules C4 C5 C6 C7 C8 R R2 F P N Extracted solvents

Catalan solvatochromism (absorbance spectra)

S1 27,484.05 −1482.01 396.12 1039.58 717.19 0.943 0.888 43.819 0.000 28 –

S2 30,960.25 −1868.35 512.80 −1250.54 −257.93 0.845 0.715 11.897 0.000 24 n-Pentane, n-Hexane, 1,4-Dioxane,
Ethylene glycol

S3 34,964.56 −3685.91 −2207.07 927.25 −1282.07 0.875 0.766 16.400 0.000 25 Benzene, Toluene, DMSO

S4 36,160.51 −6689.20 −1904.59 1423.26 −2222.73 0.854 0.729 14.098 0.000 26 Ethyl acetate, Benzonitrile

Table 6 LSER’s results calculated with using Kamlet–Taft and Catalan parameters for fluorescence maximum wavenumber of S1, S2, S3, and S4
molecules

Molecules C0 C1 C2 C3 R R2 F P N Extracted solvents

Kamlet–Taft solvatochromism (emission spectra)

S1 26,611.75 −1852.31 −1261.67 −2358.82 0.846 0.715 15.066 0.000 22 n-Pentane, 1,4-Dioxane, Chloroform, Ethyl
acetate, THF, Ethanol

S2 27,299.27 −3769.73 −1036.83 −59.93 0.861 0.741 17.172 0.000 22 n-Pentane, o-Xylene, 1-Propanol,
Benzonitrile, Ethylene glycol, DMSO

S3 26,885.88 −223.58 −4075.86 1186.74 0.862 0.743 16.401 0.000 21 n-Pentane, Benzene, Chloroform, Ethyl
acetate, DCM, 1-Butanol, DMSO

S4 26,133.35 1363.98 −2790.03 284.13 0.839 0.705 7.156 0.009 13 n-Pentane, 1,4-Dioxane, Benzene, Toluene,
Chloroform, Ethyl acetate,
DCM,1-Octanol, 1-Butanol, DMF,
DMSO, 2-Propanol, Acetone, 1-Propanol,
Benzonitrile

Molecules C4 C5 C6 C7 C8 R R2 F P N Extracted solvents

Catalan solvatochromism (emission spectra)

S1 22,851.66 4751.70 −3109.85 −3363.18 69.28 0.871 0.759 15.761 0.000 25 n-Pentane, Ethanol, Acetonitrile

S2 27,435.57 −26.29 −3045.62 1464.24 −1486.48 0.844 0.712 11.722 0.000 24 Benzene,1-Propanol, Ethylene glycol,
DMSO

S3 27,817.55 −1202.95 −2768.37 1382.50 −1551.83 0.858 0.736 12.529 0.000 23 n-Pentane, Benzene, 1-Butanol,
Benzonitrile, DMSO

S4 23,481.26 3900.03 −2832.92 −4785.85 1138.42 0.874 0.764 7.273 0.007 14 n-Pentane, Benzene, Toluene, Chloroform,
Ethyl acetate, 1-Butanol, iso-Butanol,
2-Propanol, Ethanol, Benzonitrile,
Methanol, DMF, Acetonitrile, Ethyl
acetate, Glycerol
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performed in 24, 23, and 14 solvents, respectively.
According to MLRA results, polarity/polarizability of
the solvent, C6 coefficients are obtained as negative for

S2 and S3 molecules and as positive for S1 and S4
(Table 6). This demonstrates that electronic absorption
band maxima of S2 and S3 shift to lower energy

Table 7 Spectral treatment of the Lippert–Mataga, Bakhshiev, modified Bilot–Kawski, and Reichardt correlation of investigated compounds

Equation Slope Intercept Cor. (R2) Solvent used in correlation N

S1

Lippert–Mataga m1 = 18,320 409.1 0.9841 n-Hexane, Cyclohexane, Benzene, Toluene, Ethyl acetate, THF, 1-Butanol,
iso-Butanol, 2-Propanol, 1-Propanol, Methanol

11

Bakhshiev m2 = 6743.6 216.27 0.9992 Benzene, Toluene, Diethyl ether, Ethyl acetate, THF, 1-Butanol, 1-Propanol,
Methanol

8

Modified
Bilot–Kawski

m3 = −6897.7 29,349 0.8522 DCM, 1-Butanol, iso-Butanol, 2-Propanol, 1-Propanol, Methanol,
Ethylene glycol

7

Reichardt mR = 216.78 59.693 0.5865 n-Hexane, Cyclohexane, Benzene, Toluene, n-Butyl acetate, DCM, 1-butanol,
iso-Butanol, 2-Propanol, Acetone, 1-Propanol, Benzonitrile, Methanol, DMF,
Ethylene glycol, DMSO

16

S2

Lippert–Mataga m1 = 15,536 1148.7 0.9166 n-Hexane, o-Xylene, Ethyl acetate, n-Butyl acetate, THF, 1-Heptanol, 1-Hexanol,
1-Octanol, 1-Butanol, 2-Propanol, Acetone, Benzonitrile, DMF, Acetonitrile,
DMSO

15

Bakhshiev m2 = 5664.5 1272.7 0.9713 n-Hexane, o-Xylene, Ethyl acetate, n-Butyl acetate,1-Octanol,1-Heptanol,
2-Propanol, Acetone, DMF, Acetonitrile

10

Modified
Bilot–Kawski

m3 = −5949.8 30,621 0.9061 Cyclohexane, o-Xylene, Ethyl acetate, n-Butyl acetate, THF, DCM, 1-Octanol,
1-Heptanol,

1-Hexanol, Acetone

10

Reichardt mR = 10,753 1989.2 0.91 n-Hexane, Cyclohexane, Toluene, Chloroform, Ethyl acetate, n-Butyl acetate,
THF, DCM, Acetone, DMF, Acetonitrile

11

S3

Lippert–Mataga m1 = 13,553 2181 0.9198 o-Xylene, 1-Hexaneol, iso-Butanol, 2-Propanol, 1-Propanol, Ethanol, Methanol,
DMF, Acetonitrile, Ethylene glycol DMSO

11

Bakhshiev m2 = 4612.4 2231.3 0.9354 o-Xylene, 1-Hexanol, iso-Butanol, 2-Propanol, 1-Propanol, Ethanol, Methanol,
DMF, Acetonitrile, Ethylene glycol, DMSO

11

Modified
Bilot–Kawski

m3 = −7874.6 31,960 0.9126 n-Hexane, Cyclohexane, Toluene, Ethyl acetate, n-Butyl acetate, THF, DCM,
1-Octanol, 1-Heptanol, 2-Propanol, Acetone, 1-Propanol, Methanol

13

Reichardt mR = 3107.5 4198.9 0.9609 Toluene,1-Octanol,1-Heptanol, 1-Hexanol, 2-Propanol, 1-Propanol, Ethanol 7

S4

Lippert–Mataga m1 = 8514.5 3252.5 0.9737 o-Xylene, Diethyl ether, 1-Octanol, 1-Propanol, Benzonitrile 5

Bakhshiev m2 = 1155.9 3476.1 0.9425 Benzene, o-Xylene, 1-Hexanol, iso-Butanol, Acetone, Ethylene glycol, DMSO 7

Modified
Bilot–Kawski

m3 = −6730.2 30,826 0.9388 n-Pentane, n-Hexane, Cyclohexane, 1,4-Dioxane, Toluene 5

Reichardt mR = 5486.7 1829.4 0.9053 n-Butyl Acetate, THF,1-Octanol, 1-Heptanol, iso-Butanol, 1-Propanol 6

Table 8 Onsager radius, ground-state (μg) and excited-state (μe) dipole moments (in Debye)

Molecule a0
(Å)

μg
a μe

L −M μe
B μe

M −B −K μe
R μe

μg

� �b
μg (D)
Theo.

S1 5.18 0.11 3.19 1.97 1.89 1.061 0.011 4.48

S2 5.20 0.22 15.00 9.14 9.14 6.79 0.024 4.34

S3 5.16 2.81 16.46 10.77 10.77 6.39 0.261 3.64

S4 5.36 0.037 11.48 4.255 10.18 5.07 0.706 4.00

1D= 3.33564 × 10−30 cm = 10−18 esu.cm
aCalculated according to Eq. (10)
b Calculated according to Eq. (12)

L-M, Lippert–Mataga method; B, Bakhshiev method; M-B-K, modified Bilot–Kawski method; R, Reichardt method

a0 (Å) and μg (D) Theo. in gaseous phase is calculation with DFT (B3LYP)/6-311G(d, p) level of theory
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exposing a bathochromic effect. However, polarity/
polarizability of the solvent gives rise to a hypsochromic
effect on these spectral shifts of S1 and S4.

According to the Catalan solvatochromic model, we have
observed that │C8│ > │C9│ for S1 and S4, whereas

│C9│ >│C8│ for S2 and S3. We can say that acidity of sol-
vent is relatively more effective on electronic transitions than
basicity of solvent for S1 and S4. We can say also that basicity
of solvent is relatively more effective on electronic transitions
than acidity of solvent for S2 and S3 (Table 6).

EHOMO=-5.556 eV

ELUMO=-1.862 eV

ΔE=3.704 eV

-4.47x10-2 4.47x10-2
Fig. 6 HOMO, LUMO, MEP,
and SAS shape of S1 molecule

ELUMO=-1.449 eV

EHOMO=-5.430 eV

ΔE=3.981 eV

-6.162x10-2 6.162x10-2
Fig. 7 HOMO, LUMO, MEP,
and SAS shape of S2 molecule
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Electrical dipole moments

Onsager cavity radius values are ao=5.18A
0, ao=

5.20A0,ao = 5.16 A0, and ao = 5.36 A0 for S1, S2, S3, and S4,
respectively, and these values are computed via using DFT-

B3LYP/6-311G(d,p) method. Onsager cavity radius and di-
pole moments (Debye) calculated for investigated molecules
at the ground- and excited-states are shown in Table 7.

Excited-state and ground-state dipole moments of investi-
gated molecules were calculated by Lippert–Mataga,

ELUMO=-1.345 eV

ELUMO=-5.317 eV

ΔE=3.972 eV

-6.162x10-2 6.162x10-2
Fig. 9 HOMO, LUMO, MEP,
and SAS shape of S4 molecule

ELUMO=-1.449 eV

EHOMO=-5.653 eV

ΔE=3.981 eV

-6.059x10-2 6.059x10-2
Fig. 8 HOMO, LUMO, MEP,
and SAS shape of S3 molecule
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Bakhshiev, and modified Bilot–Kawski methods. The results
obtained in the calculations are as stated: In the ground-state,
dipole moments for S1, S2, S3, and S4 are μg = 0.11 D, μg =
0.22 D, μg = 2.81 D, and μg = 0.037 D, respectively. In the
excited-state, the dipole moments calculated by Lippert–
Mataga method for S1, S2, S3, and S4 were found as μe(L −
M) = 3.19 D, μe(L −M) = 15 D,μe(L −M)=16.46 D, and μe(L −M) =
11.48, respectively. According to Bakhshiev method, excited-
state electric dipole moment was found as μe(B) = 1.97 D for
S1, μe(B) = 9.14 for S2, μe(B) = 10.77 D for S3, and μe(B) =
4.255 D for S4 molecule.

In the excited-state, the dipolemoments calculated bymod-
ified Bilot-Kawski methods for S1, S2, S3, and S4 are μe(M − B

−K) = 1.89 D, μe(M − B −K) = 9.14 D, μe(M − B −K)=10.77 D, and
μe(M − B −K) = 10.18 D, respectively. Furthermore, the dipole
moments calculated by the Reichardt method for S1, S2, S3,
and S4 in the excited-state are μe(R)=1.061 D, μe(R) = 6.79 D,
μe(R) = 6.39 D, and μe(R) = 5.07 D, respectively. The correla-
tion figures of the Lippert–Mataga, modified Bilot-Kawski,
and Reichardt correlation spectral treatment of investigated
molecules are shown in Table 8. For all cases, S1 has a smaller
dipole moment in the excited-state. As seen in the table, the
ratio of the excited-state dipole moments to the ground-state
dipole moments is too great for all investigated molecules. So,
we can say that charge irregularity is excessive in investigated
molecules.

HOMO, LUMO, ΔE (ELUMO-EHOMO), MEP, and SAS shape

HOMO, LUMO,ΔE (ELUMO-EHOMO),MEP, and SAS shapes
of investigated new Schiff bases molecules have been calcu-
lated by using DFT/B3LYP/6-311G(d,p) method and basis set
in the gas phase and drawn to Figs. 6, 7, 8, and 9, respectively.
The MEP shape shows to attemptable point interactions as
electronic in the molecule. Thus, inasmuch as MEP figures,
OH substituent of S1 molecule is acceptor site. The focus of
having oxygen substituent in other molecules is electrophilic
properties. As seen from Figs. 6, 7, 8, and 9, the blue color is
methyl and hydrogen moiety of benzene rings, which is elec-
tropositive region. From MEP, S2 and S4 molecules have the
highest electronegative and electropositive value. These re-
gions can occur to electron transfer between solute with sol-
vent molecule.

As seen from HOMO and LUMO shapes, the electron ac-
ceptor is in the red region, and the green regions are the elec-
tron donor regions, from where the possible electron transfer
may be from where to the electron transfer during electronic
excitation. Seen inΔE, the lowest value has S1 molecule and
the highest value has S2 and S3 molecules.

According to SAS images, the red and blue areas are areas
where solvent interaction is possible. These regions are where
oxygen and nitrogen atoms are present.

Conclusions

In this study,

& We have synthesized and characterized new Schiff base
derivatives.

& These compounds have been commented in view of ab-
sorption and fluorescence electronic transitions.

& We have investigated the solvent effect on the electronic
absorption bands for π→ π* and n→ π* electronic
transitions.

& Solvent effect of Schiff base derivatives has been analyzed
by Kamlet–Taft and Catalan approaches.

& We have calculated the ground-state electric dipole mo-
ment and excited-state electric dipole moment by using
Lippert–Mataga, Bakhshiev, Kawski–Chamma–Viallet,
and Reichardt solvatochromic shift methods.

& The excited-state dipole moment of G1, G2, and G3 is
found to be larger than ground-state dipole moment by
all of the methods.

& MEP, HOMO, LUMO, and SAS have been investigated
theoretically.

& Excited- and ground-state charge distributions of the S4
molecule are found to be bigger than the other molecules.
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