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Abstract

The electronic structures, solvatochromism, and LSER (Linear Solvation Energy Rela-
tionship) properties of thiosemicarbazone derivatives having five different z-conjuged
systems have been investigated. UV—Vis absorption spectra of TSC (Thiosemicarbazone)
derivatives have been measured in 18 solvent media with different polarities. The global
electronic transition in these compounds is described as z—z* electronic transition result-
ing from the resonance in the thiosemicarbazone group. The other lower wavelength
maxima are denoted to the z—z* electronic transition in the indole ring and the n—z* elec-
tronic transition in the carboxyl group. To determine as analytical solvent—solute interac-
tions of global electronic transitions has been studied with using LSERs with using Kam-
let-Taft and Catalan parameters. The solvatochromic models between electronic transition
wavenumbers with Reichardt parameter, and Marcus solvent function have been gener-
ated. Optoelectronic properties have been investigated using the Moss, Ravindra, Herve-
Vandamme, Kumar, Singh, and Reddy relationships. According to E, (molecular energy
gap) values, the investigated compounds can be considered organic semiconductor materials.
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1 Introduction

Over the past quarter century, TSCs have become remarkable molecules with the ben-
efits that they provide in the pharmaceutical field. These molecules have shown strong
agents such as antiviral, antibacterial, antioxidant, and anticancer [1, 2]. TSCs, which
constitute an important part of the thiourea group, can combine with the transition
metals or most of the rare-earth metal ions. The changes in molecular structure of
TSCs have also been observed to eliminate their therapeutic properties [3, 4]. The con-
jugated N-N=S in the main structures of TSCs have an important effect on the inter-
action of the structure with biomolecules. However, TSCs have high biological activ-
ity forming hydrogen bonds in the O-HN trans-isomers. Due to its inductive effect, it
develops a hydrogen bond acceptor with the ability of neighboring NH protons [1].

The solvatochromism occurs when there is a noticeable change in the absorption
or other spectroscopic signals depending on solvent properties like particular polarity,
density, and shape of the solutes in solvents by changing their polarity. The polarity
and polarizability of a solvent are its overall dissolving capacity that has the global
effect of solvent—solute interactions. While solvatochromic shifts are used to classify
the solvent—solute media, they reflect different states involving many different inter-
molecular attraction forces [2, 4]. Solvatochromism can also be defined as the shifts
in the investigated spectra of a compound in different solvents, and the source of these
shifts depends on solvent polarity, polarizability, whether or not to make H-bonds
both intramolecular and between the solvent and the solute molecules. In some case,
observed change in the electronic spectra has been highly dependent on the presence
on steric effect, inductive, mesomeric effects and conjugated structures in molecule.
While some of these factors can be defined numerically with LSERs (Linear Solva-
tion Energy Relationships), which is a quantitative method, the other only, the spectral
shifts as a result of the orbital distributions that change with the effect occurring in one
part of the compound can be interpreted by looking at the molecular geometry of the
compound. In this case, while solvatochromic materials vary in their molecular orbit-
als depending on the environment, their electronic structure and interaction types may
change according to the environment [5—12].

According to the literature, there are studies on the biological activity and complex
structures of TSCs compounds. Since TSC compounds have z-conjugated system and
there is no solvatochromic and optoelectronic study on TSCs before, our main motiva-
tion was to examine their electronic, solvatochromic, and optoelectronic properties in
this study. So, we have investigated and interpreted the electronic, solvatochromic,
and some optoelectronic properties of five different thiosemicarbazone derivatives
including indoline group. Their electronic properties and solvatochromic properties
have been investigated in detail. Absorbance spectra were recorded in variety solvent
media with eighteen different properties. The LSERs models have been derived with
multiple-linear regression analysis using both Kamlet-Taft and Cataldn parameters to
determine solvent—solute relationships. In addition, using the Reichardt parameters and
Marcus solvent functions, the global transitions occurring in molecules have been ana-
lyzed by using linear relationships. Forbidden energy bandgap has been calculated by
using Tauc method, and optoelectronic parameters like semi-empirical refractive index
have been studied with Moss, Ravindra, Herve-Vandamme, Kumar, Singh, and Reddy
relationships by using electronic absorption spectra.
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2 Materials and Methods
2.1 Materials, Synthesis, Characterization, and Purification of the Investigated TSCs

It can been seen from Fig. 1 that to molecular structure, [UPAC nomenclature and abbre-
viation names of TSCs derivatives can also be named as ligand. The 3.5 mmol of isatin
was stirred on a magnetic stirrer until dissolved in 25 mL of ethanol. A solution of
3.5 mmol 3-thiosemicarbazide derivative in 25 mL ethanol was added to the mixed solu-
tion and mixing was done. 2-3 drops of fuming sulfuric acid were added to the medium
and reflux was made for 2-3 h. The product was filtered, purified, and dried. The solid
product was obtained and synthesized ligands were first characterized, and spectroscopic
methods such as 'H-NMR, '*C-NMR, elemental analysis were used for this characteriza-
tion, and the results of the analysis showed that these ligands were obtained in pure form
and the correctness of their structures, so characterization with IR, NMR, and elemen-
tel analysis were performed as given in. The (E)-4-benzyl-1-(2-oxoindolin-3-ylidene)
thiosemicarbazide (TSC-1), (E)-4-cyclohexyl-1-(2-oxoindolin-3-ylidene) thiosemicar-
bazide (TSC-2), (E)-4-benzyl-1-(5-methoxy-2-oxoindolin-3-ylidene) thiosemicarbazide
(TSC-3), (E)-4-(2-fluorobenzyl)-1-(2-oxoindolin-3-ylidene)thiosemicarbazide (TSC-4),

H
R‘%N/N uN—Re

S
JUPAC Name R, R, (Abbreviated)
(E)-4-benzyl-1-(2-oxoindolin-3- H TSC-1
ylidene)thiosemicarbazide : o
Ry

(E)-4-cyclohexyl-1-(2- H TSC-2
oxoindolin-3-
ylidene)thiosemicarbazide R> 0

y
(E)-4-benzyl-1-(5-methoxy-2- H TSC-3
oxoindolin-3-
ylidene)thiosemicarbazide > °©

HsCO Ri

(E)-4-(2-fluorobenzyl)-1-(2- H F TSC-4
oxoindolin-3-
ylidene)thiosemicarbazide R> o

1
(E)-4-(2-chlorobenzyl)-1-(2- H Cl TSC-5

oxoindolin-3- N
ylidene)thiosemicarbazide R> o
1

Fig.1 The molecular structure of the investigated thiosemicarbazone derivatives
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and (E)-4-(2-chlorobenzyl)-1-(2-oxoindolin-3-ylidene)thiosemicarbazide (TSC-5) com-
pounds have been previously reported by Kandemirli et al. [13-16]. All of the solvents
were purchased from Sigma-Aldrich, and these have used without further purification due
to spectroscopic grade properties. These solvents are n-pentane, cyclohexane, benzene,
toluene, xylene, diethyl ether, n-butyl acetate, DCM (dichloromethane), 1-octanol, 1-hep-
tanol, 1-hexanol, 1-butanol, iso-butanol, 1-propanol, ethanol, methanol, 1-acetonitrile, and
DMSO (dimethyl sulfoxide), respectively.

2.2 Spectroscopy Measurements

All the solutions were prepared approximately 2x 10~ M. In this study, UV-Vis absorp-
tion spectra of TSC derivatives were measured using Perkin Elmer Lambda-35 UV-Vis
spectrophotometer (200-700 nm) in a standard quartz cuvette at room temperature and in
eighteen solvents having different polarities.

2.3 LSERs Calculations (Linear Solvation Energy Relationships)

Solvatochromism is defined as the change of properties such as the position and intensity
of any spectrum depending on the particular polarity of the medium. These spectra, which
are electronic absorbance and emission spectra, can sometimes be measured differently in
terms of sometimes both the position and the intensity of electronic transition bands with
change of solvent properties such as hydrogen bond donor ability, hydrogen bond acceptor
ability, the dipolarity, polarizability, solvent of acidity, and solvent of basicity.

Eq. 1 is the first to develop a multiparameter correlation equation based on solvatochro-
mic measurements. The Kamlet—Abboud-Taft (KAT) solvent parameters, one of the most
solvatochromism basic equations, are the hydrogen bond donation ability (@), the hydro-
gen bond acceptor ability(f), the dipolarity—polarizability (z*), and a correction term, J, to
the dipolarity—polarizability to account for variations in solvent polarizability, respectively.
The C,, C,, C,, and Cj; coefficients, and the changes in the spectrum of the molecule used
in Eq. 1 show the inert and gasous phase wavenumber and contribution of these properties
of the solvent, respectively [17-21].

Viax = Co + C17" + Cof + Cra 1)

According to the Koppel-Palm approach, the above z* dipolarity/polarizability param-
eter can be separately writable the f(n) and f(¢) functions, in here [20-23], the Kirkwood
function f(e) = (¢ — 1)/(e + 2), which expresses the molar polarization, will be replaced
by f(n) = n* - 1)/(n* +2), which is defined as a quantum mechanical polarizability
parameter, respectively. As a result, the KAT equation will be as follows:

Vimax = Co + C1f(n) + Cyf () + C36 + Cya. 2)

In here, the coefficient C; (polarizability or dispersion-polarization) and C, (polarity or
orientation-induction) show specific interactions, while C; (Hydrogen bonding acceptor)
and C, (Hydrogen bonding donor) show non-specific interactions.

Catalan has improved a general and multi-parameters, a model for two non-global inter-
actions (SA and SB parameters) and for two global (SP and SdP parameters) interactions
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of 163 solvents to determine solute—solvent interactions. In this study, it was formulated
mathematically as follows [24]:

Vmax = Cs + C¢SP + C;8dP + CySA + CySB, (3)

Cs corresponds to the value of the property in the gas phase; SA, SB, SP, and SdP represent
solvent parameters done independent variable describing various types of solute—solvent
interactions; and C4, C;, Cq, and C, are regression coefficients describing the sensitivity of
property v, to different solute—solvent interaction mechanisms.

The correlation of the Marcus optical dielectric solvent function (1 —Dy,)/(2Dy,+ 1)
versus maximum electronic absorption wavenumbers clarifies the direction of ground and
excited-state dipole moments [25, 26]. The linear correlations of maximum absorption
energy versus Reichardt solvent EY parameter provide information about the solvatochro-
mic behaviors of the studied compounds [18, 27]. The parameters used in LSER stud-
ies have been listed in Table S1 in Supplementary materials. All statistical calculations
have been performed in SPSS15 packet program.

2.4 Optoelectronic Calculations

The main factors that determine the optical and electronic properties of semiconductors are
the refractive index (n) and the energy gap (E,). The specific behavior of semiconductor
materials is determined by the size of the energy gap and refractive index [28, 29]. The rea-
son why the refractive index is in the main elements of the materials is related to the elec-
tronic polarizability of the ions and the local fields in the materials. The relations between
the high-frequency refractive index and the energy gap have been proposed empirically
[30]. The Eg value of TSCs has been calculated with the Tauc method [28-30]. The E=hv
versus (ahv)? graphs for the E, values of the TSCs compounds by the Tauc method are
given in Fig. 5. The forbidden band-gap values of the investigated compounds were calcu-
lated for Benzene, diethyl ether, DCM, DMSO, and methanol solvents. The Eg values of
the investigated compounds are listed in Table 3. Since TSCs have a conjugated structure,
and E, values are around 2.5 eV, they have semiconductor organic compounds [30].

The refractive index of TSCs can be calculated using the Moss [31, 32], Ravindra [33],
Herve—Vandamme [34], Kumar—Singh [35], and Reddy [36] approaches. Moss, Ravindra,
Herve—Vandamme, Kumar—Singh, and Reddy approaches can be shown as follows,
respectively.

n* = 9SeV/Eg(Moss relation)
n =4.084 — 0.62Eg(Ravindra relation)

2

=1+ A (Herve — Vandammerelation;A = 13.6 ¢V and B = 3.47 eV)

E,+B
3.3668

=(Eg)ow(Kumar — Singh relation)

1

7
n= (ﬁ) (Reddy relation)
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Fig.2 The absorbance spectra in different solvent medium of thiosemicarbazone derivatives

3 Results and Discussion

3.1 Electronic Transitions and UV-Vis Spectra

450

UV-Vis spectra of the investigated compounds are shown in Fig. 2. The absorbance
spectral data of investigated TSCs are listed in Table 1. These plots indicate the absorb-
ance spectra of TSC derivatives in eighteen different solvents having different polarity
and properties from eighteen different solvents having different polarity and properties,
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Table 1 The absorbance spectra data of investigated TSCs

Solvents TSC-1 TSC-2 TSC-3
/‘[absl (nm) j'alsz (nm) v (_cin) j'albsl (nm) lasz (nm) v (cm_l) labsl (nm) lasz (nm) v (_cf'n)
n-Pentane  — - - - 379 26,385 228,273 - -
Cyclo- - 358 27,932 278 376 26,595 - - -
hexane
Benzene - 357 28,011 — 376 26,595 - 374 26,737
Toluene - 358 27,932 — 362 27,624 - 375 26,666
Xylene - 361 27,700 - 371 26,954 - 376 26,595
Diethyl- 260 365 27,397 246, 256, 375 26,666 257,265, 371 26,954
ether 272 286
n-Butyl- - 362 27,624 277 368 27,173 267,287 370 27,027
acetate
DCM 250 360 27,777 279 370 27,027 261,286 370 27,027
1-Octanol 253,258 368 27,173 245,279 369 27,100 256,267, 369 27,100

287
1-Heptanol 259,272 369 27,100 257,273 367 27,247 267,279 368 27,173
1-Hexanol 248,255 368 27,173 248,278 367 27,247 256,265, 369 27,100

285
1-Butanol 250 368 27,173 250, 256, 359 27,855 257,264, 370 27,027
271,277 281
iso-Butanol — 362 27,624 278 364 27,472 261,268, 366 27,322
287
1-Propanol 257 364 27472 278 365 27,397 258,266, 368 27,173
288
Ethanol 251,256 363 27,548 278 364 27,472 257,264, 366 27,322
285
Methanol 250, 257 364 27,472 246,278 362 27,624 256,264, 363 27,548
286
Acetonitrile 257 365 27,397 248,254, 364 27,472 257,264, 365 27,397
277 285
DMSO - 369 27,100 276 368 27,173 283 369 27,100
TSC-4 TSC-5
Aabst (nm) Aabs2 (nm) v (_cin) Aabs1 (nm) Aabs2 (nm) v (_c}'n)
270,276 - - 268, 336 - -
260 370 27,027 251 372 26,881
- 366 27,322 - 366 27,322
- 371 26,954 - 372 26,881
- 371 26,954 - 363 27,548
250, 260 370 27,027 251, 260, 273 367 27,247
- 368 27,173 273 369 27,100
250, 256 370 27,027 252,259 370 27,027
251, 260 370 27,027 252,259 372 26,881
259,273 369 27,100 261-272 371 26,954
252,259 369 27,100 251,258 370 27,027
252 368 27,173 250, 257 368 27,173
255 366 27,322 257 367 27,247
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Table 1 (continued)

TSC-4 TSC-5

/labsl (nm) j”a\sz (nm) v (_uln) labs] (nm) /‘l’abs2 (nm) v (_(,1n)
257 368 27,173 258,270, 277 369 27,100
250, 257, 274 368 27,173 253,272 366 27,322
248,256, 272 365 27,397 250,257,272 365 27,397
249,257,272 365 27,397 257,272 366 27,322
- 369 27,100 275 369 27,100

from n-pentane with dielectric constant € =1.84 to DMSO with € =46.45. All values of
dielectric constants (or dipole moments D) of 18 solvents are seen in Table S1.

The n—rz* electronic transitions in C=N group for isatin-3-thiosemicarbazones have
assigned as 2070 cm”! (483 nm) [37]. These bands were found to be 372, 373, 370,
and 370 nm for different TSC compounds, respectively. In this study, the z—z* elec-
tronic transition bands of semicarbazone group for isatin-3-thiosemicarbazone have been
observed as between the range of 400-286 nm [37]. We can say form Fig. 2 and Table 1
that the main band belongs to TSC molecules are observed in the range of 358-379 nm
(3.46-3.27 eV). This wide band is seen, which includes the z—z* electronic transition
caused by z-delocakization in isatin-3-thiosemicarbazone group. This transition is a global
transition. In addition, we have observed as two bands in some solvent between 248 and
272 nm (5-4.55 eV) for the TSC-1 molecule. If there are electron-withdrawing substituents
in the indole ring, the bathochromic shift of Hammett substituent constant is 6> 0. On the
other hand, if there is an electron donor substituent, there is hypsochromic shift because
the Hammett substituent constant is 6 <0 [38, 39].

The ortho, para, and meta Hammett constants have changed depending on the position
and the type of the respective substituents. It is worth noting that the electron density on
the nitrogen atom of the indole ring shows a slight decrease when going from the ground
state to the first excited singlet state (qN, 1.629 Coulomb and 1.610 Coulomb for S, and
S,, respectively), thus, indicating a decrease of the basicity of the indole system in the first
excited singlet state. In substituted indoles, this decrease is observed to regardless of the
nature of the substituent (electron donating or electron withdrawing) and its position [40].
A band at 272 nm has been observed in the TSC-1 molecule only in 1-heptanol solution.
The global absorbance band of TSC-1 has shifted to high wavelength which is bathochro-
mic effect. This band is the n—z* electronic transition that originates from lone pairs of the
carboxyl group in the indole ring. The global absorbance band of TSC-1 has shifted to high
wavelength which is bathochromic effect. A bathochromic shift is observed as the wave-
length of the TSC-1 compound increases with increasing solvent polarity. As the molecular
orbitals, in which this transition belongs to polarized with the solvent polarity, their transi-
tion energies decrease. Absorbance bands around 225, 272, and 288 nm give rise to indole
ring, when the indole is included in TSC group.

We can see that TSC-2 compound for electronic absorbance transitions is in the
range of 379-362 nm (3.27-3.42 eV), 245-256 nm (5.06—4.84 e¢V) 2 bands or 3 or more
bands in some solvent. It can be seen from Table 2 that the long wavelength band is
the 7—z* electronic transition that takes place in the thiosemicarbazone group. The first
bands are the z—z* and n—z* electronic transitions originating from the indole ring and
carboxyl group. For this compound, the second wavelength indicates the presence of
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Table 2 Derived LSER Models’ coefficients and statistical parameters with using Kamlet-Taft and Catalan
solvatochromism for the absorption spectra data of TSC molecules

Kamlet—Taft Solvatochromism

Molecules C, C, C, G, c, R R? F P N
TSC-1 28011.39 81.17 —-211.14 —951.29 308616 088 0.774 10259 0.001 17
TSC-2 26135.11 480.63 1266.55  —233.50 375.347  0.907 0.823 13.985 0.000 17
TSC-3 2713540 —2350.77 814.65 —208.720 165.189  0.940 0.884 20.887 0.000 16
TSC-4 27479.86 —2284.03 386.93 - 143229 51.151 0.846 0.716 6.948 0.005 16
TSC-5 28091.20 — 4869.72 353.32 —28.483 —81.846 0.899 0.808 10.515 0.001 15
Catalan solvatochromism

Molecules Cs Cs c Cq C, R R? F P N
TSC-1 2844373 —570.32 —263.994 36.824 —735.340 0.837 0.701 7.020 0.004 17

TSC-2 2670598 —317.76 746483  633.105 250.806  0.889 0.790 11.300 0.000 17
TSC-3 27573.86 —1396.17 634.046 189.256 115.860  0.950 0.903 25.687 0.000 16
TSC-4 27973.94 —1559.03 377.535 —78.023 33.161 0.857 0.734 8.299 0.002 17
TSC-5 28212.84 —1931.76 458.747  —140.888 —42.507 0.934 0.872 17.039 0.000 15

hypsochromic effect. The piperazine substituent effect can be said to be the effect of an
electron donor substituent to piperazine.

As seen in Fig. 2, there are two bands for TSC-3 compound. The second bands
occur between 363 and 376 nm (3.41-3.29 eV), which are the z—n* electronic tran-
sition that takes place in the TSC group. In the first band, different peaks have been
observed. These are 256-268 nm (4.84-4.62 eV) which are the z—n* electronic transi-
tion in the indole ring and the n—z* electronic transition due to the carboxyl group at
281-288 nm (4.41-4.30 eV), respectively. Since the second band has shifted towards
lower wavelengths as solvent increasing polarity, in that there is a hypsochromic effect.
The Hammett constant at the methoxy para position is — 0.268, while the Hammett con-
stant at the meta position is+0.115. The Hammett constants of the flourine substituent
are 0,=0.34 and ap:0.06. Thus, in the second band, there was a hypsochromic effect
depending on the polarity [38, 39].

The absorbance spectra and data for the TSC-4 compound in different solvents are
given in Fig. 2 and Table 1. We can see that there are two main bands, where the second
band can be defined as the z—z* electronic transition in the thiosemicarbazone group,
which are around 365-370 nm (3.39-3.35 eV). We can say that there are no obvious
changes to wavelength band position of this transition increasing in polarity of used
solvents. The first band is observed to a lot of peaks 248-260 nm (5-4.79 eV), and the
second peak is the electronic transition peak around 272 nm (4.55 eV) observed only in
n-pentane, ethanol, methanol, and acetonitrile solvents. We have observed to different
wavelengths 273 nm in diethyl ether, 277 nm in 1-propanol, and 275 nm in DMSO. This
transition can be ascribed as n—z* electronic transitions arising from oxo-indole group.

It can be seen in Fig. 2 that two or more bands for the TSC-5 molecule have been
observed between 251 and 272 (nm) (4.94-4.55) eV. The main transition band of
the TSC-5 molecule was observed in the range of 366-372 nm (3.66-3.60) eV. This
main electronic transition band is the 7—z * electronic transition that takes place in the

@ Springer



Journal of Solution Chemistry (2023) 52:570-587 579

thiosemicarbazone group. There was no significant shift in this band due to the solvent
effect. The first band is due to the indole ring.

3.2 The Substituent Effect on Electronic Absorbance Transitions

The TSC-1 has the benzyl ring, while TSC-2 has a cyclohexyl substituent. As seen from
Table 1, TSC-1 has higher electronic absorbance band energies than TSC-2. In this case,
the conjugation in TSC-2 has above the TSC group, and as the conjugation increased, the
excitation energy decreased. Here, it can be said that its contribution to the conjugation is
more than that of the benzene ring. This was observed in non-polar and polar aprotic sol-
vents. It can be seen from Table 1 and Fig. 2 that the conjugation of TSC-1 compound is
higher than other compounds.

When we look at the electronic absorbance transitions of the TSC-3 compound and the
electronic transitions of the TSC-1 compound, the electronic absorbance wavelength prop-
erties of TSC-3 compared to TSC-1 are shifted to larger wavelengths including non-polar
and polar aprotic solvents. The difference between TSC-1 and TSC-3 compounds is the
methoxy substituent in the oxoindolin-3-ylidene group. It can be said that both the 7 bonds
in the C=0 bond in the methoxy group and the lonepairs in the oxygen atom directly affect
the electronic transitions. Methoxy group directly has affected the conjugation of TSC-3
compound. Oxygen has inductive electron-withdrawing and mesmeric electron-repelling
property.

It can be said that the substituents to electronic absorbance transitions in TSC-2, TSC-3,
TSC-4, and TSC-5 compounds do not cause dominant molecular behavior.

3.3 Solvatochromism

The Kamlet-Taft solvatochromism results of multiple-linear regression analysis (MLRA)
in LSER (Linear Solvation Energy Relationship) studies for absorption spectra are shown
in Table 2. The solvatochromic models for TSC-1, TSC-2, TSC-3, TSC-4, and TSC-5
have been derived using 17, 17, 16, 16, and 15 solvents. The correlation graphs between
experimental and calculated LSERs model for Kamlet-Taft and Catalan solvatochromism
of investigated Thiosemicarbazone derivatives have been shown in Figs. S1-2S.

As seen from Table 2, hydrogen bonding acceptor capacities for TSC-1, TSC-3, and
TSC-4 molecules are greater than hydrogen bonding donor capacities, while for TSC-2
and TSC-5 molecules, hydrogen bonding donor capacities are greater than hydrogen bond-
ing acceptor capacities. It was observed that the polarity coefficient for TSC-1 and TSC-2
molecules was greater than the polarizability coefficient, while for TSC-3, TSC-4, and
TSC-5 molecules, the polarizability coefficient was observed to be greater than the polarity
coefficient.

Results of Cataldn solvatochromic model derived for absorption spectra are shown in
Table 2. Here, for TSC-2, TSC-3, TSC-4, and TSC-5 molecules, the solvent acidity was
greater than the solvent basicity, while the TSC-1 molecule had a higher solvent basicity
than the solvent acidity. For TSC-1, TSC-3, TSC-4, and TSC-5 molecules, the polarizabil-
ity of the solvent was seen to be more effective than the solvent dipolarity, while the sol-
vent dipolarity of the solvent was more effective for the TSC-2 molecule.

The correlation of the Marcus optical dielectric solvent function (1-Dopt)/(2Dopt+ 1)
[25, 26] versus maximum electronic absorption wavenumbers clarifies the direction of
ground- and excited-state dipole moments. The correlation graphs between experimental
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Fig.3 The correlation graphs between experimental with the Marcus solvent function of investigated Thio-
semicarbazone derivatives

wavenumbers and Marcus parameters of investigated thiosemicarbazone derivatives are
depicted in Figs. 3 and 4. The linear correlations between maximum absorption wave-
numbers and Marcus optical dielectric solvent function of thiosemicarbazone derivatives
indicate that transition dipole moments of TSCs molecules are associated with absorption
spectra and directions of the ground-state and excited-state dipole moments are parallel and
makes an angle. The correlation values between absorption wavenumbers and Marcus sol-
vent function for thiosemicarbazone derivatives have been found as R>=0.7324 for TSC-1,
R?=0.7906 for TSC-2, R*=0.7463 for TSC-3, R*=0.731 for TSC-4, and R*=0.7949 for
TSC-5.

Solvent polarity is important data being used in solvent selections for preliminary engi-
neering design of chemical processes. In this work, a predictive model is proposed for esti-
mating the solvatochromic polarity of electronic transition energy (E?) of Reichardt indi-
cator for aqueous mixtures. Figure 5 shows the correlation graphs between experimental
wavenumbers and Reichardt parameters of investigated thiosemicarbazone derivatives. The
correlation coefficients between Reichardt solvent parameter and wavenumber of maximum
absorbance bands of investigated compounds have been found to be 0.8546, 0.784, 0.7363,
0.7358, and 0.7337, respectively. This relation is indicative for positive solvatochromism
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Fig.4 The correlation graphs between experimental with the Reichardt parameters of investigated Thio-
semicarbazone derivatives

occurring in maximum absorption bands. Solvents’ dielectric function is responsible for
this behavior. Solvent parameter E; neglects the specific interactions in solute—solvent
interactions.

4 Optoelectronic Properties

The results obtained from Moss, Ravindra, Hervée—Vandamme, Kumar—Singh, and Reddy
equations in diethyl ether, benzene, DCM, DMSO, and methanol solvents are shown in the
Table 3. The refractive indices of the investigated compounds were found in the range of
2.4 and 2.5 values, excluding the Reddy relationship. The refractive index in Reddy rela-
tionship was found to be about 2.9 value. The refractive indices obtained with using Moss,
Ravindra, Hervée—Vandamme, and Kumar—Singh relations for TSC-1, TSC-2, TSC-3, TSC-
4, and TSC-5 have lower values compared to Reddy’s relation.

The shape of relationship between refractive index and solvents of TSCs compounds
is seen in Fig. 6. The refractive index values calculated with the Reddy relation are
higher than the other methods. The refractive index of the TSC-3 compound was found
to be around 2.5, excluding the Reddy relationship, and was lower than the other TSCs
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Fig.5 The correlation graphs of E, values of investigated Thiosemicarbazone derivatives

examined. There is methoxy substituent in the TSC-3 compound. It can be said that the E,
energy value in TSC-3 is low because of happened inductively transfers charge to indole
group from methoxy.

5 Conclusions

The electronic structure, optoelectronic, and solvatochromic properties of five thiosemi-
carbazone derivatives were examined in detail by spectroscopic methods and in the solu-
tion phase. Electronic transitions were interpreted. Depending on the substituent, a global
peak varying in the range of 350-370 nm was observed in the electronic transitions. This
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Table 3 The Optoelectronic properties according to Moss, Ravindra, Herve—Vandamme, Kumar, Singh, and
Reddy relationships of investigated compounds

Solvents TSC-1 Moss Ravindra Herve—Vandamme Kumar-Singh Reddy
Eg V)
Diethyl Ether 2.49 2.485 2.540 2.491 2.509 2917
Benzene 2.586 2.461 2.480 2.458 2.478 2.885
DCM 2.615 2.455 2.462 2.448 2.469 2.876
DMSO 2.553 2.469 2.501 2.469 2.488 2.896
Methanol 2.52 2471 2.521 2.480 2.499 2.907
Solvents TSC-2 Moss Ravindra Herve—Vandamme Kumar-Singh Reddy
Egeev)
Diethyl Ether 2.681 2.439 2.421 2.426 2.449 2.855
Benzene 2.662 2.444 2.433 2.432 2.455 2.861
DCM 2.69 2.437 2.416 2.423 2.447 2.852
DMSO 2.639 2.449 2.447 2.440 2.462 2.868
Methanol 2.696 2.436 2412 2.421 2.445 2.850
Solvents TSC-3 Moss Ravindra Herve—Vandamme Kumar-Singh Reddy
Egeev)
Diethyl Ether 2.418 2.503 2.584 2.516 2.532 2.942
Benzene 2.386 2511 2.604 2.528 2.543 2.954
DCM 2.404 2.507 2.593 2.522 2.537 2.947
DMSO 2.358 2.519 2.622 2.538 2.553 2.964
Methanol 2.44 2.497 2.571 2.509 2.525 2.935
Solvents TSC-4 Moss Ravindra Herve—Vandamme Kumar-Singh Reddy
Eg V)
Diethyl Ether 2.631 2451 2.452 2.443 2.464 2.871
Benzene 2.641 2.449 2.446 2.439 2.461 2.868
DCM 2.614 2.455 2.463 2.448 2.470 2.876
DMSO 2.59 2.460 2478 2.456 2471 2.884
Methanol 2.655 2.445 2437 2.435 2.457 2.863
Solvents TSC-5 Moss Ravindra Herve—Vandamme Kumar-Singh Reddy
Eg V)
Diethyl Ether 2.663 2.443 2432 2.432 2.455 2.861
Benzene 2.629 2451 2.454 2.443 2.465 2.871
DCM 2.658 2.445 2.436 2.434 2.456 2.862
DMSO 2.635 2.450 2.450 2.441 2.463 2.869
Methanol 2.539 2.473 2.509 2.474 2.493 2.901

electronic transitions have the z—z* character due to the C=N substituent in the 3-isatin-
thiosemicarbazone group. While the wavelength of electronic transitions in non-polar
solvents changes remarkably for TSC compounds, the electronic transitions in polar sol-
vents have the same wavelength in these compounds, for example, DMSO and acetonitrile.
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Fig.6 The shape of relationship between refractive index and solvents of TSCs compounds

Solvatochromism models and energy bandgap indicate that investigated compounds have
both solvatochromic and semiconductor material properties.
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