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Abstract

The electronic structure, solvatochromic and some optoelectronic properties of five
different thiosemicarbazone (TSCs) derivatives with different substituents consisted
from indole ring, benzyl ring and conjugated thiosemicarbazide have been investigated
in detail. UV-vis. absorption spectra of TSC compounds have been analyzed in solvent
media with different polarity. The spectral changes are observed to forming of solvent
effects and substituents. Spectral behaviors and electronic transitions are interpreted
based on the UV-Vis. spectra. Solvatochromic behaviors were defined by linear solvation
energy relationships via multiple linear regression analysis by using Kamlet-Abboud-Taft
and Cataldn parameters. In addition, the correlations of electronic absorption transition
energy with Marcus optical dielectric parameter and Reichardt-Dimroth parameter were
also determined. Some optoelectronic parameters such as forbidden band gap energy and
refractive index have been determined in different solvent medium. Thiosemicarbazone
derivatives have a global electronic absorption transition energy of about 3.351 eV.
According to LSER calculations, polarizability-induction of electronic transitions of the
investigated molecules is effective. The (E)-4-(4-nitrobenzyl)-1-(2-oxo-2H-indol-3(3aH)-
ylidene)thiosemicarbazide (TSC-B) compound that does not a methoxy group and contain
nitro group substituent and has the highest forbidden energy range.
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1 Introduction

Thiosemicarbazones are organic compounds that can be synthesized by the condensation
reaction of semicarbazidine with some suitable aldehydes or ketones (Ateg et al. 2018).
This group of compounds, whose general structure is R; =N-NH-(=S =)-NH-R,, has
been studied in recent years for its use in the treatment of many diseases due to its
biological and pharmacological properties.

TSCs have been used in the treatment of many diseases since their use in the
treatment of smallpox in 1960 (Pelosi et al. 2010). Since then, many studies have been
carried out on the spectroscopic properties of thiosemicarbazones, their synthesis with
metal complexes, crystal structure and biological applications (Lobana et al. 2009).
Many types of TSCs have been used to design drugs because of their biological and
pharmacological properties (Jiménez-Pulido et al. 2008). The reason why they are used
in the treatment against various diseases is that they exhibit antibacterial, antifungal,
antidiabetic, antitumor, anti-proliferative, anticancer, herbicidal, anticorrosion and anti-
inflammatory activities. Therefore, many syntheses of TSCs are a valuable compound
group in pharmaceutical field (Prajapati and Patel 2009).

Many studies have been carried out on the metal complexes of TSCs in researches to
develop more effective drugs due to the ineffectiveness of platinum-based drugs, which
are widely used in the treatment of cancer diseases, and many harmful side effects (Gatti
et al. 2018). Metal complexes of TSCs have attracted attention due to their different
bonding styles and structural diversity. The reason for this interest was intramolecular
hydrogen bonding, steric majority at the azomethine carbon atom, more voluminous
coligand and n-x stacking interactions (Netalkar et al. 2015).

Solvatochromism is a phenomenon used to help us understand the molecule in its
surroundings. This phenomenon involves many different intermolecular forces and
are influenced by the dynamic processes of solvents. The absorption spectrum affects
both the energy of the excited state under the influence of the environment and also
determines the state with the lowest energy. For this reason, solvatochromism is
more prominent in the absorption spectra (Marini et al. 2010). When a molecule is
excited by a photon, its dipole moment changes. The change in this solvation energy
is the solvatochromic shift, which is defined as the difference in absorption energy.
Shifts occur as the absorption band changes in position, shape, and optical density.
It is defined as bathochromic (red) shift and hysochromic (blue) shift with increasing
solvent polarity. The bathochromic shift is named, positive solvatochromism and the
hysochromic shift, negative solvatochromism. An increase in solvent polarity change
from bathochromic to hypsochromic or vice versa is called reverse solvatochromism.
If the polarity of the medium increases during charge transfer transitions, then, a
bathochromic shift occurs in the solvatochromic bands. If the polarity of the medium
decreases during charge transfer transitions, then, a hypsochromic shifts occur in the
solvatochromic bands (Reichardt 2008; Reichardt and Welton 2011; Sidir et al. 2023).

Some parameters of optoelectronic materials can be found such as capacity to
absorb to incident light, interaction to electric field of the light, the forbidden energy
gap of the materials, refractive index. Optoelectronics have the ability to detect
light. Optoelectronics can be thought of as a subfield photonics. Refractive index as
optoelectronic property depends on the forbidden energy gap which is the energy
difference between HOMO and LUMO for the molecules. (Sidir et al. 2023, 2019, 2021;
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Benosmane et al. 2023; Tauc and Menth 1972; Tauc 2000; Moss 1985, 1950; Ravindra
et al. 1979).

In this study, the electronic structures, solvatochromic and some optoelectronic
properties of five different thiosemicarbazone derivatives were investigated. The electronic
absorption transitions, solvatochromic and optoelectronic parameters of the studied
compounds have been reported for the first time. The absorption spectra were investigated
in solvents with different polarities. While performing multiple linear regression analysis
using Kamlet-Abboud-Taft and Catalan parameters in solvatochromic studies (Kamlet
and Taft 1976; Abboud et al. 1981; Catalan 2009), their relationship with the maximum
electronic transition energies was found using Marcus optical dielectric function (Marcus
1963, 1965) and Reichardt-Dimroth parameter (Reichardt 1994; Dimroth et al. 1963). For
the optoelectronic properties, the forbidden energy gap was calculated by Tauc method
(Tauc and Menth 1972; Tauc 2000), and the experimental refractive index was found using
the Moss (Moss 1985, 1950), Ravindra (Ravindra et al. 1979), Hervé—Vandamme (Herve
and Vandamme 1994), Kumar—Singh (Kumar and Singh 2010) and Reddy (Reddy and
Anjaneyulu 1992) relations.

2 Materials and methods
2.1 Materials

The synthesis steps, purification and characterization of thiosemicarbazone compounds
(see Fig. 1) were performed as given in the literature (Ganim et al. 2019; Kandemirli et al.
2012, 2015). Cyclohexane, benzene, o-xylene, diethyl ether, 1-octanol, 1-heptanol, 1-hex-
anol, ethanol, methanol and DMSO solvents with different properties such as non-polar,
polar protic and polar aprotic were purchased from Sigma-Aldrich company with spectro-
scopic grade and HPLC properties.

2.2 Spectroscopic measurements

The molecular structure and IUPAC nomenclature of new TSCs are shown in Fig. 1. All the
solutions were prepared at approximately 2x 10~ M. Using the Perkin Elmer Lambda-35
UV-Vis spectrophotometer (200-700 nm), the UV-vis absorption spectra of the TSCs
were recoreded in a standard quartz cuvette at room temperature and in solvent medium.

2.3 LSERs

Linear solvation energy relationships (LSERs), proposed by Kamlet et al., were developed
for the correlation of physicochemical and biochemical events. On the other hand,
developed the linear solvation energy relationship (LSER) with the correlation of some
thermodynamic properties to measure intermolecular solute ionic liquid interactions
(Paduszynski and Domanska 2011). The multiple parameter equations derived with using
the solvatochromic parameters are given as follows. Kamlet-Abboud-Taft solvatochromism
model is constituted by the four parameters presented in Eq. (1) (Kamlet et al. 1983;
Kamlet and Taft 1976; Abboud et al. 1981).
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Fig.1 The molecular structure of TSC derivatives. (E)-4-(2,4-dichlorobenzyl)-1-(5-methoxy-2-oxo-2H-
indol-3(3aH)-ylidene) thiosemicarbazide (TSC-A);(E)-4-(4-nitrobenzyl)-1-(2-oxo-2H-indol-3(3aH)-
ylidene)thiosemicarbazide  (TSC-B);(E)-4-(4-nitrobenzyl)-1-(5-methoxy-2-oxo-2H-indol-3(3aH)-ylidene)
thiosemicarbazide (TSC-C);(E)-4-(4-chlorobenzyl)-1-(5-methoxy-2-oxo-2H-indol-3(3aH)-ylidene)
thiosemicarbazide (TSC-D);(E)-4-(4-iodobenzyl)-1-(5-methoxy-2-oxo-2H-indol-3(3aH)-ylidene)
thiosemicarbazide) (TSC-E)

Qpax = Co + Cif () + Cyf (€) + G54 + Cha (1)

In here, 9
structure.

The f and a describe hydrogen bond acceptor and hydrogen bond donor capacities of
solvent, respectively. Polarizability-orientation function and Polarity-induction function are
defined to be f{n)=(n’-1)/(n*+2) and f(e)=(e-1)/(e +2), respectively (Reichardt 2008).

The equation of the Catalan model with four parameters is given in Eq. (2) (Catalan 2009).

is the maximum absorption wavenumber changing depend on the solvent

max
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19max = CS + C6SP + C7SdP + CgSA + CQSB (2)

In this model, multiple parameters are deployed in order to gather information about
solute—solvent interactions. Where 9,,. 1is the maximum absorption wavenumber
depending on SP solvent polarizability, SdP solvent dipolarity, SA solvent acidity and SB
represents solvent basicity. The all parameters used in LSER studies have been listed in
Table 18S.

2.4 Optoelectronic calculations

The optical and electronic behaviors of semiconductors are understood based on two
fundamental parameters. These are inferred by the energy band gap and the refractive
index. The light absorbance threshold of semiconductors determines the energy band gap,
and the refractive index is a measure of transparency to incident light. The relationship
between these two optoelectronic parameters of semiconductors is still a subject of research
due to its role in semiconductor band structures. In addition, the electronic structure
properties of materials such as polarizability and dielectric constant are determined based
on the refractive index and can be calculated using the energy band gap. These parameters
are important descriptors for the design of optoelectronic devices (Sidir et al. 2023;
Benosmane et al. 2023).

The mass excitation coefficient (o, (Lg~' cm™)) describes the light absorbed by a
molecule at a specific wavelength per mass density for optoelectronic applications.

amass = 8/ MA

where & (Lmol~! cm™) is the molar excitation coefficient and MA is the molar weight. The
band width or band gap of the optical transition (E,) depends on the absorbance coefficient
Opacs (cm™") and the energy of the photon (hv (eV)) (Tauc and Menth 1972; Tauc 2000).

Refractive index and energy gap, which are the main elements of optoelectronic
properties, are physical properties of molecules. These two physical elements allow
the band gap structures of materials to vary for continuous and optimal absorption of
broadband spectral sources. Optical energy range and refractive index are interesting
properties of materials. The refractive index is a key element for any material as it relates to
the electronic polarizability of the ions and the local field within the materials. Researchers
have done model studies for the relationships between band gaps, electronegativity and
refractive indices (Sidir et al. 2023, 2019, 2021; Benosmane et al. 2023).

Different materials have different energy band gaps and different models have been
proposed accordingly when calculating the refractive index. It would be interesting to
develop a model that can be applied to all models without distinguishing energy gaps.
While researchers are conducting experimental and theoretical studies to find the refractive
indices for many different types of materials, the technologies that have many applications
are based on the refractive index and band gap. In recent years, the interest of researchers
has increased in application areas such as nanotechnology and biotechnology (Tauc and
Menth 1972; Tauc 2000). The optical band gap or forbidden bandwidth of the optical
transition (Ep) depends on the absorption coefficient a (cm™") and photon energy (hv (eV)).
Optical band gap (E,) can be evaluated from the absorption spectrum using Tauc law of
optical transitions,
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(ohv) = A * (hv—E,)" 3)

Here, A* is constant and n is the parameter relevant to the measuring of the type of
band gap. When it is examined by taking 1/2 and 2 in this equation, it gives us information
about the direct and indirect transitions from the optical band gap, respectively.

The relationship between refractive index n and E, (energy band gap) is determined
using Moss (Moss 1985, 1950), Ravindra (Ravindra et al. 1979), Hervé-Vandamme (Herve
and Vandamme 1994), Kumar—Singh (Kumar and Singh 2010) and Reddy (Reddy and
Anjaneyulu 1992) relations.

In this study, we tried to calculate the refractive index of new TSCs with five different
methods. These methods are listed below.

n?=(95eV/ E,) for Moss approximation,
n=(4.084-0.62 Eg ) for Ravindra ,
W =1+(A/N E,+B) ).2 for Hervé—Vandamme

where A=13.6 eV and B=3.47 ¢V,

n=(3.3668/(E,))"*****) for Kumar—Singh ,
n=(154/(E,-0.365))""" for Reddy .

3 Result and discussion
3.1 Absorption spectra and electronic transitions

Electronic absorbance spectra of the investigated five thiosemicarbazone derivatives in
Fig. 2 can be seen in different solvents. UV—vis. spectra data are listed in Table 1. As seen
from Fig. 2, main band was observed with slightly shifts due to solvent. Two main bands
were observed in all the investigated compounds. In the first band, maxima of three peaks
were observed in the 257-285 nm range. This transition corresponds to the electronic tran-
sitions in the indole ring.

The maximum absorbance band is observed in the range of 364 nm (3.406 eV)-377 nm
(3.289 eV). This maximum absorbance band can be attributed to n-n* electronic transition
due to thiosemicarbazone resonance. As the solvent polarity of this wavelength increases,
it is seen that the wavelength shifts towards smaller values, albeit slightly. Thus, the
hypsochromic effect was realized at the maximum wavelength.

We can see from Table 1 and Fig. 2 that TSCs have broad main absorbance band. This
band indicates the m-m* electronic absorption transition in thiosemicarbazone for all the
molecules studied. This transition also comes from conjugation on the entire molecule.

As can be seen from Table 1, this global electronic transition causes the hypsochromic
effect for TSC-A when the polarity increases, and the wavelength as the wavelength shifts
from 376 nm (3.29 eV) to 369 nm (3.36 eV). Absorption maxima of TSC-B shifts from
371 nm (3.34 eV) toward 369 nm (3.36 eV) indicating hypsochromic effect with the
increase of solvent polarity.
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Fig.2 The absorbance spectra in different solvent medium of TSCs

As the solvent polarity increases for the TSC-C compound, it is observed that the
wavelength shifts from 371 nm (3.34 eV) to 403 nm (3.07 eV) showing bathochromic
effect occurred with the increase of solvent polarity.

In the TSC-D compound, a shift occurred from 376 to 371 nm wavelength band, and
in the TSC-E compound, from 377 nm (3.28 eV) to 370 nm (3.35 eV) with the observed
hypsochromic effect. The hypsochromic effect is that the energy difference between the
molecular orbitals of the electronic absorbent choromophore of the molecule increases
as the polarity of the solvent increases. The ability to form intermolecular hydrogen
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bonding (H-bond) interactions with both hydrogen donor and hydrogen acceptor sites has
been reported. The literature on semicarbazones (e.g., ethane-1-one semicarbazone for
(E)-1-(4-fluorophenyl) (Fun et al. 2009)) and thiosemicarbazone (e.g., 2-acetylpyridine
thiosemicarbazones (Ibrahim et al. 2018; Singh and Singh 2015)) compounds are
structurally similar to those studied in this study.

Shoulder absorbance bands around 465, 480, 460 and 439 nm was observed for TSC-
A, TSC-C, TSC-D and TSC-E compounds, only in the polar aprotic solvent DMSO. This
could mean an H-bond interaction that can occur as a result of solvent—solute interaction.

A shift of 7 nm for TSC-A, 3 nm for TSC-B, 32 nm for TSC-C, 6 nm for TSC-D,
and 7 nm for TSC-E correspond to the global electronic transition has been observed in
benzene and the DMSO solvents. The compound with the highest spectral shift is observed
for TSC-C, with the methoxy group attached to the quinolone ring, and the nitro group on
the benzene ring. The methoxy group has more electron donor character more than the
nitro group, and it can be said that because one end of the TSC-C compound is the donor
and the other end is the acceptor, as the polarity of the solvent increases, the conjugation
has a direct effect on the TSC group.

3.2 Linear solvation energy relationships

Solvatochromism is one of the most valid methods to numerically determine both specific
and non-specific interactions of solvent—solute interactions (Sidir and Giilseven Sidir 2011,
2015; Giilseven Sidir and Sidir 2013; Giilseven Sidir et al. 2011). Here, using the Kamlet-
Abboud-Taft and Cataladn solvent parameters, which include four parameters, using the
linear solvation energy relationship statistical method, the values as a result of statistical
calculation are given in Table 2. As can be seen from Table 2, linear solvation energy
relationships were investigated in eight solvents for TSC-A, TSC-B and TSC-C and 9
solvents for TSC-D and TSC-E. In the LSER models found, R >0.99, R?>0.98. The large
the F value and the P value close to zero indicates that this statistical model is the more
accurate.

Table2 The statistical parameters and results of Kamlet-Abboud-Taft and Catalan solvatochromism of
investigated TSC derivatives

Kamlet- N G C, C, C, C, R R? F P

Abboud-

Taft
TSC-A 8 27,665 —3880 571 27 —-103 099 098 41.82  0.006
TSC-B 8 28377 —4279  -282 241 -64 092 086 475 0.116
TSC-C 8 29,085 —6001 -792 114 146 094 089 649 0.078
TSC-D 9 27,698 3759 225 224 23 099 099 23890  0.000
TSC-E 9 27748 —4169 192 344 51 099 098 7612  0.000
Catalan N Cs Cq C, Cq C, R R? F P
TSC-A 8§ 27832 -1801 635 -232 211 099 097 358 007
TSC-B 8§ 28380 —1886 201 -239 149 090 082 354 0.164
TSC-C 8 29,003 -2496 —101 21 -63 093 086 496 0.109
TSC-D 9 27,733 -1581 382 17 341 0.99 099 14738  0.000
TSC-E 9 27,726 —1685 405 103 438 099 098 6419  0.001
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Fig.3 The correlation graphs between electronic transition wavenumbers with Marcus parameters of
investigated thiosemicarbazide derivatives

The C coefficients give the contributions of the individual solvent parameters to the total
spectral shift. The C, and Cs coefficients correspond to the electronic transitions of the
investigated compounds in the gas phase or isolated medium, respectively. The C, value
shows the contribution of the dispersion-polarization interaction, while the C, value gives
the contribution of the orientation-induction interaction.

The C, is the gas phase wave number found from Kamlet-Abboud-Taft solvatochromism;
27,665 cm™! (361 eV) for TSC-A, 28,377 cm™! (352 eV) for TSC-B, 29,085 cm™! (344 eV)
for TSC-C, 27,698 (361 eV) for TSC-D and 27,748 cm™! (360 eV) for TSC-E, respectively.
As can be seen from Table 2, the value of C, coefficient is greater than C, coefficient. It can
be said that the contribution of orientation dispersion-polarization interaction is high. The
C, coefficient has negative values only for TSC-B and TSC-C. The C; value indicates the
interaction of the hydrogen bond acceptor parameter, while the C, describes the effect of the
hydrogen bond donor parameter. Except for TSC-A and TSC-C compounds, the C; coefficient
is quite large compared to C, coefficient. Thus, we can say that those of the hydrogen bond
acceptor ability of solvents is more effective than those of hydrogen bond donor ability of
solvents.
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Fig.4 The correlation graphs between electronic transition wavenumbers with Reichardt parameters of
investigated thiosemicarbazide derivatives

The results of the LSER calculations applicate according to the Catalan parameters are
listed in Table 2. The Cs is the gas phase wave number found in Cataldn solvatochromism.
Cs values according to Catalan solvatochromism are 27,832 cm™! (359 eV) for TSC-A,
28,380 cm™! (352 eV) for TSC-B, 29,003 cm™! (344 eV) for TSC-C, 27,733 cm™! (360.58 eV)
for TSC-D and 27,726 cm™! (360.67 eV) for TSC-E, respectively. While the Cg coefficient
describes the effect of the solvent of polarizability parameter on the global electronic transi-
tions, the C, coefficient gives information about the polarity coefficients of the solvents. As
can be seen from Table 2, the value of the C coefficient is greater than that of C,. Thus, the
effect of solvent polarizability on electronic absorbance transitions occurring in the studied
TSC molecules is greater than that of solvent polarity. While the value of the Cq coefficient
estimated for TSC-A and TSC-B is higher than the C, coefficient, the C, coefficient in TSC-
C, TSC-D and TSC-E is considerably higher than Cg. Thus, it was observed that TSC-A and
TSC-B were more affected by solvent acidity than solvent basicity, while TSC-C, TSC-D and
TSC-E compounds were more effective solvent basicity than solvent acidity. However, as can
be seen from the LSER equations, solvents have a complex effect on electronic absorbance
transitions. According to the correlation graph of wavenumbers obtained from the result of
Kamlet-Abboud-Taft and Cataldn solvatochromism in Fig. 1S-2S, there are quite consistent
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Fig.5 The graph of E=hv versus o, of TSCs

results between the experimental wavenumbers and the wavenumbers obtained from the
LSER result.

Charge transfer is one of the most important chemical processes that play an important
role in biological, physical and chemical systems. The correlation plots between the Marcus
optical dielectric function and electronic absorbance wavenumbers are given in Fig. 3 and the
correlation values are obtained as R*?=0.748 for TSC-A, 0.8222 for TSC-B, 0.8459 for TSC-
C, 0.7899 for TSC-D and 0.7519 for TSC-E. Thus, we can say that the charge transfer between
the ground and excited state is opposite to each other, in that, the excited state dipole moment
direction and the ground state dipole moment direction are opposite of each other.
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Fig.6 The correlation graphs drawn for found E, values of TSCs (x-axis absorbed photon energy (E=hv

(eV)) and y-axis ((ahv)? (cm™! eV)?))

The correlation graphs between Reichardt-Dimroth solvent parameter (Eg)and
wavenumbers can be seen in Fig. 4. As seen from Fig. 4, R?=0.8763 for TSC-A,
R?=0.7886 for TSC-B, R?=0.987 for TSC-C, R*=0.987 for TSC-D and R*=0.7052 for
TSC-E. As seen in Fig. 4, the wavelength decreases with change of as the E;N parameter
increases, so it can be said that the solvent effects give rise to a hypsochromic effect the

Reichardt-Dimroth solvent parameter.
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Table 3 Some optoelectronic properties, forbidden energy band gap and refractive index according to
Moss, Ravindra, Herve-Vandamme, Kumar, Singh, and Reddy relationships for the investigated new TSC
compounds

Solvents TSC-A Moss Ravindra Hervé-Vandamme Kumar-Singh Reddy
E,
Benzen 2.472 2.489 2.551 2.497 2.514 2.923
1-Octanol 2.348 2.522 2.628 2.542 2.556 2.968
1-Heptanol 2.386 2.511 2.604 2.528 2.543 2.954
1-Hexanol 2.573 2.465 2.488 2.462 2.482 2.889
DMSO 2.453 2.494 2.563 2.504 2.521 2.930
Ethanol 2.442 2.496 2.567 2.506 2.523 2.933
Solvents TSC-B Moss Ravindra Hervé-Vandamme Kumar-Singh Reddy
E
Benzen 2.g636 2.450 2.449 2.441 2.463 2.869
1-Octanol 2.567 2.466 2.492 2.464 2.484 2.891
1-Heptanol 2.649 2.447 2.441 2.437 2.459 2.865
1-Hexanol 2.656 2.445 2.437 2.434 2.457 2.863
DMSO 2.750 2.424 2.379 2.404 2.429 2.834
Ethanol 2.656 2.445 2.437 2.434 2.457 2.863
Solvents TSC-C Moss Ravindra Hervé-Vandamme Kumar-Singh Reddy
E
Benzen 2.g605 2.457 2.468 2.451 2.472 2.879
1-Octanol 2.341 2.523 2.630 2.543 2.558 2.970
1-Heptanol 2.395 2.508 2.597 2.524 2.539 2.950
1-Hexanol 2419 2.502 2.582 2.515 2.531 2.941
DMSO 2.430 2.500 2.576 2512 2.528 2.938
Ethanol 2.294 2.537 2.662 2.563 2.576 2.989
Solvents TSC-D Moss Ravindra Hervé-Vandamme Kumar-Singh Reddy
E
Benzen 2.g479 2.487 2.546 2.494 2.512 2.921
1-Octanol 2.429 2.501 2.578 2513 2.529 2.939
1-Heptanol 2.458 2.493 2.559 2.502 2.519 2.928
1-Hexanol 2.424 2.502 2.581 2.514 2.530 2.940
DMSO 2.379 2.513 2.608 2.530 2.545 2.956
Ethanol 2.481 2.487 2.545 2.494 2.511 2.920
Solvents TSC-E Moss Ravindra Herveé-Vandamme Kumar-Singh Reddy
E
Benzen 2.g5 12 2.479 2.525 2.483 2.501 2.909
1-Octanol 2.452 2.494 2.563 2.504 2.521 2.930
1-Heptanol 2.472 2.489 2.551 2.497 2.514 2.923
1-Hexanol 2.450 2.495 2.565 2.505 2.522 2.931
DMSO 2.432 2.500 2.576 2.511 2.528 2.937
Ethanol 2.488 2.485 2.541 2.492 2.509 2918

3.3 Optoelectronic properties

Let optoelectronics be both materials, which specifically describes the quantum mechanical
effect on semiconductor and composite structures. The quantum mechanical effect can be
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defined as finding, detecting and controlling light. In many systems, optoelectronic features,
especially imaging technology, form the basis of the production of electronic circuit
elements in devices such as integrated computers. Optoelectronic devices are devices such
as LED, photodetectors (photodiode and phototransistors). Optoelectronics are devices that
can convert optical signals into electrical signals and electrical signals into optical signals.
They are used in a wide variety of application areas of optoelectronics, optical fiber
communication, laser technology and all types of light measurements. Absorbance, mass
extinction coefficient, mass absorption coefficient, forbidden energy gap, refractive index,
transmittance and reflectance can be counted as optoelectronic properties. Here, several
different optoelectronic properties of 2-oxo-2H-indole-3(30H)-ylidene thiosemicarbazide
compounds with five main structures but substituent added were investigated.

The correlation graphs of o, versus photon energies of TSCs compounds have been
given in Fig. 5. Despite the solutions prepared in the same molarities according to Fig. 5,
molar extinction coefficients have been found as 111.03 Lg‘1 cm~! in ethanol for TSC-A,
194.45 Lg‘1 cm™! in benzene for TSC-B, 146.77 Lg‘1 cm™! in ethanol solvent for TSC-C,
223.45 Lg~! em™! in 1-hexanol for TSC-D and 115.11 Lg™! cm™! in 1-hexanol for TSC-E,
respectively. The highest molar excitation coefficient is obtained for TSC-D compound.

The graphs of absorbance coefficient (a (cm™")) and photon energy (hv (eV)) are
shown in Fig. 3S. The forbidden energy gaps have been found by using the correlation
graph plotted against the energy of the photon absorbed with (ahv)? with using Eq. 3 of
studied TSCs compounds. As seen in Fig. 6, For each TSC compound have drawn benzene
as the non-polar solvent, 1-octanol, 1-heptanol, 1-hexanol and ethanol as polar protic
solvents and DMSO as polar aprotic solvent. The experimental refractive index values
of TSC compounds have been calculated using the Moss, Ravindra, Hervée—Vandamme,
Kumar-Singh and Reddy relations in like benzene, 1-octanol, 1-heptanol, 1-hexanol,
DMSO and Ethanol solvents. Determined refractive index values have been tabulated in
Table 3.

From the data given in Table 3, it can be said that the forbidden energy range of the
compounds changes depending on the solvent. According to the analyzed solutions, the
highest E, value was estimated in benzene solvent. As seen that the band gap of the studied
TSC compounds of non-polar solvents is larger than the other solvents. We can say that
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Fig. 8 The shape of relationship between refractive index of TSCs

polar solvents reduce the forbidden energy gap values. The graph of the E (eV) values of
the studied TSCs compounds depending on the solvent can be seen in Fig. 7. From this
graph, we can say that TSC-B compound with NO, group and indole on the other side has
the highest band gap energy, while TSC-C has the lowest forbidden bad gap in ethanol
solvent. The TSC-C compound has NO, and the methoxy group. The forbidden band gap
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energy of this compound showed a great variation depending on the solvent, for example, it
is 2.6 eV in benzene, while it is around 2.29 eV in ethanol.

The experimental index of refraction can be calculated using the quantum theory of
scattered light near the fundamental absorbance limit of semiconductor compounds.
The refractive index has been calculated in benzene, 1-octanol, 1-heptanol, 1-hexanol,
DMSO and ethanol solvent. From Table 3, we can say that while the refractive
index varies between 2.4 and 2.6, the refractive index calculated only by the Reddy
relationship have found to be between 2.8 and 2.9. The graphs of the new TSCs for
which we calculated the refractive index with five different methods are shown in Fig. 8.
It can be seen that the refractive index values calculated with the Reddy approach were
larger than the other approaches. Generally, the lowest refractive index values for all
molecules except TSC-B were obtained by Moss approximation.

4 Conclusions

The electronic, solvatochromism and some optoelectronic properties of five TSC com-
pounds were investigated from electronic absorption spectra obtained from different sol-
vents. The global electronic absorbance transitions of the examined TSC derivatives
originate from the conjugation in the thiosemicarbazide group and occur in the range of
365-376 nm depending on the substituent. Linear solvation free energy (LSER) relation-
ships of the studied TSC compounds were investigated using Kamlet-Abboud-Taft param-
eters, Catalan parameters, Reichardt-Dimroth solvent parameter and Marcus optodielectric
coefficients. The derived LSER models explained the absorbance transition mechanism
and solvent effects with very high statistical correlation. Some electronic properties like
forbidden band gap values and refractive indices were found by five different methods.
According to the forbidden energy range, TSC compounds can be considered to be a can-
didate of semiconductor organic compounds. Although the refractive index showed little
change according to the methods examined, the refractive index changed in the range of 2.5
and 2.9.
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