5> Trends in Technical
& Scientific Research
ISSN: 2641-8355

Review Article
Volume 5 Issue 2 -October 2021
DOI: 10.19080/TTSR.2021.05.555659

» Juniper

. _Ikey to the Researchers

Trends Tech Sci Res
Copyright © All rights are reserved by Philip Byers

Synthesis and Uses of Thioacenes and
Oligothiophenes for Organic Electronic Devices

Philip Byers*
Department of Chemistry, Farmingdale State College, USA
Submission: September 02, 2021; Published: October 04, 2021

*Corresponding author: Philip Byers, Department of Chemistry, Farmingdale State College, New York, USA

Abstract

This article outlines the historical background of organic electronic devices, especially ones that utilize thiophenes and oligothiophenes.
Original work in the field is highlighted as well as contemporary advances in the field. The synthetic procedures for making these compounds and
the materials application in modern organic electronic devices are also discussed. Research shows these compounds can be used in a number of
electronic devices and demonstrate improved stability versus carbon-based electronics such as acenes and its derivatives.

Keywords: Thioacene; Oligothiophene; Semiconductors; OLED; OFET; Organic

Introduction

Great attention has been paid to sulfur-containing polycyclic
hydrocarbons that possess m-conjugation systems such as
thioacenes and oligothiophenes as seen in Figure 1, because
these compounds are promising as organic field-effect transistors
(OFET), electroluminescence (EL) materials, semiconductors,
organic light emitting diodes (OLED), and organic photovoltaics
(OPV) [1,2]. Both the importance and the performance of organic
electronic devices have increased significantly over the last 25
years, evolving from a field with great promise for new materials
and applications to a real industry with several commercial
products on the market [3,4]. Broader acceptance of organic
semiconductors will hinge on the development of materials with
competitive properties and superior processability, yielding
high-performance devices from a significantly less expensive
fabrication process [5].

Acenes have long been the subject of intense study because
of the unique electronic properties associated with their m-bond
topology. Due to their unique topological and electrical properties,
thioacenes have garnered much interest since the 1990’s [6]. As
compared to their hydrocarbon acene analogues, thioacenes
possess a lower highest occupied molecular orbital (HOMO)
energy level giving it improved stability. The sulfur atoms
contained in these acenes also lead to favorable m-m stacking
due to the strong S-S and S-m interactions between molecules.
When these compounds are packed in the solid state, the solid

film is more compact and charge transfer is better as compared
with carbon acenes. Thioacenes such as pentathienoacene and
hexathienoacene have demonstrated this improved charge
transfer and hole mobility [7]. In order to develop acenes with
high stability and electrical conductivity as well as good solubility,
a range of substituents are introduced. Usually, substituents are
introduced at the ends to increase the m-conjugated dimension,
improve the planarity, and increase the solubility. In comparison,
polycyclic aromatic hydrocarbons (PAHs) containing sulfur-
bridged rings are shown to be excellent Weitz-type donors and
extended systems exhibit diradical properties [8-12].

Thioacenes and Oligothiophene for OFET, OLED’s

and Semiconductors

Over the past several years, a large number of organic
semiconductors have been developed for OFETs. Acenes were
widely used in the early years of studies into OFETs, and pentacene
was considered an outstanding example that could be compared
with the field-effect transistor behavior of amorphous silicon
[13,14]. However, the low stability of pentacene limits its use in
wider applications. To address this, thienoacene-based small
molecules were developed by incorporation of thiophene rings
into the m-conjugation backbone. This was pursued anticipating
that the higher electronegativity of the sulfur atom would favor
the stability of these compounds for use as semiconductors [15].
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Polythiophenes of the most investigated
semiconductor materials for applications in organic electronics
because of their efficient charge transport properties and
compatibility with flexible substrates. Oligothiophenes with

the same repeat unit structure as their polymer counterparts

are some

offer the opportunity to study the true charge transport
nature of these materials, free from structure defects [16-
18]. Bis(dithienothiophene) is an excellent early example of
heteroacene-based organic semiconductors with excellent hole
mobility as seen in Figure 2 [19]. Thiophene derivatives can be

either oxidized in the presence of certain oxidizing agents, such
as ferric chloride, or deprotonated and then dimerized by CuCl,
to form a mixture of a-conjugated oligomers as seen in Figure 3a
[20]. This process takes advantage of the varying electron density
at different positions of the thiophene monomer; the coupling
mainly occurs at the positions of highest electron density. One
issue with this is with increased conjugation in the precursor
molecule, a rapid loss of reactivity of the corresponding cation
radical can occur, resulting in short oligomers [21].
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Figure 1: Examples of the structure of acenes such as pentacene and its derivatives as well as oligothiophenes and thioacenes.
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Figure 2: Early semiconducting thioacene dimer bis(dithienothiophene) with 3D rendering.
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Transition metal-catalyzed cross-coupling has also been
explored for the synthesis of polythiophenes. It has been
shown that these types of reactions proceed by a chain growth
mechanism [22]. A precise synthetic strategy involving palladium
catalyzed C-H homocoupling of bromothiophene in the presence
of a silver reagent system as an activator was developed by Mori
and coworkers [23]. This process results in oligothiophenes
with C-Br bonds at the terminal rings, which can then be further
functionalized through additional coupling reactions. Treatment of
3-alkylthiophene with 2,2,6,6-tetramethylpiperidinylmagnesium
chloride lithium chloride complex (TMPMgCL.LiCl)
metalation at the 5-position selectively. Subsequent addition of
the 2-bromo-3-alkylthiophene and a nickel catalyst leads to the
corresponding bithiophene seen in Figure 3b [24].
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Work by Bruns, Stahl and coworkers also demonstrated some
useful synthetic routes for the synthesis of coupled thiophenes
through Pd/Cu oxidative coupling reactions with O, used as the
oxidant [25]. This recent contribution demonstrates the efficient
synthesis of homo-coupled 2-bromo-3-hexylthiophenes 1 using
nitrogen heterocycles as ligands to facilitate the reaction. Their
optimized system utilizes 1,10-phenanthroline-5,6-dione (phd) as
a ligand that had not been used previously in Pd-catalyzed aerobic
oxidations. The optimized catalyst system, consisting of 3 mol %
Pd (OAc),/phd, Cu (OAc),, and 1,4-benzoquinone were reacted in
the oxidative homocoupling of a series of thiophenes and related
heterocycles as seen in Figure 4 [26,27]. High conversions of
the thiophene starting material were observed with Pd(OAc),/
Cu(0Ac),, but little product was obtained. This shows that the use
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the phd ligand promotes selective formation of product 2. The
ternary catalyst system, composed of Pd (OAc),/Cu (OAc),/phd,
led to substantially improved yields. When loadings of Pd (OAc),,

phd, and Cu (OAc), were lowered to 3 mol % the yield of 2 could
be improved to 85% by including 3 mol % 1,4-benzoquinone (BQ).
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Figure 3: Synthetic Routes for the Synthesis of Long Oligothiophenes:

a) Oxidative coupling,

b) Palladium-Catalyzed C-H Homocoupling.
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Figure 4: Optimized conditions for thiophene C-H homocoupling.
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The crucial building block for microelectronics is the field-
effect transistor (FET), based on inorganic electrodes, insulators,
and semiconductors. Instead of competing with conventional
silicon technologies, organic FETs based on molecular and
polymeric materials (OFETs) may find niche applications in low-
[28,29] as well
as in integrated optoelectronic devices, such as pixel drive and

performance memory elements and sensors,

switching elements in active-matrix organic light-emitting diode
(OLED) displays [30]. One of the most common OFET device
configurations is that of a thin-film transistor (TFT), in which a
thin film of the organic semiconductor is deposited on top of a
dielectric with an underlying gate (G) electrode seen in Figure
5. The current between S and D electrodes is minimal when no
voltage is applied between G and D electrodes, and the device is
in the so called “off” state. When voltage is applied to the gate,
charges can be induced into the semi-conductor at the surface
with the dielectric layer. Subsequently, the D-S current increases
due to the increased number of charge carriers. This is called the
“on” state. The major parameters characterizing a FET include

5(2): 555659. DOI: 10.19080/TTSR.2021.05.555659

the field-effect mobility (u), which quantifies the average charge
carrier drift velocity per unit electric field and the on/off ratio
(Ion/Ioff) defined as the D-S current ratio between the “on” and
“off” states. The vast majority of organic FETs operate in the p-type
accumulation mode, meaning the semiconductor acts as a hole-
transporting material [31]. To fully see the maximum potential
of organic electronics, high-performance electron-transporting
(n-type) materials are also needed [32].

Perfluoro n-type molecular and polymeric electronics
were developed for specific use in FETs [33]. The fluorocarbon-
substituted developed
all showed impressive chemical and thermal stability, and
volatility, and exhibit similar packing characteristics, strong m-m

oligothiophenes and investigated

intermolecular interactions, and comparable lowest unoccupied
molecular orbital (LUMO) energies across the conjugated lengths.
It was shown that oligothiophenes with repeating units 4-6 are
n-type semiconductors with mobilities as high as 0.04 cm?/ (V s).
The regioselectivity of the fluorocarbon chain has an important
role in semiconducting abilities of these oligothiophenes.
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A synthesis of oligothiophenes 8 and 9 has been reported.
These compounds demonstrated the most desirable electronic
properties as seen in Figure 6. Dibromo-derivative 4 was prepared
in 80% yield by a reaction of TMS-protected quaterthiophene 3
with 10% stoichiometric excess of Br,. Stille coupling of 4 with
2-tributylstannylthiophene affords 8 in 87% yield. The isomeric
compound was prepared starting from 3-perfluoro-rohexyl-

dithiophene 5, which was lithiated and dimerized with CuCl, to
afford diperfluorohexyl-4T 6 in 44% yield. This was followed by the
quantitative bromination of 6 using N-bromosuccinimide (NBS) to
afford 7, which was reacted with 2-tributylstannylthiophene to give
9ina 72% yield. These compounds have shown the regioselective
importance of fluorocarbon substituents on oligothiophenes for
the production of working n-type materials.

( N
TOP BOTTOM
Source Drain Semiconductor
Semiconductor Source Drain
5i0, Si0,
Figure 5: Representation of top- and bottom-configuration thin-film transistor devices.
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Figure 6: Synthesis of oligothiophenes 8 and 9.
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Another interesting application of oligothiophenes has been
their incorporation into covalent organic frameworks (COFs) that
have uses in organic electronics and optoelectronics [34]. Auras,
Bein and coworkers developed a method for the synthesis of highly
crystalline quaterthiophene-derived COFs with tunable electronic
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properties [35]. With respect to the electronic properties of these
2D-COFs, the covalently linked layers are tightly m-stacked, thus
forming columns with significant electronic overlap that enable
efficient migration of excitations and charge carriers. Solubility
issues can arise when synthesizing large 2D surface from strong
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- interactions. These COFs were synthesized through co-
condensation of 1,3,6,8-tetrakis(4-aminophenyl) pyrene with 2
equivalents of quaterthiophene dialdehyde bearing asymmetric

butyl chains which lead to the formation of the desired 4T COF 10
as seen in Figure 7.
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Figure 7: COF with connecting oligothiophene columns.
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Conclusion 5. Sheats JR (2004) Manufacturing and Commercialization issues in

Research and design of thioacenes and oligothiophenes will
continue to advance as the compounds have demonstrated an
increased stability compared to carbon acenes. These materials
have applications in a number of electronic devices including
organic field-effect transistors (OFET), electroluminescence (EL)
materials, semiconductors, and organic light emitting diodes
(OLED). While these materials have proven to be more stable, they
have also demonstrated better charge transfer as compared to full
carbon acenes due to strong S-S and S-m interactions, a property
that is most evident when these materials are applied as thin
films. Recent research has been devoted to the investigation and
synthesis of oligothiophenes as they have been proven to provide
more control with regard to the size and shape of electronic
devices. The future is promising as new types of reactions
involving these materials are developed every year.
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