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Abstract

Organic electronics, driven by the development of n-conjugated polymers, presents a transformative
approach to flexible, lightweight, and low-cost electronic devices. These polymers, characterized by
delocalized n-electron systems along their backbones, exhibit unique optoelectronic properties crucial
for applications such as organic photovoltaics (OPVs), field-effect transistors (OFETSs), and light-
emitting diodes (OLEDs). This research focuses on the strategic molecular design and synthesis of -
conjugated polymers to enhance charge transport, bandgap tuning, and processability. Through donor-
acceptor architectures, side-chain engineering, and advanced polymerization techniques, it is possible
to fine-tune the electronic structure and morphology of these materials. Despite their advantages,
challenges remain in stability, reproducibility, and environmental sustainability. Addressing these
through innovative synthetic pathways and structure-property optimization holds the key to advancing
organic electronics. This study provides an integrated overview of recent progress, design principles,
and synthesis strategies, emphasizing their impact on the future development of high-performance and
eco-friendly organic electronic systems.

Keywords: n-Conjugated polymers, organic electronics, donor-acceptor architecture, charge transport,
bandgap engineering, sustainable synthesis

Introduction

Organic electronics is an emerging field that harnesses the electronic functionality of organic
materials, offering lightweight, flexible, and low-cost alternatives to traditional inorganic
semiconductors. Among these, m-conjugated polymers have garnered particular attention due
to their delocalized n-electron systems that enable semiconducting behavior, optical activity,
and tunable energy levels. These polymers consist of alternating single and double bonds
along their backbone, facilitating efficient charge transport, which is essential for
applications such as organic field-effect transistors (OFETS), organic photovoltaics (OPVs),
organic light-emitting diodes (OLEDSs), and electrochromic devices. Unlike small-molecule
semiconductors, m-conjugated polymers offer solution processability and mechanical
flexibility, enabling large-area fabrication via roll-to-roll techniques and compatibility with
wearable electronics. The evolution of m-conjugated polymers from simple linear structures
like polyacetylene to advanced donor-acceptor architectures has been driven by the need for
better control over their optical and electronic properties. Through molecular design
strategies involving backbone planarization, electron-rich/electron-deficient unit alternation,
and side-chain engineering, researchers can tailor bandgaps, enhance solubility, and improve
solid-state ordering.
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Designing mt-conjugated polymers for organic electronics
Synthetic advancements such as Stille, Suzuki, and direct
arylation coupling have expanded the structural diversity of
these polymers, while emerging green chemistry approaches
seek to address environmental sustainability concerns.
Despite significant progress, challenges remain in achieving
high charge-carrier mobility, long-term stability, and
reproducibility across batches. Recent efforts have focused
on establishing structure-property relationships to link
molecular design with device performance, supported by
computational modeling and advanced characterization
techniques. Additionally, integrating n-conjugated polymers
with nanostructured materials, biointerfaces, and hybrid
systems opens avenues for multifunctional electronics with
sensing, actuating, and energy-harvesting capabilities. As
research in this field continues to mature, it plays a crucial
role in the development of next-generation electronics that
are not only efficient and scalable but also environmentally
conscious. The design and synthesis of w-conjugated
polymers thus remain at the forefront of materials
innovation, bridging chemistry, physics, and engineering to
redefine the landscape of electronic technologies.

Scope of the Study

This study explores the design principles and synthetic
strategies of m-conjugated polymers with a focus on their
application in organic electronic devices. It aims to analyze
how molecular engineering-through  donor-acceptor
architectures, backbone planarity, and side-chain
modifications-can influence key optoelectronic properties
such as charge mobility, bandgap, and stability. The scope
includes an evaluation of various polymerization techniques,
including Stille, Suzuki, and direct arylation coupling, and
their  effectiveness in  producing high-performance
semiconducting polymers. The study investigates structure-
property relationships that govern film morphology,
crystallinity, and device efficiency. The environmental and
practical challenges associated with polymer synthesis,
including scalability, reproducibility, and green chemistry
approaches, are also addressed. By integrating theoretical
insights with experimental findings, this research provides a
comprehensive framework for understanding and advancing
the development of =-conjugated polymers in next-
generation organic electronics, particularly in areas such as
flexible displays, solar energy harvesting, and wearable
electronic systems.

Overview of Organic Electronics

Organic electronics is a branch of electronics that utilizes
organic, carbon-based materials-particularly conjugated
polymers and small molecules-as active semiconducting
components. These materials are capable of conducting
electricity due to their delocalized n-electron systems, which
allow for electron mobility across the molecular structure.
Unlike traditional silicon-based electronics, organic
electronics relies on soft, flexible, and lightweight materials
that can be processed from solution at low temperatures.
This opens the door for innovative applications such as
foldable displays, printed solar cells, disposable sensors, and
bio-integrated devices. The scope of organic electronics
encompasses a range of devices including organic light-
emitting diodes (OLEDs), organic photovoltaics (OPVs),
organic field-effect transistors (OFETS), electrochromic
devices, and more.
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The core distinction between organic and inorganic
semiconductors lies in their composition, processing, and
physical properties. Inorganic semiconductors, like silicon
and gallium arsenide, have rigid crystalline structures with
high charge carrier mobility and thermal stability, but they
require  high-temperature, vacuum-based fabrication
methods. In contrast, organic semiconductors are composed
of conjugated systems with lower intrinsic mobility but
offer superior mechanical flexibility and solution
processability. This allows for large-area fabrication on
flexible substrates through methods like inkjet printing,
spin-coating, and roll-to-roll processing. Furthermore,
organic materials can be synthetically modified to tune
energy levels, solubility, and intermolecular interactions,
granting greater control over electronic and optoelectronic
behavior.

The history of organic electronics dates back to the 1970s
when polyacetylene was discovered to conduct electricity
upon doping-a finding that revolutionized the perception of
polymers as insulators and laid the foundation for organic
semiconductors. This work by Shirakawa, Heeger, and
MacDiarmid earned the Nobel Prize in Chemistry in 2000.
In 1987, Tang and VanSlyke developed the first organic
light-emitting  diode (OLED), showcasing bright
electroluminescence from organic molecules. The next
major advancement came in 1990, with Burroughes et al.'s
development of the first polymer light-emitting diode
(PLED), using poly(p-phenylene vinylene) (PPV). This
opened avenues for display and lighting technologies based
on organic materials. Simultaneously, research progressed
in organic field-effect transistors (OFETs) and organic
photovoltaics (OPVs), making them viable alternatives for
traditional silicon electronics in specific applications.
Today, organic electronics is at the forefront of next-
generation technologies, particularly in areas demanding
lightweight, flexible, and cost-effective solutions. Wearable
health monitors, foldable phones, e-paper, and smart
packaging are a few examples where organic materials are
gaining commercial traction. Their ability to conform to
curved surfaces, operate under strain, and be integrated with
textiles makes them ideal for the Internet of Things (loT)
and biomedical applications. Additionally, the low energy
consumption and scalable fabrication methods associated
with organic electronics make them attractive from a
sustainability perspective. As researchers continue to
enhance material stability, charge mobility, and
environmental robustness, the relevance of organic
electronics is set to grow across industries including
healthcare, energy, consumer electronics, and environmental
monitoring.

Introduction to n-Conjugated Polymers

1. Basic Molecular Structure: Alternating Single and
Double Bonds

n-Conjugated polymers are a class of organic
macromolecules characterized by their unique backbone
structure consisting of alternating single and double carbon-
carbon bonds. This pattern of bonding creates a system of
conjugation, where n-electrons are not localized between
individual atoms but instead are delocalized across the
polymer chain. The conjugated backbone forms the
fundamental framework of these polymers, imparting the
potential for electronic conductivity and optoelectronic
activity. Examples of typical conjugated polymers include
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polyacetylene, polythiophene, poly (phenylene vinylene)
(PPV) and polyfluorene, each of which incorporates various
conjugated units within the chain. The structural rigidity and
planarity of the backbone play an essential role in
determining the polymer’s overall properties, particularly in
how effectively the n-electron cloud overlaps, which in turn
influences charge transport and light absorption capabilities.
The presence of conjugation across a long segment of the
polymer chain allows for modulation of the energy bandgap,
thus offering control over its semiconducting behavior
through precise molecular design.

2. Delocalized  =-Electron
Semiconducting Behavior

The hallmark of =-conjugated polymers lies in their
delocalized m-electron systems. When alternating single and
double bonds are present, the overlap of adjacent p-orbitals
creates a continuous 7m-System where electrons are free to
move along the polymer backbone. This delocalization
lowers the overall energy of the system and creates an
extended electronic structure that behaves analogously to
semiconductors. The electronic band structure of =-
conjugated polymers comprises a filled highest occupied
molecular orbital (HOMO) and an empty lowest unoccupied
molecular orbital (LUMO), analogous to the valence and
conduction bands in inorganic semiconductors. Upon
photoexcitation or electrical doping, electrons can transition
from the HOMO to the LUMO, generating charge carriers
such as polarons or bipolarons that contribute to electrical
conductivity. Although their charge carrier mobility is lower
than that of crystalline inorganic semiconductors, the
semiconducting behavior of m-conjugated polymers is
highly ~ tunable.  Structural  modifications-including
substitution with electron-donating or electron-withdrawing
groups, incorporation of donor-acceptor units, or controlling
molecular weight-enable precise tailoring of electronic
properties. These polymers exhibit intrinsic p-type behavior
and, in some cases, can be engineered to show n-type or
ambipolar transport, broadening their utility in organic field-
effect transistors (OFETS), organic light-emitting diodes
(OLEDs), and organic photovoltaics (OPVs).

Systems  Enabling

3. Unique Optical and Electronic Properties

n-Conjugated polymers possess a range of unique optical
and electronic properties that make them indispensable in
modern organic electronics. Their ability to absorb and emit
light across the visible and near-infrared spectra enables
applications in light-harvesting and light-emitting devices.
The bandgap, which governs the wavelength of light
absorbed or emitted, can be finely tuned by modifying the
polymer’s backbone structure or introducing donor-acceptor
motifs. Many of these polymers exhibit high
photoluminescence quantum vyields, making them suitable
for use in OLEDs and sensors. Additionally, they often
show nonlinear optical behavior, making them candidates
for optical switching and modulation applications. From an
electronic standpoint, their conductivity can be enhanced
through chemical or electrochemical doping, a technique
that introduces additional carriers into the material to boost
its performance. Furthermore, their processability in
solvents allows for low-cost fabrication through solution-
based techniques like spin coating, inkjet printing, and roll-
to-roll processing. Overall, the combination of tunable
energy levels, solubility, mechanical flexibility, and
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optoelectronic activity positions n-conjugated polymers as
foundational materials in the advancement of organic and
flexible electronic technologies.

4. Types

Homopolymers vs. Donor-Acceptor Copolymers
I1-Conjugated polymers can be broadly classified into two
major types based on their structural composition;
homopolymers and donor-acceptor (D-A) copolymers.
Homopolymers consist of repeating identical monomer units
along the polymer backbone. Classic examples include
polyacetylene, polythiophene, and polyfluorene, which have
relatively uniform electronic characteristics derived from
the intrinsic properties of their repeating unit. These
polymers exhibit well-defined absorption and emission
spectra, but their tunability in terms of energy levels and
charge transport is often limited to modifications on the side
chains or minor alterations in backbone conjugation.

In contrast, donor-acceptor copolymers are composed of
alternating electron-rich (donor) and electron-deficient
(acceptor) units. This deliberate incorporation of two
different electronic components into the backbone
introduces internal charge-transfer interactions, significantly
enhancing the material's ability to control HOMO-LUMO
levels, optical bandgaps, and intermolecular interactions. D-
A copolymers enable greater flexibility in tailoring the
polymer’s optoelectronic properties, allowing for materials
with lower bandgaps, higher charge carrier mobilities, and
broader absorption spectra-essential features for high-
performance organic photovoltaics and transistors.
Examples  include  PTB7, P3HT-benzothiadiazole
copolymers, and DPP-based polymers, many of which have
demonstrated outstanding performance in solar energy and
electronic applications.

Regioregular vs. Regiorandom Structures

Another critical classification within z-conjugated polymers
is based on their regiochemistry, which refers to the
orientation of monomer units along the chain. Regioregular
polymers are those in which the monomer units are arranged
in a uniform head-to-tail fashion. This consistent alignment
allows for more planar backbone conformations, leading to
enhanced n-m stacking, improved crystallinity, and superior
charge transport properties. A prime example is regioregular
poly (3-hexylthiophene) (rr-P3HT), which has been widely
studied due to its high field-effect mobility and excellent
processability.

In contrast, regiorandom polymers contain a random
distribution of head-to-tail, head-to-head, and tail-to-tail
linkages. This irregular arrangement introduces torsional
disorder, reduces chain planarity, and hampers effective
packing in the solid state. As a result, regiorandom polymers
often display lower charge mobility, broader absorption
bands, and reduced device performance. However, they can
still be useful in applications where high crystallinity is not
critical, or when specific solubility or mechanical properties
are desired. Together, these classifications-homopolymer vs.
D-A copolymer and regioregular vs. regiorandom-highlight
the immense design flexibility of m-conjugated polymers.
By carefully selecting and controlling monomer identity,
sequence, and orientation, researchers can precisely
engineer materials to meet the demanding requirements of
diverse organic electronic applications.
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Significance of a-Conjugated Polymers in Organic
Electronics

1. Application in Organic Field-Effect Transistors
(OFETS)

n-Conjugated polymers play a crucial role in the
development of organic field-effect transistors (OFETS),
which are fundamental components in flexible and printed
electronics. These transistors rely on semiconducting layers
that can transport charges efficiently when an electric field
is applied. n-Conjugated polymers, especially those with
high charge carrier mobility and good film-forming
properties, serve as ideal active layers in OFETS due to their
solution processability and mechanical flexibility. Polymers
such as poly (3-hexylthiophene) (P3HT) and donor-acceptor
systems like DPP-based and isoindigo-based polymers have
shown exceptional p-type and ambipolar behavior in
OFETSs. The key advantage of using these polymers lies in
their tunable electronic properties-such as HOMO/LUMO
levels and molecular packing-that influence mobility and
threshold voltage. Regioregular polymers with improved
crystallinity exhibit higher carrier mobility and stability,
which are essential for practical applications in displays,
sensors, and low-cost logic circuits.

2. Application in Organic Photovoltaics (OPVs)

In the field of organic photovoltaics (OPVs), n-conjugated
polymers serve as donor materials in bulk heterojunction
(BHJ) solar cells, where they play a pivotal role in
harvesting light and transporting photogenerated charges.
These polymers are designed to absorb solar radiation
efficiently and transfer electrons to an acceptor, typically a
fullerene derivative or a non-fullerene acceptor (NFA). The
D-A structure of many modern w-conjugated polymers
enables the fine-tuning of optical bandgaps and energy
levels, which is essential for achieving high open-circuit
voltage and broad spectral absorption. Prominent examples
include PTB7, PCE10, and PM6, which, when combined
with NFAs, have achieved power conversion efficiencies
exceeding 18%. The morphology and nanoscale phase
separation of polymer blends critically affect the
performance and stability of OPV devices. Solution
processability and compatibility with flexible substrates
make these polymers ideal candidates for lightweight,
rollable, and even transparent solar modules.

3. Application in Organic Light-Emitting Diodes
(OLEDs)

n-Conjugated polymers are also foundational to the
development of organic light-emitting diodes (OLEDs),
which are widely used in modern display and lighting
technologies. These materials can be engineered to emit
light in various colors by modifying their conjugated
backbones and side chains, and they often possess high
photoluminescence quantum efficiency. In OLEDs, the
polymer serves as the emissive layer, where recombination
of injected electrons and holes produces light. Polymers like
polyfluorene, poly (p-phenylene vinylene) (PPV), and their
derivatives are known for their bright blue, green, and red
emissions. Advanced multi-layer OLEDs also utilize
conjugated polymers for hole-transport and electron-
transport layers. A key benefit of polymer-based OLEDs is
their compatibility with inkjet and roll-to-roll printing
techniques, enabling low-cost, large-area production.
Moreover, the mechanical flexibility of these materials
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allows integration into foldable phones, wearable displays,
and flexible lighting systems, expanding the scope of
consumer and industrial applications.

4. Application in Electrochromic Devices

In electrochromic devices, which are used for smart
windows, displays, and mirrors, n-conjugated polymers act
as electrochromic materials that change color upon redox
reactions triggered by applied voltages. These polymers
exhibit reversible changes in their optical properties-such as
transmittance and reflectance-when they undergo oxidation
or reduction, due to alterations in their electronic band
structure. Materials like polythiophene derivatives,
polyaniline, and PEDOT (poly (3, 4-
ethylenedioxythiophene)) are widely studied for their fast
switching speeds, high coloration efficiency, and long-term
cycling stability. The ability to tailor the polymer structure
at the molecular level allows for customization of color
ranges, contrast ratios, and response times. Furthermore, the
flexibility and processability of m-conjugated polymers
enable the fabrication of bendable electrochromic panels,
which are increasingly being integrated into architectural
glass, automotive displays, and wearable technologies.
I1-conjugated polymers have revolutionized the field of
organic electronics by offering a versatile and tunable
platform for developing lightweight, flexible, and efficient
devices. Their application in OFETs, OPVs, OLEDs, and
electrochromic devices showcases their immense potential
in modern and emerging technologies. By enabling control
over charge transport, light absorption/emission, and optical
modulation, these polymers not only enhance device
performance but also pave the way for innovative, low-cost
manufacturing methods and environmentally sustainable
electronics. Their continued development is vital for the
next generation of intelligent, adaptable, and eco-conscious
electronic systems.

5. Advantages

Mechanical Flexibility, Low-Temperature Processing,
Lightweight

One of the most significant advantages of m-conjugated
polymers in organic electronics is their mechanical
flexibility, which allows them to be integrated into devices
that can bend, fold, or stretch without losing functionality.
This characteristic makes them ideal for applications in
wearable electronics, rollable displays, and implantable
biomedical devices, where traditional rigid materials would
fail. Unlike brittle inorganic semiconductors, these polymers
can conform to irregular surfaces and maintain electrical
performance even under mechanical stress. Another major
advantage is their low-temperature processability. 7-
Conjugated polymers can be synthesized and deposited
using solution-based techniques such as spin-coating, inkjet
printing, or roll-to-roll printing, eliminating the need for
expensive vacuum systems or high-temperature steps
required in silicon fabrication. This not only reduces
manufacturing costs but also enables production on flexible
plastic or paper substrates. Additionally, the lightweight
nature of organic polymer materials makes them highly
suitable for portable and energy-efficient devices. Their
reduced mass compared to inorganic counterparts allows for
energy savings in transportation and deployment, especially
in large-area electronics like solar panels or electronic

paper.
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6. Limitations
Stability,  Synthesis
Reproducibility
Despite their advantages, n-conjugated polymers also face
several limitations that challenge their broader commercial
deployment. One of the primary concerns is their stability,
particularly against environmental factors such as oxygen,
moisture, UV light, and thermal stress. Many z-conjugated
polymers degrade over time when exposed to air or sunlight,
leading to a decrease in performance, especially in OPVs
and OFETs. Strategies such as encapsulation, molecular
design, and device architecture optimization are often
necessary to mitigate these effects. Another challenge lies in
the complexity of synthesis. Designing high-performance -
conjugated polymers often requires multi-step chemical
synthesis with stringent purification steps, which can be
labor-intensive, time-consuming, and costly. The use of
toxic catalysts or solvents also raises environmental and
safety concerns. Furthermore, achieving batch-to-batch
reproducibility remains difficult, especially when scaling up
from laboratory to industrial production. Small changes in
reaction conditions or precursor quality can lead to
variations in molecular weight, polydispersity, or structural
defects, which in turn affect device performance. These
inconsistencies hinder large-scale commercialization and
make quality control a persistent issue. Addressing these
limitations through green chemistry approaches, simplified
synthetic routes, and robust quality control systems is
essential for advancing the reliability and scalability of =-
conjugated polymers in organic electronics.

Complexity,  Batch-to-Batch

Fundamental Electronic Structure of =n-Conjugated
Systems

The electronic properties of m-conjugated polymers are
governed by their unique molecular structure, particularly
the presence of delocalized m-electron systems formed by
alternating single and double bonds along the polymer
backbone. This configuration facilitates the formation of
extended conjugation, which in turn determines the
material’s electronic band structure, charge transport
behavior, and optical characteristics. A central concept in
the electronic structure of these materials is the HOMO-
LUMO gap, referring to the energy difference between the
Highest Occupied Molecular Orbital (HOMO) and the
Lowest Unoccupied Molecular Orbital (LUMO). This gap is
functionally analogous to the bandgap in inorganic
semiconductors and directly influences the polymer’s
electrical conductivity, color, and photoresponse. Narrowing
the HOMO-LUMO gap enhances absorption in the visible
and near-infrared regions, which is essential for applications
like organic photovoltaics and photodetectors. The length of
conjugation significantly affects the HOMO-LUMO gap.
Longer conjugated segments facilitate more extensive -
electron delocalization, which lowers the bandgap and
improves charge carrier mobility. On the other hand,
torsional angles-the twists or deviations from planarity
between adjacent aromatic units-can disrupt conjugation by
reducing orbital overlap. Polymers with a planar backbone,
often achieved through structural rigidity or intramolecular
interactions like hydrogen bonding, exhibit better n-stacking
and enhanced semiconducting properties. Moreover, the
electronic performance of m-conjugated polymers is
influenced by both intrachain and interchain transport
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mechanisms. Intrachain transport refers to charge movement
along the polymer backbone, generally efficient in well-
conjugated, defect-free chains. In contrast, interchain
transport involves hopping between adjacent chains and
depends on how well the chains are packed in the solid
state. Polymers that self-assemble into ordered domains
with close - stacking typically demonstrate higher charge
mobility due to efficient interchain transport.

The incorporation of electron-rich (donor) and electron-
deficient (acceptor) units into the polymer backbone enables
fine-tuning of energy levels and charge transfer dynamics.
Donor-acceptor (D-A) architectures facilitate intramolecular
charge transfer, which contributes to lower bandgaps,
broader absorption spectra, and improved separation of
photoexcited charge carriers. This molecular engineering
approach is particularly impactful in optoelectronic devices,
as it allows tailoring of materials for specific functions such
as light emission, absorption, or charge transport. For
example, including donor units like thiophene or carbazole
and  acceptors such as  benzothiadiazole  or
diketopyrrolopyrrole (DPP) creates a push-pull system that
enhances overall electronic activity. The orbital
delocalization in w-conjugated polymers plays a vital role in
determining their photophysical behavior. Delocalized
orbitals reduce exciton binding energy and enable the
generation of free charge carriers upon photoexcitation. This
property is crucial for photovoltaic devices, where efficient
dissociation of excitons into electrons and holes at donor-
acceptor interfaces determines device efficiency. The degree
of orbital overlap also influences the polymer’s
photoluminescence and electroluminescence characteristics,
making it a determining factor in the design of OLED
materials. Ultimately, a deep understanding of the electronic
structure of zm-conjugated polymers-encompassing HOMO-
LUMO alignment, conjugation length, torsional control, and
donor-acceptor chemistry-is fundamental for optimizing
their function in organic electronic applications. It provides
a molecular blueprint for designing next-generation
materials with tailored optoelectronic responses, high
efficiency, and superior processability.

Conclusion

The design and synthesis of n-conjugated polymers have
emerged as a cornerstone in the advancement of organic
electronics, offering a versatile platform for the
development of flexible, lightweight, and cost-effective
electronic devices. These polymers, characterized by their
extended m-electron delocalization, enable efficient charge
transport, tunable optical properties, and chemical
functionality-making them essential components in
applications such as organic solar cells, light-emitting
diodes (OLEDs), field-effect transistors (OFETSs), and
sensors. Through molecular engineering, researchers have
been able to fine-tune energy levels, solubility, crystallinity,
and film morphology, all of which critically influence
device performance and stability. The use of donor-acceptor
architectures, regioregular structures, and side-chain
modifications has significantly improved charge carrier
mobility and absorption efficiency. However, challenges
remain in achieving long-term stability, large-scale
processability, and compatibility with green synthetic
methods. Recent developments in sustainable polymer
synthesis, including direct arylation and solvent-free
protocols, offer promising routes toward more eco-friendly
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production. As the field matures, the convergence of
synthetic chemistry, materials science, and device
engineering will be vital to overcoming current limitations
and pushing the boundaries of organic electronics.
Ultimately, m-conjugated polymers represent not only a
frontier in material innovation but also a critical enabler of
next-generation technologies that align with sustainability
and energy-efficiency goals. Their continued evolution will
shape the future of flexible and wearable electronics in both
consumer and industrial domains.

References

1. Facchetti A. =n-Conjugated polymers for organic
electronics and photovoltaic cell applications. Chem
Mater. 2011;23(3):733-758.

2. Higashihara T. Strategic design and synthesis of =-
conjugated polymers suitable as intrinsically stretchable
semiconducting materials. Polym J. 2021;53(10):1061-
1071.

3. Wang C, Dong H, Hu W, Liu Y, Zhu D.
Semiconducting n-conjugated systems in field-effect
transistors: a material odyssey of organic electronics.
Chem Rev. 2012;112(4):2208-2267.

4. Kanibolotsky AL, Perepichka IF, Skabara PJ. Star-
shaped n-conjugated oligomers and their applications in
organic electronics and photonics. Chem Soc Rev.
2010;39(7):2695-2728.

5. Lei T, Wang JY, Pei J. Design, synthesis, and structure-
property relationships of isoindigo-based conjugated
polymers. Acc Chem Res. 2014;47(4):1117-1126.

6. Kranthiraja K, Gunasekar K, Chakravarthi N, Song M,
Moon JH, Lee JY, et al. Synthesis and characterization
of alkoxyphenylthiophene substituted
benzodithiophene-based 2D conjugated polymers for
organic  electronics  applications. Dyes  Pigm.
2015;123:100-111.

7. Guo X, Baumgarten M, Millen K. Designing u-
conjugated polymers for organic electronics. Prog
Polym Sci. 2013;38(12):1832-1908.

8. Beaujuge PM, Reynolds JR. Color control in =-
conjugated organic polymers for use in electrochromic
devices. Chem Rev. 2010;110(1):268-320.

9. Yamamoto T. Synthesis of m-conjugated polymers
bearing electronic and optical functionalities by
organometallic polycondensations. Chemical properties
and applications of the n-conjugated polymers. Synlett.
2003;2003(04):425-450.

10. Wang M, Baek P, Akbarinejad A, Barker D, Travas-
Sejdic J. Conjugated polymers and composites for
stretchable organic electronics. J Mater Chem C.
2019;7(19):5534-5552.

11. Marrocchi A, Facchetti A, Lanari D, Petrucci C,
Vaccaro L. Current methodologies for a sustainable
approach to m-conjugated organic semiconductors.
Energy Environ Sci. 2016;9(3):763-786.

12. Okamoto K, Zhang J, Housekeeper JB, Marder SR,
Luscombe CK. C-H arylation reaction: atom efficient
and greener syntheses of m-conjugated small molecules
and macromolecules for organic electronic materials.
Macromolecules. 2013;46(20):8059-8078.

~195~

https://www.chemistryjournal.net



https://www.chemistryjournal.net/

