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Conjugated and Conducting Organic Polymers: The First 

150 Years 

In the twenty-first century, the majority of society has transformed into a plastic-

based culture where plastics generated from organic polymers are more common place 

than other everyday materials like glass, metal, or ceramics.1,2 For this reason, some 

have argued that there is sufficient evidence to call the era starting in the 20 th century 

the Age of Plastics.3,4 Despite the fact that plastics made from common organic 

polymers, like polyethylene or polystyrene, are electrically insulating, it was shown in 

the 1960s that certain classes of organic polymers could be made to behave 

semiconducting, with conductivity values that by the late 1970s rivalled those of 

metals.5,6 

Conjugated organic polymers, a family of organic semi-conducting materials 

that display improved electronic conductivity in their non-neutral redox states, are 

typically the source of conductive organic polymers (Figure 1.1).7,8 So, these polymers 

combine many of the advantageous qualities of organic plastics, such as low production 

costs and mechanical flexibility, with the electrical properties of traditional inorganic 

materials.9,10 A multitude of technical applications and the contemporary field of 

organic electronics have been developed as a result of this special blend of features, 

which has sparked ever-increasing fundamental and technological curiosity. Organic 

photovoltaics (OPVs), organic light-emitting diodes (OLEDs), field effect transistors 

(FETs), electrochromic devices, and a variety of sensors are examples of such 

applications. 7,8,11,12   

The history of conducting polymers has been documented by a number of 

authors, but these accounts typically depict the field's development as relatively recent, 

having started in the mid-to-late 1970s with the joint work of Hideki Shirakawa, Alan 

G. MacDiarmid, and Alan J. Heeger on conducting polyacetylene.5 This widespread 

perception that conducting polymers were first discovered through the work of 

polyacetylene has been strengthened even more by the 2000 Chemistry Nobel Prize in 

Chemistry being given to these researchers for the discovery and development of 

electrically conductive polymers.13 This widely believed story, however, misses the fact 

that reports of electrically conducting polymers first appeared in the early 1960s 8,14,15, 

and that conjugated polymers like saw holes were first studied in the early 19th 
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century.16,17 Indeed, there has been a practically constant stream of articles on the 

synthesis and study of polyaniline spanning back over the last 180+ years, leading some 

to suggest that it is the earliest known entirely synthesized organic polymer and even 

predates polystyrene.10,18,19 

Background and Context 

Large portion of the early history of conjugated polymers predates the 

introduction of the macromolecular model of polymers by Hermann Staudinger (1881–

1965) in the 1920s as well as the capacity to discern the molecular structure of the 

materials being described.10,20 Moreover, the term "polymer" was first used in 1832 by 

Jacob Berzelius (1779–1848), just two years before the first mention of the substance 

now known as polyaniline, and its original meaning differed greatly from its current 

usage.21 Because of this, the early studies of conjugated polymers did not indicate the 

mass of polymers or macromolecules; instead, the only information that puts this work 

in a contemporary context is study of the chemical processes and attributes stated.22  

Because of this, it is worthwhile to quickly go over the current understanding of the 

techniques employed in these early studies as well as the fundamental redox doping of 

these polymers in order to set the stage for the information that will be covered in the 

parts that follow.23 The main processes used to create modern conjugated materials are 

direct arylation polymerization and transition metal-catalyzed cross-coupling 

techniques (Stille, Suzuki, Kumada, etc.)19,24,25On the other hand, throughout their early 

history, oxidative polymerization limited the synthesis of these minerals.1,26,27 

 

Figure 1.1 Reported conjugated polymers with the years of their first report. 
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Materials and Devices for Organic Electronics 

Organic electronics have emerged as a promising field of research and 

development, drawing significant attention in recent years.28 The numerous advantages 

associated with organic electronics contribute to their potential applications in various 

devices.29 Organic materials used in electronic devices often exhibit high flexibility, 

allowing for the fabrication of flexible and bendable electronic components.30 This is 

particularly advantageous for applications such as flexible displays, wearable 

electronics, and conformable sensors.31 Organic materials can be processed using 

solution-based techniques, such as printing or coating, which are more cost-effective 

and scalable compared to traditional semiconductor manufacturing processes.32,33 This 

ease of processing opens up opportunities for large-scale production. The use of organic 

materials, along with solution-based processing techniques, contributes to lower 

fabrication costs compared to conventional inorganic semiconductor devices. This cost-

effectiveness is a significant advantage, especially for applications where cost is a 

critical factor.34,35 Organic electronics can be fabricated over large areas, making them 

suitable for applications that require large displays, photovoltaic panels, or sensing 

devices covering extensive surfaces.36 

The applications including organic solar cells, organic memory devices, organic 

thin-film transistors, organic light-emitting diodes (OLEDs), organic photodetectors 

and organic sensors, showcase the versatility of organic electronics.37 Organic 

electronics is indeed a rapidly advancing interdisciplinary field that explores the unique 

optical and electrical properties of π-conjugated organic materials, including small 

molecules, oligomers, and polymers. The key motivation behind the growth of this field 

is the potential application of these materials in various electronic and optoelectronic 

devices.38–40 

Organic Field Effect Transistors (OFETs): OFETs are a fundamental component 

of organic electronics. These devices utilize organic semiconductors to control the flow 

of charge between the source and drain electrodes, enabling the development of flexible 

and lightweight electronic circuits.41 

Organic Light Emitting Diodes (OLEDs): OLEDs are a crucial technology in 

organic electronics, used for displays and lighting applications. They consist of organic 

compounds that emit light in response to an electric current, offering advantages such 
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as flexibility and improved energy efficiency compared to traditional display 

technologies.42 

Organic Light Emitting Transistors (OLETs): OLETs combine the functions of 

both transistors and light-emitting devices in a single structure. This integration allows 

for the control of light emission using electrical signals, offering potential applications 

in displays and other optoelectronic systems. 42,43 

Organic Solar Cells (OSCs): Organic solar cells harness the photoactive properties of 

organic materials to convert sunlight into electricity. They are lightweight and flexible, 

making them suitable for a range of applications, including portable electronics and 

integration into building materials.44 

Sensors: Organic electronic materials can be employed in various sensor applications. 

Their unique properties make them suitable for developing sensors for detecting gases, 

chemicals, or biological molecules.44 

The advantages of organic electronics include their flexibility, light weight, and 

potential for low-cost production using solution-based processing techniques.45 

Researchers and industry professionals in this field aim to improve the efficiency, 

stability, and scalability of organic electronic devices to make them commercially 

viable for a broad range of applications. As technology continues to advance, organic 

electronics holds promise for shaping the future of electronic and optoelectronic 

devices.46 

Conjugated polymers are a specific type of organic materials characterized by a 

backbone structure with alternating single and double bonds between carbon atoms, 

forming a π-conjugated system.47 This π-conjugation is extended through the 

incorporation of heteroatoms like sulphur, oxygen, or nitrogen, which contribute 

additional π-electrons.48 The weak lateral overlapping between the p-orbitals in the π-

conjugated system results in a smaller separation between molecular π-bonding and π-

antibonding orbitals compared to σ-orbitals. This characteristic reduces the energy gap 

in conjugated polymers, typically falling within the range of 1.5-3.0 eV.31,49 Due to 

their semiconducting properties, conjugated polymers have gained significant attention 

in various applications, particularly in the fields of optoelectronics and energy-related 

technologies. The reduced energy gap makes them suitable for applications such as 
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solar cells and solar fuels production.50 In optoelectronics, conjugated polymers are 

utilized for their ability to absorb light and transport charge carriers.43 This makes them 

valuable in the development of efficient solar cells where sunlight is converted into 

electrical energy.51 Additionally, the semiconducting nature of these materials is 

exploited in energy-related applications, including the production of solar fuels. Solar 

fuels involve converting solar energy into chemical energy, such as through the 

generation of hydrogen or other fuel sources.52,53 

Properties of conjugated materials 

Band gap 

The distance between valance band and conduction band is known as band 

gap.54 The band gap of any material represents the minimum energy that is require to 

excite the electron from valance band to conduction band.  

 

Figure 1.2 HOMO-LUMO energy level diagram with the effect of increase in 

conjugation. 

Aromatic and Quinoidal Resonance Structures 

Aromatic compounds, like benzene, exhibit a stable resonance structure where 

all the atoms lie in the same plane and each carbon atom contributes one π-electron to 

form a delocalized ring of electrons. This delocalization imparts extra stability to the 

molecule, making it energetically favourable. This stability is reflected in the narrower 

band gap of aromatic compounds compared to non-aromatic or quinoidal forms.55 

Polyphenylene serves as an example of this, since its big bandgap of around 3.2 eV is 

due to a strong aromaticity of benzene ring. On the other hand, the band gap (~2.4 eV) 

is lowered if double bond spacers are added between the polymeric system's phenyl 
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rings to create PPV. This dilutes the aromaticity. Furthermore, a quinoid form is much 

more likely to arise in polythiophene (which has an even lower aromaticity than 

benzene), as evidenced by its lower band gap energy of 2.0 eV. 56 

 

Figure 1.3 Aromatic and quinoid resonance structures of (a) polyphenylene, (b) PPV, 

and (c) polythiophene with their Band gap. 

Fused Ring Systems 

Planarizing the conjugated backbone is a second method for adjusting the 

bandgap. The bandgap will rise as a result of deviations from backbone planarity 

brought on by interring twisting and bond rotations that alter the dihedral angles 

between conjugated rings More orbital overlap is produced.57 

As a result, fused ring systems that generate covalent connections between 

adjacent aromatic rings limit their rotation and aid in the creation of very planar 

conformations. Examples of effective building blocks for the synthesis of narrow 

bandgap polymers include fluorene, cyclopentadithiophene (CPDT), 

naphthobisthiadiazole (NT), and benzodithiophene (BDT), as their fused ring systems 

generate extremely planar structures (Figure 1.4). A polymer based on two 

benzothiadiazole (BT) moieties, which combined to create the naphthobisthiadiazole 

(NT) unit, was synthesised by Osaka et al.58 
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Figure 1.4 Structures of conjugated fused system. 

Donor-Acceptor (Push-Pull) Copolymers 

The integration of electron-rich donor (D) and electron-deficient acceptor (A) 

units to create alternating D-A (push pull) copolymers is the most promising bandgap 

engineering technique. The approach depends on the intrinsic driving force that exists 

between the components D and A, which promotes electron delocalization and the 

production of quinoid structures. In the end, however, the D and A interact to create a 

compressed band-gap by hybridising their molecular orbitals. The D-A copolymer has 

a shorter optical bandgap as a result of the interaction between the HOMO and LUMO 

energy levels of the D and A, which create a new, higher-lying HOMO level and a 

lower-lying LUMO level. 

Since the bulk of the HOMO and LUMO energy levels are present in the donor 

and acceptor components of a D-A copolymer, respectively, it is simple to adjust the 

energy levels of these copolymers.59  

The amount of bandgap reduction is, however, highly dependent on the strength 

of the D and A units. An excessively strong acceptor, for instance, may cause the 

LUMO of copolymer to drop dramatically or reduce the hole mobility, which would 

lead to poor charge dissociation.60 
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Figure 1.5 Molecular orbital hybridization diagram of donor (D) and acceptor (A) 

units, resulting in a narrowing of the optical band-gap in a D-A copolymer. 

Electron Withdrawing and Donating Groups 

Another straightforward method for creating narrow bandgap semiconductor 

small molecules or polymers is to attach electron-donating and/or electron-withdrawing 

substituents to monomer units. Bredas and Heeger (1994) investigated that how 

substituents affected the energy levels of poly(p-phenylene vinylene) (PPV).56,61 

According to their study, electron-donating groups like alkoxy groups generally raise 

the HOMO and LUMO levels while having a greater effect on the HOMO, destabilising 

the frontier electronic levels, while electron-withdrawing groups like cyano groups 

generally lower the HOMO and LUMO levels while having a greater effect on the 

LUMO, stabilising the electronic levels.62  

Electronic properties 

Conjugated materials are organic semiconductors with electronic characteristics 

derived from the orbitals of carbon atoms: 1s2 2s2 2p2 This allows two p orbital electrons 

to join together to create connections with other atoms.63 Nevertheless, as Figure 1.6 

illustrates, carbon atoms contain four valence electrons and can hybridise in three 

different ways, sp3, sp2, and sp, with N+1 spN hybridised orbitals and 3-N non-
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hybridized p orbitals, taking into account the spN hybridization between atomic orbitals. 

Saturated polymers, including those based on alkanes, are sp3 hybridised, show an 

insulating characteristic because it takes more energy than 8 eV to push an electron to 

the conduction band, and each carbon atom forms four σ orbitals when bound to a 

nearby carbon atom.64 On the other hand, conjugated materials are based on the sp2 

hybridization of carbon atoms, which forms three coplanar bonds (σ bonds) with 

neighbouring atoms, each 120° apart from the other.65 The leftover p orbital is not 

hybridised, remains perpendicular to the σ bonds, and overlaps with an adjacent 

accessible p orbital of a carbon atom to produce a double bond known as the π orbital. 

This overlap produces an alternating of single and double bonds in a linear chain, which 

is typical of conjugated polymers made of unsaturated substances like ethylene. Figure 

1.7 illustrates the two divided energy levels of the π orbital: the π-bond and the π*-anti-

bond.31 The ethylene molecule C2H4 is used as an example. The π and π* energy levels 

of carbon atoms degenerate in two quasi-continuous energy bands when the number of 

carbon atoms is high, as for real polymers like polyacetylene shown in Figure 1.7. In 

these bands, the bonding π-orbital represents the highest occupied molecular orbital 

(HOMO), and the anti-bonding π*-orbital represents the lowest unoccupied molecular 

orbital (LUMO). The energy splitting, which is greater in cases where there is a greater 

overlap of p orbitals, is the energy required to move an electron from the ground state 

to an excited one (~1-3 eV in conjugated polymers).66 The energy splitting can be 

quantitatively predicted using the Linear Combination of Atomic Orbitals, LCAO.67  

 

Figure 1.6 (a) sp3 hybridization – tetrahedral structure with an angle of 109.5°. (b) sp2 

hybridization – trigonal-planar structure with an angle of 120°. (c) sp1 hybridization – 

planar geometry with an angle of 180°. 



Chapter 1 

 
12 

 

The HOMO-LUMO position and their energy difference, known as the Energy 

Gap, can be used to approximate the electronic properties of conjugated polymers, even 

though secondary forces like Van der Waals complicate the use of the LCAO model in 

solid state polymeric chains.68 

Earlier theoretical research postulated that conjugated polymers exhibited a 

metallic behaviour. As a result, the Energy Gap was thought to be nearly closed because 

of the constant distance between carbon atoms, which would cause the electron wave 

function to completely delocalize throughout the polymer and minimise the molecular 

energy.69 The Peierls distortion, which was identified long before the electrical 

conductivity of doped polyacetylene was discovered in 1977, is actually responsible for 

the distortion for the displacement of alternating nuclei in the chain. Peierls examined 

how atomic oscillations disrupt the order of a periodic lattice in a one-dimensional 

crystal. Similar to this, if a polymeric chain is thought of as a one-dimensional crystal, 

the displacement of carbon nuclei decreases the symmetry of system and produces long 

(single) and short (double) bonds; as a result, a band separation is localised at the 

Brillouin zone edge.70 It suggests that conjugated polymers have semiconducting 

behaviour.21 Hence, in Figure 1.7, a non-null and low Energy Gap (Eg = 1.5 eV for 

polyacetylene), typical of semiconductors, divides the two quasi-continuous bands of 

polyacetylene, HOMO and LUMO.71 There are quasi-continuous bands formed on the 

right as a result of the conjugation length increasing. 

Figure 1.7 Scheme for separating two p orbitals in terms of energy into the molecular 

orbitals π and π*. 
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Optical properties 

Conjugated polymers exhibit desirable optical characteristics, including strong 

oscillator strengths, high photoluminescence quantum yields (near unity), tuneable 

Stokes' shift, and adjustable absorption and emission wavelengths from the visible (400 

nm < λvis < 700 nm) to the near-infrared (700 nm < λNIR < 1000 nm) range of the 

spectrum.72 The ground state, S0, is a singlet state (i.e. total spin quantum number S = 

0), and S1 and S2 are singlet excited states. The triplet excited state (i.e. total spin 

quantum number S = 1) is T1. Each electronic state is split in several vibrational states; 

whose typical energy separation is typically a fraction of meV.73 Absorption is the term 

for the vertical transition that takes place on a fs period between the ground state and 

the singlet excited states.74 By internal conversion, electrons promoted to S2 relax to 

the energy-lowest S1, generating no energy (no radiative processes) on the ps 

timescale.75 Fluorescence is a process that occurs on a nanosecond timeline, allowing 

the molecule to return to its ground electron state (Kasha's rule) from the S1 level. The 

spin of an electron is unrestricted by Pauli's exclusion principle once it has been 

promoted to an excited state.76 

The surrounding environment can also affect the fluorescence properties of 

actual polymers, which are the features of light emission that follow photon 

absorption.77 As a result, a number of things, including impurities and/or defects, such 

as catalyst residues or other contaminants resulting from the synthesis or contact with 

quenchers, might cause the fluorescence intensity to diminish. The photoluminescence 

yield of conjugated polymer-based devices is negatively impacted by this phenomena, 

which is referred to as quenching.78 The quantum yield of photoluminescence is 

determined by the ratio of photons absorbed to photons released. Although quenchers 

always exist in solutions or liquid phases, their effectiveness is greater in solid states.79 

Indeed, the most significant source of quenching in the solid state and one that might 

alter the optical characteristics of conjugated polymers is molecular aggregation, also 

known as concentration quenching brought on by intermolecular van der Waals 

forces.80 It has two distinct types of aggregates: J-aggregates (head-to-tail monomer 

aggregation) and H-aggregates (co-facial monomer aggregation) are the two types of 

monomer aggregations.81  
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Whereas the monomers in J-aggregates are parallel to the molecular plane, the 

stack of two or more monomers in H-aggregates is perpendicular to the molecular 

plane.82 In particular, absorption spectra are blue-shifted, photoluminescence quantum 

yield is reduced for unfavourable level splitting, and the high-energy transition is 

promoted in H-aggregates.83 Rather, J-aggregates provide a large quantum yield and a 

red-shift of the optical absorption and emission, making them far more intriguing for 

optoelectronic and photonic applications.84 Due to the high excitonic coupling along 

the J-aggregate axis, which is solely caused by Coulombic intrachain interactions, the 

red-shift of the optical absorption and emission of J-aggregates has been explained.85 

Effect of Conjugation Length on the Properties of Conjugated 

Materials 

Molecular weight 

The molecular weight of conjugated materials has a significant effect on their 

processability, optical properties, charge transporting capabilities, self-

organization/crystallinity and poly dispersity, which in turn greatly influences overall 

device performance.86 

In addition to the previously mentioned designing of the π-extended conjugated 

chemical structure and suitable placement of the solubilizing alkyl chains, the 

molecular weight of the polymer is also crucial in obtaining highly ordered organisation 

of polymer chains in the solid state.87 Polymer chain length affects morphology because 

tiny molecular weight polymers align face-to-face to create shorter crystalline fibres, 

whereas larger molecular weight polymers change the morphology of crystalline fibres 

into less crystalline nodular structure.88 Furthermore, chain folding is also noted with 

increasing molecular weight.89 High molecular weight polymer chains are preferred, 

though, as they can offer a longer channel for charge transmission. Extended polymer 

chains have a decreased chance of charge trapping by phase borders, which allows them 

to move charge more effectively in the bulk of the material even while they are unable 

to assemble into highly organised domains with distinct phase boundaries.90 
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Figure 1.8 Structure of polymers reported by Vezie et al.91 

Torsion and planarity 

The effective conjugation length of a material is principally governed by 

planarity, and therefore any deviation from co-linearity due to twisting can have a 

dramatic influence on its behaviour and potential application. For OPV and OFET 

devices, low energy absorption and efficient charge transfer are critical, and planar 

layouts are favoured for two reasons: (i) They cause the bandgap to shrink by 

lengthening the effective conjugation length of the chain; (ii) They promote bulk 

intermolecular interactions between neighbouring molecules across long distances. 92 

Vezie et al.91 demonstrated in the previously mentioned study that both high 

molecular weight and low molecular weight samples contained both trans (more linear) 

and cis (more curved) conformers; however, the high molecular weight samples had a 

higher abundance of linear conformers, which contributed to their higher overall 

oscillator strength/extinction coefficient. They tentatively proposed that the enhanced 

strength of chain-chain interactions which is maximised with a larger degree of 

backbone linearity, or persistence length caused high molecular weight oligomers to 

adopt more linear conformations. 
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Effect of Aggregation on the Properties of Conjugated 

Materials 

π-π Stacking 

Intramolecular charge transport refers to the movement of charges within a 

single molecule. Conductive polymers are a class of materials that exhibit electrical 

conductivity similar to metals but retain the flexibility and processability of 

conventional polymers. One of the key factors enabling this conductivity is their 

extended conjugation lengths, which result in strong π-orbital overlaps. When a 

polymer chain has a longer conjugation length, the delocalization of electrons along the 

chain becomes more efficient. This means that electrons can move more freely through 

the polymer structure, leading to enhanced electrical conductivity. This phenomenon is 

often associated with the presence of alternating single and double bonds or aromatic 

rings within the polymer backbone, which facilitate the formation of π-electron 

clouds.93 

In dilute solutions, polymers are typically considered as rigid rods due to the 

reduced intermolecular interactions between adjacent polymer chains. In this state, the 

polymer chains are more isolated from each other, allowing for easier intramolecular 

charge transport. Because there are fewer interactions between chains, the electrons 

within a single polymer chain can move more freely without being impeded by 

neighbouring chains.94 

Overall, the combination of extended conjugation lengths and reduced 

intermolecular interactions in dilute solutions facilitates intramolecular charge transport 

in conductive polymers, making them efficient materials for various electronic and 

optoelectronic applications. As the concentration of polymer chains increases or when 

they are in the solid state, the packing arrangement changes, affecting the electronic 

properties of the material. In these conditions, polymer chains tend to pack more closely 

together, promoting stronger π-conjugation between adjacent chains.95 

When the π-electron clouds of neighbouring polymer chains overlap 

extensively, electrons can delocalize over multiple conjugated segments, not just within 

a single chain but also across neighbouring chains. This phenomenon, known as 

intermolecular energy transfer, enables the neutral delocalization of electrons over 

larger distances. 
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As a result of this extended delocalization, inter-chain species called aggregates 

are formed. These aggregates have distinct electronic properties compared to isolated 

polymer chains. One notable effect is the red-shifted absorption and emission spectra 

observed in aggregates compared to individual polymer chains. This spectral shift is a 

consequence of the longer effective conjugation lengths and altered electronic 

environments within the aggregates. 

The formation of aggregates and the associated changes in electronic properties 

play a significant role in the optoelectronic behaviour of conductive polymers in the 

solid state. These properties are exploited in various applications such as organic 

photovoltaics, light-emitting diodes, and organic semiconductor devices, where the 

controlled aggregation of polymer chains can be utilized to tune the optical and 

electronic characteristics of the material for specific purposes. 

Solvent effects 

The choice of solvent is a crucial factor in determining the conformation and 

interactions of polymer chains, as well as the extent of aggregation. Understanding 

these solvent-polymer interactions is essential for designing and optimizing polymer-

based materials for various applications.87 

Strongly polar, non-aromatic solvents like THF block aggregation by 

preferentially interacting with the side groups of polymers, twisting and coiling their 

backbones to produce shorter average conjugation lengths. Therefore, the greater the 

exposure of the polymer backbones, the higher the probability of their interaction with 

nearby polymer chains and aggregating in solution.96  

The study by P. Chen et al.97 demonstrates the significant influence of solvent 

choice on the morphological properties of RR-P3HT (region regular poly(3-

hexylthiophene)). When cast from THF (tetrahydrofuran), the RR-P3HT chains formed 

defective open-coiled structures, while casting from toluene resulted in relatively 

regular folding to form rods. 

The disparity in morphological outcomes can be attributed to the solvent quality 

of each solvent. Toluene, being a poor solvent compared to THF, tends to induce more 

pronounced chain folding and stacking behaviour in RR-P3HT. Specifically, the chains 

in toluene tend to coil inwards and stack with well-aligned segments. This behaviour is 
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driven by the desire to maximize favourable π-π interactions between adjacent 

segments of the polymer chains. 

Overall, the study underscores the importance of solvent selection in controlling 

the morphological characteristics of conjugated polymer films, which in turn influences 

their optoelectronic properties and performance in various applications such as organic 

photovoltaics and field-effect transistors. 

Figure 1.9 Structure of regioregular (RR) P3HT which adopts a head-to-tail (H-T) 

conformation and schematics of the possible conformational structures of P3HT cast 

from toluene and THF, namely rod and defect coil respectively. 

Different Conducting Polymers: Synthesis, Structure and 

Applications 

Solar cells based on a new acceptor-acceptor copolymer, PF1CVTP were 

described by Koetse et al.98 This polymer achieves a remarkable quantum efficiency at 

42%, So, as at greater light intensities that are typical for sun lighting, the conversion 

efficiency was dropped.PFB (poly (9,9-dioctylfluorene-2,7-diyl-co-bis N,N-(4-

butylphenyl)-bis-N,N-phenyl-1,4-phenylenedia mine)]99 and F8BT (poly(9,9-

dioctylfluorene-2,7-diyl-co benzothiadiazole)100 was reported by Campbell et al and 

Redecker et al.99,100 F8BT has a LUMO of -3.2 eV and a HOMO of -5.9 eV, while PFB 

has LUMO and HOMO energy levels are -1.9 eV and -5.1 eV, respectively. Very 

effective electron dissociation at the interface is apparently ensured by the 

comparatively significant offset of 0.8 eV for the homologous levels and 1.3 eV for the 

LUMO levels. The length scale on which phase separation occurs greatly relies on the 

solvent employed, on the interaction with the substrate, and on the conditions of 

deposition, according to investigations into the blend's morphology in connection to 

solar cell properties. 
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Figure 1.10 Structure of carbazole based conjugated polymers reported by Koetse et 

al.98, Campbell et al and Redecker et al.99,100 

Poly(o-methoxy aniline) POMA and poly(o-ethoxyaniline) POEA was 

synthesized by Mattoso et al.101 Polypyrrole is basically hetroatomic conjugated 

polymer which are synthesised by electrochemical polymerization. Polyaniline (PAni), 

a conducting polymer is known for its conductivity and interesting properties, but its 

solubility can be limited. By introducing side groups to the polymer chain, solubility in 

a wider range of solvents, including water, can be achieved. However, this modification 

often leads to a decrease in the electrical properties compared to the parent PAni. The 

increase in solubility is attributed to the presence of side groups, which create more free 

volume within the polymer structure, reducing molecular packing and crystallization 

tendencies. While the electrical properties may not match those of the original PAni, 

they are still sufficient for many technological applications, especially when both 

solubility and conductivity are desired, such as in certain types of sensors, organic 

electronics, or biomedical applications.102 

Figure 1.11 Chemical structures of poly(o-methoxyaniline) POMA and (poly(o-

ethoxyaniline) POEA. 

A new quinoidal acceptor building block called IQTT, which is designed to have 

directed diradical character to control and narrow the bandgap while maintaining good 
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chemical stability. Quantum mechanics simulations are used to assist in ensuring this 

stability. IQTT-based monomers and a donor-acceptor (D-A) polymer called PIQTT 

are synthesized, along with a comparison to isoindigo-based (IID) monomers and 

polymers (PITT). The results show that IQTT exhibits stronger electron-withdrawing 

ability and a more planar backbone conformation compared to IID when incorporated 

into copolymers. Both IQTT-based monomers and PIQTT polymers show significantly 

red-shifted absorption compared to their IID-based counterparts. In the solid-state, 

PIQTT demonstrates superior thin film order and decent field-effect transistor mobility. 

This work not only highlights IQTT as an excellent building block for organic 

electronics but also underscores the effectiveness of quantum chemical simulation tools 

in designing novel quinoidal narrow-bandgap D-A conjugated polymer for organic 

electronics.103 

 

Figure 1.12 Chemical structure of  diketopyrrolopyrrol based monomer conjugated 

polymers reported by Seng  et al.104 

Seng  et al.104 reported diketopyrrolopyrrol based conjugated polymers, in this 

study. Poly(DPP4T-alt-TBP) having diketopyrrolopyrrole (DPP), bithiophene (BT), 

and biphenyl (BP) in the repeating group was successfully synthesised, despite the fact 

that more intricate synthetic processes were required to create the normal conjugated 

terpolymer. With a reasonably high current on/off ratio (>105) and a charge carrier 

mobility of 0.59 cm2V1s1, the Thin Film Transistor (TFT) was produced utilising a 

poly(DPP4T-alt-TBP) pristine film of all the devices that were produced, a PSC made 

of terpolymer and PC71BM had the greatest power Conversion efficiency (PCE) 
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(4.54%), which was much higher than the PCEs of solar cells based on poly(DPP-alt-

BT) and poly(DPP-alt-BP) with comparable device configurations. The short circuit 

current increase, which is closely linked to the internal morphology of the bulk 

heterojunction in mix films, is primarily responsible for the enhanced PCE of the 

terpolymer-based polymer solar cell (PSC). The synthesis process for this regular 

terpolymer offers a potential way to regulate the molecular energy levels and create a 

distinct crystalline shape, which can impact the performance and charge transport 

characteristics bulk heterojunction-type PSCs. 

 

Figure 1.13 Chemical structures of diketopyrrolopyrrol based conjugated polymers.104 

The naphthobisthiadiazole (NT) unit was created by Osaka et al.105 by the 

synthesis of a polymer based on two benzothiadiazole (BT) moieties fused together.  

In contrast to the BT-based polymer (1.65 eV), a reduced bandgap of 1.54 eV was 

possible because to its strong electron affinity and more-extended structure. It also had 

a high field-effect mobility (∼0.56 cm2/Vs) and an improved PCE (6.3% compared to 

2.6% for the BT-based polymer). 
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Figure 1.14 Structure of BT and NT based polymers reported by Osaka et al. 105 

Polymer PTTz (Figure 1.15), the isostructural equivalent of P3HT with N atoms 

on alternating thiophene rings along the polymer backbone. The polymer backbone is 

planarized by intramolecular non-bonding N-S interactions that are created as a result 

of the electrically stabilising character of the N atoms in the thiazole rings. As such, 

lower amounts of HOMO and LUMO energy are obtained. With the fluorinated 

PCPDT-BT counterpart, a comparable result is seen. It was discovered that the difluoro-

benzothiadiazole (DFBT) unit, which was created by adding two strong electron-

withdrawing fluorine atoms to the benzothiadiazole (BT) unit, considerably improved 

the photovoltaic and VOC performance of the resultant polymer PCPDT-DFBT and 

lowered its HOMO.106 

 

 

Figure 1.15 Structures of polymers P3HT vs. PTTz based on thiophene and thiophene-

thiazole units respectively; and PCPDT-BT vs. PCPDT-DFBT based on 

benzothiadiazole and difluoro-benzothiadiazole units respectively. 106 
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Primarily concentrating on the benefits of integrating aromatic fused ring 

structures and quinoidal structures along the polymer backbone, we have synthesized 

and characterized monomers with fused ring systems. Polymerization of these 

synthesized monomers was also carried out with different Pd-catalyst and studied them 

in different ways.  
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Aims and Objectives 

 To develop a new synthetic methodology for synthesizing conjugated molecules 

or monomers that can be easily undergo polymerization in presence of transition 

metal catalyst.  

 To develop conjugated polymers having a push-pull effect and having a better 

matched energy levels (for efficient electron/hole transfer between all layers and 

the electrodes of the device), that can compete favourably with other available 

materials for organic electronics.  

 To develop conjugated small molecules having donor-acceptor concept.  
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