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Abstract 

 

Aminothiophene was synthesized from nitrothiophene using a one-pot reaction in an aqueous solution 

and subsequently oxidatively polymerized in the presence of iodine with ammonium peroxodisulphate. 

The resulting polymer exhibited electrical conductivity at room temperature. Resistivity 

measurements were conducted from liquid nitrogen temperature to 290 K. The presence of polarons, 

a type of charge carrier, was confirmed through electron spin resonance spectroscopy. The observed 

signal width was narrow (<1 mT), indicating that the polaron is delocalized. While polyaniline is 

typically composed of a benzene ring and secondary amines, no prior studies have reported on 

polyaminothiophenes (PATs) combining thiophene and nitrogen units. The synthesis of this polymer, 

along with its confirmed electrical conductivity and charge carrier properties, represents a new class 

of conductive polymer. 
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1. Introduction 

Conductive polymers are a class of doped 

conjugated polymers. Polyacetylene, a 

representative conducting polymer from a 

fundamental research perspective, has not seen 

practical development due to its low stability in 

air. In contrast, aromatic-type conjugated 

polymers such as polythiophene, polypyrrole, 

and polyaniline exhibit good electrical 

conductivity upon doping with electron 

acceptors and have been applied in practical uses, 

including sensors and capacitors. Among these, 

polyaniline (Figure 1a) has been extensively 

developed because it can be synthesized in water 

and maintains stable electrical conductivity in air. 

The synthesis and magnetic properties of 

polyaniline complexes with nickel have been 

investigated[1]. Composites with materials such 

as polyvinylidene fluoride/barium titanate[2], 

chitosan[3], ammonia-sensing magnesia[4], and 

gas-sensing polyaniline combined with Prussian 

blue[5] have been prepared. These composites 

have been utilized as anticorrosive materials, 

antistatic agents, base materials for solar cells, 

and electrodes for capacitors, contributing to 

advancements in the space industry. 

Furthermore, polyaniline composites with 

nanocarbons have also been developed[6]. 

Similarly, polythiophene (Figure 1b) is a 

significant conductive polymer applied in 

electronic devices, including materials for 

organic light-emitting diodes[7]. In addition, 

liquid polythiophenes have been synthesized[8], 

representing a form of liquid synthetic metals. 

The supramolecular assembly of anionic 

polythiophenes has also been studied[9]. 

Polyaniline[10] and polythiophene[11] have been 

utilized in energy storage materials. In this 

research, we have successfully synthesized 

polyaminothiophene (PAT), a novel polymer 

combining the advantages of polyaniline and 

polythiophene. PAT (Figure 1c) features a 

simple and unique structure and was prepared 

using aminothiophene as a highly reactive 

monomer, converted directly from 

nitrothiophene. This one-pot reaction approach 

circumvents the challenges typically associated 

with the synthesis of polyaminothiophene, 

including the difficulty of isolating and 

purifying the intermediate aminothiophene.  
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Figure 1. (a) Polyaniline, (b) polythiophene, and 

(c) polyaminothiophene. 
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2. Experiment 

2.1. Synthesis of polyaminothiophene 

 

Aminothiophene, a highly reactive monomer, 

presents challenges in separation and 

purification after synthesis. Conventional 

techniques such as recrystallization, solvent 

evaporation, and silica gel chromatography 

often lead to oligomerization or undesirable side 

reactions due to the high reactivity of 

aminothiophene. To address these issues, a one-

pot reaction approach was adopted, combining 

monomer synthesis and polymerization 

(Scheme 1). The resulting polyaminothiophene 

(PAT) is insoluble and infusible, similar to 

polyaniline. Consequently, its characterization 

was carried out using infrared and UV-vis 

reflection spectroscopy. 

In the synthesis procedure, 2-

nitrothiophene (2.0 g, 15.5 mmol) and tin 

chloride (2.0 g, 0.0105 mol) were placed in a 

three-necked flask under an argon atmosphere. 

Ethanol (20 mL) was added, and the mixture was 

stirred[12]. After allowing the mixture to stand for 

10 min, sulfuric acid (2.0 mL) was added. The 

oxidizing agent ammonium persulfate (APS, 2.0 

g, 8.8 mmol) was dissolved in 20 mL of water, 

cooled, and then slowly added to the flask. Trace 

iodine (0.08 g) was introduced, and the mixture 

was stirred while being cooled in an ice bath. 

After 24 h, the product was filtered by suction 

and vacuum-dried to yield 1.846 g of brown 

powder. 
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Scheme 1. One-pot synthesis of polythiophene. 

APS: ammonium persulfate. 

 

 

 

 

 

Figure 2. Infrared absorption spectra of 

polyaminothiophene. (a) Full scale. (b) 

2000−900 cm−1. 

 

3. Results and discussion 

3.1. Infrared spectroscopy 

 

The infrared absorption spectra of the 

synthesized polymers are shown in Figure 2. The 

absorption band at approximately 3433 cm−1 

corresponds to the NH stretching vibration 

(Figure 2a). A magnified view of the infrared 

absorption spectrum at low wavenumbers 

(Figure 2b) reveals characteristic peaks 

associated with the molecular structure of PAT. 

These include the aromatic absorption of the 

thiophene ring (1653 cm−1), the C=C stretching 

vibration of the thiophene ring (1398 cm−1), and 

the C–H out-of-plane vibrations of the thiophene 

ring (1153 cm−1), confirming the presence of a 

polythiophene backbone and secondary amine 

structure. 

 

 
Figure 3. Electron spin resonance spectrum of 

as prepared polyaminothiophene. 

 

 

3.2. Electron spin resonance  

Electron spin resonance spectrum is presented in 

Figure 3, showing a g value of 2.0036, indicative 

of polarons typical of conducting polymers. PAT 
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was doped with sulfuric acid during 

polymerization. The signal exhibits a 

symmetrical Lorentzian shape, confirming the 

presence of polarons (radical cations) as charge 

carriers. The narrow peak-to-peak width (Hpp< 

1 mT) indicates that the polarons are delocalized 

along the main chain. 

 

Figure 4. (a) Change in resistance of PAT with 

temperature. (b) 1/R (conductivity ∝ 1/R) vs. 

temperature. (c) 1/R vs. T−1/4 plots. (d) 

Reflection spectrum of PAT.  

 

3.3. Electrical conductivity 

Figure 4 illustrates the electrical and optical 

properties of PAT. The change in resistance of 

PAT with temperature is shown in Figure 4a, 

with the inverse of resistance (conductivity ∝ 

1/R) plotted against temperature in Figure 4b. 

Figure 4c presents the 1/R vs. T−1/4 plot, 

indicative of the temperature-dependent 

behavior of conductivity. The reflection 

spectrum of PAT is shown in Figure 4d, further 

supporting the characterization of its electronic 

structure and confirming its properties as a 

conducting polymer. 

 

3.4. Optical absorption 

Figure 4(d) shows the UV-visible reflectance 

spectrum of PAT. The absorption band observed 

at 350 nm corresponds to the π–π* transition of 

the monomer repeating unit. The broad 

reflection bands in the visible range are 

attributed to the doping band. These results 

confirm that the synthesized PAT exhibits the 

characteristics of an organic semiconductor. 

 

4. Possible structure 

Polyaniline can exist in conducting (doped) and 

insulating (deprotonated) states, transitioning 

between these states through protonation and 

deprotonation. This complexity arises from the 

interaction between the nitrogen’s lone electron 

pairs and the aromatic conjugated system, as 

seen in polyaniline. Similarly, PAT can form 

emeraldine salt (ES) and emeraldine base states. 

The plausible molecular structures of PAT in 

doped and dedoped (protonated and 

deprotonated) states are shown in Figure 5. The 

PAT synthesized in this study corresponds to 

sulfate-doped PAT-ES following polymerization. 
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Figure 5. Plausible chemical structure of doped 

and dedoped (protonation-deprotonation) states 

of PAT. 

 

5. Conclusions 

PAT was synthesized through a convenient one-

pot reaction. The synthesized PAT in its doped 

state corresponds to the emeraldine salt form of 

polyaniline. Infrared absorption spectroscopy 

confirmed its molecular structure, while 

temperature-dependent resistivity 

measurements and electron spin resonance 

confirmed the presence of charge carriers 

(polarons), affirming its semiconductor 

properties. The PAT obtained in this study 

exhibits characteristics of both polyaniline and 

polythiophene, making it a novel conductive 

polymer. These properties position PAT as a 

promising material for applications in sensors, 

conductors, and magnetic field shutters. 
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