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 学位論文の要旨 Abstract of Thesis 

As the ability of recycling waste-heat to electricity, conductive polymers have great interests 

for thermoelectric applications. On the other hand, thermoelectric performance of conductive 

polymers is lower in comparison with inorganic thermoelectric materials and is still needed to 

improve before broad applications in thermoelectric devices. Among the conductive polymers, poly 

(3,4-ethylenedioxythiophene): poly (4-styrenesulfonic acid) (PEDOT:PSS) have attracted attention 

due to its high conductivity, stability, processability and flexibility. Addition of polar solvents such as 

ethylene glycol, dimethylsulfoxide, dimethyl formamide to PEDOT:PSS can enhance the electrical 

conductivity of this material owing to the realignment of polymer chain. Furthermore, post-treatment 

of PEDOT:PSS with various mineral acids can also increase the electrical conductivity, resulting in 

high thermoelectric power factor.  

Another focus of intense material is poly (3-hexylthiophene) (P3HT) which has very low 

electrical conductivity. In that case, making organic/inorganic hybrid composite becomes a possible 

solution to simultaneously improve both electrical conductivity and Seebeck coefficient of this 
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material. Owing to its narrow band gap energy and high charge carrier mobility, carbon nanotube 

(CNT) yarn emerges as potential material to make composite with conducting polymers. 

In this thesis, N2 pressure-induced nitric acid treatment of PEDOT:PSS and doping of CNT 

yarn with P3HT and 2,3,5,6- tetrafluoro- 7,7,8,8- tetracyanoquinodimethane (F4TCNQ) are discussed 

to optimize their thermoelectric power factor. For PEDOT:PSS, N2 pressure-induced nitric acid 

treatment was used to simultaneously improve the electrical conductivity and Seebeck coefficient. 

Upon this treatment, PEDOT:PSS changes from semiconductor to metal-like behavior and 

simultaneously enhances the electrical conductivity and Seebeck coefficient, resulting in an increase 

in thermoelectric power factor from 0.08 to 121 µWm-1K-2 at 150°C. This is due to the conformational 

change of PEDOT and the removal of insulating extra PSS. In order to highlight the effect of N2 gas 

pressure on the improvement of thermoelectric properties of PEDOT:PSS, it was treated with the 

same procedure of HNO3 treatment and then dried in the vacuum chamber, immersion in deionized 

(DI) water or N2 gas passing. Among them, the optimum thermoelectric properties were obtained 

after N2 gas passing. 

Other acids such as sulfuric acid (H2SO4) and hydrochloric acid (HCl) were also used to 

investigate the influence of the pressure of nitrogen (N2) gas on the structure and thermoelectric 

properties of acid treated PEDOT:PSS. As a result, the improvement of electrical conductivity was 

also related to the pressure of N2 gas passing. Therefore, the two reasons for the conformation of 

PEDOT are the removal of insulating PSS by acid treatments and the pressure of N2 gas passing. Acid 

treatment plays a major role in the removal of the insulating PSS, resulting in the conformation of 

PEDOT while the pressure of N2 gas is mainly responsible for the additional conformation of polymer 

favoring the linear orientation of the structure. Therefore, mechanical forces such as the pressure of 
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N2 gas can influence the structure of acid-treated PEDOT:PSS regardless of the types of acids.  

For P3HT, we propose a novel way herein, doping of P3HT with CNT yarn after resistance 

annealing in the vacuum chamber. Resistance annealing can heal the structural defects and remove 

the amorphous carbon on the surface of the CNT yarn which also facilitates the doping with P3HT 

and F4TCNQ. In addition, Seebeck coefficient significantly improved due to the resistance annealing 

and electrical conductivity significantly improved due to the doping with F4TCNQ. After doping 

CNT yarn with P3HT alone, it showed semiconductor behavior like pristine CNT yarn. After doping 

CNT yarn with both P3HT and F4TCNQ, it showed metal-like nature owing to the formation of 

dopant-linked semi-crystalline polymer. 

In addition, thermoelectric performance of acids treated PEDOT:PSS films at an elevated 

temperature are also discussed in this thesis and it is worth studying so that we can broaden the 

applications of acids treated PEDOT:PSS films at various temperatures. For CNT 

yarn/P3HT/F4TCNQ composite, resistance annealing of CNT yarn favors the enhancement of 

Seebeck coefficient while doping with F4TCNQ is responsible for the improvement of electrical 

conductivity. Therefore, combination of resistance annealing and doping can pave a way to enhance 

the thermoelectric performance of carbon based materials. 

 

 

 

 

 

 


