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Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) is the most studied 

conducting polymer system because it is an important hole-transporting layer in organic light-emitting 

diode (OLED) and organic photovoltaics (OPV), and because of its potential use in transparent 

electrodes. It is reported by pioneer groups that adding a polar organic solvent into the PEDOT:PSS 

water dispersion, the electrical conductivity will dramatically increase by more than two orders. 

Thanks to this approach, the solution processed PEDOT:PSS films show an electrical conductivity over 

1000 S/cm, which is approaching to highly doped inorganic semiconductors.  

Very recently, several groups reported remarkable high thermoelectric performance by using 

PEDOT:PSS relying on the high conductivity.
1-4

 On the other hands, there are many other concerns in this 

system such as anisotropy due to morphology
5
, humidity-dependent composition change, stability at high 

temperature and the possible design of the thermoelectric modules by using only PEDOT:PSS. 

In this presentation, we will report detailed studies on the morphology, carrier transport properties and 

thermoelectric properties of PEDOT:PSS films. In the first part, we will discuss the reasons why the 

addition of co-solvents can significantly increase the electrical conductivity on the basis of morphological 

studies using grazing-incidence wide angle X-ray diffraction (GIWAXD) and grazing-incidence small-angle 

X-ray scattering (GISAXS). The carrier transport properties were studied by using ion gel transistors 

combined with in situ UV-Vis-NIR spectroscopy. In the second part, the anisotropic electrical and thermal 

conductivity, and the humidity-dependent composition change and thermoelectric properties change will be 

discussed. Finally, we will show the first demonstration that large area organic thermoelectric modules by 

using PEDOT:PSS, which can be used to illuminate light emitting diodes. 

(1) B. Zhang, J. Sun, H. E. Katz, F. Fang, and R. L. Opila, ACS Appl. Mater. Interfaces 2 (2010) 3170.  

(2) O. Bubnova, Z. U. Khan, A. Malti, S. Braun, M. Fahlman, M. Berggren, and X. Crispin, Nat. Mater. 10 

(2011) 429. 

(3) T. Park, C. Park, B. Kim, H. Shin, and E. Kim, Energy Environ. Sci. 6 (2013) 788. 

(4) G. H. Kim, L. Shao, K. Zhang, and K. P. Pipe, Nat. Mater. 12 (2013) 719. 

(5) Q. S. Wei, M. Mukaida, Y. Naitoh, and T. Ishida, Adv. Mater. 25 (2013) 2831. 

 

Acknowledgment. This work was supported by TherMAT,  Future Pioneering Projects of METI, 

Japan. 

第 61 回応用物理学会春季学術講演会　講演予稿集（2014 春　青山学院大学）

Ⓒ 2014 年　応用物理学会

19a-F11-5

09-112


