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Abstract

Capability of the electrophoretic depositon (EPD) method in the fabrication of nanocomposite layers composed of polythiophene and polymethylthiophene covered metal oxide nanoparticles was tested. These nanocomposites were prepared by oxidation of thiophene monomers with iron (III) chloride in the presence of oxide nanoparticles (Al2O3, TiO2, ZnO, SnO2…). After polymeration, polymers in oxidized state were reduced by the extraction in methanol. The structure of the obtained composite particle was studied by scanning electron microscopy (SEM) and transmission electron microscopy (TEM) which showed a clear boundary between the crystalline phase of core and an amorphous phase of the polymer film.  The EPD was found to be a suitable method to prepare composite layers on different conducting substrates (Pt, Al, steel and ITO). The results of Zeta-potential measurements show that the nanocomposite particles carry a low positive charge that can accelerate them towards the cathode. The kinetic studies performed in situ by quartz crystal balance monitor show that the layer growth starts at the electric field about 5 Vcm-1. At the electric field 100 Vcm-1 a 1 μm thick composite layer can be completed within seconds.   The reversible redox potential of polythiophene (+ 0.75 VSCE) and methylthiophene (0.65 VSCE) were determined by cyclic voltammetry (CV). The decrease of the polythiophene resistance in the composite from reduced form to oxidized form was observed by electrochemical impedance spectroscopy (EIS). The p-type semiconducting behaviour of the reduced polythiophene was studied by photocurrent measurements. In the case of using n-type semiconductor as a core material (TiO2, ZnO, SnO2), the effect of n-p junction was observed. Depending on the applied potential, the maxima of the cathodic peaks of polythiophenes around λ = 500-530 nm (2.5 eV) was found in the photocurrent spectra. They were compared with the results of UV-VIS spectra of the colloidal suspensions, deposited composite layer and of the pressed sample from composite powder. Flat-band potentials of polythiophenes (0.53 VSCE for polythiophene and 0.38 VSCE for polymethylthiophene) were determined via photoelectrochemical measurements. 


It can be concluded from the performed electrochemical and photoelectrochemical studies that the semiconducting polymer shell is still electrochemically active after electrophoretic deposition even at high potential (100V). The electrophoretic deposition proved to be a suitable process for the preparation of the conducting polymer composite layer.

*This work is financially supported by the German Research Foundation (DFG) and European Graduate School “Advanced Polymeric Materials” (IGK 720). 

