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This thesis has been demonstrated the practical applications of a tandem acoustic 
emulsification method to electropolymerization. The proposed novel systems can serve as a 
powerful tool for the synthesis of conducting polymer materials. 

This thesis consists of six chapters. The introduction, advantages, and applications of 
tandem acoustic emulsification, and outline of this thesis are described in Chapter 1. The 
research results are described in detail from Chapter 2 to Chapter 5, and summarized as 
follows. 
 In Chapter 2, a highly transparent and stable emulsified aqueous solutions were successfully 
prepared that contain immiscible droplets with diameters of a few tens of nanometers without 
surfactants using tandem acoustic emulsification. In addition, appropriate sonication time 
length for each step and stability of the emulsions during the sonication steps were also 
systematically investigated in the tandem operation. 
 In Chapter 3, the electropolymerization from the clear and transparent emulsified solutions 
containing water immiscible nano-droplets enabled the formation of highly conductive 
transparent polymer films. Furthermore, it was also found that the grains in the conducting 
transparent film prepared by emulsion polymerization using the tandem acoustically 
emulsified solution were densely packed. This unique morphological structure provided 
properties such as high transparency and conductivity. 

In Chapter 4, as it has been mentioned above, highly clear and transparent emulsified 
aqueous solution containing immiscible droplets with diameters of a few tens of nanometers 
have successfully prepared from tandem acoustic emulsification method. Therefore, it can be 
expected that these small droplets would enter smoothly into the nano-porous substrate inside 
and consequently they would be polymerized in the substrate inside to form the solid 
conducting polymer nano-cylinders without the formation of a hollow structure. As a result, 
the solid conducting polymer nano-cylinders were successfully prepared from water 
immiscible droplets with diameters of a few tens of nanometers using tandem acoustic 
emulsification.  
 In Chapter 5, polymer electrolyte for solid-state dye-sensitized solar cells was fabricated by 
using tandem acoustic emulsification method. As a result, the photoenergy conversation 
efficiency of solid-state dye-sensitized solar cells prepared by tandem acoustic emulsification 
method gave better efficiency than that using conventional method. 
 In Chapter 6, the summary and further aspects of this work are described.


