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I VA S 4 Study on electrophoretic deposition of organic nanoparticles toward

optoelectronic device application
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Construction and manipulation of organic nanostructures have been a key issue in the research fields of
molecular electronics and photonics. Recently, to use nanoparticles as building blocks of nanostructures have
attracted much attention because nanoparticles show unique electronic and optical properties which differ from
those of both molecules and bulk materials. In this thesis, I proposed and demonstrated a new methodology for
the fabrication of nanoparticle assembled film by combining nanoparticle preparation by laser ablation and
electrophoretic deposition.

Nanoparticle colloids of organic dye compounds were prepared by irradiating nanosecond laser pulses to
microcrystalline powder in water. Nanoparticles with different particle sizes (from 30 nm to 120 nm) and
crystalline phases were obtained by changing the wavelength and the fluence of laser pulses. The prepared
colloids were stable without any surfactants, which is due to a high surface charge of nanoparticles.

The colloidal nanoparticles were deposited into a film on an electrode by electrophoretic deposition.
Homogeneous films over almost the entire substrate surface on a cm-scale were obtained by controlling the
applied bias, the deposition time, and the pH of the colloid. The film consists of size-regulated nanoparticles
closely packed each other 3-dimensionally and many pores between particles. The film thickness varied in the
range of 70 to 200 nm by changing the deposition time and the concentration of colloids.

Quinacridone nanoparticles with different particle sizes and crystalline phases were deposited into thin films.
The film thickness dependence of the absorption showed that the porosity of the film varied with the particle size
in the range of 15 to 30 vol %. The quinacridone nanoparticle films showed a p-type photoconduction property
which is similar to that of a conventional film by vacuum deposition. These results demonstrate that
nanoparticle film by electrophoretic deposition can be used in investigation of the electronic properties of organic
nanoparticles depending on the size and crystalline phase.

The nanoparticle film with a nano-porous structure was applied to an organic solar cell. By casting a polymer
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solution on nanoparticle film of fullerene and titanyl phthalocyanine, a mixed film having an interpenetrating
network structure of the nanoparticles and the polymer domains was constructed. The mixed film secured
percolating pathways of charges to electrodes. This result shows that the nanoparticle film by electrophoretic
deposition is useful in application to highly efficient organic solar cells.

This thesis shows that the proposed fabrication method is useful to study electronic and optoelectronic
properties of various organic nanoparticles. The method has strong potential in constructing organic

nanostructures for novel electronic and optoelectronic device applications.
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