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(Summary) 

Development of the novel optical elements, such as anti-reflection film and polarized 
emission film, will contribute to reduce energy consumption of electronic devices. This Ph.D 
thesis aims to provide the fundamental technologies which are required to create those optical 
elements. 
 In order to exploit the nature of microphase separation of block copolymers in optical 
dimensions (periodicity around 200 nm and up) which is known as a photonic crystal, real-time 
and in situ observation technology of structural evolution was developed. This instrumentation 
gave the growth exponent (which is an indicator of how efficient the microphase separation is) 
for the first time for solvent vapor annealing. 
Ultra-high molecular weight block copolymer was micro-phase separated by using the 

processing condition obtained by the in situ measurement described above, and a master mold 
of fingerprint structure was created. The structure was replicated by nano-imprinting on a 
substrate and the anti-reflection feature was examined by optical measurement. 
 Toward development of polarized emission film, near-unity emission materials are desired for 
efficient energy conversion. A new synthetic procedure of colloidal CdSe/CdS quantum dots 
with near-unity emission was discovered. With excess amount of oleic acid, which would 
neutralize less acidic phosphonate on the CdSe surface, and without dative alkylamine ligands 
in the CdS shell growth reaction, isotropic hexagonal growth of CdS on the CdSe nanocrystals 
was observed. With alkylamine, on the contrary, anisotropic hexagonal pyramid shape growth 
was observed. The high-angle annular dark field scanning transmission electron microscopy 
(HAADF-STEM) revealed its wurtzite structure and core/shell structure, which indicate that 
excess amount of anionic oleate ligand could alter the stability between facets.  
By combining the conventional technologies such as polarized emission materials and directed 
self-assembly with the fundamental technologies provided above, the polarized emission film 
will be obtainable. 
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