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様式３ 

論 文 内 容 の 要 旨

氏 名 （ T e t i a n a　S e z o n e n k o  ）

論文題名 
Self-Association Behavior of Amphiphilic Copolymers with Branch Architectures in 

Aqueous Solution (分岐構造を有する両親媒性共重合体の水溶液中での自己会合挙動) 

論文内容の要旨 

The development of novel polymer synthesis techniques, like living radical polymerization and click 

chemistry, makes it possible to synthesize self-associating copolymers of various architectures. The 

amphiphilic block copolymer is a classical self-associating copolymer. Branched copolymers are 

self-associating copolymers of higher-order architectures: the star-block copolymer, the micto-arm star 

copolymer, the graft copolymer, and so on. The first purpose of the present thesis work is to clarify the 

micellar morphology formed by the two kinds of star block copolymers. Various amphiphilic star block 

copolymers have been synthesized recent years by many researchers, but the morphology of star block 

copolymer micelles has not been elucidated yet. Another purpose of the present thesis work is to 

investigate the self-association behavior of the amphiphilic random copolymer bearing fluorocarbon 

hydrophobes. While the hydrophobic content dependence of the self-association behavior has already been 

studied for the dodecyl random copolymers bearing alkyl (e.g., dodecyl) gropus, the self-association 

behavior for random copolymers with fluorocarbon side groups has been little studied systematicallyin 

aqueous solution. The hydrophobicity may be different between the alkyll and fluorocarbon groups, which 

can affect the self-association behavior of the short grafted chain version of the graft copolymers. 

In Chapter 2, suitably end-functionalized diblock copolymers (2-isopropyl-2-oxazoline)-b- 

(2-ethyl-2-oxazoline) (PIPOZ-b-PEOZ) were linked to a tetrafunctional core in order to synthesize two 

isomeric thermosensitive 4-arm star block polymers which have the PIPOZ block near the core, 

core-(PIPOZ-b-PEOZ)4, or near the outer surface the star polymer, core-(PEOZ-b-PIPOZ)4. The solution 

properties of the star copolymers in water were monitored by turbidimetry, microcalorimetry, and 

small-angle X-ray scattering (SAXS). The dehydration and cloud-point temperature of the water solutions 

of core-(PEOZ-b-PIPOZ)4 are 47 C and for core-(PIPOZ-b-PEOZ)4 are 50 C. Above this temperature, 

core-(PIPOZ-b-PEOZ)4 forms star-like aggregates, whereas the core-(PEOZ-b-PIPOZ)4 chain remains 

isolated, with no sign of aggregation.  These results demonstrate the importance of chain architecture on 

the association of thermosensitive tetra-arm star block copolymers in water above the solutions phase 

transition temperature.   

In Chapter 3, the hydrophobicity of both star block copolymers core-(PIPOZ-b-PEOZ)4 and 

core-(PEOZ-b-PIPOZ)4 was controlled by addition of a small molecular surfactant, 1-dodecylpyridinium 

chloride (DPC) to the aqueous solutions, and the self-association behavior was investigated by light 

scattering technique. Before study on the effect of the DPC addition, light scattering technique was applied 

to monitor the self-association behavior of both star block copolymers in DPC-free aqueous solutions, and 

confirmed the results obtained by SAXS, explained in Chapter 2. That is, core-(PIPOZ-b-PEOZ)4 forms 

the star aggregate or star micelle in water at 45 °C (near the cloud point temperature), but 

core-(PEOZ-b-PIPOZ)4 exists mostly as the isolated chain even near the cloud point temperature. After 

addition of DPC, the hydrophobicity of the star block copolymer chains reduces and the cloud point 

temperature of their aqueous solutions increases as high as 20 C. Due to this reduction of the 

hydrophobicity, both core-(PIPOZ-b-PEOZ)4 and core-(PEOZ-b-PIPOZ)4 are molecularly dispersed near 

the cloud point temperatures, without forming aggregates, although DPC molecules are adsorbed on the 

star block copolymer chains.   

It is known that amphiphilic graft copolymers bearing strongly hydrophobic graft chains or long alkyl 



 

side chains form the flower micelle in aqueous solution. However, sodium polyacrylate bearing C7F15 

fluorocarbon side chains, dealing with in Chapter 4, did not form the flower micelle, but the random 

aggregate, of which hydrodynamic radius is proportional to the number of monomer units per aggregate. 

This may be due to weak hydrophobicity of the C7F15 side chain.  

In summary, the present work demonstrates the important roles of the branching architecture and also 

hydrophobicity of amphiphilic copolymers playing in their self-association in solution. It is important to 

control the structure of copolymer self-associates in the field of nanotechnology. To control the structure, 

we have to suitably design the architecture and interaction of amphiphilic copolymers. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




