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Kinetic and mechanistic analyses are made for better understandings of the chemical and physicochemical reactions 
occurring in polymerization systems and for better routes to the synthesis of well-defi ned polymers. By various polym-
erization techniques, in particular, living polymerizations, new well-defi ned polymers or polymer assemblies are pre-
pared, and their structure/properties relationships are precisely analyzed. Projects in progress include: (1) kinetics and 
mechanisms of living radical polymerization (LRP). (2) Synthesis of new polymeric materials by living polymerizations 
and their structure/properties studies. (3) Synthesis, properties, and applications of concentrated polymer brushes (CPB).
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Super-Lubrication Mechanism of 
Concentrated Polymer Brushes in Solvents

Previously, we revealed the super lubrication (ultra-low 
friction) between concentrated polymer brushes (CPBs) in 
good solvent. In order to clarify the lubrication mecha-
nism in detail, the frictional coeffi cient μ was measured as 
a function of shearing speed v and solvent quality (con-
trolled by mixing good and poor solvents), suggesting two 
mechanisms for swollen brushes; one is the boundary lu-
brication (with μ data little dependent on v), in which the 
non-interpenetrating interaction between the confronted 
brushes (specifi c to the CPB) plays an important role for 
ultra-low friction. The other is the hydrodynamic lubrica-
tion (with μ data dependent on v), in which the frictional 
property is related to the viscosity of solvent; interesting-
ly, the data in this regime could be scaled by the degree of 
swelling. The better understanding of lubrication mecha-
nism would open up a new strategy for the creation of 
novel tribomaterials.

Carbon-Centered Compounds as a Novel 
Class of Catalysts for a Living Radical 
Polymerization

Carbon-centered compounds were successfully used as
a novel class of catalysts for a living radical polymerization 
(RTCP). Low-polydispersity polystyrenes and functional
polymethacrylates with predicted molecular weight were
obtained with a fairly high conversion in a fairly short 
time. Notably, the catalysts include such common
compounds as 1,4-cyclohexadine (CHD) and diphenyl
methane (DPM). Their commonness (hence low cost) and 
environmental safety may be attractive for practical
applications. They also exhibited good tolerance to
functional groups, being useful to a variety of functional
monomers.
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Figure 1. Plot of frictional coeffi cient μ vs shearing speed v for the CPB
of poly(styrene) in isopropanol(IPA)/toluene(TOL) mixtures; the fi gures
indicate the IPA content.

Figure 2. Plots of molecular weight (MnMM ) and molecular weight distribu-
tion (MwMM /M// nMM ) vs monomer conversion for the polymerizations of methyl
methacrylate with carbon-centered catalysts.




