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Segmental dynamics in a polymer material studied by single molecule imaging
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olymer materials have been used widely in our daily life, and they are used often as an ultra thin film with a thickness

less than 100 nm. Such the thickness is comparable to the size of a single polymer chain; therefore, the conformation and
molecular motion in an ultra-thin film should be constrained. Becuase the unique properties of polymer materials originate
from the large degree of freedom of a polymer chain, various properties of an ultra-thin film would be different from those
in a bulk state. However, the details on the polymer dynamics in a confined space is still unclear because the limitation of
experimental methods. In this work, the dynamics in polymer thin films was studied through single molecule observation. A
fluorescent perylenediimide (PDI) molecule was incorporated at the center of a poly(alkyl methacrylate) chain for the selective
observation of the segmental motion at the chain center. The emission from the PDI moiety was observed by fluorescence
microscopy in a defocus condition, which probe the translational and orientational motion of a single fluorescent molecule in
real time. The detailed analysis of the molecular motion revealed that the diffusion rate of the in-plane rotation was similar for
the thin film and the bulk; on the other hand, the out-of-plane motion was restricted in a thin film. This result indicates that
the spatial restriction in an ultra-thin film thinner than the unperturbed chain dimension alters the dynamics of individual
molecules in a polymer system.
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