1. Outline of research results in 2010

We have studied nanoscale structure and optical properties of organic and polymeric
materials using single-molecule spectroscopic techniques. We have also developed
single-molecule detection techniques for materials research.

1) Direct visualization of nanoscale photophysical dynamics using single-molecule
imaging

We investigated exciton migration, trapping and emission processes occurring within a
single conjugated polymer molecule by means of superresolution fluorescence
localization microscopy. This methodology allowed us to locate the spatial distribution
of emitting sites within single chains with nanometer precision. The study was done on
individual poly[2-methoxy-5-(2’-ethyl-hexyloxy)-1,4-phenylenevinylene] (MEH-PPV)
molecules with average molecular weights ranging from 215,000 to 1,440,000 and with
narrow weight distributions. We found that mean emission intensity increases
proportionally to the polymer molecular weight. The localization experiments suggest
that the emitting sites are distributed nearly uniformly within a single chain and that the
sites are on average 10 nm apart, irrespective of the molecular weight of the polymer.
Furthermore, spatial contours formed by all the combined emitting sites within one
chain show elongated shapes, in agreement with a rod-like structure of MEH-PPV in a
collapsed state. [ref. 3]

2) Multimode diffusion of ring polymer molecules revealed by a single-molecule
study

In collaboration with Prof. Yasuyuki Tezuka in the Department of Organic and
Polymeric Materials, Tokyo Institute Technology, we have been investigating diffusion
processes of ring and linear polymers in a concentrated linear polymer solution. The
study demonstrated a multimode diffusion of the ring polymer, in contrast to a
single-mode diffusion of the linear polymers. These results suggested the threading of
the ring polymer with the linear matrix polymer. In order to analyze the threading of the
polymer chains based on polymer physics theory, we investigated diffusion of single
polymer chains in a polymer melt. In order to make it possible to conduct measurements
on melt samples, we implemented improvement of the equipment. We first introduced a
temperature control for the microscope, and also optimized experimental conditions for



conducting single-molecule fluorescence imaging experiments at a temperature higher
than room temperature. Those modifications allowed us to prepare nearly identical melt
samples of poly(THF) constantly, and allowed us to obtain single-molecule diffusion
trajectories of the ring polymer in the melts.

3) Developing new imaging method for determining distribution of 3D orientation of
single molecules

We developed a method to determine full three-dimensional orientation distribution of
individual molecules based on wide-field defocused fluorescence imaging. Excitation
efficiencies of out-of-plane oriented molecules were improved dramatically by
illuminating molecules with multiple laser beams. Our high throughput approach
allowed us to obtain unbiased statistical distributions of orientations of doped molecules
in spin-coated polymer thin films. We found thickness- and glass transition
temperature-dependent distributions of the molecular orientations which reflect local
chain orientations and relaxation in the polymer thin films. [ref. 5]

4) Single-molecule characterization of photophysical properties of charge-transfer
conjugated polymer molecule

We investigated excited-state photophysical dynamics occurring within a
charge-transfer (CT) conjugated oligomer, CzBT which consisted of carbazole (Cz) and
benzothiadiozole (BT) by means of various single-molecule spectroscopic methods as
well as DFT calculation. The single-molecule experiments demonstrated that the dimer
structure was a spectroscopic unit in the oligomer. This result agreed well with the
theoretical calculation. Single-molecule fluorescence spectra and lifetime of CzBT
showed broad distributions, which indicated that each molecule has different twist angle
of the Cz and BT unit. The twist angle dependent electron delocalization in CzBT was
also supported by the theoretical calculation. These results suggest that the excited-state
photophysical dynamics of CzBT is dominated by the twist angle between two moieties.

5) Single-molecule optical switching for researches on material science
While super-resolution fluorescence imaging based on single-molecule optical

switching has been recognized as a powerful means in the field of life science, the
methodology is not well recognized in the field of material science yet. In order to



establish a super-resolution fluorescence imaging technique which is applicable for
material science researches, we investigated and characterized optical switching
behavior of a versatile fluorescence dye, Atto655, at the single-molecule level.
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