MOLECULAR TECHNOLOGY INNOVATION

Annual Research Highlights

(1) Fast Video Imaging of Mechanical Motions of a
Single Molecular Shuttle with High Precision

Mechanical motions at a single molecule level strongly
coupled with fluctuations of its environment and are rarely
addressed. We reported sub-millisecond sub-A precision in
situ video imaging of a single fullerene molecule shuttling,
rotating, and interacting with a vibrating carbon nanotube
at 0.625 milliseconds/frame or 1600 fps, using an electron
microscope, a fast camera, and a denoising algorithm (Fig.
1). We have achieved in situ observation of the mechanical
motions of a molecule coupled with vibration of a carbon
nanotube as precise as 0.9 millisecond in time and 0.01 nm
in space.
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Fig. 1 Real-time video imaging of mechanical motions
of a single molecular shuttle
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(2) Organic synthesis that does not rely on scarce
resources (element strategy)

In our group, the application of base metal catalysts to
organic synthesis was initiated in the 1990s. Taking
advantage of our expertise, we discovered a novel type of
chromium catalyzed C—H functionalization with various
electrophiles in the absence of additional ligand (Fig. 2).
The reaction exhibited high catalyst turn over and covers
broad scopes of both amides and electrophiles
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Fig. 2 Chromium(III)-catalyzed C—H activation
1 (1)-4) J. Am. Chem. Soc., 142, 4883-4891 (2020).

(3) Development of organic electronic materials and
phosphate electrolyte for lithium ion battery

Spiro-conjugated systems are attracting considerable
interest for their material properties originated from small
reorganization energy upon electronic excitation or
ionization. We developed modular and convergent
synthesis of axially chiral spiro-conjugated carbon-bridged
p-phenylenevinylenes (spiro-CPVs) and their heteroatom
doped congeners in a racemic and optically active form
(Fig. 3). The racemic spiro-O compound solidifies as a
racemic solid solution and was examine by the
microcrystal electron crystallography to afford its 3D
molecular structure and the crystal packing.
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Fig. 3 Axially chiral spiro-conjugated carbon-bridged
p-phenylenevinylene
1. (1)-5) J. Am. Chem. Soc., 142, 2059-2067 (2020).
2. (1)-8) Bull. Chem. Soc. Jpn., 93, 776782 (2020).

Long-wavelength absorbing materials with high
fluorescence quantum yield (FLQY) and high
photostability are of considerable challenge to obtain
within short synthetic steps. We developed B/N-doped p-
arylenevinylene chromophores incorporating a
cyclopenta[c][1,2]azaborole framework (Fig. 4). The B~
—N* dative bond is much easier to form than a C—C bond,
which simplifies the synthetic design and also causes a
significant redshift of the absorption and emission
compared with their all-carbon congeners while retaining
high photostability and FLQY. The molecules serve as
excellent lipophilic fluorescent dyes for live-cell imaging,
showing a higher photostability than that of commercially
available BODIPY-based dyes.
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Fig. 4 B/N-Doped p-arylenevinylene chromophores as
long wavelength absorber
1. (1)-1) J. Am. Chem. Soc., 142, 18990-18996 (2020).

The traditional electrolyte for lithium-ion batteries
applies cyclic carbonate-based solvents which are of safety
concern and are uncapable for high voltage batteries, we
design and synthesize a fluorinated cyclic phosphate
solvent for use in lithium-ion batteries (Fig. 5). This work
opens up new frontiers in electrolyte developments
towards safe lithium-ion batteries with higher energy
densities. This work is done as a joint research in
collaboration with Prof. Atsuo Yamada in the school of
engineering.
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Fig. 5 A cyclic phosphate-based battery electrolyte for
high-voltage and safe operation
1. (1)-3) Nat. Energy, 5,291-298 (2020).
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