MOLECULAR TECHNOLOGY INNOVATION

Annual Research Highlights

(1) “Seeing minute intermediates of chemical
reactions in solution”: A new field of science explored
by electron microscopy comes in practice

Chemical reactions in solution almost always take place
via a series of minute intermediates that are often in rapid
equilibrium with each other, and hence hardly
characterizable at the level of atomistic molecular
structures. We found that single-molecule atomic-
resolution time-resolved electron microscopic (SMART-
EM) video imaging provides a unique methodology for
capturing and analyzing the minute reaction intermediates,
as illustrated here for single prenucleation clusters (PNCs)
in the reaction mixture of metal-organic frameworks
(MOFs) (Fig. 1). Specifically, we found two different types
of PNCs are involved in the formation of MOF-2 and
MOF-5 from a mixture of zinc nitrate and benzene
dicarboxylates at 95 °C and 120 °C, respectively. SMART-
EM identified a small amount of 1-nm-sized cube and
cube-like PNCs in the MOF-5 synthesis, but not in the
MOF-2 synthesis. In the latter, we instead found only
linear and square PNCs, suggesting that the MOF-2/-5
bifurcation takes place at the PNC stage.

Fig. 1 Atomistic structures and dynamics of PNCs in
MOF-2 and MOF-5 syntheses
1. (1)-1) Nat. Commun.,10, 3608 (2019).

(2) Organic solid-state chemistry, organic interface
chemistry, organic electronics and application to
materials science

Beyond the conventional organic chemistry at the
molecular level, we are conducting research using a high-
performance scanning electron microscope to open up new
research fields of functional organic solids and interfacial
functional molecules. As part of this, we are conducting
basic research on hybrid materials as defect passivator for
perovskite solar cells and designing organic light
absorbing materials. We have shown that doping by a
hybrid p-type organic semiconductor based on the
benzodipyrrole core and bissulfonate side chains (Fig. 2)
passivates defects and enhances the performance and the
stability of MAPDI; based solar cells with an inverted
structure at a dopant ratio as low as 0.03 wt % and enabled
fabrication of semitransparent solar cell devices with

improved stability. Also, the efficacy of carbon-bridged
oligo(phenylene-vinylenes)s (COPVs) as light-harvesting
antenna for porphyrins is demonstrated using a series of
5,15-di-COPVn-substituted free-base and zinc porphyrins

(Fig. 3).
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Fig. 2 Organic/inorganic hybrid p-type semiconductor
doping passivates defects and affords hole-
transporting-layer-free thin-film perovskite solar cells
with high stability

1. (1)-2) ACS Appl. Mater. Interfaces, 11, 22603-22611
(2019).

2.(2)-4) J. Am. Chem. Soc., 141, 1406—1414 (2019).
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Fig. 3 COPVs as light - harvesting antenna for
porphyrins

1. (1)-3) Chem. Asian J., 14, 1672-1675 (2019).

2. (2)-1) Acc. Chem. Res., 52, 2939-2949 (2019).

(3) Development of new base metal-catalyzed synthetic
methods for materials

We are developing an organic synthesis process using
iron, zinc, etc. to cleavage C—H bond directly for the
above-mentioned material chemistry research. We
reported a strategy that a transient connection of two
reactants by an anionic group appended to one reactant
enables iron-catalyzed selective C—H/C—H cross couplings
under mildly oxidative conditions, through the formation
of a productive heteroleptic R'-M-R? intermediate (Fig.
4).
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Fig. 4 Homocoupling-free iron-catalyzed twofold C-H
activation/cross-couplings of aromatics via transient
connection of reactants

1. (1)-4) Nat. Catal. 2,400-406 (2019).
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