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Daily energy consumption is essential. Researchers have intended to devote to explore practically
functioning energy devices. Organic rechargeable batteries thus have accumulated scientific
attention. High-durable secondary organic batteries were invented through this project.

The principal investigator attemﬁted to explore efficient battery electrode
materials where new organic molecules were published with their physical/chemical properties (RSC
Adv. 2019, 9, 40031; RSC Adv. 2021, 2, 2263; JPP 2020, 24, 191; Org. Lett. 2020, 22, 4400).

Organic batteries with elongated tt -conjugation molecules having interconversion capability between
antiaromatic and aromatic conformations were investigated (Molecules 2019, 24, 2433). Also, high
durable secondary organic batteries assembled with large composite (70%) NiNc electrodes and highly
concentrated dual ion liquid provided high charge-discharge performances, enhanced working-life of
batteries, fast charging rate, and high durability of organic electrodes (Mater. Adv. 2021, 2, 2263,
front cover of the issue). Influential dual-ion mobilities of an ionic liquid through appropriate
cavity spheres in electrodes furnished significantly improved battery performances were

established (Batter. Supercaps 2021, 4, 1605).
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1. WFZERAG S HIOHE

The exploration of efficient energy storage systems and the management of unworkable trash have
been critical universal issues, with the increasing need for remewable energy and the rapid
development of new electronic devices. Within the context, self-healing materials have attracted
significant interest from scientists as well as engineers. Artificial self-healing materials developed for
energy storage mainly were polymer-based. Furthermore, their healing mechanisms were not precise.
Researchers have devoted their vital efforts to explore novel functional materials and nationally proposed
structures to improve the capacity and efficiencies of practically functioning energy devices, and especially
organic rechargeable batteries have accumulated scientific attention. Electrodes need to be fabricated with
an increased volume to obtain high battery capacity. However, significant volume changes of electrodes
for high-energy lithium-ion batteries often resulted in cracking the surface of electrodes and pulverizing the
function of electrodes.

2. MHEOHR

This research proposal aims to explore convenient self-healing organic batteries assembled with the
electrodes having antiaromatic molecules. Researchers have intended to devote novel functional materials
with rationally designed structures to improve the capacity and efficiencies toward practically functioning
energy devices. Especially organic rechargeable batteries thus have accumulated scientific attention. As
promoting an efficient battery system, the principal investigator and collaborators have produced efficient
organic batteries involving an active electrode of antiaromatic porphyrinoid, namely norcorrole, which gave
powerful battery performances. To advance to the next generation of organic batteries with active
antiaromatic electrodes, the principal investigator considered inventing organic batteries capable of
enhancing the durability of electrodes or self-healing the damages. Organic batteries with active
antiaromatic molecular electrodes were the primary exploration for self-healable batteries. This research
proposal aimed to comprise convenient self-healing organic batteries with efficient active electrode
organic molecules. To improve the battery performances, the principal investigator attempted to
achieve (a) high charge-discharge performances, (b) high safeties, (c¢) enhanced working life of
batteries, (c) fast self-healing speed and (d) high durability of organic electrodes.

3. WED Tk

The principal investigator and collaborators attempted to prepare novel antiaromatic molecules
capable of efficient organic batteries. Considerably suitable antiaromatic molecules were designed with
sufficient synthetic methods. Furthermore, sufficient electrolytes were introduced in the assembly of
organic batteries. Electrode materials showed efficient self-healing processes were polymer-based
molecules. Hydrogel electrolytes were an applicable electrolyte of few examples reported. Antiaromatic
nickel(IT) nocorrole (NiNC) exhibiting significant charge/discharge behaviors in Li-NiNc batteries as an
active battery electrode was examined for the advanced batteries, and then the structure of NiNC was
modified to achieve additional functionality. Once organic batteries were prepared, the battery
performances were compared with inefficient cases causing decomposition of organic electrodes, where the
principal investigator fully comprehends the factors affecting the battery process. The research was
progressed in collaboration with the Kyoto University research group (Profs. R. Hagiwara, K.
Matsumoto, and J. Hwang at Fundamental Energy Science Department).
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conformations were considered for organic
batteries. Li-collaborating organic battery (Li-[28]hex) was investigated in the use of [28]hexaphyrin
(1.1.1.1.1.1), where each hexaphyrin of [28]Hex cathode involved four electrons per unit cycle. The
battery performance was reasonably stable over 200 cycles with a fast charging rate. (Molecules 2019,
24,2433)

2. It is essential to characterize precise molecular structures and examine the chemical/photo-physical
behaviors for investigating photo-responsible components toward functional battery materials. Since



the elongated m-conjugation molecules were produced in
the metallation of a dipyrrin derivative, resembled
reactions towards novel m-conjugation molecules were
investigated. The principal investigator obtained
diazepinopyrrolizine derivatives in reactions of a
dicyanovinylene-dipyrrin derivative with BF;.0Et, and
InBr;. The molecular structures were elucidated by X-
ray diffraction analysis. (RSC adv. 2019, 9,40031)

BF3OEt, (or InBrg)

3. Metallation of the dipyrrin derivative was attempted with a cobalt source, where the principal
investigator obtained a low spin-state and diamagnetic Co(III) complex. The crystal structure and
spectroscopic analysis have been published (RSC Adv. 2021, 2,2263). The corresponding results were
reported at an international conference (Synthesis and Characterization of Octahedral Co(III) Complex
of Pyrrolopyrrolizine Derivative; ICPP-11, Jun. 28 ~ Jul. 3,2021)

4. Since the principal investigator observed the probability of
active battery electrodes using antiaromatic NiNc, dimerized
molecular systems of NiNc were designed and newly prepared.
IR and Raman vibrational behaviors of the NINC-NiNC dimer Nickelcatalysgmross coupling
were examined in consideration of the single-crystal structure. D
(J. Porphyrins Phthalocyanines, 2020, 24, 191)

5. Reactivities of NiNc were investigated with carbene to provide
novel NiNc molecules whose molecular structure was
elucidated by X-ray diffraction analysis. (Org. Lett. 2020, 22, QW
4400)

6. Ni(II) norcorrole (NiNC) has exhibited excellent interconversions between antiaromatic and aromatic
conformations (Electrochemistry of Antiaromatic NiNC; NU-PKU Workshop, . \’
Jan. 28 ~ 29, 2019). Since excellent battery behaviors of Li-NiNc have been Xgi\:/%rg’(‘:lgs
obtained with the NiNc cathodes, inexpensive and large abundant Na y
complementary batteries have been investigated with the NiNc electrodes. High
composite (70 wt%) NiNc electrode has compromised nicely with the high
redox durability and precise ion insertion, resulting in high discharge capacity,
high stability, and high efficiency of Na-NiNc battery with high current
densities. The research achievement was published (Mater. Adv. 2021, 2,2263)
and highlighted on the front cover of the journal issue.

7. Dual-ion mobilities of Na organic batteries are investigated with in-situ XRD Edst:ﬁﬁ:ms
analysis and computational estimation considering molecular alignments in the
solid-state, signifying the interactive variations of ionic pairs of an ionic liquid
electrolyte and an antiaromatic molecule, nickel(Il) norcorrole (NiNc). An
appropriate cavity sphere in three-dimensional molecular alignments dispensed
mobilities of dual-ion in an ionic liquid, resulting in high battery capacities,
supplemented with the comparison of Mes-NiNc and Ph-NiNc molecular
alignments. In-situ XRD experiment, computation, and simulation perspectives
afforded prospective insertion and desertion behaviors of cations and anions :
(Batteries & Supercaps, 2021, 4, 1605, cover feature). An oral presentation on NiNc batterles was
provided at an international conference (Nickel(II) Norcorrole (NiNc) Batteries; ICPP-11, Jun. 28 ~
Jul. 3,2021).

This research proposal aimed to comprise convenient self-healing organic batteries with efficient active
electrode organic molecules. The principal investigator attempted to discover advanced secondary organic
batteries providing (a) high charge-discharge performances, (b) enhanced working-life of batteries, (c)
fast self-healing speed, and (d) high durability of organic electrodes.

Due to the COVID circumstance, the research progress was slower than the initial plan. However, the
principal investigator precisely explored high durable secondary organic batteries assembled with large
composite (70%) NiNc electrodes and highly concentrated dual ion liquid through a research project, which
provided (a) high charge-discharge performances, (b) enhanced working-life of batteries, (c) fast
charging rate, and (d) high durability of organic electrodes. Furthermore, the principal investigator
established influential dual-ion mobilities of an ionic liquid through appropriate cavity spheres in
three-dimensional molecular alignments of electrode organic molecules furnished significantly
improved battery performances.
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