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Functional crystalline materials based on macrocyclic nanochannels
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Nanocarbon materials show attractive functions in device applications, however the structural deviations and ambiguity disturb
understanding between the functions and the structures. We have worked on the synthesis of molecular nanocarbon materials based on
a simple strategy of macrocyclization of aromatic units. The molecular structures and supramolecular integrated structures can be fully
accessed at the precision of molecular level, and unparalleled functions derived from the unique structures were found.

For example, a macrocyclic hydrocarbon molecule, [6]cyclo-2,7-naphthylene ([6]CNAP), synthesized by single bond linkage of six
naphthylene units (Figure 1a) has a cyclic structure equivalent to an atom-defective structure of graphene [1]. In this study, [6)]CNAP
was applied to a negative electrode active material for a rechargeable lithium battery, where graphite is conventionally and
commercially used as the material. All-solid-state lithium battery with LiBH, as electrolyte was constructed with three layers simply
by uni-directional pressing: the composite electrode with [6]CNAP, acetylene black (AB) and LiBH, | LiBH,4 | Li (Figure 1b and c).
Depending on purification methods, the recyclability of the rechargeable batteries largely differed. Surprisingly, highly purified
specimen by sublimation method showed poor recyclability, and the recrystallized specimen from organic solvents showed stable
recyclability up to 65 discharge-charge cycles and around twice battery capacity than a graphite electrode. We found that the
differences in battery performance were originated from the molecular packing structures in solid states by powder X-ray structural
analyses with Rietveld refinement. The key for the high battery performance is the one-dimensional nanopores constructed from the
assembly of the central pore of [6(]CNAP and m-stacks of naphthylene units. The quantitative battery performance results and the
precisely determined packing structures showed that lithium ion is stored by the intercalation between naphthylene units and also in
the one-dimensional nanopores to afford the high battery capacity. We successfully revealed the relationship between unique packing
structures and battery performance [2].
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Figure 1. (a) Chemical structure of [6]JCNAP. (b) The photo of bulk-type all-solid-state lithium battery. Cell diameter is 8§ mm.
(c) Redox reactions at the electrodes.
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