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Whereas graphene demonstrates exceptional electronic and mechanical properties, its lack
of bandgap prohibits its applications as an active semiconductor material.' In contrast,
nanostructures of graphene, such as quasi-zero-dimensional (0D) graphene quantum dots
(GQDs) and quasi-one-dimensional (1D) graphene nanoribbons, have non-zero bandgaps as
well as unique electronic, optical, and magnetic properties that are distinct from those of 2D
graphene and dependent on their chemical structures. Although GQDs and GNRs cannot be
obtained with precise chemical structures by predominant top-down fabrication methods, as
represented by the lithographic patterning of graphene, bottom-up chemical synthesis can
achieve such low-dimensional nanocarbons with atomically precise structures.' For example,
we have achieved m-extension of N = 7 armchair GNR (7-AGNR) with partial zigzag edges,
which demonstrated unique topological electronic states at junctions with pristine 7-AGNR
segments (Figure 1a,b),' highlighting further potential of bottom-up-synthesized GNRs as
topological materials. We have also synthesized dibenzo[/i,stJovalene as an atomically precise
GQD with a combination of armchair and zigzag edge structures, and demonstrated its strong
red fluorescence and unique photophysical properties that render DBOV interesting for optical
applications such as lasering and imaging with the super-resolution microscope techniques
(Figure 2¢,d).>®
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