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Bottom-up prepared carbon nanostructures appear as promising platforms for future carbon-based
nanoelectronics due to their atomically precise and versatile structure.[1] An important breakthrough
is the recent preparation of nanoporous graphene (NPG) as an ordered covalent array of graphene
nanoribbons (GNRs, Figure l1a).[2] Within NPG, the GNRs may be thought of as 1D electronic
nanochannels through which electrons preferentially move, highlighting NPG’s potential for carbon
nanocircuitry. However, the 1T-conjugated bonds bridging the GNRs give rise to electronic crosstalk
between the individual 1D channels, leading to spatially dispersing electronic currents (Figure
1b).[3] In this talk, we propose a chemical design of the bridges resulting in destructive quantum
interference (QI), which blocks the crosstalk between GNRs in NPG, electronically isolating them.
Our multiscale calculations reveal that injected currents can remain confined within a single, 0.7 nm
wide, GNR channel for distances as long as 100 nm (Figure 1c).[4] The concepts developed in this
work thus provide an important ingredient for the quantum design of future carbon nanocircuitry. In
addition, our latest results demonstrating an external control of these characteristics will also be
presented.

REFERENCES

[1]  Grill, L.; Dyer, M.; Lafferentz, L.; Persson, M.; Peters, M. V; Hecht, S., Nat. Nanotechnol., 2,
(2007) 687—691

[2] Moreno, C.; Vilas-Varela, M.; Kretz, B.; Garcia-Lekue, A.; Costache, M. V.; Paradinas, M.;
Panighel, M.; Ceballos, G.; Valenzuela, S. O.; Pefia, D.; Mugarza, A., Science, 360, (2018)
199-203

[3] Calogero, G.; Papior, N. R.; Kretz, B.; Garcia-Lekue, A.; Frederiksen, T.; Brandbyge, M., Nano
Lett., 19, (2018) 576-581

[4] Calogero, G.; Alcén, I.; Papior, N.; Jauho, A.-P.; Brandbyge, M., J. Am. Chem. Soc., 141,
(2019) 13081-13088

FIGURES

a)  rabricated NPG b) Fab. NPG c) . Ql-engineered NPG

MODELLING

&

EXPERIMENT
8

0 20 “ 60 80

xThm)

& P K 2 5 T 2 T 1 2

i A, A i A

rr;rg*-fr{ I r_f x Soes gececeegpece
GNR GNR GNR GNR aryl GNR aryl GNR

Figure 1: (a) Scanning tunneling microscopy image of the fabricated NPG. Inset: high-resolution image of the
2D material; (b) Electrical injection simulation in a large-scale model of the fabricated NPG and (c) in our
proposed Ql-engineered NPG.
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