Tailoring active sites in graphene nanoribbons for chemical sensing
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Graphene and 2D materials have revealed high potential as groundbreaking materials for
chemical sensing [1, 2]. Their large surface-to-volume ratio maximizes the sensing area for
material-analyte interactions even at very low concentrations. Despite the enhanced
sensitivity, they still lack selectivity. The addition to the surface of covalent or non-covalent
modifiers, capable to interact selectively with guest analytes without compromising the
physico-chemical properties of the 2D material, remains a challenge [3].

In this work, we use on-surface synthesis to add with atomic precision active sites in 1D

graphene nanoribbons (GNRs) suitable for gas sensing technologies. By surface sensitive
techniques in ultra-high vacuum combined with DFT calculations, we demonstrate the
capability to tune the electronic structure of semiconducting GNRs by periodic addition at
the edges or backbone of functional sites as chemical groups, metal atoms or pores.
The addition of cyano (CN) chemical groups dopants at the zig-zag edges of (3,1) chiral
GNRs (CN-chGNRs) induces bandgap opening which we associate to a modified
conjugation pattern. Efficient coordination of CN groups with metal atoms allows to further
tune the electronic structure. In fact, coordination to Fe atoms shrinks the semiconducting
ribbons’ bandgap to less than half of its value without the metal and shifts the frontiers bands
to lower energies. CN groups, similarly to ketone ones [4], protect the ribbons edges and
make them stable to confrolled Oz and NO2 exposure and even in air. Thanks to this
enhanced stability, CN-chGNRs survive polymer-free transfer processes to non-conductive
substrates [5] proofing the feasibility of their possible implementation in nanodevices.

We finally demonstrate that selective trapping of gas molecules occurs at metallic
centers in Fe coordinated CN-chGNRs and in the pores of porous GNRs thus demonstrating
an efficient chemical sensitivity of the metal-organic and porous ribbons.

Our work demonstrates that endowing GNRs with functional sites is a robust strategy
for the implementation of even reactive GNRs in nanoelectronics and sensing technologies.
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