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On-surface synthesis has received great attention as a method to create
atomically-precise one-dimensional (1D) and two-dimensional (2D)
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polymers with intriguing properties. In particular, graphene nanoribbons
(GNRs), a category of quasi-1D nanomaterials derived from graphene,
have been widely studied due to their tunable electronic properties and
potential applications in semiconductor devices, such as field-effect
transistors and spintronics. A series of top-down approaches have been
pursued to produce GNRs, but a lack of control over the ribbon width
and edge structure has hindered their further development.

In 2010, Cai et al. firstly reported the fabrication of an atomically-
precise armchair GNR (AGNR) on the Au(111) surface using a bottom-
up approach. The basic mechanism involves thermally-activated
dehalogenation, surface-assisted polymerization and finally
cyclodehydrogenation.

In the following decade, this bottom-up approach has been extended to
synthesize a wide variety of GNRs, including AGNRs with different
widths, zigzag GNRs, GNR heterojunctions, chiral GNRs and
chemically- doped GNRs. Based on the periodic similarity of their
electronic structures, AGNRs can be classified into three families, 3p,
3p+1 and 3p+2 (representing the number of carbon atoms in the narrow
direction).

So far, few studies have focused on GNR synthesis on Cu(111) due to
the stronger surface interaction, despite the lower temperature for
dehalogenation. It has been shown that chiral GNRs can be synthesized
on Cu(111) using the same precursor which yields non-chiral 7-AGNR
on Au(111) and that dehalogenation can be reversible on Au(111) but
not Cu(111), which implies that the reaction pathway and products
achieved could be controlled through the choice of substrate.
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Scanning tunneling microscopy images of the synthesis of 3P sub-family
armchair graphene nanoribbons through the lateral fusion of 3-AGNR on
Cu(111). The introduction of O2 can reduce the temperature of the reaction by
180 K. Credit: Science China Press

A second approach to tailor the reaction pathway in surface-confined
synthesis is to introduce different atomic species, which has been
considered in only a few recent studies. Exposure to iodine creates a
monolayer intercalated between the polymers and the Ag(111) surface
that decouples their electronic interactions. In addition, hydrogen was
shown to remove halogen by-products and to induce covalent coupling,
and sulfur to switch the surface-confined Ullmann reaction on or off.
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Prof. Lifeng Chi's research group in Soochow University recently
investigated the effect of oxygen on the synthesis of 3-AGNRs by
surface-confined Ullmann coupling and determined that it, instead,
caused a 1D to 2D transformation of the organometallic (OM)
structures.

Here, their objective was to investigate the synthesis of 3p-AGNRs on
Cu(111), extending from the previous study on Au(111), and to examine
the effect of oxygen on lateral fusion of 3-AGNRs, inspired by their
potential to promote C-H activation.

Their investigation demonstrated the successful synthesis of 3p-AGNRs
on Cu(111) via lateral fusion of poly(para-phenylene) (i.e. 3-AGNR).
Introduction of co-adsorbed atomic oxygen substantially reduced the
temperature required to induce the lateral fusion reaction. The
identification of this catalytic effect could benefit on-surface synthesis
that applies dehydrogenation reactions, not restricting to GNRs, and
highlights the potential of additional atomic adsorbates to steer surface
reactions.

  More information: Penghui Ji et al, Oxygen-promoted synthesis of
armchair graphene nanoribbons on Cu(111), Science China Chemistry
(2021). DOI: 10.1007/s11426-021-9966-x
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