Nano Science, Technology and Industry Scoreboard

Graphene Nanoribbons Need to be Protected from Oxygen to Remain
Functional
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Atomically precise graphene nanoribbons (GNRs) are increasingly being
hailed as the potential future of molecular electronics due to the tuneability
of their electronic properties, which can be altered via adjusting their
length, width, edge structure and the addition of heteroatoms or other
doping groups. In their recently published study in ACS Nano, 2021, 15, 3,
a team of researchers has used a combination of bond-resolving scanning
probe microscopy (BR-SPM), along with theoretical calculations to study
(3,1)-chiral graphene nanoribbons [(3,1)-chGNRs] that were synthesized on
a Au(111) surface and then exposed to oxidizing environments. All STM
experiments were performed using a Scienta Omicron Low Temperature
Scanning Tunneling Microscopy (LT-STM), cooled to 4.3 K.

Real life is sometimes very diﬀerent from laboratory settings. Take superconductivity, for
example. In order to reach, it you either need extremely low temperatures, extremely high
pressures or a combination of both; something that makes very diﬃcult to conceive an
everyday application out of a laboratory. Something similar happens with other new
materials, but in their case the magic word is ultra-low pressure, what we usually called a
vacuum, in this case, ultra-high vacuum. You can build almost anything, but in ultra-high
vacuum. Real life could deal with some vacuum, we use vacuum cleaners or Venturi pumps
after all, but not with the ultra-high requirement.

The interesting point is that studies about the eﬀect of oxygen on the chemical structures
that make some materials synthesized under ultra-high vacuum conditions interesting are
not that many. Take the case of graphene nanoribbons (GNRs), strips of graphene with ultrathin width (<50 nm).

GNRs are very interesting structures, partly due to their attractive electronic properties.
Those properties vary dramatically with changes in the nanoribbon’s atomic structure in
terms of width, crystallographic symmetry, dopant heteroatoms, and edge termination.
These electronic properties can be modulated even further by the appropriate design of GNR
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heterostructures. This remarkable tunability could mean a bright future as next generation
nanoelectronics and optoelectronic devices.

However, the high susceptibility of those properties to minimum changes in the GNR
structure also indicates the stringent need for atomic precision in GNR synthesis. If oxygen of
ambient conditions changes that structure, the limitations imposed on their use could make
them no more than a basic science curiosity.

In fact, preliminary devices based on GNRs of various widths and armchair-oriented edges
(aGNRs) have already been demonstrated, such as ﬁeld-eﬀect transistors and sensors. The
advantage of aGNRs is that their edges are relatively unreactive, allowing for their synthesis
directly in solution or, if synthesized in an inert vacuum environment, surviving transfer
through ambient conditions at room temperature (and the rest of the processes associated
with the device implementation) while still maintaining their electronic properties.

But this amounts almost to nothing as some of the most acclaimed properties of graphene
nanostructures, like spin-split edge states – read spintronics, rely on the presence of zigzag
edge segments. Examples include zigzag (zGNRs) and chiral GNRs (chGNRs), whose edges
follow zigzag directions or alternate zigzag and armchair-oriented edge segments,
respectively. The most reactive chemical species are radicals, species with unpaired
electrons; well, a zigzag edge could have unpaired electrons in π orbitals that may behave as
reactive radicals.

Previous experimental studies examining the eﬀect of exposing GNRs to ambient conditions
after their bottom-up synthesis on metallic surfaces under vacuum have been mainly focused
on aGNRs. The results showed that, as we can expect, whereas the armchair edges are stable
to such oxidizing conditions, the chemical stability of their zigzag termini is much more
limited. On the other hand, theoretical studies have examined the potential eﬀects of
oxidizing zigzag edges. But nobody had checked what really happens in GNRs with a larger
amount of zigzag edges under oxidizing conditions. Till now.

A team of researchers has used1 a combination of bond-resolving scanning probe microscopy
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(BR-SPM), along with theoretical calculations to study (3,1)-chiral graphene nanoribbons
[(3,1)-chGNRs] that were synthesized on a Au(111) surface and then exposed to oxidizing
environments.

As could be expected, the exposure to the ambient atmosphere, along with the required
annealing treatment to desorb a suﬃciently large fraction of contaminants to allow for its
post-exposure analysis by BR-SPM, revealed a signiﬁcant oxidation of the ribbons, with the
eﬀect of ruining their electronic properties. Interestingly, more controlled experiments
avoiding high temperatures and exposing the ribbons only to low pressures of pure oxygen
show that also under these more gentle conditions the ribbons are oxidized. The scientists
demonstrate that the oxidation is regioselective, with their most vulnerable spots at the
central rings of the zigzag segments due to their higher radical character.

Therefore, we must conclude that graphene nanoribbons with zigzag edge segments require
some form of protection before they can be used in or transferred through ambient
conditions. Which ones is a good question.
Read the original article on Scienta Omicron.
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