Built from the bottom up, nanoribbons pave
the way to 'on-off' states for graphene
30 March 2017, by Dawn Levy
University report in the journal Nature
Communications that they are the first to grow
graphene nanoribbons without a metal substrate.
Instead, they injected charge carriers that promote
a chemical reaction that converts a polymer
precursor into a graphene nanoribbon. At selected
sites, this new technique can create interfaces
between materials with different electronic
properties. Such interfaces are the basis of
semiconductor electronic devices from integrated
circuits and transistors to light-emitting diodes and
solar cells.
This graphene nanoribbon was made bottom-up from a
molecular precursor. Nanoribbon width and edge effects
influence electronic behavior. Credit: Oak Ridge National
Laboratory, U.S. Dept. of Energy; scanning tunneling
microscopy by Chuanxu Ma and An-Ping Li

A new way to grow narrow ribbons of graphene, a
lightweight and strong structure of single-atomthick carbon atoms linked into hexagons, may
address a shortcoming that has prevented the
material from achieving its full potential in
electronic applications. Graphene nanoribbons,
mere billionths of a meter wide, exhibit different
electronic properties than two-dimensional sheets
of the material.

"Graphene is wonderful, but it has limits," said Li.
"In wide sheets, it doesn't have an energy gap—an
energy range in a solid where no electronic states
can exist. That means you cannot turn it on or off."
When a voltage is applied to a sheet of graphene in
a device, electrons flow freely as they do in metals,
severely limiting graphene's application in digital
electronics.
"When graphene becomes very narrow, it creates
an energy gap," Li said. "The narrower the ribbon
is, the wider is the energy gap."

"Confinement changes graphene's behavior," said
An-Ping Li, a physicist at the Department of
Energy's Oak Ridge National Laboratory.
Graphene in sheets is an excellent electrical
conductor, but narrowing graphene can turn the
material into a semiconductor if the ribbons are
made with a specific edge shape.
Previous efforts to make graphene nanoribbons
employed a metal substrate that hindered the
ribbons' useful electronic properties.
Now, scientists at ORNL and North Carolina State

1/3

Science User Facility at ORNL, they used the tip of
a scanning tunneling microscope to inject either
negative charge carriers (electrons) or positive
charge carriers ("holes") to try to trigger the key
chemical reaction. They discovered that only holes
triggered it. They were subsequently able to make
a ribbon that was only seven carbon atoms
wide—less than one nanometer wide—with edges in
the armchair conformation.
"We figured out the fundamental mechanism, that
is, how charge injection can lower the reaction
barrier to promote this chemical reaction," Li said.
Moving the tip along the polymer chain, the
researchers could select where they triggered this
reaction and convert one hexagon of the graphene
lattice at a time.

A graphene nanoribbon is born. A scanning tunneling
microscope injects charge carriers called “holes” into a
polymer precursor, triggering a reaction called
cyclodehydrogenation at that site, creating a specific
place at which a freestanding graphene nanoribbon
forms from the bottom up. Credit: Oak Ridge National
Laboratory, U.S. Dept. of Energy

Next, the researchers will make heterojunctions
with different precursor molecules and explore
functionalities. They are also eager to see how long
electrons can travel in these ribbons before
scattering, and will compare it with a graphene
nanoribbon made another way and known to
conduct electrons extremely well. Using electrons
like photons could provide the basis for a new
electronic device that could carry current with
virtually no resistance, even at room temperature.

"It's a way to tailor physical properties for energy
applications," Li said. "This is an excellent example
In very narrow graphene nanoribbons, with a width
of direct writing. You can direct the transformation
of a nanometer or even less, how structures
process at the molecular or atomic level." Plus, the
terminate at the edge of the ribbon is important too.
process could be scaled up and automated.
For example, cutting graphene along the side of a
hexagon creates an edge that resembles an
The title of the current paper is "Controllable
armchair; this material can act like a
conversion of quasi-freestanding polymer chains to
semiconductor. Excising triangles from graphene
graphene nanoribbons."
creates a zigzag edge—and a material with metallic
behavior.
More information: Chuanxu Ma et al,
Controllable conversion of quasi-freestanding
To grow graphene nanoribbons with controlled
polymer chains to graphene nanoribbons, Nature
width and edge structure from polymer precursors,
Communications (2017). DOI:
previous researchers had used a metal substrate to
10.1038/ncomms14815
catalyze a chemical reaction. However, the metal
substrate suppresses useful edge states and
shrinks the desired band gap.
Li and colleagues set out to get rid of this
troublesome metal substrate. At the Center for
Nanophase Materials Sciences, a DOE Office of
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