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Turning graphite into diamond

March 28 2014, by Manuel Gnida

SLAC researchers have found a new way to transform graphite -- a pure form of
carbon most familiar as the lead in pencils -- into a diamond-like film. Credit:
Fabricio Sousa/SLAC

(Phys.org) —A research team led by SLAC scientists has uncovered a
potential new route to produce thin diamond films for a variety of
industrial applications, from cutting tools to electronic devices to
electrochemical sensors.

The scientists added a few layers of graphene — one-atom thick sheets of
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graphite — to a metal support and exposed the topmost layer to hydrogen.
To their surprise, the reaction at the surface set off a domino effect that
altered the structure of all the graphene layers from graphite-like to
diamond-like.

"We provide the first experimental evidence that hydrogenation can
induce such a transition in graphene," says Sarp Kaya, researcher at the
SUNCAT Center for Interface Science and Catalysis and corresponding
author of the recent study.

From Pencil Lead to Diamond

Graphite and diamond are two forms of the same chemical element,
carbon. Yet, their properties could not be any more different. In
graphite, carbon atoms are arranged in planar sheets that can easily glide
against each other. This structure makes the material very soft and it can
be used in products such as pencil lead.

In diamond, on the other hand, the carbon atoms are strongly bonded in
all directions; thus diamond is extremely hard. Besides mechanical
strength, its extraordinary electrical, optical and chemical properties
contribute to diamond's great value for industrial applications.
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This illustration shows four layers of transformed graphene (single sheets of
graphite, with carbon atoms represented as black spheres) on a platinum surface
(blue spheres). The addition of hydrogen atoms (green spheres) to the top layer
has set off a domino effect that transformed this graphite-like material into a
diamond-like film. The film is stabilized by bonds between the platinum
substrate and the bottom-most carbon layer. Credit: Sarp Kaya and Frank Abild-
Pedersen/SUNCAT

Scientists want to understand and control the structural transition
between different carbon forms in order to selectively transform one
into another. One way to turn graphite into diamond is by applying
pressure. However, since graphite is the most stable form of carbon
under normal conditions, it takes approximately 150,000 times the
atmospheric pressure at the Earth's surface to do so.
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Now, an alternative way that works on the nanoscale is within grasp.
"Our study shows that hydrogenation of graphene could be a new route
to synthesize ultrathin diamond-like films without applying pressure,"
Kaya says.

Domino Effect

For their experiments, the researchers loaded a platinum support with up
to four sheets of graphene and added hydrogen to the topmost layer.
With the help of intense X-rays from SLAC's Stanford Synchrotron
Radiation Lightsource (SSRL, Beam Line 13-2) and additional
theoretical calculations performed by SUNCAT researcher Frank Abild-
Pedersen, the team then determined how hydrogen impacted the layered
structure.

They found that hydrogen binding initiated a domino effect, with
structural changes propagating from the sample's surface through all the
carbon layers underneath, turning the initial graphite-like structure of
planar carbon sheets into an arrangement of carbon atoms that resembles
diamond.

The discovery was unexpected. The original goal of the experiment was
to see if adding hydrogen could alter graphene's properties in a way that
would make it useable in transistors, the fundamental building block of
electronic devices. Instead, the scientists discovered that hydrogen
binding resulted in the formation of chemical bonds between graphene
and the platinum substrate.

It turns out that these bonds are crucial for the domino effect. "For this
process to be stable, the platinum substrate needs to bond to the carbon
layer closest to it," Kaya explains. "Platinum's ability to form these
bonds determines the overall stability of the diamond-like film."
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Future research will explore the full potential of hydrogenated few-layer
graphene for applications in the material sciences. It will be particularly
interesting to determine if diamond-like films can be grown on other
metal substrates, using graphene of various thicknesses.

More information: Srivats Rajasekaran, Frank Abild-Pedersen,
Hirohito Ogasawara, Anders Nilsson, and Sarp Kaya. "Interlayer Carbon
Bond Formation Induced by Hydrogen Adsorption in Few-Layer
Supported Graphene" Phys. Rev. Lett. 111, 085503 — Published 20
August 2013. journals.aps.org/prl/abstract/ ... ysRevL ett.111.085503
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