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Towards graphene biosensors

For the first time, a team of scientists has succeeded in precisely
measuring and controlling the thickness of an organic compound
that has been bound to a graphene layer. This might enable
graphene to be used as a sensitive detector for biological
molecules in the future.

Pure carbon occurs in many forms. Besides the classical configurations
found in diamonds, graphite, and coal, there are other younger exotic
cousins such as graphene. Its structure resembles a honeycomb - a
hexagonal mesh with a carbon atom at every corner - that is only a
single atomic layer thick. Hence, it is essentially two-dimensional. As a
result, graphene is extremely conductive, completely transparent, and
quite resilient both chemically and mechanically.

It has long been known that graphene is also fundamentally suited to
detecting traces of organic molecules. This is because the electrical
conductivity of graphene drops as soon as foreign molecules bind to it.
The problem, though, is that this happens with almost every molecule.
Graphene is not very selective, which makes it very difficult to
differentiate molecules. Therefore, it cannot be used as a sensor.

Now a team from the HZB Institute for Silicon Photovoltaics has found a
way to increase the selectivity. They were successful in electrochemically
activating graphene and preparing it to host molecules that act as
selective binding sites. To accomplish this, para-maleimidophenyl groups
from an organic solution were grafted to the surface of the graphene.
These organic molecules behave like mounting brackets to which the
selective detector molecules can be attached in the next step. “Thanks
to these molecules, the graphene can now be employed for detecting
various substances similar to how a key fits a lock”, explains Dr. Marc
Gluba. The “lock” molecules on the surface are highly selective and only
absorb the matching “key” molecules. Other research groups had also
carried out experiments along these lines. However, they only had tiny
graphene flakes with diameters in the microns available to them, so that
edge effects predominated.

Meanwhile, physicists and chemists at HZB produced graphene surfaces
several square centimeters in size so that edge effects play hardly any
role in comparison to the surface processes. Then, they transferred the
graphene layer to a quartz crystal microbalance. Any increase in mass
alters the oscillatory frequency of the quartz crystal that even small
amounts right down to individual molecular layers can be measured.

“For the first time, we were able to precisely and accurately detect how
many molecules actually were grafted to the surface of the graphene”,
reports junior researcher Felix Résicke, who investigated this problem for
his doctoral dissertation. “In addition, we can precisely control how many
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The
compounds bind to the graphene surface. The
graphene monolayer lies on a thin film of
silicon nitride (red) that in turn is on a quartz
microbalance (blue) and can be subjected to
a potential via a gold contact (yellow).
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molecules bind to the graphene by adjusting an applied voltage”, explains Dr. Jorg Rappich from the HZB
Institute for Silicon Photovoltaics, Rosicke’s advisor.

“The hopes we have for graphene are really enormous”, says Prof. Norbert Nickel, head of the research team.
For example, one thing you could imagine would be a really inexpensive "lab-on-a-chip” - you would apply a
single drop of blood and immediately obtain data for important medical diagnostics.

Felix Rosicke is completing his doctoral dissertation in the School of Analytical Sciences Adlerhof (SALSA) at
Humboldt-Universitat zu Berlin and at HZB.
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The Helmholtz-Zentrum Berlin fiir Materialien und Energie (HZB) operates and develops large scale facilities for research with
photons (synchrotron beams) and neutrons. The experimental facilities, some of which are unique, are used annually by more than
2,500 guest researchers from universities and other research organisations worldwide. Above all, HZB is known for the unique
sample environments that can be created (high magnetic fields, low temperatures). HZB conducts materials research on themes that
especially benefit from and are suited to large scale facilities. Research topics include magnetic materials and functional materials. In
the research focus area of solar energy, the development of thin film solar cells is a priority, whilst chemical fuels from sunlight are
also a vital research theme. HZB has approx.1,100 employees of whom some 800 work on the Lise-Meitner Campus in Wannsee and
300 on the Wilhelm-Conrad-Réntgen Campus in Adlershof.

HZB is a member of the Helmholtz Association of German Research Centres, the largest scientific organisation in Germany.
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