
The chemistry of graphene is attracting enormous interest
owing to the exceptional properties of this material. Recently,
a collaboration between chemists at Centro de Investigación
en Química Biolóxica e Materiais Moleculares (CIQUS,
University of Santiago de Compostela, Spain) and physicists
from IBM Research – Zurich (Switzerland) resulted in the dis-
covery of a novel synthetic approach to graphene fragments,
which may be used for the fabrication of electronic devices.
The graphene templates were subsequently characterized by
atomic force microscopy (AFM). The research team from
CIQUS, which included Professors Diego Peña, Enrique
Guitián and Dolores Pérez, and PhD student Sara Collazos,
developed the synthetic methodology to obtain nano -
graphenes by chemical methods in solution, while the IBM
team, which involved Drs. Leo Gross and Gerhard Meyer, and
PhD student Bruno Schuler, characterized these molecules by
AFM. The research was coordinated by Professor Peña
(CIQUS) and Dr. Gross (IBM). Both groups are partners in
the Large European Project PAMS (http://pams-project.eu/,
Planar Atomic and Molecular Scale Devices), whose main
objective is the development, fabrication and characterization
of planar atomic and molecular scale electronic devices.

Professor Peña said: “Graphene is considered a unique
material, which is leading to the emergence of a completely
new technology. One of the biggest challenges in this new
field is the development of methodologies for the preparation
of this material with nanometric size and high quality: if we
can gain perfect control over their size and geometry, then we
could explore new applications for high-performance elec-
tronic devices.” The method reported in this paper allows
well-defined nanographenes to be obtained in one pot from
perylene, a very common organic compound. The preparation
of these materials with different shapes and sizes could be
crucial for building graphene-based electronic circuits, mole -
cular machinery and/or single molecule electronic devices.

Professor Peña explained: “This method is based on the
reactivity of arynes, which can act as a ‘molecular glue’ to
paste graphene fragments together. In particular, we employed
two sequential cycloaddition reactions involving arynes: a
Diels–Alder reaction on the bay region of perylene, followed
by a Pd-catalyzed cyclotrimerization. Since the clover-shaped
nanographenes obtained in this transformation were extremely

insoluble, characterization by classical methods (e.g. NMR)
was not an option, so we proposed that our colleagues in IBM
should attempt the identification by atomic-resolved AFM.
Notably, besides the characterization of the anticipated
graphene molecule they were able to detect some unexpected
and interesting byproducts.”

Dr. Gross continued: “We achieved the first atomic-
resolved atomic force microscopy (AFM) images of mole-
cules in 2009. The key was the termination of the scanning
probe tip by a single CO molecule. Soon after, we tried to
make use of that technique for molecular structure identifica-
tion and we also refined the technique to increase the informa-
tion that can be obtained.”

Using AFM, the authors identified natural products that
could not be solved using standard techniques such as mass
spectrometry and nuclear magnetic resonance alone. They
also obtained additional information by AFM, including the
exact adsorption geometry of molecules, information about
the bond order of individual bonds within molecules, the
charge distribution within molecules, some information related
to element specificity and identification of byproducts.

Dr. Gross concluded: “In terms of a wider applicability of
AFM for structure identification, one challenge is to expand
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From Perylene to a 22-Ring Aromatic Hydrocarbon in One Pot

Angew. Chem. Int. Ed. 2014, 53, 9004–9006

figure 1  Three-fold symmetric nanographene

http://pams-project.eu/
http://dx.doi.org/10.1002/anie.201403707


the classes of molecules that can be studied. The recent case,
namely a 22-ring aromatic molecule, was the largest molecule
that we have been able to resolve so far. However, with this
molecule we reached about the size of molecules that can be
thermally evaporated. A challenge for the future is to switch
to other preparation methods, for example, electrospray depo-
sition, that would allow us to deposit even larger molecules
without breaking them.” 
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Scheme 1  Synthetic route

figure 2  Atomic force microscopy (AFM) image of a clover-shaped

nanographene (Credit: Bruno Schuler, IBM)
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