Controlled functionalized graphene nanoribbons produced from
carbon nanotubes.

Eunice Cunha®, Helena Rocha', Maria C. Paiva', M. Fernanda Proenca’, Paulo E. C. Lopes®, Mariam
Debs*, Manuel Melle-Franco®, Francis L. Deepak4, Robert YoungG, Liv Hornekaer’

! Institute for Polymers and Composites/I3N, University of Minho, Campus de Azurém, 4800-058
Guimaraes, Portugal,
% Department of Chemistry, University of Minho, Campus de Gualtar, 4710-057 Braga, Portugal
*Pole for Innovation in Polymer Engineering (PIEP), University of Minho, Campus de Azurém, 4800-058
Guimaraes, Portugal,
*International Iberian Nanotechnology Laboratory (INL), Av. Mestre José Veiga, 4715-330 Braga,
Portugal
5Computer Science and Technology Center, University of Minho, Campus de Gualtar, 4710-057 Braga,
Portugal
®Materials Science Centre, School of Materials, University of Manchester, Oxford Road, Manchester
M13 9PL, U.K.
7Interdisciplinary Nanoscience Center (iNANO) and Department of Physics and Astronomy, Aarhus
University, Building 1521, Ny Munkegade, 8000 Aarhus C, Denmark

eunice.cunha@dep.uminho.pt

Abstract

Graphene nanoribbons (GNR) have received a great deal of attention due their promise for electronics
and optoelectronic applications [1]. Recently, the formation of GNR was observed “in situ” by unzipping
of carbon nanotubes under ultra-high vacuum scanning tunneling microscopy (UHV STM) [2]. The CNT
under observation were functionalized by the 1,3-dipolar cycloaddition reaction [3], in which the
concentration of covalently bonded functional groups can be controlled by the experimental
functionalization conditions. This functionalization route was responsible for the unzipping of the CNT,
and thus the GNR formation by unzipping of functionalized CNT was repeated in ethanol suspension.
The present work demonstrates the formation of graphene nanoribbons in solution by unzipping of
functionalized carbon nanotubes. The formation of the GNR prepared in solution was studied by
UV-visible spectroscopy, and the GNR obtained by solvent evaporation were analyzed by
Raman spectroscopy, transmission electron microscopy (TEM), X-ray diffraction (XRD) and
scanning tunneling microscopy (STM). TEM and STM images demonstrated the formation of few
layer graphene ribbons, and this result was confirmed by Raman spectroscopy. Molecular modeling was
applied to study the crystalline stacking of functionalized GNRs yielding interlayer distances of 0.51 nm,
in agreement with STM and XRD analysis. It was demonstrated that this interlayer distance was
required to accommodate the functional groups attached to the graphene. Figure 1 depicts the Raman
spectra of the functionalized carbon nanotubes and resulting GNR, showing evidence for the formation
of few-layer graphene.
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Figure 1: Raman spectra of the carbon nanotubes, the functionalized carbon nanotubes and the
graphene nanoribbons



