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Abstract  
The chemical exfoliation of graphite through oxidative solution methodologies originate stable aqueous 
suspensions of graphene oxide (GO), [1-3] that can be used as a precursor on the synthesis of 
graphene by applying chemical or thermal reducing methods. This intermediary specie has attracted the 
attention of scientists because its surface chemistry is highly versatile. The presence of the oxygen 
functional groups allows the use of several functionalization approaches [4-9]. 
This communication aims to give an overview of the work being developed in the 
Nanotechnology Research Division at TEMA, University of Aveiro, with GO as a multifunctional 
platform to create innovative materials for wide range of potential applications. 
First, we were pioneer showing that the presence of oxygen functionalities at the GO surface provides 
reactive sites for the nucleation and growth of gold and silver nanoparticles [10, 11]. Metallic 
nanoparticles are effectively grown at GO surfaces using traditional chemical methods in aqueous 
medium. The nucleation and growth mechanisms depend on the degree of oxygen functionalization at 
the GO surface (Figure 1). These graphene/gold or silver nanocomposites are being presently explored 
as substrates for the specific detection of biomolecules by SERS (surface enhanced Raman scattering) 
studies. The surface modification of these nanocomposites needs to be explored in order to fine-tune 
their SERS activity and make them specific to identify certain biomolecules. In this way, we aim to 
contribute to the development of manageable SERS sensors for the selective detection of biomolecules 
in targeted research.  
The organochemistry of the GO was also explored. We have successfully modified the surface of GO 
with polymethylmethacrylate (PMMA) chains (PD = 1.09) via atom transfer radical polymerization 
(ATRP) [7]. This strategy can be further exploited to grow a large range of polymers from the GO 
surface only by changing the monomer. The surface modification of GO with PMMA chains aimed at 
increasing the compatibility between nano-sheets and polymer matrices as surface characteristics are 
determinant to yield nanocomposites with improved properties. The resulting nanocomposites were 
readily dispersed in organic solvents and used as reinforcement fillers in the preparation of PMMA 
composite films. When GO modified with PMMA was used, a much more homogeneous distribution of 
the fillers in the PMMA matrix was achieved, contributing to improved mechanical and thermal 
properties. The addition of 1% (w/w) of GO modified with PMMA fillers clearly led to a significant 
improvement of the elongation at break, yielding a much more ductile and, therefore, tougher material. 
Thermal analysis showed an increase in the thermal stability properties of the films prepared with 
modified fillers in comparison with non-modified GO fillers. 
Another promising field of research being explored in our group is the use of nano-GO for tumour 
hyperthermia [12]. GO, has a strong NIR (700-1100 nm range) optical absorption ability and its low-cost 
production and unique small 2D shape and aspect ratio are incomparable to any other particle. The use 
of NIR light for the induction of hyperthermia is particularly attractive, because biological systems mostly 
lack chromophores that absorb in the NIR region. We have recently published a study of cell 
internalization kinetics and showed that high concentrations of this material cause a dose-dependent 
oxidative stress in different cell types and a slight loss of their viability. Moreover we have evaluated the 
type of cell damage produced by this hyperthermia treatment in order to give light to the process and 
open the door to future understanding of the application and versatility of these nanovectors. [13-15] 
Recently, the knowledge to prepare tri-dimensional (3D) structures of reduced GO opened the 
possibility to explore this material in the field of heterogeneous catalysis (Figure 2). Advantages such 
as high surface area and absence of mass transfer limitations for substrates that reach the graphene 
surface sites make 3D graphene structures promising catalysts. Additional advantages of graphene-
based materials as catalysts are sustainability and absence of transition metals in their composition. 
The large surface area of these foams stimulated our interest, therefore we decided to analyse its 
catalytic ability to oxidize a thioether (thioanisol) in comparison to its 2D counterpart. The preliminary 
results of this study show a very high efficiency for the degradation of organosulfur compounds at room 
temperature, opening the way for interesting applications in the environmental field. 



Undoubtedly, graphene based nanocomposites hold a great potential for being robust functional 
materials to address various health or environmental related issues. In spite of the remarkably rapid 
progress, the potential of GO based materials in these fields has yet to be fully explored. 
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Figure 1. Gold/graphene nanocomposites. A) TEM image illustrating the gold nanoparticles distribution 
at graphene surface. B) Schematic representation of the gold nanoparticles nucleation at the GO 
surface. 
 

 
Figure 2. Graphene foams. A) Graphene foam. B) and C) SEM images of the inner structure of the 
foams. 


