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The main objective of the project is to develop flexible electrodes for high performance 
supercapacitor devices. The electrodes will consist of carbon-based nanostrucures and 
metal oxide nanoparticles, synthesised through innovative laser-based methods. 
Graphene oxide platelets, nitrogen containing organic molecules as urea and melamine, 
boric acid, and metal organic molecules will be used as precursor materials. 
 
Our aim will be the reduction of graphene oxide platelets and formation of graphene-
like materials under the action of the laser pulses, simultaneously with their 
functionalization with chemical groups including N and B in order to increase their 
storage capacity and cycling stability. To this purpose, the graphene oxide platelets and 
carbon nanotubes will be irradiated in the presence of N and B containing organic 
molecules.  Metal oxides nanostructures nanostructures will be synthesised during the 
same processing step through the irradiation of metal organic molecules. Moreover, we 
propose to include metal-organic frameworks  
 
To this purpose we shall use two different laser-based processing methods, reactive 
inverse matrix assisted pulsed laser evaporation (RIMAPLE) and irradiation of liquid 
dispersions. In both techniques aqueous dispersions containing the precursor materials 
will be prepared. In case of RIMAPLE the dispersion will be frozen until solidification, 
followed by laser irradiation and deposition of the synthesised material on a flexible 
substrate placed in the front of the target. The process is similar until certain extent to 
conventional pulsed laser deposition. Conversely, in liquid phase irradiation the 
materials are synthesised in the dispersion, followed post-irradiation centrifugation and 
deposition of the obtained materials by solvent based methods. Our objective is the 
fabrication of electrodes with high power density, high specific capacitance, and stable 
cycling properties.  
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In order to reach the proposed objective, development of high performance 
supercapacitor devices, the work performed in our laboratoy will include various steps, 
growth of materials, functionalizations, physico-chemical characterizations, and 
functional tests concerning electrical and electrochemical properties of the synthesised 
composite materials. 
 
The characterisation of physico-chemical poperties as surface morphology, structure, 
investigation of chemical composition will be performed through field emissioin 
scanning electron microscopy, high resolution trasmission electron microscopy, atomic 
force microscopy, X-ray diffraction, micro-Raman and Fourier transform IR 
spectroscopy, and X-ray photoelectron spectroscopy. The electrochemical properties of 
the electrodes will be studied by cyclic voltammetry, galvanostatic charge-discharge, 
and electrochemical impedance spectroscopy. The obtained results will be correlated 
with the materials structural and compositional properties. Moreover, supercapacitor 
devices will be fabricated using the electrodes with the best electrochemical properties, 
and will be assessed by cycling tests. 
 
The PhD student, with Physics, Chemistry or Materials Engineering degree, will be 
trained in state of the art technologies concerning laser-based materials synthesis 
processes, the advanced characterization of the obtained materials, and construction of 
supercapacitor devices.  
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