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GENERAL CONTEXT AND GOALS

In the past decade, lot of attention has been put on electrochemical double layer capacitors (EDLCs), also known as supercapacitors, for high power delivery
or energy harvesting applications. The charge storage mechanism in supercapacitor electrodes relies on electrostatic attraction between the electrolyte ions
and the charges at the electrode surface, leading to a charge separation at the electrolyte/electrode interface. In 2006, the discovery of the capacitance
increase in carbon nanopores opened new opportunities for these systems. However, the origin of this capacitance increase was still. This highlighted the
need for an integrated approach combining the use of experimental electrochemical methods (EQCM, EIS, CV...) and in-situ analytical techniques (NMR, XRD),
to computational modelling (Molecular Dynamics, Monte Carlo and Reverse Monte Carlo methods) to elucidate the ion transport inside nanopores, which
was the target of this project. The project is based on the use of our fine-tuned, narrow pore size distribution CDCs carbons, and CDCs synthesis and structural
characterizations will be done as the first task. CDCs have been used as well for preparing micro-supercapacitor devices as well as for water desalination
applications which will be the last part of the work

KEY RESULTS

- First modelling of ion adsorption using realistic carbon nanostructures (Nature Materials 2012)

- Molecular Dynamics modelling studies showed partial ion desolvation in carbon nanoppores in neat ionicl liquid electrolyte

- In presence of solvent molecules, Molecular Dynamics modelling studies confirmed ion desolvation in carbon nanopores
- Evidencing ion exchange mechanisms in carbon nanopores thanks to the use of in-situ Electrochemical Quartz Microbalance tool (JACS 2014)

- Combined in-situ NMR and EQCM with in-EQCM to show different ion storage mechanisms in carbon nanopores vs the electrode polarity (Nature Mat, 2015)
- Concept of pseudocapacitive Li-ion inercalation reaction in organic electrolytes thanks to the use of nano-sized Nb205 particles (Nature Materials 2013)
- Evidence of multi-valent ion intercalation in new 2-Dimmensional Mxene materials (Science 2013)

\ - Design of the first on-chip micro-supercapacitor using Cabide Derived carbon films (Science 2016) )
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