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Descrip(on of the research project :  

Manganese dioxides (MnO2) thin films and conduc7ng polymer embedded MnO2 nanomaterials are 
very promising materials for energy conversion and storage applica7ons (supercapacitors [1-3], 
ba?eries [4], metal-air ba?eries, water spliBng). It is now well established in literature that the 
morphology of MnO2 par7cles and thin films, their cristallinity, their electronic conduc7vity or yet the 
Mn4+/Mn3+/Mn2+ distribu7on in their bulk all play a significant role on the performances of resul7ng 
devices dedicated to such applica7ons. Interes7ngly, incorpora7on of ca7ons in MnO2 based 
materials is also a very important criteria for the op7misa7on of such materials that has been much 
less inves7gated in literature in spite of several recent and very relevant reports.  

In this Ph.D. work program, MnO2 based nanomaterials will be either deposited as thin films using 
the electrodeposi7on method [5] in the presence of various alkaline-earth ca7ons, transi7on metal 
ca7ons, or ca7onic surfactants, or deposited as (nano- or micro-) par7cles using the drop cas7ng 
method and a binder. Conduc7ng polymers will be electrodeposited in a step following or preceeding 
the (electro-)deposi7on of MnO2 based nanomaterials. In both synthesis methods of MnO2 based 
nanostructured materials, carbon based addi7ves could be added so as to improve the electronic 
conduc7vity of the resul7ng materials. For the la?er one, MnO2 (nano- or micro-) par7cles possessing 
various morphologies and crystallini7es will be synthesised in a preliminary step using the 
hydrothermal method (see below for several examples of morphologies synthesised in our research 
team).  

 

Figure 1 : a,b,c) various types of MnO2 powders synthesised recently in our research lab, d) typical CV and e) Electrochemical Impedance 
Spectroscopy measurements, all carried out in a Swagelok-type pseudo-capacitor. 

In addi7on to chemical and structural analysis techniques such as EDX, nuclear techniques (NRA and 
RBS) and XRD that will provide respec7vely precious informa7on on the elemental analysis and 
crystallinity of star7ng materials, Electrochemical Quartz Crystal Microbalance (EQCM) and/or ac-
electrogravimetry (ACEG) techniques will be exploited to evaluate ion and solvent exchanges in 
aqueous electrolytes as a func7on of the synthesis condi7ons and star7ng proper7es of the targeted 
MnO2 based nanostructured materials, with a special emphasis on the separa7on of diffusion-
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controlled and capaci7ve controlled contribu7ons. EC-AFM [6-7] will also be used to characterise the 
electrochemo-mechanical behaviour of selected MnO2 par7cules and composite materials during ion 
exchange phenomena. Ul7mately, the ACEG/EC-AFM coupling could be envisaged to produce in a 
single experiment a global view of the ion exchange phenomena and related/associated phenomena. 
In summary, the main objec7ve of this Ph.D. work plan is to mobilize ambi7ous and original 
methodologies developped and available at LISE laboratory to deepen our understanding of ion 
exchange behaviours in MnO2 based nanomaterials and composite materials. 

The candidates wishing to apply for this Ph.D. are expected to be experts in electrochemistry, 
materials science (synthesis and characterisa7on) and instrumenta7on. 
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