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 Energy storage is a key issue for green energy conversion and emerging technologies. In particular 
electrical vehicles need to store both a high-density of energy to achieve long-range transportation and a high-
density of power to provide the necessary outburst for acceleration. The latter aspect is usually covered by 
supercapacitor technology. 
 At LPEM, we have discovered the exceptional electrical properties of a family of materials based on 
titanium oxides that are able to store densities of energy several orders of magnitude above state-of-the-art 
devices [1,2]. We have elucidated some of the mechanisms responsible for such performances. Under 
application of a moderate electric field, the material (that is electronically insulating) conducts negative ions 
which accumulate at the anode.  At the same time, on the cathode side, the material transforms into a metal and 
starts to conduct electrons that are then able to enter the material. The accumulation of charge, and the 
correlated field build-up creates a supercapacitor with extremely high equivalent capacitance, and localized over 
a very thin layer in the vicinity of the anode [3,4].   
  We have also observed locking and releasing effects of the charge, whose microscopical mechanisms 
are still to be understood.  The aim of this PhD project is to understand these mechanisms, learn to control and 
take advantage of them in order to propose devices ranging from battery-like to supercapacitor-like behaviour. 
After designing prototypes based on these materials, the aim will be to fully characterize and optimize the 
density of power that can be expected from these devices. This project will represent a remarkable breakthrough 
since none of the elements used for the synthesis are toxic and all are earth-abundant. The solid electrolyte that 
is used is not conducting Li ions (as most of similar materials) but rather hydroxide ions spontaneously 
adsorbed from water vapor, which provides a strong competitive advantage.  
 The student will be enrolled in a team composed of both fundamental solid-state physics specialists and 
instrumentation experts. The synthesis of the material is fully mastered by the group and the student will rapidly 
and easily learn how to synthetise the materials and perform structural characterization. He (She) will be trained 
in designing careful unique instrumentation experiments and will also perform numerical simulations. The 
capacity to interact with different scientists through numerous collaborations, but also to work autonomously 
and be a force of proposition will be greatly appreciated. 
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