
 

Funded PhD research project starting November 2021 

Application deadline: September 10th 2021 

Chemical Modification of Solid Electrolyte/Positive Electrode Interfaces  

in All-Solid-State Batteries 

1. Description of the project 

Among next generation energy storage technologies for portative electronics and electric vehicle 

applications, all-solid-state batteries (ASSB) attract an intense research effort from researchers and 

companies alike. By replacing the liquid electrolyte and carbon negative electrode used in conventional 

Li-ion batteries by a solid electrolyte and a metallic lithium negative electrode,1 this technology has 

the potential to reach energy densities far superior to those of Li-ion batteries.2  

Among the several challenges preventing this technology to reach commercial applications,3 this PhD 

project will focus on the issues affecting the interface between the positive electrode material (e.g. 

LiNixMnyCo1-x-yO2) and the solid-state electrolyte (Li7La3Zr2O12, Li1.3Al0.3Ti1.7(PO4)3) The chemical 

potential difference between these two components leads to undesirable interfacial reactions and 

decomposition of the materials with prolonged cycling. Furthermore, volume changes upon cycling of 

the active material create mechanical constraints and physical disconnection of particles. This 

eventually leads to increased resistance at the interface and to the failure of the electrochemical cell.  

The project will answer these problems by exploring new coating strategies using low temperature 

methods and materials based on abundant elements. To form a stable interface, passivation reactions 

driven by the choice of anion(s) in the coating material will be explored to improve the electrochemical 

stability at high voltage.4 Assembly of all-solid-state batteries with the materials prepared will validate 

the selected strategy at the device level, and improve our comprehension about interfacial reactions 

during prolonged cycling.  

2. Specific techniques/methods 

This project will involve the synthesis and processing of the coating materials; characterization of their 

ionic conductivity properties (impedance spectroscopy) and thermal properties (TGA-DSC). The 

structure and quality of the coating will be assessed by microscopy (SEM/TEM) and spectroscopy (XPS) 

techniques. Electrochemical cells will be assembled with the prepared materials, and their 

performance measured. Advanced characterization using synchrotron facilities and operando 

techniques (XRD, XAS) will be used to understand the reactivity of the coating with both the electrode 

material and the electrolyte. 

3. Project environment 

This project will be carried out at the Laboratoire de Chimie de la Matière Condensée de Paris, part of 

Sorbonne Université, within the Reactive Material for Energy Devices (RMES) team 

(https://lcmcp.upmc.fr/site/rmes-2/). The group has a broad range of expertise covering 

organic/inorganic/hybrid materials, processing and sintering of ceramics and electrochemical 

characterization methods that place it in an ideal position to develop innovative ideas at the crossroads 

of material science disciplines, a scientific culture largely developed at the LCMCP. The RMES team is 

https://lcmcp.upmc.fr/site/rmes-2/


 

part of the French Network on Energy Storage (https://www.energie-rs2e.com/fr) which promotes 

strong scientific connexions between research labs to accelerate the development of energy storage 

through dynamic collaborations and the development and mutualization of advanced in situ/operando 

characterisation techniques, including at synchrotron facilities. 

The project is funded by the Agence National de la Recherche for a duration of 3 years. The PhD 

candidate will be contracted by Sorbonne Université through the doctoral school ED397: Physics and 

Chemistry of Materials. The PhD project will take place under the supervision of Dr. Arnaud Perez 

(CNRS) and Prof. Christel Laberty-Robert (SU). 

4. Applicant profile 

Previous research experience in synthetic chemistry of inorganic materials, electrochemistry and/or 

relevant characterization techniques is ideal. Any other experience in material science that could be 

valuable to this project should be put forward during the application.  

The PhD researcher should be highly motivated, hard-working, with good interpersonal skills. This 

project will involve multiple characterization techniques, calling for good communication within the 

team and with collaborators to understand and assimilate the techniques used. A good English level is 

required, both written and oral, as publication of results in scientific journals and participation to 

conferences is expected. 

CV, motivation letter and eventual reference contact details should be sent to Arnaud Perez 

(arnaud.perez@sorbonne-universite.fr). 
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