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The next generation of lithium batteries relies heavily on the properties of fast ion conductors, i.e. inorganic 
materials with atomic structures allowing the fast diffusion of lithium ions at room temperature, with 
conductivities ranging up to 10-2 S/cm. These materials can replace conventional liquid electrolytes in the cell 
design and help achieve higher energy densities compared to commercial Li-ion batteries.  
The quest to synthesize better ion conductors is ongoing, with several structural families standing out for their 
remarkable properties. Among them, thio-LISICONSs and argyrodite structures, based on thiophosphate (PS4)
3- anions, present the highest conductivities reported for lithium conduction in solid ionic conductors. However, 
sulfur-based materials tend to react when exposed to atmospheric humidity, forming toxic H2S gas, and to 
oxidize in contact with high voltage electrode materials, issues that need to be addressed through complex 
protection strategies. Oxide-based materials, on the other hand, present much better stability at high voltage 
but slightly lower ionic conductivity. This is the case of materials with the garnet structure, made of tetrahedral 
(XO4)n- units (X = Zr, Sn, Nb, Ta, Sb), and of the NASICONs family with phosphate (PO4)3- anions.[1]  
 
This project will explore the synthesis of new ionic conductors based on oxythiophosphate anions, composed 
of heteroleptic tetrahedral units (PO4-xSx)4- (see figure). Oxythiophosphates have been reported by J. 
Berzelius in 1843 [2], but since then less than 40 materials have been reported, none of them containing 
lithium ions [3]. The aim of this project is to discover new materials based on oxythiophosphate anions and 
lithium, and study their structure and properties as lithium-ion conductors. In addition to using abundant and 
available elements, oxythiophosphates can be prepared by low-temperature synthesis methods in water, 
making them extremely attractive materials in terms of environmental impact
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Specific techniques or methods : 
This project will involve the synthesis of materials using low-temperature methods (hydrothermal/solvothermal), 
structural characterization (X-ray/neutron diffraction, NMR...) and measurement of their properties as ionic 
conductors and electrolyte in batteries (impedance spectroscopy, cell assembly, glovebox manipulation...). 
 
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 part of the French Network on Energy Storage (https://www.energie-rs2e.com/fr) which nurtures 
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. 
 
Applicant profile: 
Previous research experience in synthetic chemistry of inorganic materials, electrochemistry and/or relevant 
characterization techniques is ideal, but any other experience in material science that might seem valuable to 
this project should be put forward during the application.  
The PhD candidate 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 master the techniques used. A good English level is required, both written and 
oral, as publications of results in scientific journals and participations to conferences is expected. 
 
CV, motivation letter and grades should be sent to Arnaud Perez (arnaud.perez@sorbonne-universite.fr).

Oxythiophosphate anions as building blocks for preparing new 
lithium ionic conductors.


