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Evidence for local cation ordering in rock-salt high-entropy oxides 

 

General Scope: High-entropy oxides (HEOs) constitute a new paradigm in materials science, with a 

large variety of compositions and structures provided by the entropy‐mediated phase‐stabilization 

concept. This class of compounds offer new opportunities to achieve tunable properties or unique 

properties driven by synergetic effects between the combined elements. For instance, recent studies 

have emphasized prospective applications in the field of electrochemical energy storage and catalysis. 

During this internship, we will address the role of intermediate phases formed during the synthesis 

path on cation orderings in (Mg0.2Co0.2Ni0.2Cu0.2Zn0.2)O. This will be achieved using a local probe 

technique (X-ray Absorption Fine Structures analysis) with the possibility of on-the-fly XAFS studies 

at large facilities (SOLEIL, ESRF) to monitor the cation distribution directly during synthesis. 

Research topic and facilities available: Since their discovery by Rost and coworkers (Nature, 2015), 

entropy-stabilized oxides have become a promising playground to develop new functional materials, 

or address fundamental questions such as the role of chemical disorder on magnetic and transport 

properties (electronic, ionic or heat conduction). HEOs can be formed when several binary oxides, 5 or 

more, are mixed in near equimolar amounts and heated at high temperature. When the temperature 

exceeds a critical value, the configurational entropy dominates the Gibbs free energy term and a solid 

solution is formed, with the metal cations randomly distributed on the cationic sublattice of the 

structure. This solid solution is generally trapped at room temperature by rapid cooling. For most 

HEOs, an issue is the presence of cation clustering that impact their functional properties. These local 

ordering may result from (i) the 

decomposition process upon cooling, or 

(ii) the path used to form the multielement 

oxide (i.e. intermediate phases). Various 

methods have been employed till now to 

probe clustering at different length scales, 

but only few studies compare different 

HEO synthesis routes using a large panel 

of complementary and spatially-resolved 

techniques.  

During this internship, we will compare (Mg0.2Co0.2Ni0.2Cu0.2Zn0.2)O samples produced by three 

methods: solid-state reaction followed by quenching (Nature, 2015), a solution-based Pechini route (J. 

Mater. Chem. C, 2021), and a pressure-assisted solid state method using large-volume presses that is a 

field of expertise of Institut Néel. Cation distributions will be probed at different length scales using 

inhouse characterization techniques (direct chemical mapping by EDX, changes in temperature-

dependent magnetic susceptibility), and x-ray absorption fine structure (XAFS) studies performed at 

large scale facilities (ESRF, SOLEIL). The intern will be trained to the use of the FDMNES code to 

compute a database of calculated spectra ready for identification/quantification of individual 

contributions in spectra that will be collected on post-synthesized samples or on-the-fly during heating 

and cooling runs. 

Possible collaboration and networking: M. Rovezzi (F-CRG, ESRF) 

Possible extension as a PhD: not granted in advance, but we are open to support applications for a 

PhD grant 

Required skills: strong interest in material science / advanced characterization techniques, motivation 

for experiments at large scale facilities, programming skill using Python will be highly appreciated 

Starting date : Feb. 2023 or later.  

Contact : MAURIN Isabelle 

Institut Néel - CNRS , Tel : 04 76 88 79 40e-mail : isabelle.maurin@neel.cnrs.fr 

More information : http://neel.cnrs.fr 


