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1. Description du projet / Description of the project 

 

For an efficient transformation of reactants into products over a heterogeneous catalyst, the catalytically 

active sites need to be accessible, thus well-dispersed. However, at the ultimate stage of atomic dispersion, 

although the latter generally boosts the catalytic performance, the properties of the catalytic sites may 

sometimes be affected in such a way that the activity/selectivity decreases.1 To be able to investigate how 

the reactivity of molecules is impacted by the isolated character of catalytic sites, and ultimately to 

optimize this reactivity by designing the catalyst properly, one must succeed in 1) isolating the catalytic 

sites homogeneously, without introducing a different kind of neighboring sites, and by preventing the 

possibility of sintering/leaching under reaction conditions, and 2) controlling the surface density of these 

isolated sites, i.e increasing it to the highest possible extent, if beneficial. The hitherto reported approaches 

to bring active metals onto supports (e.g surface organometallic chemistry, ion exchange, non-hydrolytic 
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sol-gel) sometimes meet the first above requirement.2,3,4 They however hardly meet the second one, or 

have not been sufficiently explored for that purpose. 

 

Recently, mainly in the literature on perovskite materials, a phenomenon called “exsolution” was 

reported. The latter consists in the migration of metals incorporated on bulk sites of the material towards 

the surface under a reducing thermal treatment. It leads to metal nanoparticles having a controlled size 

and distribution (depending on the temperature, the composition of the reducing atmosphere, etc.), and 

being socketed at the surface, thus unable to agglomerate under catalytic reaction conditions.5 On the 

other hand, in preliminary works carried out at LRS, it was shown that exsolution of metals can also occur 

within another type of materials, namely hydroxyapatite. In that case, the exsolution leads to highly 

dispersed metal sites at the surface, even to isolated atoms, rather than to nanoparticles. 

 

Iron is the most abundant transition metal in the Earth’s crust, and thus, it is considerably cheaper than 

the precious noble metals often used in catalysis. Because of its low toxicity, iron-catalyzed reactions 

have become an integral part of environmentally benign sustainable chemistry.6 In the present internship, 

the aim will be to transpose the exsolution approach to various iron-substitutable materials, and see 

whether it allows obtaining single-iron-atoms being both resistant to sintering/leaching and achievable at 

high surface densities. The catalytic performance of the designed materials will be investigated in relevant 

gas phase reactions.          

 

2. Techniques ou méthodes utilisées / Specific techniques or methods 

 

Materials will be prepared by various approaches, and their physicochemical properties will be 

characterized by multiple techniques such as inductively coupled plasma atomic emission spectroscopy 

(ICP-AES), infrared, UV-Visible and Raman spectroscopies, nuclear magnetic resonance (NMR) 

spectroscopy, X-ray (thermo-)diffraction ((thermo-)XRD), X-ray photoelectron spectroscopy (XPS), 

transmission and scanning electron microscopies, N2 physisorption, H2-temperature programmed 

reduction, catalytic activity tests, etc. 
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