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Scientific description: The variety of stable oxidation states found with many transition 
metals results in corresponding oxides of diverse stoichiometries (for example, VO, V2O3, VO2 
and V2O5). When obtained in reduced size and low dimensionality their properties are 
strongly affected, since a large flexibility of their stoichiometry, atomic structure, and 
electronic characteristics is provided often leading to complex compounds which have no 
bulk equivalents. Moreover, the ability to exist in multiple oxidation states is particularly 
important in reactions occurring on their surface - such as in catalysis. Finally, their potentially 
possible mixed forms, the combination of two different 3d transition metals (with cations of 
different size, electronegativity and reducibility) provide means for the modification of the 
parent’s oxide structural (mixing, alloying, janus, core-shell), electronic (band gap 
engineering) and reactivity characteristics. The modelling of MM′O3 structures (with M, M′ = 
3d-element) has already been initiated in our group [(1) Goniakowski and Noguera, J. Phys. 
Chem. C 2019, 123, 7898; (2) Goniakowski and Noguera, J. Phys. Chem. C 2020, 124, 8186.] 
and a strong dependence of the mixing characteristics on the size and dimensionality of the 
objects has been predicted. 
In that context, we propose a Master thesis for the synthesis and characterization of mixed 
MM′O3 nanoparticles (with M, M′ = Ti, V, Cu, Ni). These will be fabricated in different M/M’ 
ratio via metal-organic chemical vapour synthesis (MOCVS). Their crystalline structure will be 
analysed by X-ray diffraction (XRD), the size, morphology and surface composition by 
transmission electron microscopy (TEM) while the oxidation state of M and M′ in the 
corresponding oxide will be proved by X-ray photoelectron spectrometry (XPS). Selected 
samples might be tested as catalysts in an adequate chemical reaction (C-C or C-N coupling). 
 
 
 
 
Techniques/methods in use: metal-organic chemical vapour synthesis, X-ray diffraction, 
transmission electron microscopy (TEM), X-ray photoelectron spectrometry. 
Applicant skills: good knowledge in crystal structures would be of an advantage. 
Industrial partnership: N  
  
 
Internship supervisor(s): Stankic Slavica, stankic@insp.jussieu.fr, 0144274650     
Internship location: 22-12, 5th floor 
 
Possibility for a Doctoral thesis: N   


