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Context: Hybrid porous solids or MOFs (metal-organic frameworks) constitute ideal platforms for the 
elaboration of new heterogeneous, photoactive, selective, recyclable catalysts without noble metals, which 
could perform reactions of major interest (oxidation of water, reduction of protons or CO2). Thanks to the easy 
functionalization of the ligand and the post-synthesis functionalization such as the encapsulation and the 
grafting of active species, this field has been attracting an increasing interest for the last 5 years (C. Wang et al 
Chem. Soc. Rev. 2016, 45, 5107). Our team recently performed the synthesis of a heterogeneous photosystem, 
a "3-in-1" material combining light capture (with a porphyrin), catalysis (with a polyoxometalate, cobalt POM) 
and the porosity of a MOF. The material thus designed, Co-POM@MOF-545, has a remarkable catalytic activity 
for the oxidation of water as well as a very good recyclability and stability (G. Paille et al J. Am. Chem. Soc 2018, 
ASAP DOI: 10.1021/jacs.7b11788). Moreover, the deposition of this type of porous solids in thin films emerges 
as an extremely promising alternative for the design of electrode materials (T. Bein et al. J. Am. Chem. Soc. 
2018, 140, 2085-2092), however, remains unexplored in the field of photocatalysis. 

Objectives. These recent discoveries pave the way for the development of photocatalysts of a new type, which 
will benefit from the confinement of POMs within the pores of a photosensitive MOF (here MOF-545, based on 
porphyrin linkers). This thesis proposes two axes: i) the synthesis and advanced structural characterization of 
these new POM@MOFs photosystems for water photo-oxidation (WOC) and proton photo-reduction (HER). 
The synthesis of POMs (Co- and Mn-POMs) and MOFs will be performed in collaboration with the Institut 
Lavoisier de Versailles (Dr. A. Dolbecq). The use of traditional powder diffraction techniques is excluded 
because of the disorder associated with the distribution of POMs in the pores. We will thus turn to the last 

generation PDFs (Pair 
Distribution Functions) data 
collections, known to be 
effective to elucidate the 
local structure of similar 
systems (T. D. Bennett et al 
Nature Comm. 2015, 6, 
8079), completed by 
EXAFS/XANES expe-riments 
on the Samba line in Soleil. 
Targeted DFT (Density 
Functional Theory) 
theoretical calculations will 
also be considered in order 

to corroborate the experimental results in terms of the local structural environment of the POM and the local 
impact of the MOF on the electronic properties. ii) The development of thin-film shaping protocols for these 
systems adapted to their use in photochemistry or electrochemistry. This project has a great originality, while 
relying on very solid and promising preliminary results (G. Paille et al J. Am. Chem. Soc 2018). 

Specific requirements to apply: High motivation is required, as well as a good knowledge in materials 
chemistry. Experience in photo/electrochemistry and/or DFT calculation is greatly welcome. Good level in 
English or French is required. 
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