
 

PhD position available at Sorbonne Université 
Cyclable and cheap catalysts for hydrogen storage and 

release by organic liquids 
Context:  Hydrogen utilization is 
one of the keys to the 
development of a low-carbon 
economy, but H2 storage and 
transportation is a technical lock 
that remains to be lifted to really 
develop H2 use. Liquid Organic 
Hydrogen Carriers (LOHC) are 
probably one of the most 
appealing solutions to lift this 
technical lock: LOHC are organic 
compounds that can absorb and 
release a high weight fraction of 
hydrogen through chemical 
reactions, making therefore 
possible H2 storage and transport 
under ambient conditions (e.g. 
using existing pipelines, figure 1).  
 

With this project, we aim to:  

(i) develop the use of emerging Liquid Organic Hydrogen Carrier (LOHC) based on nitrogen 
containing compounds1,2,  and more precisely primary amine/nitrile pairs, starting with model 
alkylamine such as oleylamine (for which an activity in dehydrogenation of cobalt NPs has 
already been established by us3) and extending to diamines/dinitriles such as the 1,5-
diaminopentane/1,3-dicyanopropane pair (which fulfill the requirements of LOHC4,5),  

(ii) develop new, affordable, energy-efficient and cyclable catalysts based on cobalt, nickel 
and iron (bi)metallic nanoparticles, either colloidal or supported on silica material to increase 
their stability and cyclability. 
The project is divided into three, interconnected tasks:  
Task 1: Synthesis and characterization of a library of Co, Ni, CoNi and CoFe colloidal NPs of 
various size and shapes. For this part of the project the doctoral student will make use of 
already developed synthesis protocols (Co and Ni nanoparticles6,7) and will also have to 
develop new syntheses (for CoNi and CoFe colloidal nanoparticles)  
Task 2: Based on our experience, and on literature,4b the colloidal nanocrystals will, at least 
partially, progressively lose their catalytic activity due to agglomeration. To solve this issue 
and to facilitate the recovery of the catalysts, a tethering of the colloidal crystals on silane-
functionalized, high surface area and high pore size (or non-porous) silicas, will be performed. 
For the functionalization of the silicas, a silane bearing terminal functional groups, able to 
strongly interact with the NCs surface (e.g. a dicarboxylic acid function), will be used8. This 
task will also focus on the detailed characterization of the functionalised supports and 
supported catalysts and on their evolution under reaction conditions (with an attention on 
possible lixiviation and agglomeration).  



 

Task 3: evaluation of the activity, 
stability and cyclability of the NPs 
(Task 1) and immobilized NPs (Task2) 
for the hydrogenation of nitriles-
dehydrogenation of amines. The 
doctoral student will evaluate the 
impact of the properties of the NPs 
(size, shape & composition) and of 
the conditions of its immobilization 
(size of the support particles, size of 
the pores, choice of the grafted 
silane and surface density of grafted 
silane) on the initial activity (TOF), 
selectivity and on the cyclability 
(TON), with the purpose to identify 
the composition and the 
experimental conditions leading to 
optimal hydrogenation and 
dehydrogenation. 
 
The project will benefit from the expertises and the infrastructures of the three involved 
laboratories (LRS, MONARIS and IPCM, all located at the Pierre et Marie Curie Campus of 
Sorbonne-University). Hence, the PhD student will be able to organize his/her experimental 
work easily, on a day-to-day basis  
Candidates: applicants should have a master in chemistry (physical chemistry, organic chemistry 
or chemistry of materials) with an experience in inorganic synthesis and/or evaluation of catalytic 
properties of materials. 
Practical aspects: The position is available starting Oct. 2022 and lasts for 36 months. The funding 
is already secured (project funded by the Institut des Matériaux (IMat, Sorbonne Université)). 
The net income is about ~1400 euros/month (without teaching mission). Applicants should 
provide a CV, a letter of motivation, and the names and e-mail addresses of 2 or 3 references to:  
Dr. Juliette Blanchard     Prof. Christophe Petit 
 Juliette.blanchard@sorbonne-universite.fr   Christophe.petit@sorbonne-universite.fr 
Laboratoire de Réactivité de Surface   Laboratoire MONARIS   
01 44 2749 14      01 44 27 29 06 

Dr Marc Petit  
marc.petit@sorbonne-universite.fr 
Institut Parisien de Chimie Moléculaire (IPCM) 
UMR 8232 équipe MACO 
01 44 27 39 32 
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