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          Hydrogels are 3D cross-linked polymer networks, which can absorb and retain large amount of water. 
Thanks to their good biocompatibility, synthetic hydrogels have been extensively studied for tissue engineering 
and biomedicine applications. In a global context of preservation of resources and production of materials with 
low environmental impact, gels open tracks for the rational and efficient design of high performance synthetic 
polymers. Recent efforts have been devoted to a fine tuning of their macroscopic responses (swelling and 
mechanical properties) by using smart macromolecular architectures. [1] Most of these hydrogels are 
petroleum based and not degradable. Often, biodegradable hydrogels are made from biosourced high 
molecular weights polymers (as collagen, chitosan, alginate, starch, cellulose, etc.) that make difficult to control 
and tune their architectures. In that context, the design of amphiphilic copolymers networks seems promising 
[2-3], i.e. hydrophobic segments may act as reinforcing domains while water retention is ensured by 
hydrophilic moieties.  
          In this project, we aim to develop fully bio-sourced and biodegradable hydrogels based on an acrylate 
analog: itaconic acid (extracted from Aspergillus terreus fungi) as polymer network reinforced by 
stereocomplex (SC) crystallization between hydrophobic polymers. The complementary configurations 
obviously appear to be the key to highly improve intermolecular interactions (See Figure). [4]   
In a preliminary study during her sabbatical period at SIMM laboratory, Dr. Carine Robert (IRCP, Chimie 
ParisTech-PSL) demonstrated the high potential of this itaconic acid based gels by developing an innovative 
synthesis path. Thus, under specific polymerization conditions, we successfully controlled the macromolecular 
architecture. First results on swelling and mechanical behaviors provided the proof of concept. 
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          In this work, special focus will be paid on the efficiency of hydrophobic SC crystallization on the 
reinforcement. In a first step, various bio-based building blocks dialcohols/dicarboxylic acid will be used to 
synthesize renewable resource-based polyesters in order to be grafted on the hydrophilic poly(itaconic acid) 
skeleton. Then, hydrophobic enantiopure biodegradable polylactides (PLA) will be tailor-made by using an 
hydroxy acrylate derivated initiators and highly active ring-opening polymerizations needed to afford soft 
conditions and well-defined micro-structures. [4] We will work at reinforcing the hydrogels by playing with the 
strength of polyester hydrophobic interaction in water as a secondary physical crosslinking junctions.  
          Thus 3 steps are considered in the development of the thesis: 
1) The synthesis of co-networks based on poly(itaconic acid) with a series of hydrophobic polyester grafts; 2) 
After selecting the most promising system, the structure of the gels will be studied by scattering methods 
(SAXS); 3) Analysis of the mechanical response (behavior under small and large deformations) and evaluation 
of the degradation process. 
          The project requires interdisciplinarity and possibly international mobility (coll. Hokkaido Univ.). The PhD 
candidate will have the chance to be supervised by three researchers with expertise in complementary fields: 
synthesis of polymers, soft matters design and mechanical properties. 
 

Figure. Design of bio-sourced & biodegradable gels based on 
itaconic acid as polymer network reinforced by stereocomplex 
(SC) crystallization between hydrophobic polymers.


