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Introduction 
Synthetic, polymer-based materials that are capable 
of self-healing upon damage (figure 1) have gained 
tremendous interest in recent years because of the 
many applications that can derive from them.  
In this project the aim is to contribute to the further 
development of this research field by creating 
polymer-based materials that can autonomously 
heal, which is in contrast to most examples of self-
healing materials reported to date for which the 
process of healing is assisted by external inputs 
such as light, heat or solvent. 
 
Goal 
Study the self-assembly and self-healing properties of the dynamic covalent metallopolymer 
shown in figure 2. 
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Figure 2. Preparation of a dynamic covalent metallopolymer. 
 
Recently the Zn-polymer shown in figure 2 was synthesized in our lab. The presence of dynamic-
covalent imine bonds impart responsiveness to the overall polymer. In this project the effect of 
various parameters on the material properties will be investigated: choice of metal, solvent, 
temperature, choice of amine. 
Next, the introduction of an aliphatic polyamine will be added as crosslinking agent to the linear 
metallopolymer, which will partially displace the original (aromatic) amine by transimination 
(figure 3). The reversibility of the imine bond, and the presence of unreacted amine, will result in 
continuous breaking and forming of inter-chain linkages.  

 
Figure 3. Dynamic covalent metallopolymer formation followed by reversible crosslinking through 
transimination. 
 
Upon breaking of the polymer the fragments will autonomously heal due the formation of new 
inter-chain linkages. This process could be assisted by external stimuli (light, heat, solvent) to 
induce breaking of the metal–ligand bonds in favor of new bonds. Experimental conditions will be 
optimized to obtain a self-healing material, including optimizing parameters such as the length of 
the polymer blocks, amount of crosslinking polyamine and its nucleophilicity, temperature and 
degree of solvent swelling. Characterization of these materials will include investigation of the 
material properties before and after self-healing. 
 
Techniques to be used 
Synthetic techniques, NMR, Mass spectrometry, GPC, UV/vis, DLS, DSC, rheometry, AFM. 
 
For more information 
Maarten Smulders, room 8.057, tel. 0317–480435, e-mail: maarten.smulders@wur.nl. 
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Figure 1. Example of a self-healing polymer gel. 


