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The goal of this project is to explore thiol-Michael chemistry 
as a dynamic bond in polymer materials. The thiol-Michael 
reaction is a click-like reaction with high yield and efficiency 
under ambient conditions, although it can be subject to 
dynamic exchange upon external stimulus. Both thermal and 
pH stimulus have been explored in this project to date as 
methods of activating dynamic exchange.  
The aims of the proposal are: 1. Determine the influence of the 
structure of the thiol-Michael adduct on its dynamic behavior 
as a function of temperature and pH. 2. 
Incorporate dynamic thiol-Michael 
adducts into single networks, and 
characterize the dynamic and 
mechanical properties. 3. Tune the 
dynamic nature by incorporating two 
different Michael acceptors, including 
using an interpenetrating network. 
Significant progress has been made on 
all three aims, with aims 1-2 resulting in 
publications with recent work enabling 
work progressing on aim 3, with the aim 
of creating a publication on aim 3 in the 
next 12 months. 
As shown in Scheme 1, dynamic 
exchange of thiol Michael adducts is 
possible. A kinetic model to follow the 
dynamic covalent exchange was also 
developed. In addition to small 
molecule reactions which provide 
insights into the fundamental nature of 
this dynamic bond, polymer materials 
crosslinked with thiol-Michael adducts 
have been explored. As indicated in 
Scheme 2, the maleimide based 
Michael acceptor has been used as a 
dynamic and responsive linker in 
polymer materials. Ethylene glycol 
dimethacrylate (EGDMA) is used as a 
static brancher. Polymer materials with 
control over the primary chain length 
have been synthesized by reversible addition-fragmentation chain transfer (RAFT) polymerization. A protected thiol 
approach was used to enable well defined RAFT polymers to be synthesized with control over the thiol-crosslink 
density, branch point density and primary backbone chain length. 
As indicated in Figure 1, uncut material properties can be varied by thiol loading or chain length. Higher crosslink 
density leads to higher stress (s) but at a lower strain (e). Additionally, the materials recovery after damage (or self 
healing) is clearly dependent on crosslink density. Interestingly, higher density of the dynamic covalent thiol Michael 
crosslinker leads to reductions in the dynamic exchange. This is somewhat counter intuitive since typically kinetics 
are faster with higher concentrations of the active dynamic covalent linker. This can be explained by the fact that a 
higher density of crosslinker leads to a more rigid material. With this increased rigidity and decreased mobility 
dynamics of bond exchange are slowed down, and self-healing is inhibited. 
 

	
Scheme 1: Model for the exchange of thiol-
Michael adducts 
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Scheme 2: RAFT polymerization approach to the synthesis of well-
defined polymer materials crosslinked with thiol-Maleimide adducts. 

 
Figure 1: Left: Stress (s) vs strain (e) plots for PEA50-TM1.5-EGDMA1 
Right: s vs e plots for PEA50-TM5-EGDMA1. 
 
 
 
 



One of the most interesting and 
important discoveries from 
this project is the comparison 
of two materials with similar 
crosslink density and primary 
chain length yet, one was made 
by conventional free radical 
polymerization and the other 
made by RAFT 
polymerization. As indicated 
in Figure 2, direct comparison 
of the RAFT synthesized 
material and the material 
synthesized by conventional 
radical polymerization 
indicates the superior 
properties of materials with a 
continuous crosslink density. 
Specifically, the RAFT 
synthesized materials have similar peak stress, although the superior strain at break leads to improved toughness. 
Additionally, the materials have substantially improved self-healing kinetics, suggesting more effective dynamic 
exchange. This is likely due to the more uniform polymer structure in the RAFT synthesized materials leading to a 
better network than those made by conventional radical polymerization 
where there may be some chains that are very slow to exchange due to their 
high chain length, with others that are so short they do not contribute to 
overall network formation. 
Regarding aim 3, progress has been made in these materials. Interpenetrated 
network materials have been synthesized using this approach. As shown in 
Scheme 3, interpenetrated networks have been synthesized by this 
approach, with both networks being crosslinked by the same thiol-
Maleimide linker. Figure 3 shows that the interpenetrated material (IPN) 
has superior mechanical properties to the single network (SN) analogue. 
Both materials have the same composition and crosslink density, with the 
only difference being macromolecular architecture. Currently polymer 
dynamics studies are being performed on these materials to evaluate 
changes in the material properties as they are heated and exposed to 
dynamic stimulus. 
Impact. Prior to receiving this award and its associated research, the 
Konkolewicz group focused on using existing chemistry to develop new 
materials with a particular focus on kinetics of polymerization reactions on 
thermoplastic or soluble polymers. The research support from the PRF has 
enabled the Konkolewicz group to develop new and simple dynamic 
covalent chemistry based on thiol-Michael chemistry and to gain skills in 
the field of polymer networks. This development of new dynamic covalent 
chemistry and associated experience with network materials is a new and 
potentially impactful area of research for the group. Students in the 
Konkolewicz group have diversified their skills, with experience in 
materials characterization, while also expanding their skills in reaction 
kinetics and physical organic chemistry. As a result of support from the 
PRF, graduate and undergraduate students are continuing to expand their 
skills in materials characterization especially with dynamic mechanical and 
rheological experiments. Development of dynamic thiol-Michael chemistry 
and materials characterization skills gained through this project enabled the 
Konkolewicz group to provide evidence of experience with materials 
characterization and dynamic chemistry which formed the basis of a 
successful National Science Foundation CAREER award to PI Konkolewicz.  

  
Figure 2: Left: s vs e curves for PEA50-TM3-EGDMA0 material made by 
RAFT, Right: s vs e curves for PEA materials made by conventional radical 
polymerization with 7% crosslinker and average chain length of approximately 
50 units. 

 
Scheme 3: Dynamic 
interpenetrated polymer material 
crosslinked with thiol-Maleimide 
adducts. Each network contains 
the same thiol-Maleimide adduct. 

 
Figure 3: s vs e curves of 
interpenetrated network (IPN) and 
single network materials of 
poly(hydroxyethylacrylate) 
crosslinked by a thiol maleimide 
linker. 
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