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The advent of various photopolymerization mechanisms used in tandem with traditional 
polymerization mechanisms has enabled the optimization of polymer networks which allow for 
their properties to be tailored for highly specific applications that range from soft lithographic 
substrates to high performance parts on aircrafts.1-3 From an applications perspective, however it 
would be highly advantageous to have one stage of the polymerization process occur through a 
self-limiting polymerization reaction that can form a stable polymer network with desirable 
physical attributes, which also simultaneously maintains the ability, upon stimulus, to react 
further and achieve a second and final set of material properties. The thiol-acrylate “click” 
Michael addition reaction has been a platform for biomaterial applications ranging from tissue 
scaffolds to drug delivery applications.4-7 It is known that the stoichiometery of thiol-acrylate 
Michael addition networks must be 1:1 to form optimized networks. In this work we exploit the 
ability to vary the stoichiometery of thiol and acrylate functional groups to enable greater 
versatility of these systems, particularly a desirable two stage curing reaction.  



 
Figure 1.Thiol-acrylate two-stage reactive polymer systems methodology. 
 

 

 

 A thiol-acrylate network formed by a Michael addition reaction from an initial monomer 
mixture with a stoichiometeric excess of acrylate groups leads to an initial polymer network with 
residual acrylate functional groups. The residual acrylate functional groups can subsequently be 
photopolymerized in a second polymerization reaction.  The ensuing dual-cure system exhibits a 
first polymerization reaction that is a base catalyzed, self-limiting reaction to form an initial 
polymer network and a second polymerization reaction, orthogonal to the first reaction that is 
photoinitiated to form the final polymer network. The acrylates homopolymerize via a free 
radically initiated chain growth polymerization mechanism with initiation and termination steps 
similar to the thiol-ene mechanism. Such a system enables the achievement of two distinct and 
largely independent sets of material properties as might be necessary for multiple stages in the 
life-cycle of certain applications 



 

 

 

 

In this study we demonstrate that by varying the stoichiometery within the initial monomers we 
choose, two-stage reactive polymeric systems with a wide range of moduli and glass transition 
temperatures at the end of both the first and second stages of cure were achieved. Further, we can 
optimize and characterize the polymer formulation for three different applications - shape 
memory polymers, impression materials and optical materials.  

 
 

 
 

 
Figure 2. A shape memory polymer coil (a), a micron scale lithography pattern (b) and a 
diffraction grating pattern indicating a refractive index gradient (c) made from a two-stage 
reactive polymer system 
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