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Abstract: Poly(ethylene glycol) diacrylate (PEGDA) hydrogels are important engineering materials. 
They are biocompatible, mechanically tunable, can be fabricated at low cost, and functionalized, 
enabling their use in tissue engineering, drug delivery, and microfluidics. PEGDA-based materials are 
also easily photopolymerized and photocrosslinked, enabling high-resolution fabrication of intricate 
structures with tailored mechanical properties, for example, through 3D printing.  Despite these broad 
applications, we are only beginning to understand how to design PEGDA gels for specific use cases. 
In sharp contrast to “classical” or “ideal” polymer networks consisting of a single chain type connected 
via pointlike crosslinkers, PEGDA hydrogels possess a unique microstructure of highly interconnected 
bottlebrushes. The relationships between formulation, processing, structure and mechanics in such 
complex and heterogeneous networks are poorly understood and classical polymer theories fail to 
capture critical features.  As a result, material design has typically been accomplished via one-off 
optimization for a particular application with little understanding of how to tune or target properties. 

By combining careful design, precise experimental characterization and modeling, we have recently 
demonstrated that we can predict the mechanical properties of PEGDA hydrogels using minimal 
inputs such as the molecular weight and initial concentration of macromonomers. Moreover, we can 
control PEGDA polymerization kinetics through carefully designed pulsed illumination. Through this 
research, we hope to unlock exciting new capabilities in on-demand manufacturing, and enable 
precise fabrication of hydrogels with targeted structural and mechanical properties from a single 
precursor solution simply by subjecting them to different pulses of light. These advances will meet 
critical manufacturing and industry needs in aerospace, health, and robotics, and hold particular 
promise for use in resource-limited environments such as in deep space exploration.  
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