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Building Soft, Stimuli-Responsive Microstructures using Stretchable Chemical Templates

We are investigating new synthetic strategies for the fabrication and operation of adaptive, hybrid
structures comprised of combinations of soft materials with functional (chemical, optical, mechanical,
etc.) properties. Central to these efforts are elastomeric surfaces with heterogeneous chemical and
physical properties that can be reversibly reconfigured using simple, macro-scale processes such as
mechanical deformations. In this talk I will focus on our recent work in the assembly and
micromanipulation of hydrogel prepolymer droplets using stretchable chemical templates.
Hydrogels are functional polymeric materials with stimuli-responsive properties applicable to a wide
range of applications including soft electronics and robotics, three-dimensional cell culture, tissue
engineering, and adaptive optics. Accordingly, the diversity and reported use cases of these materials
has grown tremendously over the past decades, however, the microfabrication of multi-material,
hydrogel-based devices remains a challenge. I will describe a simple microfabrication strategy that
enables the facile production of fixed arrays of stimuli-responsive hydrogel microstructures with
dynamic microactation functionality. Our approach uses rationally designed soft, stretchable chemical
templates to (i) drive the surface assembly of prepolymer droplets into ordered arrays and (ii) provide
surface chemical moieties to photograft materials (i.e., hydrogels) directly to the support. By executing
these critical operations using a single template, we realized a seamless fabrication scheme applicable to
the production of a diversity (in terms of materials and geometries) of functional microgel-based
structures. To demonstrate the utility of our approach and the stability of fixed microgels in liquid phase
applications, I will present prototypical microgel-based devices with stimuli-responsive (e.g.,
solvothermal and chemical) optofluidic and microactuation functionality. We envision many
technologies, for example, liquid phase soft microactuators, stimuli-responsive 3D cell culture platforms,
and micro/optofluidic chips, will directly benefit from the use of stretchable chemical templates in the
fabrication of microgel-based, multi-material structures.
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