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Overview 
Patterns of clouds in the sky, wind-sculpted striations in the desert sand, spots and stripes of animal 
skin are examples of patterns that emerge spontaneously in nature. The physical laws that govern 
spontaneous pattern formation in these dissimilar systems are strikingly similar.  

Our research examines such nonlinear phenomena when a system simultaneously undergoes optical 
and chemical changes. Because the optical and chemical properties of such systems can be precisely 
controlled, they provide convenient pathways to examine complex nonlinear processes. We study light 
induced perturbations and different forms of nonlinear light waves in a range of photoresponsive 
systems with a focus on soft materials. This research, while consistent with studies of nonlinear light 
propagation established by optical physicists and engineers, contributes new chemical perspectives to 
this field. We harness these diverse behaviours to develop functional polymer microstructures, 3-D 
waveguide architectures for light capture and light shaping, photoresponsive films, bio-inspired 
optics, 3-D printing techniques, all-optical encoding, and new ways to micro-manipulate optical 
fields.  

We work in a richly interdisciplinary, collaborative and inclusive environment that combines polymer 
chemistry, photochemistry, optical physics, photonics and materials engineering.  

Undergraduate Projects 

 

 

A. Soft materials that compute with light 
B. Bio-inspired optics: multifunctional slim polymer films embedded with 3-D waveguide 

architectures 
C. Single-step 3-D printing with nonlinear waves 
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A. photopolymer cuboid that 
operates on orthogonal binary (dark-
bright) strings of light and projects 
the result at its output face. B. 
ommatidial array of an insect’s 
compound eye is transcribed to a 
thin polymer film. C. 2 cm-tall 
figure created through prismatic 
(top) and commercial (bottom) 3-D 
printing. 


