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Polymers and their nanostructures represent a promising alternative to conventional metal oxides for
photonic applications, owing to their ease of processing and their ability to form lightweight, free-
standing, and flexible structures. After introducing the physical properties of polymer photonic crystals,
including Distributed Bragg Reflectors (DBRs) and planar microcavities, together with the key
requirements that polymer materials must satisfy for these applications,  several examples of their use
across a range of fields will be presented. 

1-2

Polymer DBRs enable the development of label-free photonic sensors for monitoring environmental
pollution in both air and water, as well as assessing food quality and degradation. These applications play
a key role for environmental monitoring and in reducing food waste.3-5

Near InfraRed (NIR)-tuned multilayer photonic structures enable the reduction of solar heating by
selectively NIR radiation while maintaining visible light transmission.  Meanwhile, strongly scattering,
low-loss white disordered membranes fabricated from recycled polymers enable sub-ambient radiative
cooling.  Both approaches provide passive temperature control, enhancing the energy efficiency and
sustainability of buildings while reducing greenhouse gas emissions resulting from air-conditioning
demand. 

6-7

8

Moreover, thermoplastic elastomers can be used to fabricate mechanochromic photonic crystals, which
can serve either as sensors for monitoring mechanical stress or as platforms for tuning the optical
properties of materials and for the optical determination of the Poisson's ratio.9

Finally, polymer microcavities and metamaterials enable the engineering of fluorescence spectral
redistribution, the Purcell effect, and strong light–matter coupling, phenomena that lie at the heart of
modern photonics and emerging quantum technologies.10-13

Special emphasis will be placed on the use of recycled polymers and sulfur waste as sustainable building
blocks for the fabrication of these nanostructures.4,14-15
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POLYMER NANOSTRUCTURES FOR PHOTONICS 
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Materials Change. The Science Questions Do Not. 

A research career that is guided by durable questions can be coherent despite not being linear. Across
my career, the materials have changed repeatedly, from inorganic oxides for photonics and molecular
semiconductors for printed electronics, to colloidal quantum dots and metal-halide perovskites for
solar energy. So have the places of research: Polytechnique Montréal, Cornell, KAUST, and NC State. Yet
a small set of questions has remained remarkably stable: How does a material form? How does
processing encode microstructure and properties? How do interfaces govern carrier behavior,
polarons, excitons, and device function and stability? 

Thin films have been the common sand box because their structure and interfaces play an essential
role in all modern devices. Device measurements and in situ characterization and have served as two
complementary lenses. Devices provide an anchor for the science by testing whether our
understanding matters, while in situ diagnostics reveal how materials form when they behave a certain
way in a device and points to causal links between the two. I will trace how these lenses evolved from
optical spectroscopy and X-ray scattering during vacuum deposition of inorganic and organic materials
to multimodal measurements during solution processing organic and hybrid semiconductors, and
ultimately to automated and AI-guided experimentation. 

Many of the most consequential advances came from the broad understanding of thin film science
from across several fields: growth concepts from vacuum deposition and epitaxy; liquid handling and
laboratory automation from biotechnology and pharmaceutical research; singlet-oxygen chemistry
from photosynthesis and photon-upconversion research; and life-cycle assessment adapted to high-
throughput materials discovery. Through selected scientific stories and personal turning points, I will
share lessons about building expertise that travels, choosing collaborators, and creating impact
through the people, insights and shared tools that a community develops.  
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