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Abstract

Over the past two decades, nanometer-sized materials and devices have attracted much interest from
scientists and the general public, due to the broad range of current and prospective applications of
nanomaterials in electronics, high-density data storage, chemical sensing, drug delivery, medical
diagnostic systems, and nanocatalysis. The explosive growth in solution processed semiconductors
has driven new emerging technologies for photonic sources and adaptive optics: organic, hybrid,
perovskite and all inorganic-nanoparticle systems have developed significantly over the last four
decades due to the promise of cheap, flexible displays and lights and the sources to power them.
Though they have impacted the consumer landscape, such devices have not dominated the market as
has been long predicted, as a roadblock in effective nanoparticle device development is homogeneity,
uniformity and effective size control, in the materials and at various interfaces. Self-assembly of
amphiphilic block copolymers is a model example of a "bottom-up™ approach to the construction of
nano-objects on largeist.areas. Di-block copolymers, due to their amphiphilic nature, spontaneously
form core-corona micelles in selective solvents. Using the micelles as “nanoreactors” allows the
formation of highly controllable nanoparticles. Particles are possible with a very narrow size
distribution, less than 2% variation in the particle diameters, which can be deposited on any surface at
room temperature with highly controlled spacing and spatial organization. This is a simple
manufacturing approach, that is low-cost, low-energy, and can be scaled-up to industrial scales. An
advantage of the reverse micelle approach is the control over the 2D dispersion: highly ordered
periodic arrays to complete spatial randomness are achieved with simple tuning of deposition
parameters. In the Organic Interfaces Group at McMaster University, we have used the same basic
micellar diblock copolymer nanoreactor to produce monodisperse oxide, dielectric, perovskite, and
metal nanoparticles [1-5] for use as electrode interlayers in optoelectronic devices, as catalysts for
water splitting, as optical isolators, and as nanoparticle polarizers. Most recently, we have expanded
the approach to produce highly luminescent monodispersed organo-halide perovskite nanoparticles
for light emitting diodes and lasers. This talk will cover our recent developments in reverse micelle
deposition of ordered arrays of functional nanoparticles and their impact on various devices. Taking
advantage of the tunability of these templates, we are able to produce particles of varying composition,
structure, and size to achieve tunable magnetic, electrical, and optical responses. As it can be difficult
to classify disordered systems, we have also developed a variety of tools to quantify the spatial order
of nanoparticles, collected in a freely available Mathematica package, “Detecting Intermolecular
Structure Located at particle positions” (dis-Locate). With a complete picture of the synthesis process
coming out of our research -- from an understanding of the basic loading behaviour, the stability and
the organizational structure of the micelles, to the properties of the nanoparticles and their impact in
devices -- it is possible to tailor nanoparticle properties for widespread applications. This universal
low-cost facile route to monodisperse single phase nanoparticles offers a roadmap for further
developments of functional nanoparticles tailored for bespoke applications.

Keywords: Reverse micelle deposition, diblock copolymer lithography, complexation, nanoparticle
synthesis, organic electronics.
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