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Abstract: 
 
Thrust 1 of the MADE in SC program focuses on novel methods to hierarchically assemble 
material building blocks to create advanced materials with unique optical, electronic, and magnetic 
properties. By combining nanoparticle self-assembly with magnetic-field-gradient driven 
assembly, we demonstrate the ability to create 2-dimensional features as small as 75 nm, i.e. 
resolution comparable to Electron Beam Lithography, using single nanoparticles as blocks. Critical 
to this patterning technology is the use of perpendicular magnetic recording media as a 
programmable template for assembly. Importantly, such a recording medium generates highly 
localized magnetic field gradients within nanometers of its surface that exceed 10 
MegaTesla/meter! This field gradient creates a force that itself changes rapidly with height above 
the medium. Such an extreme force gradient can accelerate magnetic nanoparticles toward the 
medium surface. Balancing such attractive force gradients is the repulsive colloidal force that 
keeps the nanoparticles from aggregating in fluid. By tuning this balance between magnetic and 
colloidal stabilizing forces, for example by modifying the suspending fluid, we can trigger self-
assembly of magnetic nanoparticles. We use real-time optical diffraction to monitor this triggering 
as the nanoparticles assemble into parallel lines on a magnetic recording medium. Triggered self-
assembly depends strongly on the ionic properties of the colloidal fluid, but at a level too small to 
cause bulk colloidal aggregation. To date simulations are able to predict the triggering, but not the 
dynamics observed as a function of ionic strength. Beyond driving self-assembly via tuning 
nanoscale forces, this approach offers a metrology with sufficient sensitivity to identify subtle 
effects that could affect nanoparticle behaviour in a clinical setting. Future efforts will include 
adding photoluminescent or semiconducting shells to the magnetic nanoparticle blocks to create 
precision 2D patterned materials with novel optical or semiconducting properties. 
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