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ABSTRACT 
 
In this work, we present a novel additive manufacturing method that uses printing of nanoparticles to 
fabricate a new class of three-dimensional (3D) micro-architected materials. Using controlled 
condensation and solvent evaporation in an aerosol jet based printing process, we have been able to 
achieve a precise arrangement of nanoparticles in 3D space to give rise to hierarchical structures that 
span over five orders of magnitudes in length scale (micro to meso). Theories of dropwise hardening 
and evaporation are developed and validated through experiments to precisely control this 
process.  Highly intricate 3D micro-lattices, pillars, and spirals are demonstrated with a potential use in 
applications such as batteries, microelectronics, ultralight materials, and bio-probes. We have also 
developed methods to modulate the properties of such structures using different thermal treatments to 
allow grain growth and changes to porosity. We also carried out studies of electrical stability of printed 
2D films and demonstrated their use sensor applications. Such films, because of their high surface to 
volume ratio result in high sensitivity for resistance based mechanical sensors and biosensors. The 
challenges associated with scaling of the printing methods are also discussed. 
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