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Abstract: New states of order with unexpected, exploitable properties may arise from the purposeful growth 

of single-crystal, colloidal nanoscale particles (nanocrystals - NCs) with adjustable geometrical characteristics 

(size - shape). However, the growing request for advanced nanoscale entities, capable of multiple technological 

tasks and/or unconventional physics, stimulates efforts to shift from single-phase material NCs to the development 

of novel multicomponent nanostructures. We discuss the progress in complex colloidal systems of individual 

nanocrystals arranged in tailored cluster-like structures, with focus on those of iron oxide chemical origin. Such 

size-tunable (<100 nm) nanostructures are obtained by surfactant-assisted chemical strategies, offering a quick 

and wide phase-space exploration. We show that water-dispersible, of low-cytotoxicity colloidal assemblies 

address function-driven requirements in healthcare market. However, this attribute necessitates that we 

understand the evolution of their properties upon the assembly of their inorganic subunits.  
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