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Learning Objectives: 

• Colloidal Synthesis of uniform-sized iron oxide nanoparticles 
• MRI contrast agent applications of uniform-sized iron oxide nanoparticles 
• Assembled uniform-sized iron oxide nanoparticles for theragnostic applications 

Recently our group developed several kinds of MRI contrast agents using uniform-sized iron oxide 
nanoparticles. For example, using 3 nm-sized iron oxide nanoparticles, new non-toxic MRI contrast 
agent was realized for high resolution MRI of blood vessels down to 0.2 mm, which can be potentially 
applied to early diagnosis of cancers, stroke, and cardiovascular diseases. 50-nm ferrimagnetic iron 
oxide nanocrystals (FION) were employed as MRI contrast agents for single cells and transplanted 
pancreas islets. We prepared Fe3O4/TaOx core/shell nanoparticles for simultaneous MRI and CT 
imaging. We fabricated tumor pH-sensitive magnetic nanogrenades composed of self-assembled iron 
oxide nanoparticles and pH-responsive ligands. We successfully visualized small tumors implanted in 
mice via unique pH-responsive T1 MRI and fluorescence, demonstrating early-stage diagnosis of tumors. 
Furthermore, pH-triggered generation of singlet oxygen enabled pH-dependent photodynamic therapy 
to selectively kill cancer cells. 
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