Corrosion protected 3D core-shell nanocolloids
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Abstract
The electronic, optical, magnetic, and catalytic properties of nanoparticles depend on their geometry and material composition.1 Applications in liquids and in particular water are, however, limited for a number of promising nanomaterials, as they are prone to corrosion.2,3 Here, we present a method that can be used to protect complex hybrid 3D nanocolloids against corrosion. 
[bookmark: _GoBack]The method uses a nanoscale shadow growth technique, which we term ‘nano-glancing angle deposition (nanoGLAD)’.4 It can be used to grow three dimensional (3D) nanocolloids with some flexibility in the size, shape, and material composition of the nanoparticles. However, this scheme alone does not offer a means to prevent corrosion. Here, we show how the method can be adapted to grow 3D core-shell nanocolloids that are stable in various physiological environments.5 
We report a refined nanoGLAD scheme which, in conjunction with atomic layer deposition (ALD), can be used to protect multifunctional nanocolloids even in corrosive environments. The challenge is to ensure the complete encapsulation of the nanomaterial (core) by a defect-free shell layer. We discuss a promising metallic oxide shell layer that is chemically inert and that does not affect the colloidal stability. We demonstrate magnetic nanocolloids that without the protective layer corrode within hours in an acidic environment, but that are stable for weeks and in some cases even months when grown by the advanced nanoGLAD process. Entirely new applications are possible,6,7 including ones with Mg nanoparticles in aqueous solutions8 and for biomedical applications at low pH.9
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