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Fig. 1 The biomedical applications of magnetic nanoparticles® >l
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Fig. 2 Properties of magnetic vortex nanoparticles
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Fig. 4 The vortex region of Fe;O, nanorings within the ground state phase diagram (a~ c) and the magnetization

reversal of Fe;O, nanorings from vortex state to onion state (d)"“”
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Fig. 5 Schematic illustration of the formation process for Fe;O, nanorings/nanotubes (a) and SEM images (b),
TEM images (c), XRD patterns (d) of the Fe;O, nanorings™
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Magnetic Vortex Nanoparticles: an Innovative Magnetic
Nanoplatform for Biomedical Application

WU Jian-Peng'?, LIU Xiao-Li?, ZHANG Huan?, ZHANG Yi-Fan?, LUO Yan-E?, FAN Hai-Ming>”
(" Institute of Photonics & Photon-technology, Northwest University, Xi'an 710069, China;
2 School of Chemical Engineering, Northwest University, Xi'an 710069, China)

Abstract The application of magnetic nanoparticles on biomedicine has gained increased interest in recent years
because of their unique magnetic properties such as superparamagnetism. However, magnetic nanoparticles possess
these desirable features at the expense of particle size and magnetic properties such as reduced saturation
magnetization and susceptibility, which in turn has affected its performance in bioapplication. In comparison with
superparamagnettic nanoparticle, magnetic vortex nanoparticles with unique magnetic domain structure and
relatively large particle size, has shown superior magnetic properties, which make them a promising candidate for
diverse biomedical applications. In this article, we briefly review the progress on synthesis and biomedical
application of magnetic vortex nanoparticles. In particular, magnetic vortex iron oxide nanodisks and nanorings are
taken as typical examples to demonstrate the vortex domain structure and its magnetization reversal process.
Benefits from their unique magnetic properties, these magnetic vortex nanoparticles have significantly improve the
performance of MRI diagnostic and anti-tumor hyperthermia treatment as compared to currently available
superparamagnetic iron oxides nanoparticles. Ultimately, the highly biocompatible magnetic vortex nanoparticles
that we have introduced here can be a promising biomagnetic nanoplatform to construct a variety of high efficient
nanoagent systems for biomedical application in the future.

Key words magnetic vortex nanoparticle, magnetic nanodisk and nanoring, MRI contrast agent, anti-tumor
treatment
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