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Defect-engineering of bi-magnetic iron-oxide nanoparticles for optimal heating
power
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I[ron-oxide nanoparticles commercially used in biomedical applications show poor heating
performance and MRI signals because of their low saturation magnetization and magnetocrystalline
anisotropy. Defect-engineering combined with bi-magnetic core/shell morphology is proposed as
an alternative pathway to improve the magnetic properties of these iron oxide nanoparticles [1].

In this study, we have investigated the magnetic effect of the atomic-scale defects, regarding vacant
metal-ion crystallographic sites, in pure spherical core/shell FexO/Fes.s04 and when substituting Co
(12%-35%) in spherical core/shell Co,Fe1,0/CoxFes«Oa nanoparticles [2]. We perform Monte Carlo
simulations with the implementation of the Metropolis algorithm to investigate the cooling field
dependence of the exchange bias and the coercive field at low temperature and we calculate
theoretically the heating loss parameter due to susceptibility losses [3] in these systems. Our results
demonstrate that the defects act as pinning centers resulting to a competition amongst the
magnetic moments, resulting in turn in the non - coherent reversal and consequently to non-easy
relaxation of the spins. This mechanism enhances the magnetic anisotropy of the defected system
leading to a ten-fold increased heating performance comparing to that of the defect-free
nanoparticle. The addition of a moderate percentage of Co substitution (~10%) together with a
small well-preserved highly defected rock salt core and a large as less defective as possible spinel
shell play a key role in improving almost 3 times the magnetically-mediated heating efficacy of the
pure core/shell particle.

Our study highlights how structural and morphological characteristics can affect materials’ design
parameters to improve the iron-oxide based nanoparticles’ magnetic heating performance.
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