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Understanding and governing the complex behavior in magnetic materials at the nanoscale is the key and the challenge not only for 

fundamental research but also to exploit them in applications ranging from catalysis,[1] to data storage,[2] sorption,[3-4] 

biomedicine,[5-6] and environmental remediation.[7] In this context, spinel ferrites (M2+Fe2O4, where M2+ = Fe, Co, Mn, etc.) 

represent ideal magnetic materials for tuning the magnetic properties through chemical manipulations, due to their strong dependence 

on the cation distribution, spin-canting, interface, size, shape, and interactions. Furthermore, when coupled with other phases 

(heterostructures), they can display rich and novel physical properties different from the original counterparts (exchange coupling, 

exchange bias, giant magneto-resistance), allowing them to multiply their potential use.[8] For example, the possibility to tune 

magnetic anisotropy and saturation magnetization by coupling magnetically hard and soft materials have found usage recently in 

applications based on magnetic heat induction, such as catalysis or magnetic fluid hyperthermia (MFH).[9] Therefore, it is crucial to 

engineer core-shell nanoparticles with homogeneous coating and low size dispersity for uniform magnetic response and to maximize 

the coupling between the hard and soft phases (i.e. the interface).[10] Even though some studies have reported interesting results in the 

field of magnetic heat induction, a systematic study on an appropriate number of samples for a better comprehension of the 

phenomena to optimize the performance is needed.  

In this contribution, the capability of coupled hard-soft bi-ferrimagnetic nanoparticles to improve the heating ability is exploited to 

understand the influence of the different features on the performances. This systematic study is then based on the correlation between 

the heating abilities of three magnetically hard cobalt ferrite cores, covered with magnetically soft spinel iron oxide and manganese 

ferrite having different thickness, with their composition, structure, morphology and magnetic properties. Direct proof of the core-

shell structure formation was provided by nanoscale chemical mapping, with identical results obtained through STEM-EELS, STEM-

EDX, and STEM-EDX tomography. 57Fe Mössbauer spectroscopy and DC/AC magnetometry proved the magnetic coupling between 

the hard and the soft phases, thanks also to the comparison among core-shell NPs, ad-hoc prepared mixed cobalt-manganese ferrites 

NPs, and cobalt ferrite NPs mechanically mixed with manganese ferrite NPs. The heating abilities of the aqueous colloidal dispersions 

of the three sets of core-shell samples revealed that, in all cases, core-shell nanoparticles showed better performances in comparison 

with the respective cores, with particular emphasis on the spinel iron oxide coated systems and the samples featuring thicker shells. 

This scenario entirely agrees with the hypothesis made based on magnetic parameters (saturation magnetization, Néel relaxation times, 

effective anisotropy) of the powdered samples, and demonstrated the importance of a sophisticated approach based on the synergy of 

chemical, structural, and magnetic probes down to a single-particle level.  
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