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Effect of Interparticle Interactions and Surface Spin
Disorder in Magnetic Nanoparticle Assemblies
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1. Introduction

Studies in magnetic nanoparticles (NPs) have a growing interest due to the potential application in spintronic
deviceq[1]. In a more fundamental point of view, their reduced dimension can lead to finite size effects such as
anisotropy or magnetization enhancement[2]. Besides, the broken symmetry at the surface of the NPs induces a
non-collinear character of the surface spin, the so-called spin disorder[3]. On the other hand, their magnetic properties
could be described by the well-known Stoner-Wohifarth model[4]. However, this picture only holds when
non-interacting NPs are considered. Indeed, in redlistic assemblies of NPs, the magnetic properties are governed by
collective interparticle interactions (exchange or dipolar ones). The effects listed above have been largely investigated
numerically and reported in few experimentg[5,6]. In this work, we present the magnetic properties of magnetite NPs
measured in the interacting (powder) and non-interacting case (dispersed in a matrix).

2. Experiments

Magnetic properties of magnetite nanoparticles (NPs) are observed experimentally in both limit cases of strongly
and non-interacting NPs for two sizes of NPs (5 and 10 nm in diameter). The former case is achieved by measuring a
powder sample of NPs while the non-interacting (NI) case is obtained by dispersing the NPs in eicosane (CxoHa2)
using sonication. This procedure allows separating the NPs in the paraffin matrix so the average distance between the
NPs (~ 100-200 nm) can be tuned depending on the volume fraction.

3. Results

The blocking temperature of the NI NPs slightly decreases while the coercive field and the remnant magnetization
increase. Besides, magnetizations at 5 T (MS) exhibit a small increase at low temperature attributed to surface spin
disorder. However, in the absence of interactions, this increase is more pronounced leading to a different unusual MS
(T) behavior and deviation from Bloch's law. A larger high-field susceptibility is also observed in that case. These
effects are found to be smaller for the 10 nm diameter NPs.

4. Discussion

The variations of the characteristics features such as the coercive field, remnant magnetization and blocking
temperature of the NPs are in agreement with reported numerical and experimental works. This has been clearly
attributed to the increase of the energy barrier given by the dipolar interactions. However, the large difference in the
MS (T) between the interacting and NI case is quite unexpected. We suggest that the disordered surface spins also
contribute in the magnetic properties of the assemblies via the interparticle interactions. Especially, as depicted in
Fig.1, in the case of NI NPs, the usua freezing temperature ~ 50 K of the spin disorder is clearly displayed, compared
with the interacting case. Numerical simulations aiming to understand the interplay of the intra- and interparticle
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interactions, respectively the core/surface spins interactions and the NP to NP interactions, are under investigation.
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Fig. 1. Saturation Magnetization at 5 T.
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