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The magnetic field-dependent magnetisation of superparamagnetic iron oxide nanoparticles is probed through Monte Carlo simulations and compared to
experimental results obtained on a Vibrating Sample Magnetometer with two different nanoparticle samples. The simulations are performed using the
particle size distribution obtained from STEM images. Simulations and experiments are in good agreement for the sample with the smaller particles (R, = 3,21
nm) but not the second sample (<R>= 6,81 nm).

I. Introduction and research context

. Iron oxide nanoparticles are useful in a wide range of applications, especially in the biomedical field. Their characterization relies notably on their
magnetisation curves.!!

. Magnetisation curves are assumed to be equilibrium curves. Therefore, the Metropolis algorithm, which allows to compute the equilibrium
properties of physical systems(?], is a method of choice to reproduce those curves through numerical simulations.

. However, very few studies compare results from such simulations to actual measurements. This is our goal.[4l
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. Two evolution processes coexist : Néel relaxation (i.e. reorientation

of [1;) or Brown relaxation (i.e. reorientation ofTA)).

. Dipole-dipole interactions are considered only for particles within a
The magnetisation curves were obtained on a Vibrating Sample certain cutoff radius of one another.
Magnetometer at 300K.

11l. Results at 300K
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simulations is however small compared to the
Particles with a median radius of 3,21 nm disagreement between the simulations and the Particles with a mean radius of 6,81 nm
experimental data for that sample.

The agreement between the Monte Carlo simulations and the experimental data, is excellent for the first sample. On the other hand, the simulation
completely fails to reproduce the experimental data for the second sample.

IV. Prospects

. The strong disagreement between the simulations and the experimental data for the second sample remains to be explained.

. The dynamics of those particles, and in particular the influence of dipolar interactions on the Néel time, should be studied. Indeed, if the Néel time is
considerably heightened by these, the particles’ magnetic moment perhaps does not have enough time to reach equilibrium over a characteristic
measurement. This could explain the failure of the model observed for the bigger particles.

. Another possibility is that there is a need to refine the anisotropy model. Indeed, the uniaxial scheme is simplistic.
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