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The purpose of this work is to study different samples of magnetite (Fe3O4) and maghemite with cobalt-oxide
(CoO·Fe2O3)  nanoparticles  by X-band (9.37 GHz) electron paramagnetic  resonance (EPR).  Under the influence of
temperature the orientation of total magnetization of these ferromagnetic nanoparticles can flip randomly despite being
below the Curie temperature, which, in other words, means, they are superparamagnetic. We can orient the direction of
magnetization  of  these  nanoparticles  with  the  external  magnetic  field  and  measure  the  energy  between  the
magnetization states using the EPR method.

In this study we observe a correlation between the apparent linewidth in the EPR spectrum and the temperature of
the samples, which ranges from 300 K to 5 K. As a result, we see that EPR spectra at around 300 K show a relatively
narrow resonance line, but as the temperature lowers to 5 K, the apparent resonance field decreases and the linewidth
considerably increases. 

To help us better understand the experimental data we use computer simulations. The theoretical formalism for the
simulations is  based on the  insight,  that  the distributions of  particle  volumes are well  described with a  lognormal
function [1]. With this in mind, it has been shown [2] that the two following assumptions are appropriate. Firstly, we
assume that the particles are magnetically ordered ellipsoidal domains with magnetic moments equal to MSV, where MS

is the spontaneous magnetization and V is the volume of the particle. Secondly, we assumed that the resonance field is
not  only  comprised  of  static  external  magnetic  field,  but  it  should  also  include  anisotropic  contributions:  the
magnocrystalline anisotropy field and the demagnetising field.

With all the considerations, the line shape function is derived from the damped precession equation of Landau–
Lifshitz [3]. As it was already shown before [2], the volume and temperature dependence of the individual nanoparticle
linewidth can be well described with a Langevin function (L(x) = coth(x) – 1/x) as:

ΔB=ΔT L(
MSV Bres
kT

),

where ΔT – the saturation linewidth at temperature T, which corresponds to the largest particles in the sample, Bres is the
resonance field, k – Boltzmann constant.

In this work, the results from the experimental data and computer simulations are presented and discussed.
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