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High-resolution transmission electron microscopy image of an iron oxide
nanoparticle consisting of two cores. The outer boundaries of the individual
cores and their interface are indicated by a solid line and by a dashed line,
respectively. Credit: S. Neumann

Iron oxide nanoparticles are often used in medical technology as contrast
agents for magnetic resonance imaging or as transport agents for drugs in
the bloodstream, for example in tumor therapy. For these applications,
the nanoparticles have to be biocompatible and superparamagnetic.
Thus, they must be strongly magnetizable in a magnetic field and also
must lose their magnetization when the magnetic field is switched off.
Using analytical high-resolution transmission electron microscopy, a
team at TU Bergakademie Freiberg investigated how the magnetic
properties of the nanoparticles can further be improved via
microstructure design.

The researchers published their results in the current issue of Scientific
Reports.

The knowledge of the exact structure of the iron oxide nanoparticles
sized between 20 and 30 nanometers helps to optimize the
manufacturing process and to improve the magnetic properties of the
particles systematically. Each particle consists of at least two
superparamagnetic nanocrystalline cores and a shell that does not
contribute to the magnetic properties. The maximum magnetization of
the nanoparticles depends on the mutual orientation of the individual
cores.

How well are the cores oriented to each other?
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"The current state of research assumed that a strong alignment of
magnetic moments in multi-core iron oxide nanoparticles is enabled by
the same crystallographic orientation of individual cores. However, our
analyses showed that this is not necessarily true," says Stefan Neumann,
research associate at TU Bergakademie Freiberg and the first author of
the publication.

"Also other, but still specific crystallographic orientation relationships of
the cores can promote their magnetic interaction. Nevertheless, a fully
random alignment of the cores deteriorates the magnetic properties of
the nanoparticles," says Neumann.

"In order to be able to produce highly superparamagnetic iron oxide
nanoparticles for future applications in medicine on demand, we need
knowledge of their internal structure," says co-author Prof. David
Rafaja, head of the Institute of Materials Science at TU Bergakademie
Freiberg. "During the production of the nanoparticles, individual cores
are formed first. When the cores get more time to align in the right way,
then the magnetic properties of the nanoparticles can further be
improved."

Background: Analyzing ultra-fine particles

The results were obtained within the priority program
"MehrDimPart—Highly Specific and Multidimensional Fractionation of
Fine Particle Systems with Technical Relevance." The aim of the
research is to develop technological approaches that enable a controlled
production of highly specific and technologically relevant particle
systems with desired properties.

In addition to the team from TU Bergakademie Freiberg, scientists from
the Karlsruhe Institute of Technology have also contributed to the
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current publication. The basic research behind this work was focused on
the structure of the nanoparticles to be able to optimize the production
of particles with specific magnetic properties. A toxicological study was
not carried out.

More information: Stefan Neumann et al, Influence of the
hierarchical architecture of multi-core iron oxide nanoflowers on their
magnetic properties, Scientific Reports (2023). DOIL:
10.1038/s41598-023-31294-4
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