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Low-dimensional magnetic nanostructures are promising materials for applications
in many different fields, for example, in medicine (for drug delivery, biomimetic devices,
contrast agents in magnetic resonance imaging, hyperthermia, cell manipulation, etc.), in
informatics (for security systems, information storage devices, quantum computing, etc.),
and in engineering (for magnetic sensors and actuators, energy harvesting, catalysis and
magnetic separation, spintronic-based devices, etc.). Reducing materials to the nanoscale
allows new properties to emerge. Their correct tuning will progress the design of new
and exciting devices. This Special Issue summarizes some of the most recent works on the
synthesis, characterization, theoretical modelling, and applications of 1D and 0D magnetic
nanostructures.

This issue comprises a total of eight contributions: seven research papers [1–7] and
one review article [8]. The research papers include: the design and modelling of racetrack
memory devices using cylindrical nanowires (NWs) [1]; the study of the magneto-transport
properties of interconnected arrays of magnetic NWs and nanotubes [2]; the synthesis,
characterization and micromagnetic simulation of multi-segmented [3] and diameter-
modulated [4,5] magnetic NW arrays; the implementation of new techniques to improve
the large-scale fabrication of electrodeposited magnetic NW arrays [6]; and the synthesis
and characterization of magnetic nanoparticles, aiming at their application as contrast
agents in magnetic resonance imaging (MRI) [7]. Finally, the included review article [8] is
focused on the influence of magnetic anisotropy, post-processing conditions, and defects
on the domain wall dynamics in magnetic microwires.

In the work of Rial et al. [1], a new design of a 3D racetrack memory device using
multi-segmented and/or diameter-modulated cylindrical magnetic NWs is proposed. This
is a theoretical work in which several NW configurations are simulated, aiming at the
future integration of the writing heads along the wire, thus avoiding the need to imple-
ment external writing heads next to the track. These integrating writing heads would be
composed of a bilayered NW section with two different diameters, compositions, or crys-
tallographic structures. The simulated results showed that the magnetic information could
be written by applying external magnetic fields and then moved to the storage elements
using spin-polarized currents through the wires.

The works of [2–5] then show experimental evidence of the influence of several
geometrical parameters on the magnetic properties of NW arrays.

Da Câmara Santa Clara Gomes et al. [2] measured the magneto-transport in 3D
networks of interconnected magnetic NWs and nanotubes. Their results illustrate the
strong influence of the diameter, packing density, angle distribution and tube wall thickness
on the magnetic and magneto-transport properties of the interconnected networks. The
authors also found giant magnetoresistance responses when adding non-magnetic layers
intercalated with the ferromagnetic ones in interconnected multi-layered NW networks.

Caspani et al. [3] studied the effect of the number of magnetic layers and their thick-
ness on the magnetic properties of multi-segmented ferromagnetic/non-magnetic NW
arrays. Their results showed that when the ferromagnetic layers were thinned to 20–30 nm
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and separated by more than 60 nm along the wire length, they behaved like isolated ferro-
magnetic disks. Moreover, in the particular case of Fe/Cu bilayered NWs with 20 nm of
the Fe segments’ length, a synthetic antiferromagnetic system was formed, in which the
coercivity and remanence values were close to zero.

The works of García et al. [4] and Arzuza et al. [5] focused on the magnetic properties
of diameter-modulated cylindrical NWs. García et al. [4] studied the effect of a sharp
transition between the two different diameters in the magnetization reversal process of
the bi-segmented NWs. After analysing both the NW arrays and individual NWs, the
authors found that the magnetization reversal was carried out in two steps. Micromagnetic
modelling illustrated a core–shell reversal mechanism, in which the shell of the wider
segment reversed first, followed by its core together with the narrower segment.

In the work of Arzuza et al. [5], the bi-segmented NWs presented a smoother transition
between the different diameters. The main aim of this work was to understand the effect of
the length/diameter aspect ratio of the wider segment in the magnetization reversal of the
bi-segmented NW arrays. Using the first-order reversal curve (FORC) method combined
with micromagnetic simulations, the authors found that wide segments with lower aspect
ratios promoted the stabilization of pinned domain walls at the diameter modulation
during magnetization reversal.

Finally, Fernández-González et al. [6] developed a new route to fabricate large quan-
tities of magnetic NWs with reduced costs and production time. The authors proposed
several modifications to the conventional electrochemical growth of NWs, in particular,
the use of soft anodization processes of recycled aluminium at room temperature to pro-
duce the nanoporous alumina templates and galvanostatic deposition methods to grow
CoFe NWs inside the pores. Their results showed that the morphology, composition, and
magnetic properties of the produced NWs were very similar to those of NWs obtained by
conventional methods.

Apart from the 1D magnetic nanostructure (NWs and nanotubes), this Special Is-
sue also includes one research article dedicated to 0D nanostructures, namely iron oxide
nanoparticles (IONPs), as MRI contrast agents. The work of Cortés-Llanos et al. [7] shows
how the IONPs’ core size and the use of distinct coatings may affect their aggregation
and interactions in different media, as well as their cell labelling efficiency and in vitro
MRI. Their results demonstrated that the greatest labelling occurred when using IONPS
with hydrodynamic sizes greater than 300 nm. As for MRI applications, the best con-
trast was obtained when using IONPs with core sizes between 12–14 nm coated with
dimercaptosuccinic acid.

To conclude, Zhukova et al. [8] published a review article on the influence of several
fabrication techniques on the domain wall (DW) dynamics of magnetic microwires. For
example, minimizing the magnetoelastic anisotropy, by tuning the chemical composition
of the microwires or performing heat treatments, would improve DW dynamics (velocity
and mobility). In particular, stress annealing was found useful for the design of a magnetic
anisotropy distribution in amorphous microwires that would promote an increase in DW
velocity.

I hope the readers will find this Special Issue a good selection of works on multifunc-
tional magnetic micro- and nanowires, nanotubes and nanoparticles.

Funding: This work was financially supported by the FCT and COMPETE 2020 (FEDER) under the
project PTDC/CTM-CTM/28676/2017.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Rial, J.; Proenca, M.P. A Novel Design of a 3D Racetrack Memory Based on Functional Segments in Cylindrical Nanowire Arrays.

Nanomaterials 2020, 10, 2403. [CrossRef] [PubMed]
2. Da Câmara Santa Clara Gomes, T.; Marchal, N.; Abreu Araujo, F.; Velázquez Galván, Y.; de la Torre Medina, J.; Piraux, L.

Magneto-Transport in Flexible 3D Networks Made of Interconnected Magnetic Nanowires and Nanotubes. Nanomaterials 2021,
11, 221. [CrossRef] [PubMed]

http://doi.org/10.3390/nano10122403
http://www.ncbi.nlm.nih.gov/pubmed/33271869
http://doi.org/10.3390/nano11010221
http://www.ncbi.nlm.nih.gov/pubmed/33467036


Nanomaterials 2022, 12, 1308 3 of 3

3. Caspani, S.; Moraes, S.; Navas, D.; Proenca, M.P.; Magalhães, R.; Nunes, C.; Araújo, J.P.; Sousa, C.T. The Magnetic Properties
of Fe/Cu Multilayered Nanowires: The Role of the Number of Fe Layers and Their Thickness. Nanomaterials 2021, 11, 2729.
[CrossRef] [PubMed]

4. García, J.; Fernández-Roldán, J.A.; González, R.; Méndez, M.; Bran, C.; Vega, V.; González, S.; Vázquez, M.; Prida, V.M. Narrow
Segment Driven Multistep Magnetization Reversal Process in Sharp Diameter Modulated Fe67Co33 Nanowires. Nanomaterials
2021, 11, 3077. [CrossRef] [PubMed]

5. Arzuza, L.C.C.; Vega, V.; Prida, V.M.; Moura, K.O.; Pirota, K.R.; Béron, F. Single Diameter Modulation Effects on Ni Nanowire
Array Magnetization Reversal. Nanomaterials 2021, 11, 3403. [CrossRef] [PubMed]

6. Fernández-González, C.; Guzmán-Mínguez, J.C.; Guedeja-Marrón, A.; García-Martín, E.; Foerster, M.; Niño, M.Á.; Aballe,
L.; Quesada, A.; Pérez, L.; Ruiz-Gómez, S. Scaling Up the Production of Electrodeposited Nanowires: A Roadmap towards
Applications. Nanomaterials 2021, 11, 1657. [CrossRef] [PubMed]

7. Cortés-Llanos, B.; Ocampo, S.M.; de la Cueva, L.; Calvo, G.F.; Belmonte-Beitia, J.; Pérez, L.; Salas, G.; Ayuso-Sacido, Á. Influence
of Coating and Size of Magnetic Nanoparticles on Cellular Uptake for In Vitro MRI. Nanomaterials 2021, 11, 2888. [CrossRef]
[PubMed]

8. Zhukova, V.; Corte-Leon, P.; González-Legarreta, L.; Talaat, A.; Blanco, J.M.; Ipatov, M.; Olivera, J.; Zhukov, A. Review of Domain
Wall Dynamics Engineering in Magnetic Microwires. Nanomaterials 2020, 10, 2407. [CrossRef] [PubMed]

http://doi.org/10.3390/nano11102729
http://www.ncbi.nlm.nih.gov/pubmed/34685176
http://doi.org/10.3390/nano11113077
http://www.ncbi.nlm.nih.gov/pubmed/34835841
http://doi.org/10.3390/nano11123403
http://www.ncbi.nlm.nih.gov/pubmed/34947752
http://doi.org/10.3390/nano11071657
http://www.ncbi.nlm.nih.gov/pubmed/34202505
http://doi.org/10.3390/nano11112888
http://www.ncbi.nlm.nih.gov/pubmed/34835651
http://doi.org/10.3390/nano10122407
http://www.ncbi.nlm.nih.gov/pubmed/33271953

	References

