IDEI 75/2011 : Advanced approach of magnetic relaxation

Abstract:

The project proposes a suite of tools and methodologies for a comprehensive characterization of
the magnetic response and the magnetic relaxation process in real systems of interacting non-
identical nanoparticles, to be applied in different domains (from biomedical applications to
nanoelectronics and spintronics). The accomplishment of the project objectives will lead to a
deeper knowledge of relaxation mechanisms in nanoparticles and to derived possibilities of
controlling the relaxation process. It will be taken into consideration composition and
stoichiometry, phase structure, size distribution, morphology, couplings among magnetic entities,
surface effects in the attempt to correlate the mechanism of relaxation to all and every specific
parameter related to nanoparticles. Theoretical and experimental approaches will be developed
and permanently corroborated. A new possibility for adjusting the magnetic relaxation of
nanoparticulate systems via molecular control over distances between particles and surface
ligands through a new class of bio-inspired architectures is also proposed. Ways to develop self-
assembly approaches for the controlled encapsulation of magnetic nanoparticles in viral protein
cages are envisaged. The tuning of magnetic relaxation through inter-particle interactions or by
increasing the anisotropy energy of each particle via non-spherical shapes or intra-particle
interfacial couplings in core-shell configurations will be considered.

Objective I: Deep investigation via low temperature and applied field Méssbauer spectroscopy
for a comprehensive characterization of the nanoparticulate systems.

Objective I1: Versatile theoretical models involving mainly physical and numerical solutions,
linking the temperature dependent magnetic response obtained by Méssbauer spectroscopy and
magnetometry to magnetic relaxation parameters.

Objective I11: Developing suitable methodologies proving the strength of the inter-particle
interactions.

Objective 1V: Studying the relaxation mechanisms responding for the blocking temperature in
superparamagnetism and, respectively, exchange bias in case of core-shell nanoparticle systems.
Objective V: Controlling the magnetic relaxation in a new class of bio-inspired architecture for
bio-medical applications.

The work-plane assumes the existence of 4 stages. Along each stage will be accomplished parts
of different objectives. The time commitment runs along the objectives. Sharing activities along
the stages are:

Stage I: Complex investigations, including low temperature and applied field MS of spinel-like
nanopowders

Stage I1: Complex investigations, including temperature/field dependent MS and magnetometry,
of nanoparticles for bio-medical applications. VNPs are also envisaged. Modeling magnetic
relaxation for MS and magnetometry.

Stage I11: Studying interparticle interactions. Comparative study of relaxation phenomena in
SPM and exchange bias effects on core-shell nanoparticles

Stage IV: Investigation of interparticle interactions in packing nanosystems. Studying the
magnetic response of newly prepared VNPs and bio-inspired nanostructures.



Some results:

e Studying magnetism of Fe-oxide nanoparticles obtained by Laser pyrolysis (e.g. spin
configurations in Fe-oxide nanoparticles with spinel structure. Evidence for the
antiferromagnetic coupling and spin disorder degree by in field Mossbauer measurements
and evidence of increased crystallization via hydrogenation treatment:
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of spin disorder on each nanoparticle.

e Studying magnetic relaxation and phase composition in Fe carbide composites obtained
by laser pyrolysis:
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Fig.3. Mossbauer spectra and zero field cooled-field curve magnetization curves providing information of the Fe
phase composition in different samples prepared by laser pyrolysis and evidencing a mixture of monophase NPs.



e A new methodology based on corroborating energy dispersive spectroscopy,
magnetometry and temperature dependent Mossbauer spectroscopy data was elaborated
in order to distinguish between nanoparticles of core-shell structure or a mixture of
different mono-phase nanoparticles. In the range of a few nm average size, neither
HRTM is able to provide such complex information:
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Fig.4. Temperature dependent Mossbauer spectra of other two different samples obtained by laser pyrolysis (see
table on top for preparation conditions) and related procedures based on magnetic relaxation phenomena followed
by Mossbauer spectroscopy, to determine phase composition, average size and anisotropy energy of each type of
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Studying magnetic relaxation in naked (MPs) and dopamine surfacted magnetite (MF-

[ ]
MPs) nanoparticles for biomedical applications. Elaboration of a new procedure for
estimation of the magnetic size dispersion:
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Figure 5: ZFC-FC magnetization curves (left hand images) and temperature dependent hysteresis loops (right hand
images) for naked MPs (up) and MF-MPs (down).
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Magnetic moment (emu/g)

Studying magnetic relaxation phenomena and interparticle interactions in ferrofluids.
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Fig. 7: Zero field cooling-field cooling magnetization curves for three different ferrofluid samples of volume

fractions ranging from 0.04 (F1) to 0.20 (F3). Different defreezing processe might be observed as function of the

volume fraction. The anisotropy energy barrier was determined from the specific evolution of the hyperfine field and

the corresponding increase of the barrier was explained as being related do increased dipolar magnetic interactions.

Additional non-detailed studies have been considered:
Making difference between local magnetism due to magnetic nanoclusters and long range
magnetic order in diluted magnetic oxides

Studying the intrinsic magnetic properties of half metallic magnetic materials by DFT

calculations

Local electronic phenomena and atomic configuration in perovskite based nanoparticles

with catalytic applications

Magnetic anisotropy and peculiar spin configuration in metallic nanowires grown by the

template method

Superparamagnetic relaxation in magnetite-polymer nanocomposites

The dissemination was based on the following publications in well coted international journals as
well as by the following presentations at international conferences and seminars, all of them
including acknowledgements to the project (75/2011):
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