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1. Description du projet / Description of the project

Magnetic hyperthermia consists in converting electromagnetic power into heat by applying an external AC
magnetic field to an assembly of magnetic nanoparticles (NPs). A very localized temperature rise is then
observed, which can be useful in medicine or chemistry, especially catalysis. However, although very promising,
this technique is not mature yet and, in order to be developed and extended, some fundamental aspects must be
clarified. In particular, the role of NP concentration and thereby of the dipolar interaction has to be investigated in
a systematic way. The NanoHype project (ANR) implements a global approach, from multiscale theory to
innovative experiments, aiming at understanding how to control and optimize the temperature profile within
magnetic nanoparticle assemblies of different concentrations.

* min. 5 mois a partir du 30 janv 2023 / min. 5 months not earlier than January, 30st 2023.
Fin de stage au plus tard le 13/07/2023 ou le 29/09/2023 (dates de validation de diplome). / End of internship at the latest
July 13, 2023 or Sept. 29, 2023 (dates of graduation).




The proposed Master study focusses on the synthesize of maghemite NP by using the thermal decomposition
of organometallic precursor. The aim will be to control the shape from spherical to cubes and tetrahedra of the
particles, which size will be around 10 and 15 nm. The ligands used to passivate the particles will be octanoic,
dodecanoic and oleic acids. Although maghemite NPs with different shapes have been synthesized with the
olecic acid as passivative ligands, the novelty of this study is the synthesis of different shapes maghemite NPs
with otanoic and dodecanoic acids.

In order to study the dipolar interactions between NPs, assemblies with different concentrations in NPs
(ferrofluids) will be prepared. In addition, colloidal crystals (isolated 3D ordered NP assemblies) will be
performed, offering a system with strong dipolar interactions. These colloidal crystals will be prepared by a co-
evaporation method with a mixture of ethanol/hexane (well mastered in MONARIS lab). This project is shared
between the Sorbonne University and Paris-Saclay University. This project is funded by the ANR (Agence
Nationale de Recherche) with industrial partners as well.
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FIGURE: TEM images of a) cubic and b) spherical iron oxide nanoparticles with dodecanoic acid and oleic acid
as the capping ligand, respectively. c) SEM and d) SEM-FEG images of colloidal crystals formed from spherical
iron oxide nanoparticles.

2. Techniques ou méthodes utilisées / Specific techniques or methods

- The maghemite NPs will be synthesized by the thermal decomposition of organometallic precursors.
- They will be characterized by transmission electron microscopy (TEM) and X-ray diffraction.
- The colloidal crystals will be studied by small-angle X-ray scattering (SAXS).
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