Phase I - 29/12/2017
Iron based and hybrid Fe / Si nanocrystals synthesized by laser pyrolysis: structure, magnetic and biocompatibility analysis

Phase I Duration: 03/01/2017 - 29/12/2017
Value allocated to Phase I from the state budget for 2017: 406,415 RON.

Summary:
During Phase 1, a series of 13 activities aiming the production and characterization of iron nanomaterials and Fe / Si –based nanocomposites/hybrids by laser pyrolysis were successfully accomplished. Starting from these nanoparticles, stabilized suspension preparation recipes have been developed,  that have been adapted to an identical base PBS fluid composition in order to be structurally tested and evaluated for their cytotoxicity. Bioactivity tests were developed following a protocol developed for hepatocellular (HepG2) and colorectal carcinoma (Caco 2) growth. The as synthesized powders, the solid extract from the stabilized suspensions and the suspensions were morpho-structurally analysed by XRD, TEM, SAED, EDS, XPS, DLS, and their magnetization properties and hyperthermic effect were evaluated. The obtained conclusions highlight features useful for the targeted application: preparation of magnetic suspensions with photoluminescent properties for bio-medical applications. Biocompatibility studies show that the toxic potential depends on the dose and exposure time. However, cell viability decreases significantly at very high doses: 50 μg / mL NPs. It is determined that both stabilizing solutions (L-DOPA and CMC-Na) are suitable for biological applications and the suspensions with the highest applicative potential are indicated.

Activities:

1.  Fe-based nanoparticles synthesis as magnetic support for Fe / Si hybrid nanostructures.
2.  Preparation of stabilized suspensions with iron-based nanoparticles in PBS-based fluids.
3. Structural and morphological investigations of elemental composition of iron-based nanoparticles: XRD, Raman, FT-IR, EDX, TEM.
4. Cell culture conditions optimization for hepatocellular (HepG2) and colorectal cancer cells (Caco 2).
5. Laser pyrolysis synthesis of aggregated nanoparticles containing distinct Fe and Si nanocrystals.
6.  Laser pyrolysis synthesis of iron-based composite nanoparticles and silicon-based coating.
7. Thermal treatments of nanoparticles in controlled oxidative gaseous or liquid medium for photoluminescent nanocrystals generation in visible range.
8. Elemental, structural, morphological and luminescence investigations (XRD, Raman, FT-IR, UV-Viz, SEM, EDX, TEM, photoemission spectrum, magnetism) of Fe-Si nanoparticles.
9. Crude powders in common base fluids behaviour studies for the evaluation of proper nanoparticles synthesis conditions.
10. Determination of IC50 value and evaluation of cellular metabolic activity, membrane integrity, morphology and internalization after exposure to different concentrations of hybrid nanoparticles.
11. Evaluation of oxidative stress in cancer cells by hybrid nanoparticles at different concentrations.
12. Testing the magnetic induced hyperthermia effect of Fe-Si hybrid nanoparticles in stabilized dispersions or suspension cells with internalized magnetic nanoparticles. Cell evaluation after the hyperthermia test.
13.  Dissemination 

Dissemination:

The results obtained during this phase were presented at 2 International Conferences, and were brought together in 2 Scientific Articles:

	L. Gavrila-Florescu, F. Dumitrache, M.Balas, C.T. Fleaca, M. Scarisoreanu, I.P. Morjan, E. Dutu, A. Ilie, A.-M. Banici, C. Locovei, G. Prodan, "Synthesis of Fe-based Core @ ZnO shell nanopowders by laser pyrolysis for biomedical applications", Applied Physics A (2017) 123: 802.

A review article "Synthesis, characterization and in vitro biological evaluation of hybrid Fe / Si nanoparticles" at the Journal of Nanoparticle Research (Nano-D-17-02078).

International Conferences:
Poster presentation: L. Gavrila-Florescu, F. Dumitrache, M. Balas, C. Fleaca, C. Locovei, I.P. Morjan, M.Scarisoreanu, A. Ilie, A. Banici, G. Prodan, "Synthesis by laser pyrolysis of Fe based core @ ZnO shell nanopowders for biomedical applications", EMRS Spring Meeting 2017, June 21-27, France - Strasbourg, Symposium X.
Oral presentation: F. Dumitrache, M. Balas, C. Fleaca, I. Morjan, A. Dimischiotu, M.S. Stan, I. Sandu, A. Ilie, C. Locovei, IP Morjan, E. Vasile, O. Marinica, "Magnetic and biocompatible tests of novel iron nitride based nanoparticles synthesized by ammonia sensitized laser pyrolysis", EMRS Spring Meeting 2017, 21 June 27, France - Strasbourg, Symposium X.

