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Mössbauer Studies on Magnetic Nanoparticles
Spizzo, F. (U. of Ferrara, Italy, Physics and Earth Sciences ); Ozarowski, A. and Stoian, S. (NHMFL-FSU)
Introduction  

Recently, a great interest is being devoted to the applications of nanotechnology to the fields of biology and medicine. One of the most promising approaches is based on magnetic nanoparticles (NPs) made of Fe oxides, due to their large degree of biocompatibility. Magnetic NPs can be manipulated by an external magnetic field and, owing to their size, may interact with different biological entities (cells, viruses, genes, etc.). We study magnetic NPs for hyperthermia applications and we investigate NPs composition, as that affects NPs heating power. To this aim, we performed low temperature (4 K), high magnetic field, Mössbauer measurements; indeed, at higher temperatures superparamagnetic relaxation may hinder the identification of NPs composition. We have looked for NPs showing different sizes/morphology, in particular for NPs showing a nanoflower structure, i.e. multicore NPs, due to their high heating efficiency [1].
Experimental 

Mössbauer spectra were recorded at the EMR facility using a 57Co in Rh source at 4 K, both in zero field and with an external magnetic field of 8 T, using a spectrometer equipped with a superconducting magnet; the spectrometer was calibrated using an α-Fe foil. Magnetic NPs were produced using the thermal decomposition method, as described in Ref. [2]. We compared NPs with an average diameter of about 20 nm both with, S20nf, and without (S20) a nanoflower structure, to assess the effects of the multicore structure, and nanoparticles with a diameter of about 5 nm (S5), as 5 nm is close to the size of the single magnetic cores in the nanoflower structure.
Results and Discussion
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Both for S20 and S5, the Mössbauer spectrum recorded at 4 K without external field shows the presence of a single sextet, whilst S20nf spectrum shows the presence of two sextets. The width of the S20nf and S5 sextets is higher than the width of the S20 one, possibly due to the fact that S20 NPs have the largest size [3]. The spectra recorded with an applied field of 8 T are presented in Fig. 1. They all show the presence of two main sextets (in red and in green, in Fig. 1), suggesting a ferrimagnetic nature for the NPs [4]. The ratio between the intensity of the second and that of the third line of the sextets is the smallest in sample S20 and the highest in sample S5, suggesting the degree of spin canting increases accordingly. The ratio (r) between the intensity of the green and of the red sextets is ~ 0.6 for all the samples and the isomer shifts (ISs) of the sextets of all the samples is in the range 0.4 mm/s – 0.5 mm/s. Both r and IS values are similar to those expected for maghemite, and the hyperfine fields value are in agreement with this conclusion.
Conclusions

Mössbauer data suggest that the magnetic NPs may be made of maghemite, and that size reduction favors spin canting. This effect is less pronounced in S20nf with respect to S5, suggesting that the multicore structure favors the reduction of magnetic disorder.
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Fig. 1. Mössbauer spectra recorded at 4 K on samples S20, S20nf and S5 with an external magnetic field of 8 T. The blue line represents the fit to the experimental data.









