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Report:

Core-Shell nanoparticles composed of soft(y-Fe,O3)-hard(Mns;0,) ferrimagnets (FiM) were
studied through X-ray absorption spectroscopy (XAS) and X-ray magnetic circular dichroism
(XMCD). Two different types of particles with different core size and equal shell thickness
were analyzed, Samplel [y-Fe,O3(7 nm)/Mn3O4(2nm)] and Sample2 [y-Fe,O3(11nm)/Mn30,
(2nm)].

Measurements were carried out at the ID08 beam line in total electron yield (TEY) and
fluorescence (FY) modes, using the 5 T cryomagnet setup. Note that the FY mode was mainly
used to prove that TEY mode could penetrate enough to get information on the whole
particle.

The XAS spectra the O K-edge and at the Mn and Fe L, ;-edges were recorded to get further
insight into crystallographic structure of the core and the shell. On the other hand, XMCD at
the Fe and Mn L, ; edges were measured to selectively address the magnetization of the two
FiM layers. Figure 1 shows absorption spectra (XAS) measured using TEY mode at the Mn
and Fe L,z and O K edges at5 T field at 10K, after field cooling in 5T. Confirming our X-
ray diffraction data, the Mn and Fe spectra are consitent with the expected for y-Fe,O3 and
Mn3;O,4 phases. Nevertheless, interestingly, the Mn edge spectrum seems to somewhat deviate
from the theoretical one for Mn;O,4. From the relative intensity of the peaks the spectra can be
understood as a mixed signal from pure Mnz;O, and another Mn-oxide phase formed mainly
by Mn*" ions. The XMCD spectrum confirms that Mn is not in a single phase but it is formed



by a mixed contribution of Mn;O,4 and another Mn oxide phase. This additional contribution
can probably be ascribed to an intermediate, inner, shell between the core and the outer shell
formed by a mixed Mn-Fe oxide. The XMCD also shows that the Fe- and Mn-based phases
are magnetic both at 10 K and at room temperature, Figure 2, confirming the presence of
another Mn-based phase with T¢ > Tgy, different from MnzO, (T¢ ~ 40K).

Hysteresis loops, Figure 3, were acquired by recording the field dependnece of the XMCD
signal at the energies coresponding to three main peaks of Fe-edge and for the main energy of
the Mn-edge, after field cooling in 5T. The loops were carried out up 2 T to saturate the hard
magnetic part. Remarkanbly, appart from a linear background in the Mn-edge loop, the loops
at the Fe- and Mn-edges are very similar (e.g., with the same coercivity). This is somewhat
unexpected and requires further experiments to fully understand this behavior.Moreover, both
nanoparticles (small and large y-Fe,O3 core) exhbibit very similar behavior with Fe-edge and
Mn-edge loops showing very similar features. The results may indicate that the soft and hard
phase are strongly coupled to each other, thus reversing coherently.

T T T
i , T . )
20 — 1 Mn L, edge oot 24 } Fel  edge

25 _ H=+-5Tesla 224 H=+-5Tesla

i1
i

e s 1 wEw1TE
204 | TPAARMAER 1 Il reasrmares

| Theta=30°, T=10K e

Intensity (ark. units)

Theta = 30°, T=10K

intensity (arb. units)
intensity (arbr. units)

| Theta =-30° . T= 10K

08 0] | .
I 30/06/2010 18:52:02 15 | 30/06/2010 18:06:08

. . . A A L .
520 530 540 550 560 570 580 15 . . r . ; r , 20 e
630 635 640 645 650 655 660 665 670 695 700 705 710 715 720 725 730 735 740 745 750

Energie (eV) E(eV)

energy (eV)

Fig.1,
XAS spectra for O K ,Mn and Fe L, 3 edges at 10 K in 5T after field cool in 5 T for Samplel
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Fig.2, XAS spectra for O K ,Mn and Fe L, 3 edges at 300 K in 5T for Samplel
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Fig. 3, Hysteresis loops recorded at 10K after field cool in 5T, the loops were acquiered for the main energie
peaks of Fe (3) Mn (1) XMCD spectra for Samplel



