X-ray magnetic circular dichroism discloses surface
spins disorder iIn maghemite hollow nanoparticles

Valentina Bonannit?, Martina Basini!, Davide Peddis®, Alessandro Lascialfarit, Piero Torelli¢, Giancarlo Panaccione?, Giorgio Rossi'?

Department of Physics, University of Milan, Via Celoria 16, 1-20133 Milan, Italy
?Laboratorio TASC, IOM-CNR, S.S. 14 km 163.5, Basovizza, 1-34149 Trieste, Italy
3Institute of Structure of Matter National Research Council (CNR), Via Salaria, Km 29.300, 00015 Monterotondo Scalo (RM), Italia

Introduction

lIron oxide magnetic nanoparticles (MNPs) have received increasing attention due to their
expanding application fields, from catalysis [1] to biomedicine [2], where they are used as
magnetic hyperthermia mediators or contrast agents for enhanced magnetic resonance
iImaging. A careful comprehension of the spin state and dynamics in such structures remains a
key-point to understand and manipulate their magnetic behavior. Often the processes involving
the surface spins depend not only on the uncompensated atomic structure, typical of the
surface geometry, but also on a variation of the electronic state of the surface atoms related to
processes like oxidation or contamination. The turn to element sensitive technigues like the x-
ray absorption spectroscopy (XAS) and the x-ray magnetic circular dichroism (XMCD) offers to
the scientist the capability of combining and explore these two aspects [3].

We have conceived a XMCD measurements procedure at low magnetic field (160 Oe) In
hollow and full maghemite NPs In order to disclose the presence of a reduced magnetic
correlation among the spins of the hollow NPs system compared to the full one.
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Experimental details of Fe L, 3 XAS and XMCD measurements Calculated XMCD spectra for Fe3+ ions in octahedral (O,) and

Total electron yield (TEY) and partial electron yield tetrahedral (Ty) sites [4]

(PEY) modes.

Temperature of 70 K.

Angle of incidence of 55° from the sample surface.
Two different measurements procedures:
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Procedure #1: external magnetic field fixed at 160 Oe, Procedure #1
absorption measured In circular polarization, clockwise
(o+) and anti-clockwise (o-). XAS is o+ and o-, XMCD 0,10 F = HolewNPe (et dam 1orm)
|S oO+-0-. [ —— Hollow NPs (ext. diam. 7nm) |
_ L Procedure #1.: 0,10 -
Procedure #2: XMCD measured switching the . . o |
. the XMCD Iintensity %
magnetic field between + 160 Oe and - 160 Oe, at a 2005}
. . . for the full NPs 2
fixed polarization of the light (o+ or o-). The . . s
. system Is twice the 0 0,00 frrdapion
measurement Is taken at the remanence. O 5y
. one of the hollow =
The spectra are normalized to the L; peak. NPS -0,05 |-
-0,10 |
Experimental Fe L, ; XAS and XMCD spectra of maghemite NPs
’ -0,15
10 | 705 E 710 I 715 I 720 . 725
—— XAS (o7+0) XAS/XMCD  lineshape =le¥)
aal ——XMCD (c-0) x10 characteristic  of  the
- maghemite phase.
5
© 06 _ Procedure #2
= Three peaks in the XMCD Procedure #2:
g 0 L, spectrum: the positive no differences in .
* peak A is  mostly the XMCD intensity | .
& ascribable to the Fest are measured : : \
0 0,2 : - : 001 L | it B
< lons In T, sites, the among the three . il 1)
. e : il 8
o negatlve peaks B1 and Samples Spectra_ > . lli.{lbi'.l ’i-ll L,{L%.,,,:‘i ‘mf \ L Jivps] i'i.i‘ |
: - 5 A AR AR [ 3 et et e
* 5 B_2 to the Fe3* ions in O, 5 %% it g ’i it by T
. - sites. The intensity of the g - Af LA ]
706 710 715 720 725 730 735 740 XMCD signal < 001} ,Ji
E (6V) decreases at least | | :
. —— Hollow NPs (ext. diam. 13nm)
5 times from -0,02 | —— Full NPs (diam. 5nm)
_ _ _ procedure #1 to T I-!ollow N:DS (ext. Id|am. 7?m) | | |
Total electron yield (TEY) vs partial electron yield (PEY) orocedure #2. e 1 = s =
E (eV
0.10 -+ Hollow NPs (ext. diam. 13nm) —A—PEY Hollow NPs (ext. diam. 13nm) ey
—o— Full NPs (diam. 5nm) 2 - —A—TEY |
..1‘
i 0,05
0,05 | :
= ol S Conclusions
© I'e A KRS TaTe Ay A AA A O . . . .
§ 000 REBR aos 20 AR 0 40 b EPPEASRERERS o 000 The results show that the state of oxidation in the maghemite NPs
00 BRSO R0 4 ittt chennd Lo iy, B : :
= i, : 1 J 1 = IS preserved In both the full and the hollow structures. However

the XMCD spectra reveal a decreased local magnetic moment In
the hollow NPs compared to the full NPs.

Moreover, a reduction in the relative intensities of the XMCD
peaks at the Fe L; edge emerges in the partial electron yield
measurements of the hollow NPs. This result can be associated
to a reduced correlation among the spins of the external surface
of the hollow NPs.
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The PEY method allows being even more
surface sensitive than TEY due to a retarding
potential applied to the sample, which
reduces the probing length of the absorption
to a few nanometers.

Full NPs (diam. 5nm)
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Rescaling the spectra according to the
overlapping of the A peak, a reduction In
Intensity of the B2 peak is observed in PEY
mode for the hollow NPs.

XMCD (a. u.)

The same reduction emerges comparing the
PEY and the TEY measurements for the :
hollow NPs but not in the case of the full NPs. 05 i D e s
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