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Figure S1: (a) Reciprocal space maps of (103) reflections of the LSMO film. (b) In-plane magnetization curves
of the LSMO thin film with self-assembled FeO, nanoparticles measured at 10 K and 300 K. The inset in
(b): detail of the room temperature hysteresis loop. Low temperature magnetization curve (T = 10 K)
is dominated by the signal from 100 nm thick LSMO film. On the other hand, the high temperature
magnetization is very weak and the hysteresis is almost closed (H. = 50 Oe). Taking into account the
depressed value of the ferromagnetic transition (T. = 270 K) in nanostructured manganite thin films [1], the
magnetization curve at room temperature (T = 300 K) should arise from iron-based nanoparticles (notice
that, at T = 300 K, the magnetization disappears in bare LSMO films and remains principally only in the
film with FeOx NPs as shown in Fig. S4(b)).
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Figure S2: The results of XAS measurements (84 and S— curves) as well as the resulting XMCD. The XAS
spectrum can be considered to be alike to the individual 54 and 8— curves due to the small dichroic effect
(max ca. 1.5%). The Fe Lgo-edge absorption curve is representative of a Fe*™ oxidation state [2]. More
information can be obtained from the XMCD shape. More concretely, the strength of spectroscopic features
a, b and c appearing at the Lz edge of the XMCD of magnetic iron oxide compounds are known to depend
on the Fe oxidation state and coordination of the Fe magnetic species, i.e. Fe>T in octahedral coordination
and Fe®" in octahedral and tetrahedral coordination [3]. We have fit the experimental XMCD curve with
reported XMCD curves for the individual contributions [3]. The best fit is in agreement with the XAS data
pointing to a major Fe3™ contribution (92%), although a minute amount of Fe?T needs to be considered in
order to reproduce the intensity of the feature. The fit shows that 65% of Fe is in octahedral coordination
(52.5% Fe** and 8.0% Fe") while 39.5% in tetrahedral one. The XAS, the size of the effect as well as the
fit results of the XMCD curve seem to indicate that we have a v-FeoO3 phase [4, 5, 6, 7].
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Figure S3: (a) The asymmetric reciprocal space map of (103) reflections of the 20 nm thick LSFMO film grown
on top of the STO substrate. Although, the reflection from LSFMO (103) is low, the LSFMO film seems to
be fully strained with in-plane lattice constant close to a sro = 3.905 A. Due to presence of tensile strain in
the thin film, the out-of-plane parameter is reduced than the corresponding bulk value argpvo = 3.873 A 8]
and estimated to a1 1srmo = 3.862(8) A. (b) In-plane magnetization curves of the 20 nm thick LSFMO film
with self-assembled FeOx NPs measured at 10 K and 300 K. The inset in (b): detail of the room temperature
hysteresis loop typically found in disordered manganite thin films. On the other hand, the high temperature
magnetization is very weak and the hysteresis is almost closed (H. = 50 Oe). Taking into account that the
ferromagnetic transition of LSFMO lies below the room temperature (T. = 270 K), the magnetization curve
at room temperature should arise, as in the previous case, from iron-based NPs (notice that, at T = 300 K,
the magnetization disappears in bare LSFMO films and remains principally only in the film with FeO, NPs
as shown in Fig. S4(c)).
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Figure S4: (a) In-plane magnetization curves of LSMO and LSFMO film with FeOx NPs measured under
H =0.5 T. Comparison of the normalized magnetization of bare manganite films (dashed line) and the one
with FeO, NPs (solid line) for (b) LSMO (100 nm thick film) and (c¢) LSFMO (20 nm thick film). At 300
K, the magnetization disappears in bare manganite films and remains principally only in the structures with
FeO, NPs.
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Figure S5: Morphology of the sample consisting of LSFMO film with iron-oxide NPs: (a) AFM topographic
image and (b) the corresponding phase image of the sample acquired during the imaging in tapping mode,
(c) SEM image and (d) the size distribution of iron-oxide NPs.
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Figure S6: Conductivity of the sample consisting of LSFMO film with iron-oxide NPs: (a) 2 x 2 um? current
maps measured by C-AFM after the rubbing of inner 1 x 1 um? domain at specified normal force, (b) Sample
morphology before (the left image) and after (the right image) the rubbing of the inner square 1 x 1 pym?
domain at the highest normal load of 1.34 uN.
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Figure S7: Electrical surface potential of the sample consisting of LSFMO film with iron-oxide NPs: (a-d)
2 x 2 pm? CPD maps measured by KPFM after the rubbing of inner 1 x 1 um? domain at specified normal
force, and (f) CPD change on rubbed and non-rubbed regions as a function of normal force.
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Figure S8: 3 x 3 um? CPD maps of the sample consisting of LSFMO film with iron-oxide NPs, rubbed with
both grounded (at high normal load) and biased (low normal load and negative bias voltage) tip: (a) first,
the inner 2 x 2 um? domain was rubbed by grounded AFM probe and at the normal force 0.48 uN, and
then, the smaller inner 1 x 1 ym? domain was scanned in the contact mode at low normal force 0.16 uN and
with tip bias voltage —1 V, and (b) first, the inner 2 x 2 ym? domain was scanned in the contact mode at
low normal force 0.16 N and with tip bias voltage —1 V, and then the smaller inner 1 x 1 ym? domain was
rubbed by grounded AFM probe and at the normal force 0.48 uN.
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