Supplementary Information (SI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2025

Supplementary Information

Topochemical reduction of FeCo-oxide to FeCo-alloy nanosystems into a SiO,
matrix
Jean Pierre Miranda Murillo,? Alexander Omelyanchik,®® Gianni Barucca,® Gaspare Varvaro,” Ayda Ghary Haghighat,? Sara

Laureti,” Aldo Capobianchi,® Antonio Comite,? Diego Colombara,® Nikolaos Ntallis, Kalliopi N. Trohidou,® Fabio Canepa,?
Pierfrancesco Maltoni, 2" Davide Peddis®®*

a.Department of Chemistry and Industrial Chemistry, University of Genova, Via Dodecaneso 31, 16146, Italy.

b.Istituto di Struttura della Materia, CNR (ISM-CNR), nM2-Lab, Monterotondo Scalo, Rome, 00015, Italy.

c.Department of Science and Engineering of Matter, Environment and Urban Planning, University Politecnica delle Marche, Via Brecce
Bianche 12, 60131 Ancona, Italy.

d.Dipartimento di Scienze, Universita degli Studi Roma Tre, Via della Vasca Navale 84, 00146 Rome, Italy

e.Institute of Nanoscience and Nanotechnology, NCSR “Demokritos”, Agia Paraskevi, Attiki 153 10, Greece.



1. Magnetization curves of FeCo-oxides and alloys at room temperature

The magnetization M of FeCo-oxides samples (Figure S1, Table S1) and FeCo-alloys (Figure S2, Table

S1) was estimated using the law of approaching to saturation reported in equation below[1].
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Figure S1 Magnetization measured at 300K of the FeCo-oxides.

Table S1 Saturation magnetization and coercivity size of the oxide and alloy samples.

Oxides Alloys
Fe3* at.% M, HoH. M HoH.

(AmZ2kg) (mT) (AmZkgt) (mT)
100 59(1) 27(1) 219(4) 6(1)
67 67(1) 151(2) 242(6) 10(1)
50 46(2) 156(2) 242(5) 14(1)
33 6(1) 24(1) 222(1) 9(1)
0 - 8(1) 166(4) 10(1)
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Figure S2 Magnetization measured at 300K of the corresponding FeCo-alloys.



2. Density functional theory (DFT) calculations Fe;.,Co,

300+ —e—Buk
—A—55nm A

280

260

§?240- Y

& 220-
= T °
200-

180

160

0 20 40 60 80 100
Fe at%

Figure S3 Magnetization predicted by DFT calculations for bulk and NP systems.

We have developed an advanced two stage process in order to perform Density Functional Theory
(DFT) calculations on Fe,.,Co, alloys that enables modelling of magnetic nanoparticles up to ~10 nm
diameter. In the first stage collinear spin polarized Tigh Binding Density Functional (TBDFT) [2]. In
the second stage spin-polarized density functional theory implemented by the Vienna Ab Initio
Simulation Package (VASP)code were performed [3]. The maximum position changes almost with
Fe concentration (see figure above). If we extrapolate the calculated data, for which a more in-
depth study is being under submission [4], for a nanoparticle of 20nm in size we would expect the

maximum magnetisation to be close to 41 Co at%.



3. Thermal gravimetry and differential thermal analysis of the sample of alloys
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Figure S4 Thermal behavior of the samples of alloy in the range 25°C — 1000°C with a heating rate of
10°C/min (left) and the registered heat flow during the heating ramp (right).

Table S2 Mass gain and onset temperature for each peak. The onset temperatures were measured at

the center of the peak.

Total mass
First peak Second peak
Fe3+/Co?t gain
[°cl [°cl
[%]
Only Fe3* 46.7 304 454
2 37.4 461 534
1 36.3 444 488
0.5 37.1 506 974
Only Co%* 36.1 408 938
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