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Figure S1. TEM images of synthetic magnetite nanoparticles with various stoichiometries
((a) RO.1, (b) RO.2, (c) RO.3, (d) R0O.4, (e) RO.5), (f) the addition of Fe(II) to R0.1 to reach R =
0.5, and (g) overloading of R0.5 with 2500 uM Fe(II).
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Figure S2. Selected angular domain of the Rietveld refined XRD patterns of the different
magnetite samples presented in Table S1. The experimental diffractograms are plotted in red
symbols, the calculated pattern in black line, and the difference between them as lower blue
line. The vertical ticks indicate the Bragg peak positions for the cubic magnetite structure. The
strong background observed below 60° is due to the glycerol used to protect the powders against
oxidation in air.
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Figure S3. Cell parameter versus magnetite stoichiometry (R). Presently measure values are

compared with calculated ones in previous studies.30-3
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Figure S4. Isotropic XAS of the dissolved Fe?* addition on non-stoichiometric magnetite
(RO.1) to increase the stoichiometry at pH 8, and measured at B- 6 T and T-4 K at the Fe-L, ;-

edge.



Table S1. Effective Fe(I1I)/Fe(IIl) ratio R.s obtained from chemical analysis, cell parameter and
Crystallite size from XRD pattern refinements, average particle size by TEM and determined S
value by XMCD for stoichiometric nanomagnetite (R0.5), oxidized products (R0.1 to R0.4),
recharged sample (RO.1 + Fe(II) = R0.5) and overloaded samples (R0.5 + 250-2500 uM Fe(II)).

“nd” means “non-determined”.

Sample R in Cell Crystallite Particle S
solid parameter size by size by value
phase (A) XRD (nm) | TEM (nm)
RO.1 0.11 8.3685(4) 6.3 9.6£2.3 0.87
RO.2 0.20 8.3814(3) 7.1 8.9+2.1 0.95
RO.3 0.30 8.3932(3) 7.7 10.6+2.3 1.06
RO.4 0.40 8.3964(3) 9.4 11.1£2.0 1.14
RO.5 0.50 8.3976(4) 8.0 11.5+1.5 1.15
RO.1+Fe(11)=R0.5 0.50 8.3983(2) 9.0 11.3£2.0 1.19
R0O.5+250 uM Fe(II) 0.54 nd nd nd 1.16
R0.5+500 uM Fe(II) 0.58 nd nd nd 1.17
R0.5+1000 uM Fe(1I) 0.65 nd nd nd 1.22
R0.5+2500uM Fe(1I) 0.932 8.3951(5) 8.3 12.9+1.8 1.17

Table S2. Literature values of the S ratio of magnetite and maghemite nanoparticles and

methods of syntheses.

References Smagnetite Smaghemite | Sizes and methods of synthesis
This study 1.15 - 10 nm. Co-precipitation in NaOH
1 1.15 0.69 4 nm. Thin film
2 1.15 - 10 nm. Co-precipitation in NH4OH. Sample at pH8
3 1.30 0.65 5-22 nm. Thermal decomposition
4 1.30 0.68 9 nm. Thermal decomposition




1.30

31 + 7.2 nm. Biogenic magnetite

1.35 - 20-30 nm. Biogenic magnetite

1.46 0.76 5-13 nm. Iron/iron oxide granular nanostructures
obtained by cold compacting core-shell nanoparticles

1.42 0.75 12 nm. Iron-iron oxide nanostructured under frozen

state at low temperature
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