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Fig. S1 X-ray diffraction (XRD) patter of the CoFe,O, sample (green), and theoretical pattern of CoFe,0, (black).
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Fig. S2 TEM images of nanoparticles with (a) magnetite R0.1 and [Co]i,t = 0.04 mM ([Co]s = 0.5 atom nm™2), (b)

R0.1 and [CO]i,t = 3 mM ([Co]s = 18.9 atom nm2), (c) R0.5 and [Co}i,t = 0.04 mM ([Co]s = 0.5 atom nm2), (d) R0.5
and [Colit = 3 mM ([Co]s = 25.7 atom nm-2). (Left) scale of 100 nm and (Right) scale of 20 nm.



Table S1 Corresponding total ([Co}t), aqueous ([Co]as) and solid ([Co]s) concentration cobalt for R0.1 and RO0.3.
Data of R0.5 from Fablet et al., 2023 are included for comparison.’

[CO]tot (MM) [Colaq (mM) [Co]s (mM) [Co]s (atom nm*?)
R0.1 R0O.5 RO.1 R0.5 R0.1 R0O.5
0.003 3x106 2x10® 0.003 0.003 0.036 0.036
0.005 7x10% 3x106 0.005 0.005 0.060 0.060
0.01 2x10% 6x10¢ 0.010 0.010 0.121 0.120
0.02 5x10% 5x10% 0.020 0.020 0.244 0.240
0.04 1x104 2x104 0.040 0.040 0.497 0.478
0.08 0.005 0.078 1.022
0.1 0.009 0.001 0.090 0.01 1.087 1.190
0.16 0.015 0.002 0.141 0.013 1.696 1.904
0.2 0.029 0.153 0.168 0.185 2.022 2.224
0.32 0.063 0.017 0.252 0.303 3.041 3.646
0.4 0.057 0.341 4.106
0.48 0.144 0.331 3.985
0.64 0.274 0.052 0.359 0.588 4.319 7.084
0.8 0.434 0.110 0.346 0.689 4.162 8.304
0.94 0.561 0.383 4.617
112 0.629 0.476 5.734
1.26 0.744 0.367 0.513 0.913 6.182 11.000
1.42 0.861 0.557 6.706
1.6
1.74 0.914 0.821 9.887
1.92
2.04
2.24
24 1.220 1.255 15.116
2.56 0.740 1.820 21.915
2.67
2.78 1.269 1.468 17.677
2.89 1.273 1.851 19.039
3 1.384 0.863 1.570 2.137 18.914 25.735
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Fig. S3 Cobalt adsorption isotherms at different stoichiometries : R0.1 (a,b), R0.3 (c,d) and R0.5 (e,f) (data of R0.5
from Fablet et al., 2023)" presented either as linear (a,c,e) and logarithmic scale (b,d,f) at pH 8 in 10 mM NaCl
solution. Dashed black lines are model results using a combination of two Langmuir (Q.; and Q. as grey and blue
lines, respectively) and one Freundlich isotherm equations (Qg, red lines). Analytical error bars of 5% are plotted,
althought not visible for some data and at logarithmic scale. Error was set to 50% for data with [Co].q < 0.001 mM
on the logarithmic scale (i.e. £ 0.2 log unit)? to acknowledge the fact that larger error may be encountered at low

concentrations.
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Fig. S4 Normalized XAS of (a) R0.1, (b) R0.3 and (c) R0.5, and XMCD for (d) RO.1, (e) R0.3 and (f) R0.5 spectra
at the Co Lz-edge, with different solid Co concentrations (0.48 < [CoJit < 25.74 atom nm2) and two references:
CoFe,0, (dotted line) and Co(OH), (full black line). XAS and XMCD signals are normalized by dividing the raw
signal by the edge jump of XAS, and XAS spectra are also normalized to the C peak. Data of R0.5 from Fablet et

al. (2023).1
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Fig. S5 XMCD intensity ratio of E and F peaks, as a function of [Co]s (atom nm2) for R0O.1 (green circles), R0.3
(vellow triangles), R0.5 (blue squares). The dashed line corresponds to the XMCD intensity of Co(OH)zs and the
solid line to CoFe20qreferences. Data of R0.5 from Fablet et al. (2023).1
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Fig. S6 Normalized XAS spectra for (a) R0.1, (b) R0.3 and (c) R0.5 magnetites (from Fablet et al., 2023)," and
normalized XMCD spectra for (d) RO.1, (e) R0.3 and (f) R0.5 magnetites, at the Fe L, s-edge, with different total Co
concentrations (0.48 < [Coji,s < 25.74 atom nm) and three references: maghemite (Fe,Os), non-stoichiometric
magnetite (Fe;.s0,4) and stoichiometric magnetite (Fe3O,), represented by dotted line (data from Jungchaoren et
al., 2021).3 XAS signals are normalized by dividing the raw signal by the edge jump of XAS. XMCD signal was
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normalized to the Fe®* 14 peak (positive one).

1.1

0.9
- 0.7
3 05
803
a 0.1
-0.1

MC
O
w

-0.5

o
~

Normalized X
o
[Us]

1
B
Ulw e

e
o

11
0.9

1.1

0.9
—~ 0.7
3505
8l 03
Q0.1
§—0.1
£-03
-=-0.5
207
=-0.9
;o
-1.3
1.5
E =
-1.9

Norma

] (d)

RO.1

[Co], (atom nm2)
18.91
- 4.16
4.11
— 2.02
— 1.09
— 0.50
seeees Fe,0,

695 700 705 710 715 720 725

1 (e)

Energy (eV)

<32

RO.3

[Col. (atom nm2)
23.64
- 7.88
3.56
—2.33
—0.96
— 047
seenes Fey 50,

695 700 705 710 715 720 725

1 (f)

Energy (eV)
S

[Co], (atom nm2)
25.74
- 8.30
4.53
- 222
2119
—0.48
seeses Fe,0,

5,
51

695 700 705 710 715 720 725

Energy (eV)



(@) |

Normalized XAS (a.u.)

RO.1 (b) ; RO3 (c) ; RO5

[Co], (atom nm?) 1 i A [Co], (atom nm?) A [Co]), (atom nm?)

Co(OH), o Y Co(OH), . Co(OH),

Normalized XAS (a.u.)

770 772 774 776 778 780 770 772 774 776 778 780 770 772 774 776 778 780

Energy (eV) Energy (eV) Energy (eV)
Data -eeeveees Model

Fig. S7 Fits of linear combination analysis of normalized XAS spectra at Co L3 edge for different [Co]s, with (a)

RO.1, (b) R0.3 and (c) R0.5 magnetite, using Co(OH), and CoFe,0, references. Data are represented by a solid
line and models by a dotted line.



Table S2 Results of the chi-squares test (x?) on the fits of linear combination analysis.

Stoichiometry [Cols (atom nm™2) X2

0.50 0.015
1.09 0.004
2.02 0.004

RO.1
4.11 0.003
4.16 0.001
18.91 0.001
0.48 0.003
1.19 0.017
2.22 0.004

RO.5
453 0.003
8.30 0.003
25.74 0.002
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Fig. S8 Normalized (a) XAS and (b) XMCD spectra at the Fe L, s-edge at pH 6.5 (gray line) and pH 8 (blue line) for
[Co]it = 0.4 mM, for stoichiometric magnetite (R0.5). The dotted line corresponds to the XAS of Fe3;0, (data from
Jungchaoren et al., 2021). XAS signals are normalized by dividing the raw signal by the edge jump of XAS. XMCD
signals are normalized to the Fe* 1y peak (positive one).
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Fig. S9 Normalized XAS spectra at the Co Lz-edge at pH 6.5 (gray line) and pH 8 (blue line) for [CO]it = 0.4 mM,
for stoichiometric magnetite (R0.5). The dotted line corresponds to the XAS of CoFe,0, and the solid line Co(OH),
references. XAS signals are normalized by dividing the raw signal by the maximum XAS peak and also normalized
to the C peak
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Fig. S10 TEM images of stoichiometric magnetite with (a) [OM] = 2 mg L' and (b) [OM] = 50 mg L' and [CO],; =
0.04 mM. (Left) scale of 100 nm and (right) 20 nm.
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Fig. S11 Normalized XAS (a) and XMCD (c) at the Fe L,3-edge and normalized XAS (b) at the Co Ls-edge of
stoichiometric magnetite (R0.5) with [Co]i.s = 0.04 mM for different OM concentrations (from 0 to 50 mg L). XAS
signals of Fe are normalized by dividing the raw signals by the edge jump of XAS, and XMCD signals are normalized
to the Fe®* 14 peak (positive one). XAS of Co signals are normalized by dividing the raw signal by the maximum XAS
peak, and are also normalized to the C peak. The apparent peak around 779.3 eV on (b) is very likely due to
contamination by the substrate (barium).
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Fig. S12 TEM images of magnetite R0.1 with [Co],,: = 3 mM, in aerobic conditions. (Left) scale of 100 nm and (right)
20 nm.
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