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Figure S1. 5Fe- M0Ossbauer spectra measured at low temperatures from 20K to 300K (a) Ni10 and
(b) Ni20.



600
(2) Ni20 110°C
500 -
o 400- =
= 300-

~ —@— experimental data
fit by EEC model

/‘Cn“
0

100 200 300 400 500 600

7'/ Ma

-7 1 GQ
w

(b) Nid0
-

|c|;|=_t|

—@— experimental data
fit by EEC model
- o s

-

110 °C

Figure S2. Complex impedance spectra @110 °C for sample (a) Ni20, and (b) Ni40. The symbols

(colored circle) denote experimental values, whereas the solid cyan line corresponds to the best

fit. The corresponding equivalent circuit model, comprised of parallel combination of the resistor

(R) and the constant-phase element (CPE), used for fitting the data of an individual spectrum,

and its interpretation is shown in each figure (defined as follows: b-bulk phase).

Table S1. Mossbauer parameters of a-NixFeixOOH nanoparticles obtained from the 5Fe-
Mossbauer spectra measured in the range of velocity from 10 mm s to -10 mm s at 86K.

Sample Component A o 4 I Hint Phase
(%) (mms") (mms') (mms”) (T)

Ni0 sextet 80.50 047, -0.25,,, (116)0.43_, ,, 32.9 Goethite
215)0.39,,,,
319034, ,,

sextet 19.50 046, -0.22, . (116)0.28,, ,, 50.1 Goethite
(2[3)0.19,,
(314)0.35,, ,,

NS sextet 7139 046, 022, (116039, 49.6 Goethite
215)0.33,,,,
319035, ,,

sextet 2042 049, 027, (116050,  47.8 Goethite
(215)0.47 4 o5
(314)0.38,,

doublet 7.65 027, 0.00,_ .. 1.94, ., - Unknown

Nil0 sextet 74.91 047, -0.24, ., (116)0.43_, ,, 493 Goethite

(215)0.37 .



(314)0.33

+0.01
doublet 12.63 0.46,,,  0.66,,,; 0.530.09 - Amorphous
doublet 1246 035, 0.00, 1.8150.64 - Unknown
Ni20 sextet 15.04 043, -0.10,,  (1/6)1.00,,,  49.4 Goethite
(215)0.82,,
(3[4)0.61,,
doublet 84.96  0.44,, 071, 0.74s0.01 - Amorphous

o: isomer shift, A: quadrupole splitting, /° FWHM, Hn: Internal magnetic field.

Table S2. Mossbauer parameters of a-NiFeixOOH nanoparticles obtained from the 5Fe-
Moéssbauer spectra measured in the range of velocity from 3 mm s to -3 mm s™ at 86 K

A ) A r Hin Phase
Sample Component
(%) (mms!) (mms') (mms?) (T)
Ni20 sextet 1237 043,, -0.10,, 058, 49.4 Goethite
doublet 87.63 044, 0704, 075, - Amorphous
Ni50 doublet 36.80 045,  089,, 045, - Ferrihydrite
doublet 6320 044, 047, 039, - Unknown

o: isomer shift, A4: quadrupole splitting, 7: FWHM, Hin: Internal magnetic field



Table S3: ¥Fe- Mossbauer spectra measured at low temperature from 20K to 300K of Nil0

T/K  Component 4 d 4 r Hin Phase
(%) (mms') (mms?) (mms™) (T)

20 sextet 717 048, ., -0.22,, ., 0.40,, ., 50.38:0.02 Goethite
sextet 283 042, -0.13,, 1.38,, 44.25+0.26 Goethite
50 sextet 459 048, ., -0.22, ., 0.33,, 50.270.03 Goethite
sextet 18.7  0.50,,, -0.23,, ., 0.44,, s 48.53:0.11 Goethite
doublet 355 041, 0.00,, ., 4.66_, ., - Unknown
100 sextet 424 046, -0.21,, ,, 0.32,, 49.210.02 Goethite
sextet 302 047, -0.26,,, 0.58,,,,  46.78:0.10 Goethite
doublet 273 037, 0633 L11,,, i Unknown
150 sextet 371 045, 0.22,,, 0.36,,,,  47.22:003 Goethite
sextet 368  0.46,,, -0.18,, 083,  43.98.0.12 Goethite

doublet 261 036, 0.67,,0, 0.800.03 ) Amorphous
200 sextet 381 042, ., -0.24,, .. 1.07+0.05 40.01:0.17 Goethite
sextet 351 042, -0.23,, 0.45,, > 44.110.04 Goethite

doublet 26.8 0.32,,,, 0.65,,,, 0.810.03 - Amorphous



250 sextet 427 041, -0.24,, 1.19:0.05 34.95.0.18 Goethite
sextet 28.6  0.40,,,, -0.26,, 0.49, 0, 39.94.0.05 Goethite
doublet 28.7 030, 0.70,, 0, 0.781,, s Amorphous
300 sextet 478 037, -0.26,, , 1.37=0.10 31.55:0.192 Goethite
sextet 243 047, 0.00-0.02 1.15:0.17 18.85:0.32 Unknown
doublet 23.6 031, 0.63,, 5 0.61,, Amorphous
doublet 44 050, ., 1.44:0.04 0.310.07 Superparamagnetic
o: isomer shift, A4: quadrupole splitting, 7: FWHM, Hin: Internal magnetic field
Table S4. ¥Fe- Mossbauer spectra measured at low temperature from 20K to 300K of Ni20
A ) A4 r Hin Phase
T/K  Component
(%) (mms?) (mms™) (mms™) (T)
20 sextet 100 048, -0.22,,,, 043,  50.37:0.02 Goethite
50 sextet 549 048, -0.24,,,, 0.39,,,; 50.14:00:  Goethite
doublet 451 036, -0.00,,,, 211, Unknown
100 sextet 57.4 0.47 01 -0.22,, 045,  50.14:0.02 Goethite
doublet 42.6 0.39,00: 0.62,, ,, 0.67,,,, Amorphous
150 sextet 55.9 0.44,, ., -0.25,, ,, 0.53,,,  47.20:0.03 Goethite
doublet 44.1 0.37 001 0.61,,,, 0.66,,, ,, Amorphous
200 sextet 29.2 044, -0.20,, s 0910  41.26:023 Goethite
sextet 28.9 0.43,, ., -0.23,, ,, 0.40,, .,  44.83:0.05 Goethite
doublet 41.8 0.35,, 0 0.59,001 0.64,, ,, Amorphous
250 sextet 31.1 0.41,,,, -0.28,, ., 1.0320.07  36.47+0.26 Goethite
sextet 277 039, -0.24,,,, 048,  40.82:0.07 Goethite
doublet 41.2 0.31,,,, 0.60,, ., 0.60_, ., Amorphous



300 sextet 326 035, -0.31,,,, 0.85:005  34.09:0.12

sextet 27.0 0.03, s -0.49, o 1.43:016  24.10:0.41
doublet 38.0 0.29,) 0.60,,,, 0.56.,,,
doublet 2.5 0.55,, > 1.53+0.02 0.19:0.05

Goethite
Goethite
Amorphous

Unknown

J. isomer shift, A: quadrupole splitting, /: FWHM, Hin:: Hine: Internal magnetic field



