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Table S1. The reaction conditions during the pH evolution

Applied potential / [H20,] / .
System Electrolyte mV M Charge / C pH Final pH
I-a 140 mM NaCl —350 132 115 11.3 11.7
140 mM NaCl + 10 mM
II-a NH,CI —350 252 115 8.9 9.5
I-b 140 mM NacCl —550 441 300 11.8 12.0
140 mM NaCl + 10 mM
1I-b NH,CI —550 441 300 9.8 11.5
140 mM NaCl + 30 mM
I-b NH,CI —550 518 314 8.8 9.3
I-c 140 mM NacCl —750 581 300 11.8 12.0
140 mM NaCl + 10 mM
II-c NH,CI —750 635 300 9.8 11.7
me 40mMNaCl+30mM —750 687 301 9.1 10.0

NH,4Cl1




Table S2. Crystallite size and phases identified in this study from XRD spectra

Assay Potential / Final pH Crystallite size / Phase(s) Electrolyte
v (nm) by XRD
Fig. 4-IV-a -0.350 11.7 (120 min) 20.1£0.1 Magnetite 140 mM NaCl + 0 mM NH,C1
+2.25 mM Fe(Il)
Fig. 4-IV-b -0.550 12.0 (90 min) 13.8+ 1.3 Magnetite 140 mM NaCl + 0 mM NH,Cl
+2.25 mM Fe(Il)
Fig. 4-IV-c -0.750 11.9 (60 min) 11.6+1.4 Magnetite 140 mM NaCl + 0 mM NH,C1
+2.25 mM Fe(Il)
Fig. 4-V-a -0.350 9.7 (256 min) 19.6 £ 0.2 Magnetite 140 mM NaCl + 10 mM
NH,4CI + 2.25 mM Fe(IT)
Fig. 4-V-b -0.550 9.7 (121 min) 14.6 £ 0.9 Magnetite 140 mM NaCl + 10 mM
NH,4CI + 2.25 mM Fe(IT)
Fig. 4-V-c -0.750 9.7 (68 min) 129+£0.5 Magnetite 140 mM NaCl + 10 mM
NH,CI + 2.25 mM Fe(II)
Fig. 4-VI-a -0.350 8.0 (240 min) 20.7+£0.4 Magnetite 140 mM NaCl + 30 mM
Goethite NH4Cl1 + 2.25 mM Fe(Il)
Fig. 4-VI-b -0.550 8.9 (210 min) 174 £0.8 Magnetite 140 mM NaCl + 30 mM
NH,CI + 2.25 mM Fe(Il)
Fig. 4-Vl-c -0.750 9.04 (120 min) 13.7+ 1.1 Magnetite 140 mM NaCl + 30 mM

NH,CI + 2.25 mM Fe(II)




Table S3. Current efficiency calculations

System Description 10 unaiye (C) Qo (C)  CE(%)
I-a 140 mM NaCl 6.1 114.9 5.3
I-b 140 mM NaCl 21.3 300.3 7.1
I-c 140 mM NaCl 28.0 300.3 9.3
II-a 140 mM NaCl + 10 mM NH,C1 6.4 114.9 5.5
1I-b 140 mM NaCl + 10 mM NH,C1 21.3 300.3 7.1
II-c 140 mM NaCl + 10 mM NH,C1 30.6 300.1 10.2
III-a 140 mM NacCl + 30 mM NH,CI 3 314.2 3.2
III-b 140 mM NaCl + 30 mM NH,C1 25.0 314.2 7.9
III-c 140 mM NaCl + 30 mM NH,4CI 33.1 300.6 11.0

The current eficiency (CE(%)) is a yield based on the total electrochemical charge that is consumed during
the electrolysis. In other words is the efficiency to selectively transfer electrons flowing through the
electrochemical circuit to the product of interest (measured analytically). Ounaiy 1S the amount of charge that
is consumed in forming H,O,, whereas Oy, is the total charge transferred during the electrolysis. Here, CE is
defined as the ratio between Qupayt and Qey,. Note that Oynayy €quals to the well-known term n-F-V-C (derived
from Faraday’s Law). Where n is the number of electrons transferred per mol of electrogenerated
species (2 e~ per mol), F is the Faraday’s constant (96,485 C mol~!), V7 is the volume of the solution

(L), C is the concentration of H,O, determined experimentally (mol L). O, is the total charge

consumed in one hour during the experiments.



Table S4. Summary of parameters obtained by the non-linear adjustments presented in Figure S4 in the ESI

of this the manuscript. The last three columns present data taken from Figure 2 of the manuscript and are

added for the purpose of comparison.

[NH,CI] [HCI]/ 3 P, [H,0,)/
Assay R? NH,”/ pHatPl pHatP2 E/V CE/(%)
/ mM mM A m? mM
NH,
I-a 00 097 1948 0.99675 ~7.00 - -0.35 0.13 55
II-a 100  1.19 2334 0.99978 9.38 5.69 10.69 -0.35 0.13 5.5
MI-a 30.0  2.18  22.88  0.99581 9.38 5.45 10.93 -0.35 0.06 3.3
I-b 00 062 4819 0.99466 ~7.00 - -0.55 0.44 7.1
II-b 71 079  37.92  0.99989 9.45 5.80 10.65 -0.55 0.44 7.1
MI-b 300 154 5321  0.99374 9.38 5.45 10.93 -0.55 0.52 7.9
I-c 00 085 6820 0.99399 ~7.00 - -0.75 0.58 9.3
M- 70 075 5578 0.99991 9.47 5.81 10.66 -0.75 0.63 10.2
M- 174 065 6276  0.99986 9.49 5.62 10.87 -0.75 0.69 11




Figure S1. The color of the reaction solution at different times along the pH evolution of the experiments for either a),

¢), ¢) 0.14 M NaClL
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Figure S2. E-pH diagram for aqueous species in the system Fe-H,O in the presence of H,0,, in a NaCl supporting
electrolyte, indicating the stable equilibria at 22 © C and 1 atm. Different molar concentration of the dissolved species

were considered, as pertinent to the present study.
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Figure S3. SEM images of selected samples. The images depict spherical-shaped nanoparticles for 0.14 M NaCl + 30

mM NH,CI at -750 mV. The nanoparticle morphology is representative of all iron oxide samples obtained.



0 mM NH,CI + 0.14 M NaCl at-0.35 V 0 mM NH,CI + 0.14 M NaCl at -0.55 V 0 mM NH,CI + 0.14 M NaCl at -0.75 V

12} 12} 12
10} 10 g 10
8t 8 B 8 R
T | T
o g 6 a g
41 4 g 4
2 ] 2t ] 2t
0 0 0
0 30 60 90 120 0 30 60 90 0 30 60
time / min time / min time / min
10 mM NH,CI + 0.14 M NaCl at-0.35V 10 mM NH,CI + 0.14 M NaCl at -0.55 V 10 mM NH,CI + 0.14 M NaCl at-0.75 V
12Hl-a 1 12¢11-b 1 12HI-c it
10} 1
gl 1
T
a gl
al
2 2t 1 2
[) " i i " " 0 " i i " i " D " i "
0 30 60 90 120 0 30 60 90 120 0 30 60 90
time / min time / min time / min
30 mM NH,CI + 0.14 M NaCl at -0.35 V 30 mM NH4CI + 0.14 M NaCl at -0.55 V 30 mM NH,CI + 0.14 M NaCl at -0.75 V
10 : . . , 10 . . ; : : - .
-a li-b 10Hll-c 1
8 1 8 1
6 Exp 8 6 8
—Fit 1
I T
4 g 1 4 1 |
2 - 2+ E 2t 3
0 0 0
0 60 120 180 240 0 30 60 90 120 0 30 60 90
time / min time / min time / min

Figure S4. pH against time curves fitted for different background electrolytes using a confidence interval of 95%: (I)
0.14 M NaCl. (II) 0.14 M NaCl + 10 mM NH4CI. (IIT) 0.14 M NaCl + 30 mM NH,CI at different applied potentials of

(2)-0.35 V; (b)-0.55 V; and (¢) -0.75.
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Figure S5. pH against time curves fitted for different background electrolytes using a confidence interval of 95%: (I)
0.14 M NaCl + 2.25 mM Fe?*. (II) 0.14 M NaCl + 10 mM NH,4CI + 2.25 mM Fe?*. (1IT) 0.14 M NaCl + 30 mM NH,Cl1

+2.25 mM Fe?*; at different applied potentials of (a)-0.35 V; (b)-0.55 V; and (¢) -0.75.



