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Chemical composition

Table S1. Elemental mass percentage of pre-NC(Fe) 1(x) and LP-NC(Fe) n(x) obtained from combustion elemental
analysis (N,C,H) and ICP-MS (Fe). *

sample N C H Fe
CNFA (CA/U300) 13 68 1 -
pre-NC(Fe)_1(2.3) 21 48 3 2.3
pre-NC(Fe) 1(2.7) 19 42 3 2.7
pre-NC(Fe) 1(8.6) 21 42 3 8.6
LP-NC(Fe)_1(3.0) 10 72 1 3.0
LP-NC(Fe)_1(4.6) 7 72 1 4.6
LP-NC(Fe)_1(12.1) 6 60 1 12.1
LP-NC(Fe) 2(3.3) 13 60 2 33
LP-NC(Fe)_2(3.8) 11 67 2 3.8
LP-NC(Fe) 2(14.5) 8 60 1 14.5

* The remaining mass is due oxygen.

Figure S1. EDX mapping of LP_NC(Fe) 1(3.0), LP_NC(Fe) 1(4.6) and LP_NC(Fe) 1(12.1).
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Electrical properties
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Figure S2. Electrical conductivity of films LP-NC(Fe)_1(x) and LP-NC(Fe)_2(x) obtained by averaging 30 sample
films.

Pre-Carbonization
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Figure S3. X-ray powder diffraction patterns of the primary films to route 1 (pre-NC(Fe) _1(y)), pre-carbonized at
300 °C.
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Figure S4. (a) STEM-ADF images of pre_NC(Fe) _1(3.0); (b)corresponding EDX elemental mappings and spectrum
from (a).
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X-ray photoelectron spectroscopy
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Figure S5. XPS spectra of LP_NC (reference) and the CNFA (CA/U(300)) with emphasis on the O (left), Ny,
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Figure S6. XPS spectra of the samples prepared by route 1: LP_NC(Fe) 1(3.0), LP_NC(Fe) _1(4.6) and
LP _NC(Fe)_1(12.1) with emphasis on the F5,, Oy, Ny, and Cy, (from left to right) regions.
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Figure S7. XPS spectra of the primary films of route 1: pre NC(Fe) 1(3.0), pre NC(Fe) 1(4.6) and
pre_NC(Fe)_1(12.1) with emphasis on the F,,, O, N, and C, (from left to right) regions.
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Figure S§8. XPS spectra of the samples prepared by route 2: LP_NC(Fe) 2(3.3), LP_NC(Fe) _2(3.8) and
LP_NC(Fe)_2(14.5) with emphasis on the F,,, O, Ny, and Ci (from left to right) regions.
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Figure S9. XPS spectra of the primary films of route 2: pre NC(Fe) 2(3.3), pre NC(Fe)_2(3.8) and
pre_NC(Fe)_2(14.5) with emphasis on the I, Oy, Ny, and Ci; (from left to right) regions.
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Table S2. Elemental mass percentage of pre-NC(Fe) 1(x) and LP-NC(Fe) n(x) obtained from XPS survey spectra
quantification

Sample N C O Fe

LP-NC 5.05 77.54 17.41 -
pre-NC(Fe) 1(2.3) 13.63 69.21 17.08 0.09
pre-NC(Fe) 1(2.7) 12.06 71.03 16.78 0.13
pre-NC(Fe) 1(8.6) 12.92 70.63 16.10 0.35
LP-NC(Fe) 1(3.0) 9.77 77.24 12.82 0.74
LP-NC(Fe) 1(4.6) 4.11 75.42 15.53 0.96
LP-NC(Fe) 1(12.1) 6.33 74.58 18.96 0.56
LP-NC(Fe) 2(3.3) 7.05 72.43 14.74 5.78
LP-NC(Fe) 2(3.8) 5.25 73.02 16.48 5.25
LP-NC(Fe) 2(14.5) 3.02 61.29 23.92 11.77

Table S3.Composition of nitrogen of laser-carbon obtained by deconvolution of the N s peaks of the XPS spectra

H,0,

()

Sample Ni; peaks (% of total peak area) production
Pyridinic N Pyrrolic N  Graphitic N NO;

LP-NC 18.36 75.34 6.29 - 60
LP-NC(Fe) 1(3.0) 26.21 65.98 7.80 - 40
LP-NC(Fe) 1(4.6) 20.71 71.61 7.68 -

LP-NC(Fe) 1(12.1) 90.83 8.44 0.73 - 2
LP-NC(Fe) 2(3.3) 25.37 67.50 6.93 - 80
LP-NC(Fe) 2(3.8) 21.22 68.09 10.70 -

LP-NC(Fe) 2(14.5) 42.01 50.49 2.12 5.37 8
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STEM and EDX analysis
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Figure S10. EDX spectrum on overview (grey filling) and particle (red line) regions of LP_NC(Fe) 1(3.0) (bottom)
and LP_NC(Fe) _2(3.3) (top).
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Figure S11. (a) STEM image of thin film, clusters, and dense substrate (from left to right)from LP_NC(Fe) 2(3.3);
(b) EDX of dense carbon substrate grafted with iron clusters, (c) EDX with solid flake containing iron and oxide.
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Oxygen reduction reaction performance
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Figure S12. Calculated number of transferred electrons and H,0; production efficiency of LP-C(Fe) 2(3.8) in KOH
0.1M. H,O; production (%) in dashed lines.
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Figure S13. ORR performance in oxygen saturated 0.5M phosphate buffer (pH 7.2) evaluated using an RRDE setup.
(a) and (b) Linear sweep voltammetry of LP-C(Fe) 1(3.0) and LP-C(Fe) 2(3.3), (c¢) and (d) Calculated number of
transferred electrons and H>O; production efficiency of LP-C(Fe) 1(3.0) and LP-C(Fe) 2(3.3). H,O; ring current
and selectivity (%) in dashed lines
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Comparison with published studies

Table S4. Overview of onset potentials and H,O; production efficiencies of previously published and our materials in
alkaline electrolyte. The onset potential was calculated by the intercept with X-axes of the tangent to the LSV curve

at E1/72. The values in Table S4 are either given in the text or estimated from the data given in each manuscript.

Sample Fe type O(n\je‘fs[.l(l){tle{nél)al Mechanism ma;;gizoz Ref.
CA/U300 - 0.73 2¢ 60 this work
LP-C(Fe) 2(3.3) a-Fe,03/FeO/Fe(0)@LP_C 0.77 2e 80 this work
LP-C(Fe)_2(14.5) a-Fe,03/FeO/Fe(0)@LP_C 0.72 4e 8 this work
Fe-CNT Fe-C-O 0.82 2¢ 95 1
CG400 - 0.72 2¢ 93 2
O-CNT - 0.73 2¢ 93 3
Fe;04-graphene Fe;04 nanoparticles 0.74 2¢ 80 4
Ce0,/C - 0.75 2¢ 44 5
SnNi/C - 0.70 2¢ 88 6
FC304@NT FC304 2¢ 7
NC@Fe,05-CNT v-Fe,03, Fe-Ny, and FesC, 0.96 2¢ 97.3 8
Fe,03 (001) Fe,054 0.73 2e 100 9
Fe,03 (012) Fey05.4 0.84 - 10
0-Fe,03/g-C3Ny 0-Fe,03 2¢and4 e 20 10
Fe;04 NP Fe;04 -0.6 V vs. SCE (pH 8.5) 2 ¢ and 4¢ 50 11
y-Fe,0;/rGO v-Fe,0; 0.78 2+2 ¢ - 12
LP-C(Fe) 1(3.0) n-Fe,05/Fe(0) 0.77 2¢and4 e 40 this work
LP-C(Fe)_1(12.1) Fe;04 0.80 4e 2 this work
F6203/P-S-GC F6203 0.97 4¢ 13
0-Fe,O3;@NT a-Fe,05 4e 7
y-FeZO3@CNF 'Y-FCQO3 0.92 4e - 14
FeSA/FeONC/NSC FC-N4 and FezO3 0.99 4e 15 15
Fe,03/N-PCs-850 Fe,0; 0.936 4¢ 5 16
Fe,03/FeNy@CNF Fe,0; and Fe-N 1.10 4e 3 17
F6203@CNF F6203 1.06 4¢ 20
Fe-Fe,O3;@NGr Fe(0), Fe,03, and Fe-N 0.075 V vs. Hg/HgO 13 18
Fe-Fe,O;@RGO Fe(0) and Fe,O3 -0.07 V vs. Hg/HgO 51.2
Fe,O;@Fe-N-C-800 Fe,0; and Fe-N 1.02 4¢e - 19
Fe/Fe,0;/Fe; C@N- Hollow particles i
CNT Fe/Fe,0/FesC 0.90 de 2 20
Fe-CNSs-N o-Fe,03and Fe;0,4 0.90 4e - 21
FeN,/Fe,O3;-CNF v-Fe,0;5 and Fe-N 0.87 4e 6 22
F6203/N-bi0-c F€203 0.90 hybrld - 23
Fe and N co-doped C Fe-N-C 0.51 (neutral pH) 4e - 24
OMCS-Fe,03 0.804 4e - 25
Fe,O;@NC-800 v-Fe,0; 0.97 4e 1.20 26
Fe304 -GO Fe;O4 4e - 27
Fe,05/GO Fe,03 0.85 2+2e - 28
Fe/N-CNTs Fe-N 0.862 4¢ 29
P-Fe-C-900 P-Fe-C 0.825 4¢ 15 30
Hemin/NPC-900 Fe-N-C 0.99 4¢ - 31
Fe@N/HCS Fe;04 0.90 4e 15 32
Fe304@NHCS FC304 0.9 4¢ - 33
Fe;04/Fe;C@NC-1 Fe;04and FesC 0.97 4¢ 10 34
Fe;04 NPs/NGC Fe;04 1.015 4e 9 35
COP@K10-Fe-900 Fe;0,4 and Fe-N-C 0.97 4e 10 36
Fe;04@NGA Fe;04 0.92 4¢ - 37
Fe;04/FeNSG-3 Fe-N-C and Fe;0,4 0.951 4¢ 6 38
C-FePPDA-900 Fes0, with o-vacancies 0.87 de 75 39
on n-doped carbon
Fe;04@FeNC Fe;04 and Fe-N 4e 2 40
ggg%f)\]CMTS' Fe;0y 0.794 4e - 41
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