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Experimental Procedures

General considerations and instrumentation. All synthetic procedures were done under inert
conditions using standard Schlenk techniques or a M. Braun dry box containing an atmosphere
of inert purified nitrogen. Solvents were dried by standard methods. '"H NMR spectra were
recorded on a Bruker Spectrometer APX 200 at room temperature and the solvent residual
signals were referenced as the internal standard. Fourier transform infrared (FTIR) spectra were
recorded on a Thermofisher Nicolet iS5 IR spectrometer (ATR-Diamond) under inert
conditions. Elemental analysis was carried out with a Thermo Flash EA 1112 Organic
Elemental Analyzer by dynamic flash combustion at 1020 °C.

All experiments and measurements were reproduced for three times and the values derived
from them are reported as mean =+ standard deviation.

Materials and synthesis

1 M aqueous KOH and other reagents used in the synthetic procedures were obtained from
Sigma Aldrich. Nickel foam (NF) and fluorine-doped tin oxide (FTO, resistivity 8—12 Q sq!)
were purchased from Recemat BV and Sigma Aldrich, respectively. Fe,O3; was purchased from
Sigma Aldrich. The molecular complex precursors LBFeCl (LB = CH(C'BuNDipp),, Dipp =
2,6-Pr,CgH3) and NaOCAs-(dioxane), ; were prepared according to literature procedures.[!~#

Synthesis of LBFeAs,FeLB. LBFeCl (447 mg; 0.75 mmol; 1.0 eq.) and NaOCAs-(dioxane);
(258 mg; 0.83 mmol; 1.1 eq.) were stirred in 50 mL toluene for 5 h at room temperature, during
which the initially dark red solution turned dark brown. The reaction mixture was filtered and
the residue washed again with 10 mL toluene. The filtrate was then carefully concentrated to
one-sixth of its volume so that a dark red crystalline solid could be isolated after one day at 5
°C. The dinuclear iron arsenide cluster complex LBFeAs,FelB was obtained in 40 % yield
(220 mg, 0.15 mmol) relative to the iron precursor. Two molecules of toluene co-crystallized
with the compound. Elemental analysis: (%) calc. for M-2 tol: C: 69.60, H: 8.50, N: 3.87;
found: C: 66.89, H: 8.14, N: 3.69. Despite repeated attempts, we have not been able to obtain
an accurate analysis of a spectroscopically pure sample. The slight difference in carbon content
can be explained by the high sensitivity of the molecule. Due to severe fragmentation, no
indication of the synthesized complex could be observed in mass spectrometry. ‘H NMR
(paramagnetic, 200 MHz, C¢Ds, Figure S1): o/ppm = 104.23 (1H, y-H)*; 41.98 (18H, ‘Bu-H)*;
7.03 (m, tol); 2.11 (s, tol); 1.28%; -27.58 (12H, Dipp-CH;)*; -108.88 (2H, p-H)*; -112.01 (12H,
Dipp-CH;)*. Because of the highly paramagnetic nature of the compound and the extreme
broadening observed, signals could only be tentatively assigned. Signals marked with (*) have
been observed for the iron chloride precursor as well. These signals appeared both in-sifu and
in solutions from sufficiently pure crystalline samples, and can thus be assigned to the iron
arsenide complex. It has to be noted that many three-coordinate iron complexes LBFeR (with
R = hydride, halide, alkyl, amide) exhibit very similar signal patterns and shifts.l>*1 ATR-IR
data (Figure S2): V/em™! = 2957 (s), 2922 (s, 2906 (s), 2865 (s), 1999 (w), 1920 (w), 1535 (w),

S3



1485 (s), 1460 (m), 1443 (m), 1432 (m), 1400 (w), 1379 (s), 1358 (s), 1311 (s), 1280 (m), 1251
(m), 1214 (m), 1200 (w), 1188 (s), 1177 (s), 1154 (m), 1126 (m), 1097 (m), 1054 (m), 1028
(m), 957 (w), 934 (m), 918 (w), 899 (w), 888 (w), 878 (w), 839 (W), 815 (W), 799 (m), 776 (s),
764 (m), 754 (s), 730 (s), 717 (w), 695 (m), 677 (m), 664 (W), 647 (w). CCDC 1989143 contains
the supplementary crystallographic data for this paper. This data is provided free of charge by
The Cambridge Crystallographic Data Centre.

Synthesis of crystalline FeAs by hot injection. The modification of a previously developed
procedure was used.[!% To a three-necked round bottom Schlenk flask fitted with a temperature
sensor and a condenser, 25 mL oleylamine (Sigma-Aldrich) was added. The solvent was
previously degassed by a 3-cycle freeze-pump method and stored with molecular sieves (3 A).
The whole set up was degassed using a vacuum followed by nitrogen refill three times and then
the flask was heated to 250 °C. The LBFeAs,FeLB precursor (1449.46 g mol!; 150 mg; 0.103
mmol) was dissolved in 5 mL of dry oleylamine at 35 °C in another flask. The solution was
transferred to the three-necked flask at 250 °C by injection under inert conditions. The reaction
temperature was maintained at 250 °C for one more hour and then the mixture was allowed to
cool down naturally to room temperature. The whole reaction mixture was transferred into a
centrifuge tube and centrifuged along with additional 20 mL ethanol at 9000 rpm to produce a
black solid. The mixture was placed 15 min in the ultrasonic bath to remove any excess ligand
and oleylamine. Sonication and centrifugation cycles were repeated for 4 additional times. The
precipitate was then washed with acetone and dried overnight at 60 °C and used for
characterizations.

Synthesis of amorphous Fe(OH); and FeOOH. Amorphous Fe(OH); was synthesized by
precipitation of iron(III) nitrate following a reported protocol and FeOOH by precipitation of
iron(II) sulfate followed by oxidation with H,O,.['112]

Characterization

Powder X-ray and neutron diffraction. Powder X-ray diffraction (PXRD) patterns were
obtained on a Bruker AXS D8 advanced automatic diffractometer equipped with a position-
sensitive detector (PSD) and curved germanium (111) primary monochromator using Cu Ka
radiation (A = 1.5418 A).

Inductively coupled plasma atomic emission spectroscopy. The inductively coupled plasma
atomic emission spectroscopy (ICP-AES) was conducted on a Thermo Jarrell Ash Trace Scan
analyzer. The materials were digested in aqua regia HCl: HNO; 4:1 v/v (nitric acid, SUPRA-
Qualitdit ROTIPURAN® Supra 69% and hydrochloric acid, SUPRA-Qualitit ROTIPURAN®
Supra 30%) and the average of three reproducible independent experiments is reported. The
digestion volume (2.5 mL) was diluted with Milli-Q water up to 15 mL. Calibration curves
were prepared for iron and arsenic with concentrations between 1 mg L-! and 100 mg L-! from
standard solutions (1000 mg L' Single-Element ICP-Standard Solution ROTI STAR).
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Scanning electron microscopy. Scanning electron microscopy (SEM) was performed on a
GeminiSEM500 NanoVP microscope (ZEISS) integrated with an EDX detector (Bruker
Quantax XFlash® 6|60). The most abundant elements were selected from the EDX spectrum.
Data handling and analysis were achieved with the software package EDAX. The SEM
experiments were conducted at the Zentrum fiir Elektronenmikroskopie (ZELMI) of the TU
Berlin.

Transmission electron microscopy. Transmission electron microscopy (TEM) was
performed on an FEI Tecnai G2 20 S-TWIN transmission electron microscope (FEI Company,
Eindhoven, Netherlands) equipped with a LaB¢ source at 200 kV acceleration voltage. For the
investigation of the films after electrocatalysis, the films were scratched from the electrode
substrate and transferred onto a carbon-coated copper grid. EDX analyses were achieved with
an EDAX r-TEM SUTW detector (Si (Li) detector), and the images were recorded with a
GATAN MS794 P CCD camera. The TEM experiments were conducted at the Zentrum fiir
Elektronenmikroskopie (ZELMI) of the TU Berlin.

X-ray photoelectron spectroscopy. X-ray photoelectron spectroscopy (XPS) measurements
were carried out using a ThermoScientific K-Alpha+ X-ray photoelectron spectrometer. All
samples were analyzed using a micro-focused, monochromated Al-K, X-ray source (1486.68
eV; 400 um spot size). The analyzer had pass energy of 200 eV (survey), and 50 eV (high-
resolution spectra), respectively. Binding energies were calibrated to the C 1s peak at 284.8
eV. To prevent any localized charge build-up during analysis the K-Alphat+ charge
compensation system was employed at all measurements. The samples were mounted on
conductive carbon tape or measured directly from the electrode substrates (FTO and NF). The
resulting spectra were analyzed using the Avantage software from ThermoScientific.

Extended X-ray absorption fine structure (EXAFS) and X-ray absorption near edge
structure (XANES). The experiments were conducted at the KMC3 beamline of the BESSY
synchrotron operated at the Helmholtz-Zentrum Berlin (HZB). Data collection was performed
at 20 K in a liquid-helium cryostat in fluorescence detection mode using a 13 element silicon
drift detector (Rayspec). Over 20 spectra were averaged for each compound in order to improve
the signal-to-noise ratio. Averaged spectra were background-corrected and normalized using
in-house software. Subsequently, unfiltered A*-weighted spectra and phase functions from
FEFF8.5[13] were used for the least-squares curve-fitting of the EXAFS with in-house software
and for calculation of Fourier-transforms representing k-values between 1.6 and 14 A~!. Data
were multiplied by a fractional cosine window (10% at low and high £-side); the amplitude
reduction factor Sy?> was 0.75 for iron and 1.00 for arsenic. The samples were kept for 6 h under
constant current of 10 mA cm using FeAs/FTO as working electrode (WE), Pt wire as counter
electrode (CE) and Hg/HgO electrode (CH Instruments) as reference electrode (RE) on a three
electrode system on KOH 1 M. After that time, the experiment was stopped and the sample
was immediately immersed on liquid N, (77 K) to freeze quench it. The sample was stored and
taken to BESSY for measurement.
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Resonance Raman spectroscopy. Resonance Raman spectra were recorded using the 458 nm
emission of an Argon ion laser (Innova 70, Coherent) for excitation and a confocal Raman
spectrometer (Lab Ram HR- 800 Jobin Yvon) equipped with a liquid-nitrogen cooled charge-
coupled device (CCD) camera for data acquisition. The typical laser power at the sample
ranged between 2-3 mW. The samples were measured using a Linkam Cryostage THMS600
cryostat. The temperature of the samples was kept at 80 K throughout the measurements. The
spectrometer was calibrated before each experiment using toluene as an external standard.
Baseline subtraction/processing from FTO was performed for analyzing the data.

Infrared spectroscopy. Infrared (IR) spectra were recorded on a Thermo Fisher Nicolet iS5
Fourier transform (FT) IR spectrometer using a Diamond for the Attenuated Total Reflexion
(ATR) IR measurements.

Resistivity measurement. A Signature Pro4 System measured the resistivity with Keithley
2400 source-measure unit (SP4-40045TBY) using a four-point probe resistivity technique. The
spacing between tungsten carbide tips was 1.016 mm with a radius of 0.245 mm, and a spring
pressure was 45 grams. The materials were electrophoretically deposited on electrodes to
estimate the specific resistivity of each synthesized material, and the average results are
presented.

BET surface area. The determination of the surface area was performed by Nitrogen sorption
using the BET (Brunauer-Emmet-Teller) method. Measurements were performed with a Nova
4000e from Quantachrome Instruments. Degassing was performed at 120 °C for 12 h before
conducting the measurement.

Electrochemical measurements

A typical electrocatalytic run was carried out in a standard three-electrode setup consisting of
a reference electrode (RE), a counter electrode (CE) and the catalyst-modified working
electrode (WE). The three were immersed in an aqueous electrolyte (1M KOH, Sigma Aldrich).
The presence of Fe on it was ruled out by purifying the electrolyte before its use following the
literature procedure.['#l A potentiostat (SP-200, BioLogic Science Instruments) controlled by
the EC-Lab v10.20 software package was used for all the experiments. The electrodes
(NF/FTO) with samples deposited served as the WE, Pt wire (0.5 mm diameter X 230 mm
length; A-002234, BioLogic) as the CE and Hg/HgO (OER) as the RE (CH Instruments, Inc.).

CV and LSYV. Cyclic voltammetry (CV) and linear sweep voltammetry (LSV) was performed
without stirring and with an applied iR compensation of 85%, applied before each experiment.
The uncompensated resistance (R,) was acquired by impedance spectroscopy at 100 MHz. The
potential of the reference electrode in this work was referenced to the reversible hydrogen
electrode (RHE) through calibration, and in 1 M aqueous KOH the potential was calculated
using the following equation:

E(RHE) = E(Hg/HgO) + 0.098 V + (0.059 x pH) V.
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The potential ranges were 1.0 to 1.8 V vs. RHE for OER on NF, 1.2 to 1.9 V vs. RHE for OER
on FTO. The presented LSV polarization were derived from CV experiments carried for a
specific time until no changes where observed on the electrochemical behaviour, i.e. when the
shape of the CV curve showed no more variation and the overpotential was constant.

Chronopotentiometry. The chronopotentiometry measurements were performed in 1 M
aqueous KOH, an applied iR compensation of 85% and at a constant current density of 10 mA
cm? for 24 h.

Chronoamperometry. The chronoamperometry measurements were performed in 1 M
aqueous KOH, applied iR compensation of 85% and at a constant potential of 1.38 V vs. RHE
(n =480 mV, OER) was applied for 10 h for the NF sample.

Tafel analysis. The polarization curves were replotted as overpotential (1) vs. the logarithm of
current density (log j) to obtain Tafel plots. The Tafel slope was calculated according to the
Tafel equation n = blog j + a, where 7 is the overpotential (V), j is the current density (mA
cm?), and b is the Tafel slope (mV dec™).

Double-layer capacitance. The double-layer capacitance (Cy) was determined to calculate the
active surface area of the materials and the substrate.l'3] From the already measured LSV, a
potential range in which no faradaic process (no catalysis) is occurring was selected (0.881 to
0.931 V vs. RHE). The anodic charging currents measured at 0.906 V vs. RHE were plotted as
a function of the scan rate (5 mV s'! to 200 mV s!) and from the slope, the Cy was attained.[!>-
171 The ECSA is directly proportional to Cg.[10]

Electrochemical impedance spectroscopy. Electrochemical impedance spectroscopy (EIS)
was recorded at 1.58 V vs. RHE for FTO samples and at 1.51 V vs RHE for NF samples to
obtain the Nyquist plots. The selected potentials are beyond onset potential and all the studied
catalysts have appreciable activity at it (> 10 mA cm2).l'8 The amplitude of the sinusoidal
wave was examined in a frequency range of 100 kHz to 1 mHz. The curves were fitted to a
Randles equivalent circuit (inset, Figure 3 on Main Text), where R, CPE, and R are the
equivalent series resistance, constant phase element of the Cg, and the charge transfer
resistance, respectively.[1%13.191 Mean values and standard deviations of the parameters derived
from the fitting of the experimental data were obtained using the Zfit tool from EC-Lab®
Version 11.10 (January 2017) software (Bio-Logic Science Instruments Ltd.).

Electrophoretic deposition (EPD, film preparation). The investigated materials were
deposited electrophoretically by a well-established method on both, on a 1 x 1 ¢cm? NF and
FTO electrode.[1%-12.20-22] The electric charge on the catalyst in acetone is insufficient for EPD,
as very small amounts of free ions exist in acetone. When iodine is used as the dispersant, it
can react with acetone through the keto-enol tautomerization to produce protons as per the
following equation:

O =
Fast + 1+ H*

0
H,CANCH,

OH
— e
HyCA CH, HCACH, | 2

Keto Enol




Thus, formed protons are adsorbed on the surface of the suspended particles by making them
positively charged. The applied electric field induces the positively charged particles to migrate
towards and deposit on the cathode. Typically, 30-40 mg of the catalyst powder was suspended
in 10 mL acetone and sonicated for 1 h then 3 mg of iodine was added and the suspension
sonicated for another 3 min. The EPD was conducted at +10.0 V for 4 min and thin uniform
films were obtained. The sample loading on each NF was 1.0 +0.1 mg cm for all the tested
materials. On FTO, it was 0.4 +0.1 mg cm? for FeAs, FeOOH and Fe,03, and 2.4 +0.1 mg cm™
for Fe(OH);.
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Results and Discussion
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Figure S1. '"H NMR of 2-2 tol in C4¢D¢ at room temperature.
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Table S1. Crystal data and structure refinement for 22 tol.

Empirical formula
Formula weight
Crystal system
Space group

Unit cell dimensions

Cell Volume
Z
Temperature
Crystal size

Density

F(100)

Absorption coefficient
Transmission max/min
Refinement method

Absorption correction
Wavelength
Collected/independent reflections

Index ranges

Theta range for data collection
Completeness to theta = 67.49 °

[Data / restraints / parameter

CssHi2oNgFes As,

1449.38

monoclinic

P21/n

a=13.4664(2) A a=90 [°
b=14.7987(2) OA B=91.2700(10) °
c=19.6270(3) A vy=90°

3910.41(10) A3

2

150.(2) K

0.226 x 0.208 x 0.064
mm?

1.23 mg'm3

1544

4.240 mm!
1.00000/0.63919
Full-matrix least-squares
on F?

Semi-empirical from equivalents
1.54184 (Cu) A
26275/7050 (0.0463)

-15<h<16
-17<k<12
-23<1<23
3.741 - 67.496 °
100.00 %

7050 /261 /525
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Ri/wWR; [1> 20(D)] 0.0364/0.0929

R1/WR; (all data) 0.0455/0.1001
L Goodness-of-fit on F? 1.033
Largest diff. peak and hole 0.612/-0.425 e- A3
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Table S2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A2x 103) for

kria. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y /4 U(eq)
As(1) 5070(1) 5383(1) 5522(1) 28(1)
Fe(1) 4719(1) 6233(1) 4502(1) 22(1)
N(2) 3429(1) 6857(1) 4274(1) 24(1)
C(12) 2607(2) 6577(2) 4679(1) 26(1)
C(2) 5232(2) 7798(1) 3650(1) 25(1)
C4) 3362(2) 7540(2) 3825(1) 26(1)
C(24) 6621(2) 7119(2) 4294(1) 27(1)
C@3) 4210(2) 7890(2) 3519(1) 27(1)
C(13) 2012(2) 5841(2) 4473(1) 32(1)
C(25) 7285(2) 6558(2) 3950(1) 34(1)
C(17) 2435(2) 7033(2) 5294(1) 37(1)
C(1) 5850(2) 8507(2) 3234(1) 32(1)
C(14) 1208(2) 5613(2) 4873(1) 40(1)
C(29) 6933(2) 7616(2) 4872(1) 36(1)
C(15) 992(2) 6095(2) 5454(1) 43(1)
C(26) 8282(2) 6572(2) 4153(2) 46(1)
C(%) 2386(2) 8025(2) 3568(1) 36(1)
C(16) 1604(2) 6788(2) 5663(1) 41(1)
C(27) 8612(2) 7113(2) 4682(2) 53(1)
Crn) 2250(2) 7821(2) 2803(1) 49(1)
C(6) 5445(2) 9466(2) 3353(2) 50(1)
C(33) 6966(2) 5961(2) 3356(1) 43(1)
C(28) 7943(2) 7613(2) 5044(2) 47(1)
C(21) 2201(2) 5303(2) 3832(1) 45(1)
C(10) 2509(2) 9053(2) 3666(2) 48(1)
C(7) 5699(3) 8280(2) 2474(1) 55(1)
C(35) 7196(2) 4970(2) 3509(2) 47(1)
C(23) 2340(2) 4301(2) 3987(2) 53(1)
C(®) 6970(2) 8575(2) 3377(2) 48(1)
C() 1397(2) 7784(2) 3905(2) 54(1)
C(30) 6269(8) 8189(5) 5260(4) 46(2)
C(18) 3093(3) 7786(2) 5561(2) 60(1)
C(22) 1353(3) 5396(2) 3295(2) 71(1)
C(20) 3603(2) 7507(3) 6234(2) 68(1)
C(34) 7445(4) 6208(2) 2683(2) 80(1)
C(32) 6238(7) 7847(5) 5998(4) 51(2)
C(19) 2518(4) 8672(2) 5667(2) 82(1)
C@31) 6597(7) 9185(3) 5261(3) 67(2)
C(36) 687(4) 10472(4) 5733(3) 86(2)
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C(37)
C(41)
C(40)
C(42)
C(39)
C(38)
C(36B)
C(37B)
C(41B)
C(40B)
C(42B)
C(39B)
C(38B)
C(31B)
C(30B)
C(32B)

212(4)
212(9)
-685(8)
233(9)
-679(5)
-226(4)
523(10)
396(11)
-400(30)
-640(20)
150(20)
-421(19)
109(14)
5811(11)
6098(15)
6400(14)

10007(4)
9985(6)
9166(5)

10407(5)
8748(4)
9167(4)

11454(11)

10219(13)
9973(18)
9122(18)

10510(14)
8842(16)
9385(15)
9019(6)
8059(7)
8118(9)

6330(3)
7512(4)
7421(3)
6967(4)
6789(3)
6247(3)
7223(9)
6426(11)
7462(12)
7259(13)
7055(12)
6622(13)
6209(10)
5152(5)
5380(7)
6138(7)

52(1)
63(2)
66(2)
58(2)
58(1)
50(1)
88(4)
80(5)
74(5)
87(5)
76(5)
95(6)
96(5)
55(3)
35(3)
52(3)
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Table S3. Bond lengths [A] and angles [°] for 2-2 tol.

As(1)-As(1)#1
As(1)-Fe(1)
As(1)-Fe(1)#1
Fe(1)-N(2)
Fe(1)-N(1)
N(1)-C(2)
N(1)-C(24)
N(2)-C(4)
N(2)-C(12)
C(12)-C(13)
C(12)-C(17)
C(2)-C(3)
C(2)-C(1)
C(4)-C(3)
C(4)-C(5)
C(24)-C(25)
C(24)-C(29)
C(3)-H(3)
C(13)-C(14)
C(13)-C(21)
C(25)-C(26)
C(25)-C(33)
C(17)-C(16)
C(17)-C(18)
C(1)-C(8)
C(1)-C(7)
C(1)-C(6)
C(14)-C(15)
C(14)-H(14)
C(29)-C(28)
C(29)-C(30)
C(29)-C(30B)
C(15)-C(16)
C(15)-H(15)
C(26)-C(27)
C(26)-H(26)
C(5)-C(11)
C(5)-C(10)
C(5)-C(9)
C(16)-H(16)
C(27)-C(28)
C(27)-H(27)
C(11)-H(11A)

2.3447(5)
2.4023(4)
2.4087(4)
2.0085(18)
2.0096(18)
1.338(3)
1.443(3)
1.342(3)
1.438(3)
1.407(3)
1.407(3)
1.401(3)
1.577(3)
1.402(3)
1.571(3)
1.404(3)
1.408(3)
0.9500
1.392(3)
1.516(4)
1.392(4)
1.518(4)
1.394(4)
1.510(4)
1.531(4)
1.538(4)
1.540(3)
1.380(4)
0.9500
1.393(4)
1.458(11)
1.654(19)
1.373(4)
0.9500
1.376(4)
0.9500
1.540(4)
1.541(4)
1.542(4)
0.9500
1.376(5)
0.9500
0.9800
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C(11)-H(11B)
C(11)-H(11C)
C(6)-H(6A)
C(6)-H(6B)
C(6)-H(6C)
C(33)-C(34)
C(33)-C(35)
C(33)-H(33)
C(28)-H(28)
C(21)-C(23)
C(21)-C(22)
C(21)-HQ21)
C(10)-H(10A)
C(10)-H(10B)
C(10)-H(10C)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(35)-H(35A)
C(35)-H(35B)
C(35)-H(35C)
C(23)-H(23A)
C(23)-H(23B)
C(23)-H(23C)
C(8)-H(8A)
C(8)-H(8B)
C(8)-H(8C)
C(9)-H(9A)
C(9)-H(9B)
C(9)-H(9C)
C(30)-C(32)
C(30)-C(31)
C(30)-H(30)
C(18)-C(20)
C(18)-C(19)
C(18)-H(18)
C(22)-H(22A)
C(22)-H(22B)
C(22)-H(22C)
C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(34)-H(34A)
C(34)-H(34B)
C(34)-H(34C)
C(32)-H(32A)

0.9800
0.9800
0.9800
0.9800
0.9800
1.526(4)
1.529(4)
1.0000
0.9500
1.525(4)
1.543(4)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.537(6)
1.539(6)
1.0000
1.532(5)
1.540(5)
1.0000
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
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C(32)-H(32B)
C(32)-H(32C)
C(19)-H(19A)
C(19)-H(19B)
C(19)-H(19C)
C(31)-H(31A)
C(31)-H(31B)
C(31)-H(31C)
C(36)-C(37)
C(36)-H(36A)
C(36)-H(36B)
C(36)-H(36C)
C(37)-C(42)
C(37)-C(38)
C(41)-C(40)
C(41)-C(42)
C(41)-H(41)
C(40)-C(39)
C(40)-H(40)
C(42)-H(42)
C(39)-C(38)
C(39)-H(39)
C(38)-H(38)
C(36B)-C(42B)
C(36B)-H(36D)
C(36B)-H(36E)
C(36B)-H(36F)
C(37B)-C(42B)
C(37B)-C(38B)
C(37B)-H(37B)
C(41B)-C(40B)
C(41B)-C(42B)
C(41B)-H(41B)
C(40B)-C(39B)
C(40B)-H(40B)
C(39B)-C(38B)
C(39B)-H(39B)
C(38B)-H(38B)
C(31B)-C(30B)
C(31B)-H(31D)
C(31B)-H(31E)
C(31B)-H(31F)
C(30B)-C(32B)
C(30B)-H(30B)
C(32B)-H(32D)
C(32B)-H(32E)

0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.514(7)
0.9800
0.9800
0.9800
1.382(5)
1.384(5)
1.380(6)
1.386(6)
0.9500
1.387(5)
0.9500
0.9500
1.385(5)
0.9500
0.9500
1.520(11)
0.9800
0.9800
0.9800
1.357(13)
1.358(13)
0.9500
1.357(13)
1.361(13)
0.9500
1.357(13)
0.9500
1.356(13)
0.9500
0.9500
1.535(8)
0.9800
0.9800
0.9800
1.537(7)
1.0000
0.9800
0.9800
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C(32B)-H(32F)

As(1)#1-As(1)-Fe(1)

As(1)#1-As(1)-Fe(1)#1

Fe(1)-As(1)-Fe(1)#1
N(2)-Fe(1)-N(1)
N(2)-Fe(1)-As(1)
N(1)-Fe(1)-As(1)
N(2)-Fe(1)-As(1)#1
N(1)-Fe(1)-As(1)#1
As(1)-Fe(1)-As(1)#1
C(2)-N(1)-C(24)
C(2)-N(1)-Fe(1)
C(24)-N(1)-Fe(1)
C(4)-N(2)-C(12)
C(4)-N(2)-Fe(1)
C(12)-N(2)-Fe(1)
C(13)-C(12)-C(17)
C(13)-C(12)-N(2)
C(17)-C(12)-N(2)
N(1)-C(2)-C(3)
N(1)-C(2)-C(1)
C(3)-C(2)-C(1)
N(2)-C(4)-C(3)
N(2)-C(4)-C(5)
C(3)-C(4)-C(5)
C(25)-C(24)-C(29)
C(25)-C(24)-N(1)
C(29)-C(24)-N(1)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(14)-C(13)-C(12)
C(14)-C(13)-C(21)
C(12)-C(13)-C(21)
C(26)-C(25)-C(24)
C(26)-C(25)-C(33)
C(24)-C(25)-C(33)
C(16)-C(17)-C(12)
C(16)-C(17)-C(18)
C(12)-C(17)-C(18)
C(8)-C(1)-C(7)
C(8)-C(1)-C(6)
C(7)-C(1)-C(6)
C(8)-C(1)-C(2)
C(7)-C(1)-C(2)

0.9800

60.969(13)
60.695(13)
121.664(12)
95.95(7)
125.38(5)
126.97(5)
123.66(5)
127.04(5)
58.335(12)
123.56(18)
122.16(15)
114.17(13)
122.56(18)
122.50(15)
114.65(13)
121.0(2)
120.3(2)
118.7(2)
121.6(2)
126.8(2)
111.59(19)
121.1(2)
126.8(2)
112.11(19)
121.0(2)
119.9(2)
119.0(2)
133.8(2)
113.1
113.1
118.0(2)
119.32)
122.7(2)
118.2(3)
119.0(2)
122.8(2)
118.0(2)
118.9(2)
123.0(2)
107.5(2)
105.2(2)
108.0(2)
118.5(2)
107.2(2)
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C(6)-C(1)-C(2)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(28)-C(29)-C(24)
C(28)-C(29)-C(30)
C(24)-C(29)-C(30)
C(28)-C(29)-C(30B)
C(24)-C(29)-C(30B)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(27)-C(26)-C(25)
C(27)-C(26)-H(26)
C(25)-C(26)-H(26)
C(11)-C(5)-C(10)
C(11)-C(5)-C(9)
C(10)-C(5)-C(9)
C(11)-C(5)-C(4)
C(10)-C(5)-C(4)
C(9)-C(5)-C(4)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(28)-C(27)-C(26)
C(28)-C(27)-H(27)
C(26)-C(27)-H(27)
C(5)-C(11)-H(11A)
C(5)-C(11)-H(11B)

H(11A)-C(11)-H(11B)

C(5)-C(11)-H(11C)

H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)

C(1)-C(6)-H(6A)
C(1)-C(6)-H(6B)

H(6A)-C(6)-H(6B)
C(1)-C(6)-H(6C)

H(6A)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
C(25)-C(33)-C(34)
C(25)-C(33)-C(35)
C(34)-C(33)-C(35)
C(25)-C(33)-H(33)
C(34)-C(33)-H(33)
C(35)-C(33)-H(33)
C(27)-C(28)-C(29)

110.0(2)
121.43)
119.3
119.3
117.7(3)
118.8(4)
123.3(4)
121.9(6)
119.9(6)
119.7(2)
120.1
120.1
121.2(3)
119.4
119.4
109.0(2)
106.7(2)
105.4(2)
107.7(2)
109.0(2)
118.7(2)
121.5(3)
119.2
119.2
119.9(3)
120.1
120.1
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
114.0(3)
110.8(2)
108.2(2)
107.9
107.9
107.9
121.6(3)
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C(27)-C(28)-H(28)
C(29)-C(28)-H(28)
C(13)-C(21)-C(23)
C(13)-C(21)-C(22)
C(23)-C(21)-C(22)
C(13)-C(21)-H(21)
C(23)-C(21)-H(21)
C(22)-C(21)-H(21)
C(5)-C(10)-H(10A)
C(5)-C(10)-H(10B)
H(10A)-C(10)-H(10B)
C(5)-C(10)-H(10C)
H(10A)-C(10)-H(10C)
H(10B)-C(10)-H(10C)
C(1)-C(7)-H(7A)
C(1)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(1)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
C(33)-C(35)-H(35A)
C(33)-C(35)-H(35B)
H(35A)-C(35)-H(35B)
C(33)-C(35)-H(35C)
H(35A)-C(35)-H(35C)
H(35B)-C(35)-H(35C)
C(21)-C(23)-H(23A)
C(21)-C(23)-H(23B)
H(23A)-C(23)-H(23B)
C(21)-C(23)-H(23C)
H(23A)-C(23)-H(23C)
H(23B)-C(23)-H(23C)
C(1)-C(8)-H(8A)
C(1)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
C(1)-C(8)-H(8C)
H(8A)-C(8)-H(8C)
H(8B)-C(8)-H(8C)
C(5)-C(9)-H(9A)
C(5)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(5)-C(9)-H(9C)
H(9A)-C(9)-H(9C)
H(9B)-C(9)-H(9C)
C(29)-C(30)-C(32)
C(29)-C(30)-C(31)

119.2
119.2
111.5(2)
112.6(3)
108.0(2)
108.2
108.2
108.2
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.3(6)
112.3(7)
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C(32)-C(30)-C(31)
C(29)-C(30)-H(30)
C(32)-C(30)-H(30)
C(31)-C(30)-H(30)
C(17)-C(18)-C(20)
C(17)-C(18)-C(19)
C(20)-C(18)-C(19)
C(17)-C(18)-H(18)
C(20)-C(18)-H(18)
C(19)-C(18)-H(18)
C(21)-C(22)-H(22A)
C(21)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
C(21)-C(22)-H(22C)
H(22A)-C(22)-H(22C)
H(22B)-C(22)-H(22C)
C(18)-C(20)-H(20A)
C(18)-C(20)-H(20B)
H(20A)-C(20)-H(20B)
C(18)-C(20)-H(20C)
H(20A)-C(20)-H(20C)
H(20B)-C(20)-H(20C)
C(33)-C(34)-H(34A)
C(33)-C(34)-H(34B)
H(34A)-C(34)-H(34B)
C(33)-C(34)-H(34C)
H(34A)-C(34)-H(34C)
H(34B)-C(34)-H(34C)
C(30)-C(32)-H(32A)
C(30)-C(32)-H(32B)
H(32A)-C(32)-H(32B)
C(30)-C(32)-H(320)
H(32A)-C(32)-H(320)
H(32B)-C(32)-H(32C)
C(18)-C(19)-H(19A)
C(18)-C(19)-H(19B)
H(19A)-C(19)-H(19B)
C(18)-C(19)-H(19C)
H(19A)-C(19)-H(19C)
H(19B)-C(19)-H(19C)
C(30)-C(31)-H(31A)
C(30)-C(31)-H(31B)
H(31A)-C(31)-H(31B)
C(30)-C(31)-H(31C)
H(31A)-C(31)-H(31C)
H(31B)-C(31)-H(31C)

109.1(6)
108.7
108.7
108.7
110.4(3)
112.5(3)
109.2(3)
108.2
108.2
108.2
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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C(37)-C(36)-H(36A)
C(37)-C(36)-H(36B)
H(36A)-C(36)-H(36B)
C(37)-C(36)-H(36C)
H(36A)-C(36)-H(36C)
H(36B)-C(36)-H(36C)
C(42)-C(37)-C(38)
C(42)-C(37)-C(36)
C(38)-C(37)-C(36)
C(40)-C(41)-C(42)
C(40)-C(41)-H(41)
C(42)-C(41)-H(41)
C(41)-C(40)-C(39)
C(41)-C(40)-H(40)
C(39)-C(40)-H(40)
C(37)-C(42)-C(41)
C(37)-C(42)-H(42)
C(41)-C(42)-H(42)
C(38)-C(39)-C(40)
C(38)-C(39)-H(39)
C(40)-C(39)-H(39)
C(37)-C(38)-C(39)
C(37)-C(38)-H(38)
C(39)-C(38)-H(38)
C(42B)-C(36B)-H(36D)
C(42B)-C(36B)-H(36E)
H(36D)-C(36B)-H(36E)
C(42B)-C(36B)-H(36F)
H(36D)-C(36B)-H(36F)
H(36E)-C(36B)-H(36F)
C(42B)-C(37B)-C(38B)
C(42B)-C(37B)-H(37B)
C(38B)-C(37B)-H(37B)
C(40B)-C(41B)-C(42B)
C(40B)-C(41B)-H(41B)
C(42B)-C(41B)-H(41B)
C(41B)-C(40B)-C(39B)
C(41B)-C(40B)-H(40B)
C(39B)-C(40B)-H(40B)
C(37B)-C(42B)-C(41B)
C(37B)-C(42B)-C(36B)
C(41B)-C(42B)-C(36B)
C(38B)-C(39B)-C(40B)
C(38B)-C(39B)-H(39B)
C(40B)-C(39B)-H(39B)
C(39B)-C(38B)-C(37B)

109.5
109.5
109.5
109.5
109.5
109.5
119.43)
120.3(5)
120.2(5)
120.2(4)
119.9
119.9
119.6(4)
120.2
120.2
120.3(4)
119.9
119.9
120.0(4)
120.0
120.0
120.3(4)
119.8
119.8
109.5
109.5
109.5
109.5
109.5
109.5
119.9(5)
120.0
120.0
119.9(6)
120.1
120.1
119.9(6)
120.0
120.0
119.9(5)
113.7(17)
126.4(17)
119.9(5)
120.0
120.0
120.1(5)
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C(39B)-C(38B)-H(38B) 119.9
C(37B)-C(38B)-H(38B) 119.9
C(30B)-C(31B)-H(31D) 109.5
C(30B)-C(31B)-H(31E) 109.5
H(31D)-C(31B)-H(31E) 109.5
C(30B)-C(31B)-H(31F) 109.5
H(31D)-C(31B)-H(31F) 109.5
H(31E)-C(31B)-H(31F) 109.5
C(31B)-C(30B)-C(32B) 106.8(10)
C(31B)-C(30B)-C(29)  111.2(10)
C(32B)-C(30B)-C(29)  115.9(13)
C(31B)-C(30B)-H(30B) 107.5
C(32B)-C(30B)-H(30B) 107.5
C(29)-C(30B)-H(30B)  107.5
C(30B)-C(32B)-H(32D) 109.5
C(30B)-C(32B)-H(32E) 109.5
H(32D)-C(32B)-H(32E) 109.5
C(30B)-C(32B)-H(32F) 109.5
H(32D)-C(32B)-H(32F) 109.5
H(32E)-C(32B)-H(32F) 109.5

Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+1,-z+1
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Table S4. Anisotropic displacement parameters (A2x 103) for 2-2 tol. The anisotropic displacement factor
exponent takes the form: -2(12[h%a*?>U'! + ... + 2hka*b*U!?]

ull U22 U33 U23 ul3 ul2
As(1)  37(1) 24(1) 24(1) 3(1) 3(1) 3(1)
Fe(1)  20(1) 21(1) 25(1) 5(1) 5(1) 1(1)
N(1) 21(1) 25(1) 26(1) 3(1) 7(1) 0(1)
N(2) 20(1) 27(1) 24(1) 3(1) 5(1) 3(1)
C(12) 18(1) 33(1) 29(1) 7(1) 6(1) 2(1)
C22) 31(1) 21(1) 24(1) 0(1) 8(1) -1(1)
CH4) 27(1) 26(1) 25(1) 2(1) 4(1) 5(1)
C(24) 24(1) 25(1) 32(1) 8(1) 6(1) -3(1)
C3) 31(1) 26(1) 25(1) 7(1) 4(1) 2(1)
C(13) 25(1) 41(1) 30(1) 7(1) 1(1) -4(1)
C(25) 28(1) 41(1) 35(1) 14(1) 11(1) 5(1)
C(7) 37(1) 38(1) 36(1) 0(1) 13(1) 2(1)
C(1) 36(1) 26(1) 34(1) 7(1) 10(1) -4(1)
C(14) 26(1) 56(2) 40(2) 10(1) 3(1) -11(1)
C29) 31(1) 27(1) 50(2) 4(1) -2(1) -5(1)
C(15) 25(1) 63(2) 42(2) 15(1) 12(1) 1(1)
C(26) 26(1) 57(2) 54(2) 20(1) 14(1) 10(1)
C(5) 28(1) 38(1) 42(1) 12(1) 5(1) 9(1)
C(e) 37(2) 49(2) 38(2) 3(1) 18(1) 7(1)
C27) 22(1) 65(2) 71(2) 25(2) -2(1) -6(1)
Cary 372 64(2) 45(2) 12(1) -9(1) 8(1)
C(6) 48(2) 28(1) 77(2) 10(1) 14(2) -2(1)
C(33) 43(2) 57(2) 31(1) 2(1) 9(1) 22(1)
C(28) 33(2) 43(2) 65(2) 9(1) -11(1) -13(1)
C2l) 442 55(2) 37(2) -4(1) 8(1) -22(1)
C(10) 45(2) 38(2) 62(2) 10(1) 6(1) 18(1)
C(7) 73(2) 62(2) 31(2) 6(1) 19(1) -24(2)
C35) 442 50(2) 46(2) 0(1) 10(1) 9(1)
C(23) 452 53(2) 60(2) -12(2) 2(1) -12(1)
C(8) 34(2) 45(2) 66(2) 28(1) 11(1) -9(1)
CO) 29(1) 64(2) 70(2) 30(2) 8(1) 19(1)
C(30) 384 45(3) 55(3) -17(3) -9(4) -6(3)
C(18) 68(2) 62(2) 50(2) -23(2) 36(2) -25(2)
C(22) 102(3) 68(2) 42(2) 6(2) -23(2) -26(2)
C0) 412 79(2) 85(3) -48(2) 9(2) -2(2)
C(34) 133(4) 63(2) 45(2) 13(2) 40(2) 40(2)
C32) 504) 48(4) 57(4) -21(3) 23(3) -12(3)
C(19) 149(4) 46(2) 51(2) -9(2) 19(2) -3(2)
C@31) 105(6) 34(2) 62(3) -15(2) 6(3) 6(3)
C(36) 68(4) 103(4) 87(3) 31(3) 12(3) -22(3)
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C(37) 36(3)
C@41)  71(6)
C(40)  76(4)
C(42)  46(4)
C(39)  50(4)
C(38) 34(3)
C(36B) 34(7)
C(37B) 34(8)
C(41B) 53(10)
C(40B) 56(11)
C(42B) 41(9)
C(39B) 67(13)
C(38B) 53(12)
C(31B) 78(9)
C(30B) 38(7)
C(32B) 68(8)

61(3)
85(4)
72(3)
55(3)
57(3)
63(2)

130(10)

119(11)

100(10)

118(10)

106(10)

119(12)

136(13)
37(4)
27(4)
45(7)

59(2)
47(2)
52(3)
71(3)
67(3)
49(2)
98(11)
87(9)
68(9)
84(11)
79(9)
99(13)
98(10)
52(5)
39(5)
43(5)

17(2)
7(3)
30(2)
8(2)
18(2)
5(2)
19(8)
26(7)
23(7)
9(9)
27(7)
-109)
4(8)
-13)
~14(4)
-7(5)

2(2)
-14(3)
15(3)
-13(3)
6(2)
32)
-23(7)
-10(7)
24(7)
-34(9)
-19(7)
-22(11)
-13(8)
8(5)
5(4)
-8(5)

32)
12(4)
13(3)
43)
3(2)
-3(2)
A7)
42(8)
27(7)
709)
32(7)
22(9)
34(10)
18(5)
6(4)
4(6)
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Characterization of FeAs and films deposited on NF

(a) Jcpps 76-458 Feas | (b)

| l ‘ l : “ ‘ \ 'l. l l u||h| Il . | @ Fe Orthorhombic
20 30 40 50 60 70 80 As (Pnma)

26 (°)

Figure S3. (a) Powder X-ray diffraction (XRD) pattern of FeAs prepared by hot injection. The obtained
diffractogram reveals reflections matching the FeAs phase (JCPDS 76-458). The crystallinity of the
material was additionally confirmed by the selected area diffraction pattern (SAED). Moreover, the
composition of the material was confirmed by EDX, XPS and ICP-AES analysis. (b) The solid state
crystal structure of FeAs (JCPDS 76-458) belongs to the MnP structure type (orthorhombic, Prnma (62)
space group, with lattice parameters a = 5.442 A and ¢ = 3.3727 A).[23-25]

d=0.258 = 0.013 nm i . P egid s
FeAs (111) VA Y= e e LK

Figure S4. TEM image of (a) aggregated FeAs nanoparticles (~10nm size) and (b) high-resolution (HR)-
TEM image showing the crystalline fringes associated to a lattice spacing of 0.258 + 0.013 nm
corresponding to the (111) plane of the FeAs phase.

S25



Figure S5. (a) HR-TEM image of FeAs particles with white framed areas containing lattice fringes and
its respective (b) Fourier transform (FT) revealing the lattice distances 0.255 + 0.004 nm (ring marked
with 1) and 0.199 £ 0.001 nm (ring marked with 2) indicating the FeAs crystallographic planes (111) and
(211), respectively (JCPDS 76-458).

Figure S6. SEM images showing agglomerations of particles of FeAs at (a) 5000x and (b) 25000x.
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Figure S7. SEM-EDX of FeAs prepared by hot injection which confirms the presence of Fe and As. The
presence of O is inevitable due to surface passivation. The presence of Si peaks arises from the Si wafer
support used in SEM. The determined Fe:As ratio was 1:1.12.

Connts

As

Fe

Cu

450 5.40 6.30 7.20 8.10 keV

Figure S8. TEM-EDX of FeAs prepared through hot injection, which confirms the presence of Fe and

As. The presence of Cu peaks arises from the TEM grid (carbon film on 300 mesh Cu-grid). The
determined Fe:As ratio was 1:0.82.
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Table S5. Determination of the Fe and As content in the prepared FeAs by ICP-AES, EDX-SEM, and
EDX-TEM. The average value of three independent measurements is shown.

Fe:As Fe:As Fe:As
(ICP-AES) (EDX-SEM) (EDX-TEM)
1:1.04 £ 0.04 1:1.12 £0.07 1:0.82*

*no error is presented because only one EDX measurement were performed.

Table S6. Determination of C, H and O content by elemental analysis. The presence of C, H, and N arises
from the LB ligand of the precursor.

%C %H %N
5.038+0.022  0.479 +0.003 0.009 = 0.001

A, (As) 168 em”
B,, (Fe) 208 cm!
E, (Fe) 274 em™

Raman intensity (a.u.)

FeAs powder

T T T T
200 300 400 500 600

Raman shift (em™)

Figure S9. (Resonance) Raman spectra of FeAs powder. The shown bands match with the reported bands
for bulk and FeAs nanoparticles(??] and can be assigned to the following phonon modes: low-frequency
Ajg 0of As (168 cm!), By, of Fe (208 cm!) and high-frequency E, of Fe (274 cm™!).[27-28 Small deviations
from reported values can be caused by thermal effects or laser power.
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Figure S10. Deconvoluted XPS of FeAs: (a) Fe 2p, (b) As 3d and (c) O 1s. The Fe 2p deconvoluted
spectrum shows the two peaks for Fe®" at 2ps;, 705.9 eV and 2p;,; 719.0 €V,[?] and peaks associated to
Fe?™ (2p32 709.8 eV and 2py, 723.1 eV) and Fe3* (2psn 711.5 €V and 2py, 725.3 €V), and two pairs of
satellites of Fe>* (2ps/; 714.5 €V and 2p;, 718.2 e€V) and Fe** (2p3;, 728.5 €V and 2py; 732.7 €V). The
presence of peaks for Fe¥* confirms the formation of FeAs, while the oxidized Fe peaks originated from
the contact of the material with air. The As 3d deconvoluted spectrum shows two peaks, one related to
As?% present in FeAs (40.4 ¢V) and oxidized As’" (43.2 eV).[3031 Each peak is deconvoluted into two
peaks due to spin-orbital coupling, giving rise to 40.3 eV (3ds;,) and 41.0 eV (3d3,) for the As®, and 42.3
eV (3ds,) and 43.4 €V (3ds),) for the As’*. The O 1s deconvoluted spectrum shows four peaks related to
products derived from air exposure: Fe-O (01, 529.4 V)32l and As-O (02, 530.6 €V).3%31] The peaks at
higher binding energy (03, 531.8 eV and O4, 534.7 V) are associated with hydroxylation and adsorbed
water on the surface.l3?!

Figure S11. SEM of the FeAs films deposited on NF at (a) 500x and (b) 5000x. The high magnification
image shows that the morphology of the FeAs particles is maintained (compare to as prepared FeAs SEM
in Figure S6).
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Figure S12. (a) SEM of FeAs/NF and elemental mapping of (b) Fe (blue), (c) As (yellow) and (d) Ni
(green). Ni arises from the NF substrate. Homogenous distribution of Fe and As was observed in the
particles deposited on NF.

160 | E=0
140
120
100 |

80|

60 |

40

20

2 4 6 8 10 12 14

Energie [keV]

Figure S13. SEM-EDX of the film of FeAs/NF which confirmed the presence of Fe and As. The presence
of Ni peaks arises from the NF substrate. The peaks between 1.5-2 keV correspond to Al (Ka,, Ko, at
1.487 keV, 1.486 keV and K B; at 1.557 keV) and Si (Ko, Ka, at 1.740 keV, 1.739 keV and K ; at 1.836
keV); they arise from the Al sample holder and the Si wafer used during the measurement, respectively.
The Fe:As ratio was ~1:1 as determined by SEM-EDX.
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Figure S14. XRD patterns of the prepared Fe(OH);. The obtained material was amorphous. [!!]

JCPDS 29-713
FeOOH

. I | |I H ..| {‘|'|I||.|..|\
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Figure S15. XRD patterns of the prepared FeOOH and its comparison to the diffraction peaks observed
for a-FeOOH (goethite, JCPDS 29-713).
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Figure S16. XRD patterns of the prepared Fe,O3 and its comparison to the diffraction peaks observed for
Fe,O3 (maghemite, JCPDS 25-1402).
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Electrochemical experiments of films deposited on NF
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Figure S17. Activation of the (a) FeAs/NF, (b) Fe(OH);/NF, (¢c) FEOOH/NF, and (d) Fe,O3/NF by CV in

1 MKOH (5 mV s).
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Figure S19. (a) Nyquist plot constructed from the EIS experiment of materials deposited on NF. The
spectra were collected with an anodic polarization potential of 1.51 V vs RHE. (b) Zoom of the Nyquist
plot. The continuous lines show the fitting to the circuit which contains two resistors R and R, and Q a
constant phase element (CPE) (Figure 3c). This circuit has been previously used to fit transition metal-
based systems during OER reaction conditions.[33-3¢] The assignment of the elements is consistent in the
literature and can be applied to our system: R, is the ohmic resistance of the solution and electrode (Ry),
R, is the charge transfer resistance (R.), and a constant phase element (CPE, O,). We have used this
model because it is the simplest model with which we could simulate our impedance spectra fairly well.
When we used an ideal capacitor instead of a CPE, no reasonable simulation was possible.
Inhomogeneities in the surface of the electrodes result in non-ideal capacitance in the double layer (Cy))

at the solid/electrolyte interface.[>*] Therefore, we have considered this model that includes a CPE rather
(ay-1)
than a capacitor (C). Q represents the value of a non-ideal capacitor and has units of F X s , where a,

is an ideality factor which ranges from 0 to 1. When a, = 1 the interface is said to behave as an ideal
capacitor (Q = Cy). Normally, a, is found in the range 0.8-1 and indicates non-ideal behavior due to
surface roughness and irregularities in surface termination, porosity, and complexity in the double-layer
structure. Therefore, Cy values are not possible to be derived from this model and compare them to the
results obtained from the voltammetric data.34]

(az -1)
Table S7. R, (Q) (Rw), R (Q) (Ry), Q (FXs ) and a, of FeAs, Fe(OH);, FeOOH, and Fe,03
deposited on NF and its comparison to the bare NF substrate.

Material R, (Q) R, (Q) 0 (Fx $2 1)) a;
NF 48.0+1.2 1.3+£0.3 1.5x10"+14%x102%2 94x10'+£6.6 x 102
FeAs/NF 1.2+04 1.2+0.1 1.9x10'£2.0x102 8.6x101+1.0x10?
Fe(OH)3/NF 6.0+4.3 1.3+0.7 87x102+£1.3x103 89x10"'+£99 x 102
FeOOH/NF 30.8+3.2 1.3+£0.6 62x103£13x103 86x101+£5.6x10?
Fe,05/NF 424 £3.1 1.3£0.3 57x103£82x10% 92x10!'+6.2 x 1072
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Figure S20. CP of FeAs/NF (1 mg cm) at 100 mA cm™.
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Figure S21. Electrochemical activity of films prepared from the B-diketiminato ligand deposited on (a)
FTO and (b) NF compared to the FeAs and the bare substrate.
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Calculation of Faradaic efficiency for OWS

The Faradaic efficiency (FE) towards OER in 1 M KOH was measured in a two-electrode configuration
where FeAs/NF was used as anode and Pt as the cathode in a closed electrochemical cell. The two
electrodes were placed on the same compartment of the electrochemical cell. The electrolyte and cell
were first degassed with argon (Ar) for 1 hour under constant stirring. Afterward, a constant current
density of 50 mA cm2 was applied for a specified period. At the end of electrolysis, the gaseous samples
were drawn from the headspace by a gas-tight syringe and analyzed by a GC calibrated for H, and O,.
Each injection was repeated at least three times, and the average value is presented. The FE is calculated
based on:

Vi, X 2% F
FE(HZ’%) ZVX—]XtX 100%
m
Vo, X4XF
2
FE(OZ %) =WX 100%
’ ]
m

Vi, and Vg, are the evolved volume of hydrogen and oxygen, F is the Faraday constant (96485.33289 C
mol-!), V,, is the molar volume of the gas, j is the current density and t is the time period of electrolysis
(360 s).

A similar experiment was done at 100 mA cm™. The FeAs/NF was activated previous to the FE
measurement by CV (1.2-1.7 V vs. RHE) for 2 h, which resulted in an increase of the FE.

The value of the FE relative to Pt can also be calculated, as Pt is known to show 100% of FE for H,.[37-38]
The value of FE is:

VO2
FE(OZ'%) = ﬁ X 100%
2

2

Table S8. Calculation of Faradaic efficiency for FeAs/NF.

. 2y Vy Vo Vi Vo FE FE FE O,
j (mA ecm?2)*  £(s) 2(mL) 2 (mL) 2: %2 (Hy, %) (On %) (rel. to Hy)**
49.39 360 2.15+£0.08 1.06+£0.04 2.01+0.00 95+3% 94+3% 99% + 1%

99.28 360 4.32+0.07 2.14+£0.02 2.02+0.01 97+2% 96+1% 99% =+ 1%
*j (mA cm?) corresponds tot he actual current density measured during the CP experiment.
**the FE of O, relative to H, was calculated assuming 100% of FE for H, with Pt
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Figure S22. (a) Chromatogram obtained after 1 h purge with Ar. Remnants of air (O, and N,) are detected.
These detected quantities are used for de the calibration. (b) Chromatogram after CP OER 100 mA c¢m
for 360 s using FeAs/NF as anode and Pt rod as the cathode in a closed single-compartment
electrochemical cell. H, and O, are produced from the electrolysis of water, N, (trace) is also present.
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Figure S23. CV measurements at a non-faradaic process region at different scan rates for (a) FeAs/NF
and (b) FeAs/NF after OER (CP OER 24h). Scan rates: 5 mVs-! (black), 10 mVs! (red), 25 mVs-! (blue),
50 mVs! (green), 100 mVs-! (purple), 200 mVs™! (dark yellow). The double-layer capacitance (Cy) was
determined as half of the slope from the plot of the capacitive current vs. scan rate plot (Figure S24). The
value of Cy is proportional to the ECSA.
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Figure S24. Difference in anodic and cathodic current density at the center of the potential range of the
CVs measured at different scan rates (Figure S23). The value of Cy is obtained from half of the slope of
the graphs. After OER, there is an increase in ca. 3 times of the Cy;, suggesting the possibility of formation
of surface defects as noted for non-oxidic materials during OER.[10-39:40]
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Table S9. Activity comparison of the as-prepared FeAs and reference Fe-based materials with other
highly efficient Fe-based pnictides in 1 M KOH for OER.

Catalyst Current density ~ Overpotential Reference
(mA cm?) n (mV)
FeAs/NF 10 25243 This work
100 309 £4 This work
FeAs/FTO 10 395+6 This work
Fe(OH)3/NF 10 275+4 This work
100 333+3 This work
Fe(OH)y/FTO 10 577 +3 This work
FeOOH/NF 10 283 +2 This work
100 364+3 This work
FeOOH/FTO 10 609 £5 This work
Fe,O3/NF 10 312+4 This work
100 397+3 This work
Fe,O3/FTO 10 639+5 This work
NF 10 480+ 5 This work
NiFeO, 10 350 [15]
NiAs/GC 10 360 [40]
FeP/NF 10 227 [41]
FeP/carbon fiber 10 290 [42]
FeP rGO/carbon fiber 10 260 (42]
Amorphous NiFe-OH-F/NF 10 220 [43]
FeMnP 10 250 [44]
FeP nanotubes/CC 10 288 [43]
FeP ultra small nanoparticles/Au @Au 10 320 [42]
FeP-rGO (50 : 50)@Au 10 290 [42]
FeMnP 10 250 [46]
Ultrathin FeOOH nanosheets 10 428 [47]
Ultrathin Ni-FeOOH nanosheets 10 274 [47]
FeS/IF 10 238 (48]
FeB, 10 296 [49]
FeOOH/GC 10 530 (501
FeOOH/NF 10 290 (511
FeOOH nanosheet/NF 10 390 (2]
RGO/Ni-FeOOH/FTO 10 260 (53]
Fe, 05 hollow nanmorod/CNT/GC 10 383 [54]
v-Fe,O3-CNT/GC 10 340 [55]
CNT@FeOOH sheet/CC 10 250 [56]
Fe@C-NG/NCNTs/GC 10 450 [57]
FeP nanorods/CP 10 350 (58]
FeP@RGO (50:50)/CP 10 290 [39]
Fe,N/graphene-NF 10 238 [60]
Fe;Sg nanosheets/GC 10 270 (61]
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Characterization of FeAs and films deposited on FTO
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Figure S25. (a) XRD patterns of FeAs/FTO compared to bare FTO, (b) zoom-in of the XRD spectra of
FeAs/FTO comparted to powder FeAs, showing the signals emerging on the diffraction pattern after
deposition. The light blue lines represent the diffractions peaks associated with FTO (cassiterite, SnO,,
JCPDS 41-1445). The new peaks marked with an asterisk (*) are related to FeAs (JCPDS 76-458).

Figure S26. SEM of the FeAs films deposited on FTO at (a) 500x and (b) 5000x. Agglomerated FeAs
particles can be observed on the low magnification figure. The high magnification figure proves that the
morphology of the material is maintained after the deposition (compare to as prepared FeAs SEM in
Figure S6).
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Figure S27. (a) SEM of FeAs/FTO and elemental mapping of (b) Fe (blue), (c) As (yellow) and (d) Sn
(green). Sn arises from the FTO glass substrate. Homogenous distribution of Fe and As was observed in
the particles deposited on FTO.
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Figure S28. SEM-EDX of the FeAs film deposited on FTO, which confirmed the presence of Fe and As.
The presence of Si emission peaks arises from the Si wafer used in the measurement. Sn signals arise
from the FTO substrate. Fe:As ratio on the film is 1:1.24 £ 0.11 as determined by SEM-EDX.
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Figure S29. (Resonance) Raman spectra of FeAs/FTO compared to FeAs powder. The major bands of

the FeAs powder are also present in the corresponding spectrum of the FeAs/FTO. A detailed band
assignment is given in Figure S9.
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Figure S30. (Resonance) Raman spectrum of bare FTO. This spectrum was used as a reference in order
to assign band frequencies referring only to FeAs.
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Figure S31. The deconvoluted XPS spectra of FeAs/FTO are shown on (a) Fe 2p, (b) As 3d and (¢) O 1s.
The Fe 2p deconvoluted spectrum shows the two peaks for Fe®" at 2p;/, 705.5 eV and 2p;, 718.2 V2]
and peaks associated to Fe?" (2p3» 709.7 €V and 2p;, 723.1 eV) and Fe** (2p3;, 712.4 eV and 2py,, 726.1
eV), and one pair of satellite peaks from Fe?* (2p3;, 714.5 €V and 2py), 729.6 €V). The presence of peaks
related to associated with oxidized Fe species originate from the contact of the material with air. The As
3d deconvoluted spectrum shows two peaks related to remaining As® present in FeAs (40.0 eV),
deconvoluted into 39.8 eV (3ds,,) and 40.4 eV (3ds),), and oxidized As** (43.2 eV) and As>" (43.9 eV)
due to air exposure, deconvoluted into 42.5 eV (3ds;;) and 43.1 eV (3d3,); and 43.8 eV (3ds;) and 44.5
eV (3d3)), respectively.l3% Finally, the O 1s spectrum shows one peak (531.1 €V) which is deconvoluted
into three peaks derived from air exposure: Fe-O (01, 529.8)B3% and As-O (02, 531.0 €V).3%31 The peak
at higher binding energy (03, 532.5 eV) is associated to adsorbed water on the surface.[*?]
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Electrochemical experiments on FTO
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Figure S32. Activation of the (a) FeAs/FTO, (b) Fe(OH);/FTO, (c) FEFOOH/FTO, and (d) Fe,O3/FTO by
CVin1 MKOH, 5 mV s,
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Figure S33. LSV (5 mV s™!) of FeAs and Fe reference materials loaded on FTO (0.5 mg cm2). The order
found for the overpotentials was the same as in the case of NF. For FeAs/FTO, n =395+ 6 mV (10 mA
cm?) was obtained, which substantially lower than other Fe(OH)3;/FTO (577 + 3 mV), FeEOOH/FTO (609
+ 5 mV) and Fe,O5/FTO (639 +£ 5 mV).

Table S10. Deposition time, mass loading, and overpotential (10 mA cm2) of FeAs films over FTO.

Deposition  Weight Overpotential Current

time (s) (mg) (mV @10 mA  density at »
cm?) =500 mV

4 0.0062* 633 +4 4.43
7.5 0.0125%* 604 +3 4.60

15 0.025* 533 +5 7.88

30 0.05%* 530 +£3 7.93

60 0.1 +0.1 448 +2 14.23
120 0.2 +0.1 442 +5 16.68
240 0.4 +£0.1 392 +4 34.35
480 0.6 £0.1 402 +4 31.39

*weight determined by extrapolation of higher time deposition weights. The weight difference was not
possible to measure precisely due to limitations in the used scale.
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Figure S34. Polarization curves recorded for films prepared with different mass loadings of FeAs on 1
cm? FTO surface in 1 M KOH solution with a sweep rate of 20 mV s-! (4 s to 480 s).
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Figure S35. The overpotentials of FeAs on 1 cm? FTO surface with respect to deposition time of 4 s to
480 s (varying mass loadings; see Table S10).
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Table S11. Deposition time, mass loading, and overpotential (10 mA c¢m-?) of Fe(OH); films over FTO.

Deposition = Weight Overpotential Current

time (s) (mg) (mV @10 mA  density at
cm?) =600 mV

4 0.05%* *ok 0.20

7.5 0.1 £0.1 *ok 0.39

15 0.2 £0.1 836 £5 2.16

30 0.5+0.1 763 +6 3.48

60 1.0 £0.1 723 £3 4.40
120 1.6 0.1 648 +4 6.93
240 2.4 +0.1 583 +5 11.31
480 3.0+0.1 598 +5 10.11

*weight determined by extrapolation of higher time deposition weights. The weight difference was not
possible to measure precisely due to limitations in the used scale.

**the overpotential was not determined because the current densities were below 10 mA cm= (Figure
S37).
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Figure S36. Polarization curves recorded for films prepared with different mass loadings of Fe(OH); on
1 cm? FTO surface in 1 M KOH solution with a sweep rate of 20 mV s! (4 s to 480 s).
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Figure S37. The overpotentials of Fe(OH); on 1 cm? FTO surface with respect to deposition time of 4 s
to 480 s (varying mass loadings; see Table S11).
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Figure S38. Tafel slopes obtained from LSVs (1 mV s!) of FeAs/FTO and Fe reference materials loaded
on FTO (0.5 mg cm2). The FeAs/FTO has the lowest Tafel slope, indicating faster reaction kinetics.['%3
The Tafel slope increased in the order FeAs/FTO < Fe(OH)3/FTO < FeOOH/FTO < Fe,O3/FTO and
follows the same order as obtained for the samples deposited on NF.
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Figure S39. (a) Nyquist plot constructed from the EIS experiment of materials deposited on FTO. The
spectra were collected with an anodic polarization potential of 1.58 V vs RHE. (b) Zoom of the Nyquist
plot. The continuous lines show the fitting to the circuit which contains two resistors R; and R, and Q a
constant phase element (CPE) (Figure 3c). Please refer to Figure S19 to discussion on the fitting of the
parameters.
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Table S12. R, (Q) (Ry), R (Q) (Ry), O (FXs 2 ) and a, of FeAs, Fe(OH);, FeOOH and Fe,03
deposited on FTO, compared to the bare FTO.

Material R, (Q) R, (Q) 0 (Fx $2 1)) a,
FTO 3626.0 £ 0.6 14.3+0.2 9.0x100+13x10% 9.6x101+1.0x 1072
FeAs/FTO 260.3+0.3 13.9+0.3 51 x10%+£9.7x10¢ 6.1 x101+1.1 x 10?2
Fe(OH);/FTO 303.3+0.9 104+0.3 1.7x10°+£4.8%x 107 93 x101+£1.2x 102
FeOOH/FTO 1000.2+0.4 21.5+03 1.4x10°+£99x108% 94x101+£1.1x10?
Fe,03/FTO 19490+ 1.8 148+ 0.3 2.8x10°5+£3.8x10®% 9.0x10"+£1.0x 102

Table S13. Specific resistivity p (2 cm) of FeAs, Fe(OH);, FeOOH, Fe,0s, and FeAs after CP OER
deposited on FTO, compared to the bare FTO recorded by a four-point probe resistivity measurement.

Material p (€2 cm)
FeAs/FTO 1.86 x 10?
FeAs/FTO after OER 3.09 x 103
Fe(OH);/FTO 5.60 x 10*
FeOOH/FTO 230 x 10°
Fe,O3/FTO 245 % 10°
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Figure S40. Chronopotentiometry experiment (CP) at 10 mA cm for 10 h on FTO. A slight increase of
the overpotential was observed during the experiment for the FeAs/FTO (n =380+ 6 mV). The Fe-based

reference materials show all deactivation after 10 h of continuous electrolysis: Fe(OH); (n = 580 + 80
mV), FeOOH (n =610 mV), Fe;O3 (n =650 mV ).
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Figure S41. Evolution of redox peak observed for FeAs/NF. The anodic and cathodic peaks appear at
1.36 V and 1.28 V, respectively (vs. RHE). Scan rate: 5 mV s,
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Figure S42. Evolution of redox peaks observed for bare NF. The anodic and cathodic peaks appear at
1.36 V and 1.28 V, respectively (vs. RHE). Scan rate: 5 mV s,
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Post-catalytic characterization
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Figure S43. (a) SEM and the elemental mapping (b-d) of FeAs/NF after continuous CP OER for 2 h. The
homogenous distribution of Fe (blue) and O (red) is observed on the surface of the film. Ni (green) arises
from the NF and the mapping of As is omitted due to its complete loss (see EDX below).
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Figure S44. SEM-EDX of the FeAs/NF film after CP OER for 2 h. Fe is present after OER. The peaks
corresponding to the high-energy emission of As (Ka,, Ka, at 10.54 keV, 10.51 keV, and K B, at 11.73
keV) do not appear. The attained SEM-EDX of Fe:As ratio was 1:0.02 + 0.01.
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Figure S45. (a) SEM of FeAs/NF after the first CV and elemental mapping of (b) Fe (blue), (c) As
(yellow), and (d) Ni (green). Ni arises from the NF.
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Figure S46. SEM-EDX of the film of FeAs/NF after the first CV. Fe is present after OER. The attained
SEM-EDX of Fe:As ratio was 1:0.91 £ 0.02.
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Figure S47. (a) XRD patterns of FeAs/FTO after OER (CP OER 24h) compared to bare FTO, (b) zoom-in
of the XRD spectra of FeAs/FTO after OER (CP OER 24h) comparted to powder FeAs, showing no
signals of FeAs are left after OER (CP OER 24h) which indicates the transformation of the material
(compare to as prepared FeAs/FTO XRD pattern on Figure S25b). The light blue lines represent the
diffractions peaks associated with FTO (cassiterite, SnO,, JCPDS 41-1445).

Figure S48. SEM of the FeAs/FTO after OER (CP OER 24h) at (a) 1000x and (b) 5000x. The image
shows the cracking of the film, exposing FTO. The cracking appears during the drying process as reported
before in the literature.['04
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Figure S49. (a) SEM of FeAs/FTO after OER (CP OER 24h) and elemental mapping of (b) Fe (blue), (c)
Sn (green) and (d) O (red). Homogenous distribution of Fe and O can be observed in the areas where the
film is remaining. As mapping is not included since 96 + 1% of As leaches into the solution (see Figure
S50). Sn arises from the FTO glass substrate.
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Figure S50. SEM-EDX of the film of FeAs/FTO after OER (CP OER 24h). Fe is present after OER (CP
OER 24h), however, the peaks corresponding to the high-energy emission of As (Ka;, Ka, at 10.54 keV,
10.51 keV and K B, at 11.73 keV) do not appear, indicating a loss of As into the solution. The attained
SEM-EDX Fe:As ratio was 1:0.04 = 0.01. The emission peaks in the 1.5-2 keV region correspond to Al
(Kay, Ka, at 1.487 keV, 1.486 keV and K B; at 1.557 keV) and Si (Ka,;, Ka, at 1.740 keV, 1.739 keV and
K B; at 1.836 keV) arise from the Al sample holder and the Si wafer used during the measurement,
respectively.
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Figure S52. (a) SEM of FeAs/NF after OER (CP OER 24h) and elemental mapping of (b) Fe (blue), (c)
As (yellow), (d) Sn (green) and (e) O (red). Homogenous distribution of Fe and O can be observed in the
areas where the film is remaining. As mapping is not included since 95 + 1% of As leaches into the
solution (see Figure S53). Ni arises from the NF.
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Figure S53. SEM-EDX of the film of FeAs/NF after OER (CP OER 24h). Fe is present after OER (CP
OER 24h), in a similar way as in the experiment on FTO (Figure S50) the peaks corresponding to the
high-energy emission of As (Ka;, Ka, at 10.54 keV, 10.51 keV and K B; at 11.73 keV) do not appear.
The attained SEM-EDX of Fe:As ratio was 1:0.05 = 0.01. The emission peaks in the 1.5-2 keV region
correspond to Al (Ka,, Ka, at 1.487 keV, 1.486 keV and K fB; at 1.557 keV) and Si (Ka,;, Ka, at 1.740
keV, 1.739 keV and K B, at 1.836 keV) arise from the Al sample holder and the Si wafer used during the
measurement, respectively. The presence of K is due to the KOH 1M electrolyte used for the experiment.

20

Table S14. The concentration of Fe and As in the electrolyte solution after CP OER on FTO and NF. The
concentration was determined by ICP-AES of the solution. For each long term experiment, 45 mL of
KOH 1 M were used. The electrolyte solution was divided into three parts (15 mL each) and each one
measured by ICP-AES. The average value of three independent measurements is shown on the table. The
percentage of element loss in solution was calculated from the concentration in solution, the initial Fe:As
ratio and the weight of the films.

Fe:As % of element loss in solution
Sample Fe (mg/L) As (mg/L) .
ratio %Fe %As
1 M KOH 0.00 0.00 - - -
FeAs/FTO OERCP24h 0.13+0.03 0.33+0.02 2.00+£0.27  3.4+0.8% 6.3+0.4%

FeAs/NF OER CP 24 h 0.29+0.01 2.33+0.12 6.02+0.25  3.1+0.1% 18.0+1.1%
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Figure S54. Pt counter electrode used during the OER experiments with FeAs/FTO. The lower part
(which was in contact with the 1 M KOH solution) turned black due to the deposition of As.

Figure S55. (a) SEM of the Pt counter electrode used during the OER experiments. Elemental mapping
of (b) Pt (violet) and (c) As (yellow). The same measurements were done on the non-exposed part of the
Pt counter electrode, showing no presence of As.
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Figure S56. LSV (1 mV s'!) for OER under 1 M KOH of FeAs/NF using a three electrode system. The
effect of changing the CE was explored and Pt was replaced by a graphitic carbon rod. The difference in
overpotential obtained by each material is minimum (1 mV).
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Figure S57. (a) High resolution (HR)-TEM and Fast Fourier Transform (FFT) (inset) of the selected area
of FeAs/FTO after OER (CP OER 24h). The FFT reveals a lattice distance of ~0.25 nm, which
corresponds to the (110) plane in 2-line ferrihydrite.[1%5-107] (b) TEM-EDX of FeAs/FTO after OER (CP
OER 24 h). The presence of C and Cu arise from the carbon film substrate deposited on the 300 mesh
Cu-grid used during the measurement. The Fe:As and Fe:O ratio can be derived from this experiment,
resulting in 1:0.019* and 1:1.67*, respectively. The EDX results indicate that only 1.73%* of As is left
after catalysis (*no error is included for the values because TEM-EDX was done once).
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Figure S58. IR spectrum of FeAs/FTO after OER (CP OER 24h). The noted absorption bands have been
observed before on pure 2-line ferrihydrite: (i) the absorption band at 3168 cm! is attributed to OH
stretchings, (ii) the bands at 1531 and 1345 cm™! are related to Fe-OH bending and Fe-O stretching,

respectively, and (iii) at 885 cm™! band corresponding to the bending vibration of the hydroxyl groups of
iron hydroxides (Fe—OH).[108]
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Figure S59. Raman spectrum of FeAs/FTO after CP OER 24 h. It shows three broad absorption bands
that have been observed before on 2-line ferrihydrite.[108-112]
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Figure S60. Deconvoluted XPS of FeAs/FTO after OER (CP OER 24h): (a) Fe 2p, (b) As 3d and (c) O
Is. The Fe 2p deconvoluted spectrum shows the disappearance of the peaks associated with Fed*,
indicating the complete oxidation of the surface. The only peaks observed are related to Fe>* (2p3,, 709.2
eV and 2p;, 722.6 €V) and Fe** (2p3» 711.7 €V and 2p,, 725.0 eV), and the satellite peaks of Fe?" (2ps,,
716.4 €V and 2p;, 728.6 €V) and Fe3* (2p3;, 719.6 €V and 2p;;, 732.0 V). Moreover, at 714.5 €V is
related to Sn (3ps;), which appears because of the exposure of the FTO-glass substrate (see Figure
S48).1'131 The As 3d deconvoluted spectrum shows that the peaks related to As® present in FeAs have
disappeared due to the oxidation of the surface and the loss of As into solution, as determined by ICP-
AES. The only low intensity remaining peak (43.6 eV) is further deconvoluted into two peaks at 43.5 eV
(3dsp) and 44.2 €V (3ds),), related to the presence of oxidized As>'. Finally, the O 1s deconvoluted
spectrum shows three peaks related to the oxidation of the FeAs precatalyst. The peaks at 528.5 eV (O1)
and 529.8 eV (02) are associated with oxygen with two different chemical environments on the 2-line
ferrihydrite structure: Fe-O-Fe and Fe-O-H.[?%32114] The last peak at 530.9 eV (O3) could be associated
to the As-O peak (As>" 530.9 eV).[30
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Figure S61. Absolute intensity of As-XANES fluorescence absorption for FeAs powder and FeAs after
OER (CP OER 6 h 10 mA cm™). A case of “missing edge” is shown, in which the intensity of the signals
after OER (CP OER 6 h 10 mA c¢m) is reduced to a minimum due to the loss of As into the solution.
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Figure S62. k3-weighted EXAFS of (a) Fe and (b) As for FeAs powder and FeAs after OER (CP OER 6
h 10 mA cm™).
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Figure S63. Distance between atoms on the FeAs structure (JCPDS 76-458, orthorhombic). Fe-As
distances are shown in black, Fe-Fe in green and As-As in red.

Table S15. Fe-EXAFS fit parameters for the FeAs powder.

FeAs powder Fe-EXAFS (Rf = 14.0)
type N er R Rxgp er DW err

Fe-O 14 03 2.05 0.01 0.039 0.004
Fe-As 3.7 04 245 244 0.00 0.060 0.004
Fe-Fe 1.1 04 338 3.37 0.02 0.060 0.004
Fe-Fe 4.5 2.0 399 4.00 0.02 0.060 0.004
Fe-As 4.0 39 4.12 4.05 0.03 0.060 0.004
Fe-As 33 29 433 422 0.05 0.060 0.004
Fe-Fe 3.0 1.9 452 439 0.04 0.060 0.004

Table S16. As-EXAFS fit parameters for the FeAs powder.
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FeAs powder As-EXAFS (Rf = 5.3)
type N err R Rxgp err DW  err
As-O 0.7 02 1.76 0.02 0.043 0.014
As-Fe 3.0 05 240 241 0.01 0.043 0.018
As-Fe 1.8 03 251 248 0.01 0.043 0.018
As-As 14 03 290 293 0.00 0.043 0.018
As-As 3.8 1.8 347 344 0.01 0.078 0.018
As-As 49 2.8 381 384 0.01 0.078 0.018
As-Fe 2.0 1.5 4.10 4.13 0.03 0.078 0.018
As-Fe 44 5.1 474 465 0.03 0.078 0.018
As-As 7.7 9.0 489 489 0.01 0.078 0.018
As-Fe 54 47 517 5.10 0.03 0.078 0.018

Table S17. Fe-EXAFS fit parameters for the FeAs after OER (CP OER 6 h 10 mA cm?).

FeAs OER Fe-EXAFS (Rf=9.9)

type N er R Rxgp emr DW err

Fe-O 2.5 00 190 195 0.00 0.070 0.000
Fe-O 34 00 2.02 2.10 0.00 0.070 0.000
Fe-Fe 2.7 0.0 3.02 3.02 0.00 0.087 0.000
Fe-Fe 55 0.0 345 344 0.00 0.087 0.000
Fe-O 85 0.0 3.60 3.58 0.00 0.087 0.000
Fe-O 3.1 0.0 392 3.89 0.00 0.087 0.000
Fe-Fe 2.0 0.0 5.09 530 0.00 0.087 0.000
Fe-Fe 3.7 0.0 522 540 0.00 0.087 0.000

Figure S64. Structural motifs of the 2-line ferrihydrite structure.l'%! The expected distances between Fe
atoms (blue) and O atoms (red) are shown. Three different coordination environments for Fe in the 2-
line ferrihydrite are shown: (a) FeOg octahedron, (b) two edge-sharing FeOg octahedra and one-corner
sharing between the two FeOg octahedra and one FeO, tetrahedron (c) bent one-corner sharing between
two FeOg octahedra.
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