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Supplementary Figure 1 | Polarization curve of NiSe.
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Supplementary Figure 2 | High resolution XPS Fe 2p3/2 spectra for NixFe;1xSe,.
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Supplementary Figure 3 | SEM images of NiFe LDH grown on Ni foam. Scale bar:

a, 10 um; b, 1 um.
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Supplementary Figure 4 | Elemental mapping images of NixFe1xSe.
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Supplementary Figure 5 | Electrochemical characterizations of NixFe;xSe,-DO

(x=1, 0.9, 0.8, and 0.67). a, Polarization curves; b, Tafel plots.
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Supplementary Figure 6 | Structural comparison of NiFe LDH and
NixFe;-xSe,-DO. a and b, SEM images of NiFe LDH and NixFe;xSe,-DO. ¢ and d,
TEM images showing the highly porous nanoplates consisting of ultrathin nanosheets.
Scale bars: a, 1 um; b, 1 um; ¢, 50 nm; d, 10 nm.
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Supplementary Figure 7 | Pore size distribution (BJH model) of NiFe LDH and

NixFe1.xSe»-DO. Inset shows the N2 adsorption-desorption isotherm.
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Supplementary Table 1. Comparison of catalytic performance with reported Ni,
NiFe based catalysts and IrO, nanoparticles.
Materials Support Electrolyte Loading Heomaem?2 J@250 mv

(mgecm?  (mV) (mA cm?)
NisFe;,Se,-DO Nifoam 1M KOH — ~4.1° 195 ~262 28 This
work
NiSe,-DO Nifoam IMKOH  ~4.1 241 15 54 This
work
NiFe LDH Nifoam 1M KOH  ~83 244 16 32 This
work
NizSe, Cufoam 1MKOH 3 284 ~4 80 !
NizSe, Nifoam 0.3M KOH / ~270 ~6 99 2
NiSe Nifoam 1M KOH 28 ~251 7.3 64 3
NiFe hydroxides  Nifoam 1M KOH / 245 15 28 ¢
NiFe LDH Nifoam 1IMKOH / 240 ~10 / >
NiFe LDH Nifoam 1MKOH  ~1 256 7.6 50 6
NiFe LDH Nifoam 1M KOH 1 224 33 53 !
NiFe LDH/CNT  CFpP' IMKOH  0.25 ~247 12 31 8
NiFe LDH/-GO  Nifoam 1MKOH  0.25/1 200/210 100 40 ’
NiFe LDH/-GO  Nifoam 1MKOH  0.25 195 257 39 10
EG/CopgsSe/NiFe Griphite 1M KOH 4 203 67 57 u
LDH foil
IrO, Nifoam 1MKOH 0.7 285 1.7 46 12
IrO, CFp' IMKOH 33 264 5 47 13

" Carbon fiber paper denoted as CFP; ¥ Assume that all the metal elements remained in the final
selenides derived oxides.
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Supplementary Methods

Materials

Nickel nitrate hexahydrate (Ni(NOs),-6H,0O, >99%, Fluka), iron(ll) sulfate
heptahydrate (FeSO4:7H,0, >99%, Sigma-Aldrich), ammonium fluoride (NH4F,
>98%, Sigma-Aldrich), urea (CO(NHj)2, >99%, Acros), selenium powder (Se,
>99.5%,Acros), sodium hydroxide (NaOH, REACTOLAB SA), hydrazine
monohydrate  (NpH4-H,O, >64-65 wt %, Sigma-Aldrich) and N, N-
dimethylformamide (DMF, C3H;NO, >99.8%, Sigma-Aldrich) were all used as
received without any purification. Nickel foam (purity 95%, porosity 95%, thickness
1.6 mm, bulk density 0.45 g-cm™, GoodFellow Cambridge Ltd.) was cleaned
ultrasonically for ten minutes with acetone and then with HCI (37 wt%) solution, and
subsequently washed with water and ethanol. Deionized water (>18 MQ-cm
resistivity) obtained from a Milli-Q integral water purification system (Merck
Millipore Corporation) was used throughout all experiments.

Faradaic Efficiency Test

The measurements of O, were performed using an Ocean Optics Multifrequency Phase
Fluorimeter (MFPF-100) with a FOXY-OR 125 probe. A linear 2-point calibration
curve was created using air (20.9% O,) and a sealed glass cell that had been purged
with N, for more than 2 hours (0% O,). Electrolysis experiments were performed in an
airtight H shape cell. The platinum counter electrode was inserted into one side of the
cell. The modified working electrode, an Ag/AgCl reference electrode (has a potential
of 0.197 V vs. NHE) and a magnetic stirring bar were inserted in the other side. The cell
was filled with 1 M KOH solution until the head space of the compartment containing
the working electrode is about 7.9 mL. The oxygen probe was inserted into this head
space. The cell was purged with nitrogen for 20 min, and the O, concentration in the
headspace was then monitored for 5 h to establish a baseline. A constant oxidation
current density of 14 mA cm™ was passed for 6.5 h. The faradaic yield was calculated
from the total amount of charge Q (C) passed through the cell and the total amount of
oxygen produced npz(mol). Q = t/1000 (C), where t is the time (s) for the constant
oxidation current. The total amount of oxygen produced was measured using the
MFPF-100 with a FOXY 125 probe. Assuming that four electrons are needed to
produce one O, molecule, the Faradaic efficiency can be calculated as follows:
Faradaic efficiency = 4Fx np,/Q =4000Fx ney/t, where F is the Faraday constant.
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