Supplementary Materials

Unveiling the synergistic effect of two-dimensional
heterostructure NiFeP@FeOOH as stable electrocatalyst for

oxygen evolution reaction



1. Material characterizations

The morphology and structure of NiFeP@FeOOH/NF and its precursor were studied
using a field emission scanning electron microscope (FESEM, JEOL JSM-6700F,
Japan), a high-resolution transmission electron microscope (HRTEM, JEOL-2100Plus,
Japan), and X-ray diffraction (XRD, Rigaku Ultima IV, Japan) with an energy
dispersive X-ray spectrum, X-ray photoelectron spectroscopy (XPS, ULVAC PHI5000
Versaprobe 111, Japan) and optical contact angle measuring instrument (OCA, KRUSS
DSA30S, Germany). Nitrogen adsorption/desorption isotherms were measured on an
ASAP 2460 physisorption system. The specific surface areas of NiFe precursor/NF and
NiFeP@FeOOH/NF were estimated based on the Brunauer—-Emmtt-Teller (BET)

model.

2. Electrochemical measurement

CHI660E electrochemical workstation equipped with three-electrode configuration was
used for electrochemical experiments. In particular, the produced sample (1 cmx1 cm),
standard Hg/HgO electrode, platinum sheet and counter electrode were directly used as
working electrode (WE), reference electrode and counter electrode respectively. Ahead
to the OER test, 20 cycles of cyclic voltammetry (CV) at a scanning speed of 50 mV s~
! were performed. The CV test of OER was conducted at a scanning speed of 1 mV s!
and its linear sweep voltammetry (LSV) test was set at 5 mV s\, Electrochemical
impedance spectroscopy (EIS) was performed with an amplitude of 5 mV in the
appropriate frequency range of 100,000 Hz-0.1 Hz. The CV measurement was used to
determine the electrochemical electric double layer capacitance (Cai) at scanning speeds
of 5, 10, 20, 40, 80, and 100 mV s’ in the Faraday-free current range. The stability of
the catalyst for 1000 cycles in the range of 0.5 v-0.7 v at a scanning speed of 50 mV s
! was measured by continuous CV. Observing the change in voltage over an 80-hour
period at a constant current density (50 mA c¢cm™?) allowed researchers to assess the

endurance of the sample. Three electrodes were used to conduct the entire water



breakdown. RuO; reference electrode preparation using the drop coating approach was
also done for comparison. iR compensation was used to correct all potentials in this
work (90%). The potentials in this article were converted to the reversible hydrogen
electrode (vs. RHE) according to the Nernst equation: Erug = Engngo + 0.059pH +
0.098. At a room temperature, each of the aforementioned electrocatalytic tests was

conducted.

Fig. S1. (a-b) SEM images of NF.

Fig. S2. (a-b) SEM images of Ni,P/NF.

Fig. S3. (a-b) SEM images of FeOOH/NF.



Fig. S4. SEM images of NiFe precursor at different hydrothermal temperatures (a)

50 °C, (b) 100 °C, (c) 120 °C, and (d) 150 °C.
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Fig. S5. (a-d) HRTEM images of the NiFeP@FeOOH/NF



Fig. S6. NiFeP@FeOOH/NF contact angle test.
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Fig. S7. LSV of NiFe precursor, NiFeP/NF, and NiFeP@FeOOH/NF.
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Fig. S8. NiFeP@FeOOH/NF LSV curves of different electrodeposition times.

Fig. S9. (a) NiFeP@FeOOH/NF electrodeposition of 125 s, (b) NiFeP@FeOOH/NF

electrodeposition of 200 s.
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Fig. S10. ECSA was measured by cyclic voltammetry at a scanning speed ranging
from S mV s to 100 mV s! (a) NiFe precursor, (b) NiFeP/NF, (c) FeOOH/NF, and
(d) Ni2P@FeOOH/NF.

Fig. S11. (a) SEM image after stability test, (b) SEM image after 1000 CV cycle.
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Fig. S12. XRD patterns of NiFeP@FeOOH/NF inital and after stability test high

resolution High-resolution fitted.
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Fig. S13. XPS spectra of NiFeP@FeOOH/NF after stability (a) Ni 2p, (b) Fe 2p, and
(c) P2p.
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Fig. S14. (a-b) HRTEM images of the NiFeP@FeOOH/NF after 1000 CV cycle, (c)
SAED image of NiFeP@FeOOH/NF after 1000 CV cycle.
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Fig. S15. OER LSV curves of NiFeP@FeOOH/NF in 1.0 M and 0.1 M KOH alkaline

solutions.
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Fig. S16. OER LSV curves of NiFeP@FeOOH/NF at 50 °C and 25 °C in 1.0 M KOH

alkaline solution.
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Fig. S17. Long-term durability test of NiFeP@FeOOH/NF at 100 and 50 mA c¢cm

current densities.

Table S1. Comparison of binding energies of of NiFeP@FeOOH/NF and NiFeP/NF.

o Ni (eV) Fe (eV) P
Binding Energy — G 1 Ni2p322 NiP Fe2pll2 Fe2p32 FeP  FeP  P-O
872.0, 713.1, 7103, 7054, 129.7, 133.6
NiFeP@FeOOH/NF  874.3 856.3
853.8 7284 7241 7194 1305
872.0, 7138, 710.6, 7054, 129.7, 133.6
NiFeP/NF 874.3 856.3

853.8 7289 7245 719.4  130.5

Table S2. Comparison of overpotentials of different OER electrocatalysts at 100 mA

cm? in 1.0 M KOH solution.

Overpotential (mV)  Tafel slope

Electrocatalyst at 100 mA e (mV dec”) Reference
NiFeP@FeOOH/NF 235 46.46 This work
MOF-OH/NF 260 77.11 [1]

NiCo,S4/NiFeP/NF 293 110.00 [2]

NiMoO4/NF 253 60.10 [3]




P/NiFe-NiMoO4/NF 300 39.10 (4]

Ni,P/FeOOH 246 62.80 [5]
FeOOH@ B-Ni(Fe)OOH 252 51.49 [6]
NiCo-LDH/NF 303 89.00 [7]
CoFe-LDH/CoFe;04/NF 400 85.60 8]
Co-NiSe/NF 380 111.00 [9]
M-NiFe LDH 270 45.10 [10]
Ni-Fe-P/NF 270 [11]
NiOOH@FeOOH 250 [12]
NiFifi’ j::;ped 270 47.00 [13]
NiCoP 277 83.00 [14]
Mo-NiCoP 364 60.00 [15]
Ni/NiCoP 345 80.00 [16]
CoFePO 274 51.70 [17]
NiFeP/NF 253 43.70 [18]
Ni-FexP@NF 267 37.00 [19]
NiMoP: 260 90.2 [20]

nanowires@carbon cloth
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