Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2023

Modulating nickel-iron active species via dealloying for

boosting oxygen evolution reaction

Zhuging Wan?, Xiaolong Guo?®*, Junying Jiang?, Yuci Xin?, Benzhen Tang?,

Hong Zhang?, Yong Wu®"*, Lei Xia®, Peng Yu®*

aCollege of Physics and Electronic Engineering of Chongqing Normal University, Chongqing Key
Laboratory of Optical and Electronic Functional Materials, Chongqing 401331, China
b Institute of Materials & Laboratory for Microstructure, Shanghai University, Shanghai 200072,

China

*Corresponding author.
Email address: guoxiaolong@cqnu.edu.cn (X. Guo), wy_yp@shu.edu.cn (Y. Wu),

pengyu@cqnu.edu.cn (P. Yu)



Fig.S1. The optical photos of the Raman spectrometer.
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Fig. S2 LSV curves of the Ni-Fe-P ribbons. Note: LSV curves are scanned from high voltage to low
voltage.
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Cyclic voltammograms at E =1.125-1.225 V vs. RHE and (e) scan rate dependence of the current
density at E = 1.18 V vs. RHE for assessing the double layer capacitance.
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Fig. S5 The stability test of Ni-Fe-P (CE) at 10 mA c¢cm™ for 50 hours.
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Fig. S6. Electrochemical impedance spectroscopy (EIS) of Ni-Fe-P (CE) before and after
stability test.
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Fig. S7. SEM images and EDS mapping of (a-c) Ni-Fe-P (R) , (d-f) Ni-Fe-P (C) and (g-i) Ni-Fe-P
(E) after the stability tests (15 h).
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Fig. S8. SEM images and EDS mapping of Ni-Fe-P (CE) after the stability tests (15 h).
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Fig. S9 XPS
spectra of Ni-
Fe-P (R) before
and after the
stability test (15

h): (a) Ni 2p, (b)
Fe 2p, (c) P 2p,
and (d) O Is.
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Fig. S10. XPS spectra of Ni-Fe-P (C) before and after the stability test (15 h): (a) Ni 2p, (b) Fe 2p, (c) P 2p, and (d)
O 1s.
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Fig. S11. XPS spectra of Ni-Fe-P (E) before and after the stability test (15 h): (a) Ni 2p, (b) Fe 2p, (c) P 2p, and (d)
O 1s.
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Fig. S12. XPS spectra of Ni-Fe-P (CE) before and after stability test: (c) P and (d) O.



Fig. S13. (a) Standard orientation of the NIOOH model and the adsorbed OH*, O* and OOH*
intermediates on the Ni sites of NIOOH model. (b) Standard orientation of the NiIOOH/FeOOH
model and the adsorbed OH*, O* and OOH* intermediates on the Fe-Ni dual sites of NiIOOH/
FeOOH model. Brown balls: Fe atoms; Blue balls: Ni atoms; Red balls: O atoms; White balls: H

atoms.

For OER catalyzed by metal oxyhydroxides, the commonly mechanism involves four
consecutive proton-coupled electron transfer (PCET), where the adsorption of OH*, O*, and OOH*
is successively on the one site [1]. The mechanism diagram is shown in Fig. S13a, which is suitable
for the monospecies NiIOOH derived by Ni-Fe-P (R). The OER mechanism of the NiIOOH/FeOOH
species (Ni-Fe-P (CE)) is bifunctional mechanism [2]. This mechanism involves two catalytic sites,
often based on two different metal ions, which work in a cooperative manner (Fig. S13b). One site
(such as, Fe sites) provides the electrophilic M=O entity, while the other side (such as, Ni sites)
provides a hydrogen atom acceptor.



Table S1. The content of Ni, Fe, P, and O on the surface and cross-section of Ni-Fe-P (CE)

Surface Cross-section
Ni (at.%) 423 50.2
Fe (at.%) 9.0 21.7
P (at.%) 7.1 5.5
O (at.%) 41.5 22.6




Table S2. The peak positions of the various ions in the XPS results.

Fel Fe2* Fe3* Ni° Ni2* Ni3* PO,* p3- po
(eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV) (eV)
Ni-Fe-P (R) 706.5 710.1 712.8 8525 8554 \ 132.8 \ 128.9
Ni-Fe-P (E) 706.3 710.5 712.7 8523  855.0 856.6 132.5 \ 128.8
Ni-Fe-P (C) 706.6 7109  712.8 \ 855.7 857.1 132.4 129.5 128.8
Ni-Fe-P
706.6  710.5 712.9 \ 855.6 856.7 \ \ \

(CE)




Table S3 Comparison of OER performance with recently reported ribbons and other oxide
electrocatalysts in alkaline media.

Catalysts Overpotentials (mV) References

Dealloyed Ni-Fe-P ribbon 234 mV@10 mA cm? This work
Na,Cog 75Feg 25P204/C 300 mV@10 mA cm [3]

NPs
DR-NiOOH 281 mV@10 mA cm? [4]
CR-NiOOH 278 mV@10 mA cm [5]
a-Fe,0s 317 mV@10 mA cm? [6]
Glassy NiggFeqoP2 270 mV@10 mA cm? [7]
np-NiFeP 287 mV@10 mA cm™ [8]
Acid treated NiFeP 219 mV@10 mA cm? 9]
glassy FeNiCoP 281 mV@10 mA cm™ [10]
Fe4oNiynCos0P15Cs 278 mV@10 mA cm? [11]
(Nig67Feo 33)4Ps 245 mV@10 mA cm? [12]
Treated FeNiPC 289 mV@10 mA cm? [13]
NisoCui9Py 307 mV@10 mA cm [14]
nanocages FeNiPBO 236 mV@10 mA cm? [15]
CoFeP NFs/NPCNT 278 mV@10 mA cm- [16]
FeP, cubes 283 mV@10 mA cm? [17]
Fe-Co-P 269 mV@10 mA cm? [18]
FeNi(VO,),@NF 274 V@10 mA cm? [19]
NigsCoo1Feo, 1 0,Hy 239 mV@10 mA cm? [20]
NisoFesoBao 319 mV@10 mA cm2 [21]
Ni;4Co4Fe;sMogMns, 350 mV@10 mA cm [22]
FesoNisoP13C; 289 mV@10 mA cm? [23]
np-(Nig 7sFeg 25)4Ps 280 mV@10 mA cm? [24]
(Nig 4Fe.4Bo2)100xRux 295 mV@10 mA cm? [25]
(x=0)

NisoFes0Co0P20 244 mV@10 mA cm? [26]



Fe3sCoxNizgMosSis 260 V@10 mA cm

Table S4 Charge-transfer resistance (R) of the ribbons in the electrochemical impedance

spectroscopy (EIS).

Sample R R, (ohm)
Ni-Fe-P (R) 1.339 2250
Ni-Fe-P (E) 1.285 525.7
Ni-Fe-P (C) 1.473 17.1

Ni-Fe-P (CE) 1.173 8.99




Table S5 The parameters of the electrochemical impedance spectroscopy (EIS) before and after

stability test. Note: R, is the solution resistance (small arc in front), R, is the interface resistance
(circular arc in the back), and the magnitude of R, can reflect the corrosion rate. The capacitance
CPE-T is a double-layer capacitance, and CPE-P is the dispersion index.

Sample R, R (ohm) CPE-T CPE-P
Ni-Fe-P (CE) 1.173 8.99 0.4366 0.85
Ni-Fe-P (CE)

1.177 9.94 0.3990 0.85

after stability test




Table S6 The ratios of Ni and Fe ions for Ni-Fe-P (R), Ni-Fe-P (C), Ni-Fe-P (E) and Ni-Fe-P

(CE).

Ni-FC-P Ni-FC-P Ni-Fe—P Ni-Fe—P Ni—Fe-P Ni-FC-P Ni-Fe—P Ni-Fe—P

(R) ©) (E) (CE)
R) © (E) (CE)  After15h After15h After15h After15h

Fe® 53.29 57.26 28.90 28.63 24.02 29.9 24.64 27.1

Fe Fe2* 4.41 11.65 4436 29.02 34.28 26.0 38.23 30.58
(at.%)  Fe* 423 31.1 26.62 4235 41.7 44.15 37.12 4234

Ni° 27.3 498 0 0 0 0 0 0

Ni Nit 72.7 41.9 73.4 58.4 72.26 75.22 64.84 46.3

(at.%) N 0 8.3 26.6 41.6 27.74 24.78 35.16 53.7




Table S7. The values of § (Ni-O)/Ni-O and Fe-O/Ni-O under different potentials vs. Ag/AgCl in
in-situ Raman test for Ni-Fe-P (R).

§ Ni-O)Ni-O  Fe-O/Ni-O

0.30 V 0 0
035V 0 0
0.40 V 0 0
0.45V 0 0
0.50 V 0.68 0
0.55V 0.55 0

0.60 V 0.72 0




Table S8. The value of  (Ni-O)/Ni-O and Fe-O/Ni-O under different potentials vs. Ag/AgCl in
in-situ Raman test for Ni-Fe-P (C).

§ Ni-O)Ni-O  Fe-O/Ni-O

030V 0 0.27
035V 0 0.12
040V 0 0.18
045V 0 0.34
0.50V 0.74 0
055V 0.69 0

0.60 V 0.70 0.05




Table S9. The value of  (Ni-O)/Ni-O and Fe-O/Ni-O under different potentials vs.Ag/AgCl in in-
situ Raman test for Ni-Fe-P (CE).

§ (Ni-O)/Ni-O  Fe-O/Ni-O

030V 0 0.14
035V 0 0.21
040V 0 0.12
045V 0 0.17
0.50V 0 0.19
055V 0 0.25

0.60 V 0 0.21
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