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Fig. S1. XRD patterns of Pr,-CoFe-LDH deposited on the surface of (a) nickel mesh
and (b) blank quartz. (¢) SEM image of CoFe-LDH deposited on the surface of Ni mesh.



Fig. S2. SEM images of (a, b) CoP/Fe,P, (c, d) Pry;-CoP/Fe,P, (e, f) Pry,-CoP/Fe,P,
and (g, h) Pr;-CoP/Fe,P.
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Fig. S3. XRD patterns of the as-prepared Pr,-CoFe-LDH electrodes after the

phosphidation treatment.



Blank Spray deposition Phosphidation

Fig. S4. SEM images of spray-deposited CoFe-LDH on (a) carbon paper, (b) Al foil,
and (¢) FTO. (d-g) Photographs of Pr,-CoP/Fe,P grown on different substrates via spray
deposition followed by phosphidation.

Specifically, uniformly distributed nanoparticles are observed on carbon paper after
identical spray deposition, whereas dense and uniform coatings are formed on Al foil
and FTO. The substrate-dependent morphologies differ from those on Ni mesh, which
may be attributed to different interactions between the metal salt species and the

substrate during spray deposition, leading to distinct nucleation and growth behaviors.
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Fig. S5. (a) Photograph of the as-prepared Pry,-CoP/Fe,P electrode (5 x 5 cm?). (b)

Polarization curves collected from selected regions of the electrode.
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Fig. S6. High-resolution XPS spectra of (a) Co 2p, (b) Fe 2p, (¢) Pr 3d, (d) O 1s, and
(e) P 2p at Prj;-CoP/Fe,P electrode.
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Fig. S7. High-resolution XPS spectra of (a) Co 2p, (b) Fe 2p, (¢) Pr 3d, (d) O 1s, and

(e) P 2p at Pry;3-CoP/Fe,P electrode.
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Fig. S8. CV curves for (a) CoP/Fe,P, (b) Pry;-CoP/Fe,P, (¢) Pry,-CoP/Fe,P and (d)
PI'0.3-COP/F62P.
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Fig. S9. SEM images of Pry,-CoP/Fe,P during OER process at 200 mA cm for (a) 5

min, (b) 10 min, (c) 15 min, (d) 30 min, (e) 45 min, and (f) 60 min. (g) The EDS
spectrum of Prj,-Co,P/FeP after OER.
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Fig. S10. (a) SEM image and (b) the corresponding EDS spectrum of CoP/Fe,P after

OER test.
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Fig. S11. Semi in situ XRD patterns of Prj,-CoP/Fe,P during the OER process.
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Fig. S12. High-resolution (a) Co 2p, (b) Fe 2p, (c) P 2p, and (d) O 1s XPS spectra of
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Fig. S13. High-resolution (a) Co 2p, (b) Fe 2p, (¢) Pr 3d, (d) O 1s, and (e) P 2p XPS
spectra of Pry ;-CoP/Fe,P after OER.
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Fig. S14. High-resolution (a) Co 2p, (b) Fe 2p, (c) Pr 3d, (d) O 1s, and (e) P 2p XPS

spectra of Pry3-CoP/Fe,P after OER.
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Fig. S15. The Fe K-edge EXAFS (a) R space and (b) k space fitting curves for Pr,-
CoP/Fe,P after OER.
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Fig. S16. The Pr L;-edge EXAFS (a) R space and (b) k space fitting curves for Pr -
CoP/Fe,P after OER.



Fig. S17. Photograph of the apparatus for testing gas volumes generated by a drainage
method.
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Fig. S18. The optimized structure of (a) CoFeOOH, (b) Pr;05-CoFeOOH, (c) PrsO;-
CoFeOOH, and (d) PryO;5-CoFeOOH.
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Fig. S19. The optimized OER configuration of reaction intermediates on different
structures.
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Fig. S20. Calculated Gibbs free energy profiles for the HER on different structures.



Fig. S21. The optimized configuration of *H on (a) Pr;0s-CoFeOOH, (b) PrsOq;-
CoFeOOH, and (c) PryO,5-CoFeOOH.
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Fig. S22. The optimized configuration of (a) Cl- and (b) OH- adsorbed on the surface
of PI'6011-C0F€OOH.
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Fig. S23. (a) Polarization curves of AEMWE with different catalysts in 1 M KOH at
room temperature. (b) Polarization curves of AEMWE using Pr,-CoP/Fe,P as the

anode and Pt/C as the cathode in different electrolytes at 60°C.
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Fig. S24. Stability test of AEMWE with Pt/C || Pry,-CoP/Fe,Pin 1 M KOH + 0.5 M

NaCl at room temperature.
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Fig. S25. (a) Chronopotentiometric durability of Pry,-CoP/Fe,P in natural seawater

over 300 h. (b) SEM image of Prj,-CoP/Fe,P after stability test.



Fig. S26. Result of colorimetric reagent testing for the presence of hypochlorite in the
1 M KOH + 0.5 M NaCl electrolyte after stability testing of Prj,-CoP/Fe,P electrode
at 100 mA c¢m for 500 h.



Fig. S27. Static water contact angle of (a) CoP/Fe,P and (b) Pry,-CoP/Fe,P electrode
in 1 M KOH.



Fig. S28. Bubble contact angles in 1 M KOH for (a) CoP/Fe,P and (b) Pr(,-CoP/Fe,P.
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Fig. S29 Photovoltaic-driven stability test and the corresponding STH conversion

efficiency.



Table S1. Overpotential comparison of recently reported non-noble-metal OER

electrocatalysts.
Overpotential
Samples Electrolyte Ref.
(mV, at 100 mA cm2)

Pry,-CoP/Fe,P 223 1 MKOH  This work
NiCeg os/Fe@NM 257 1 M KOH !
MIM@Fe0.10-CoNi CH/NF ~270 1 M KOH 2
NiFe-LDH/FF 220 1 M KOH 3
F,Fe-CoO ~230 1 M KOH 4
R-CoFe/Ce/NF ~299 1 M KOH >
Mo-Ni,P/Fe,P-V/NFF 246 1 M KOH 6
Mo-CoySs@CC-2 279 1 M KOH 7
NiFe-LDH/Ni,S, ~245 1 M KOH 8
S-NiFeZn LDH/NF 235 1 M KOH 9
P-NiCuFe, os-LDH 240 1 M KOH 10
Fe, 5C0,.5Ni;)OyHz@NFF 229 1 M KOH 1
Mo-FeNiP NTs/NF 232.6 1 M KOH 12
D/CoFc-MOF ~275 1 M KOH 13
NiFe-LS ~215 1 M KOH 14
S-FeOOH/Co(OH),/NF 252 1 M KOH 15
NiFeMo IOS @ NF ~225 1 M KOH 16
Ru-SAC/NiFe LDH ~218 1 M KOH 17
CFP 296 1 M KOH 18
Se/Fe-CoP AGs 297 1 M KOH 19
Ru-S-NiFe LDH ~275 1 M KOH 20

VFe-Ni,Ps@C 251 1 M KOH 21




Table S2. Comparison of recently reported rare-earth-modified transition-metal

(oxy)hydroxide catalysts for OER.

Tafel slope
Catalyst Electrolyte Overpotential (mV) Stability (h) Ref.
(mV dec!)
This
Pry ;-CoP/Fe,P 46.9 1M KOH 223 at 100 mA cm2 500 h
work
LaFeCoOOH 44.1 IM KOH 177 at 10 mA c¢cm 1000 h 22
NiSe;-Cey(CO;),0 86.2 IM KOH 268 at 50 mA cm 120 h 23
Er droped CoP 70 IM KOH 256 at 10 mA cm? 20 h 24
NdNi-Co3;04 54 IM KOH 269 at 10 mA cm™ 50 h 25
Eu,05/Fe;O4@NCG-900 68.3 IM KOH 269 at 10 mA cm? 1000 h 26
Er sFe-MOF/NF 73 IM KOH 248 at 100 mA cm2 100 h 27
Co/CeO,-NCNA@CC 98 IM KOH 350 at 10 mA cm™ 380 h 28
FeCoNiMoCeHEA/C 63.4 IM KOH 260 at 10 mA cm™ / 29
CGOQ/Ni3FCN/Ni3Fe-
52.7 IM KOH 249 at 10 mA cm 24 h 10
5%NPs
La-CoMoP 86.5 IM KOH 250 at 10 mA c¢cm? 24 h 30




Table S3. Quantitative XPS valence-state distributions of Fe, Co, and Pr before and

after reaction

Co species (%) Fe species (%) Pr species (%)

Sample
Co** Co** Fe?* Fe3* Pr3* Pr#*
CoP/Fe,P 40.17 28.34 20.25 46.77 / /
Prj ;-CoP/Fe,P 37.58 25.01 33.45 29.48 40.52 49.04
Pry,-CoP/Fe,P 43.50 28.86 39.58 34.30 45.87 40.2
Pry;-CoP/Fe,P 38.99 21.86 26.68 20.16 33.23 57.62
CoP/Fe,P-OER 32.93 57.33 15.51 27.49 / /

Prj ;-CoP/Fe,P-OER 32.34 51.51 15.02 26.10 35.15 53.98

Prj,-CoP/Fe,P-OER 33.17 51.06 18.13 33.26 36.26 45.81

Pr3-CoP/Fe,P-OER 3241 50.77 15.53 22.19 41.90 45.36




Table S4. EXAFS fitting results for Pr foil, Fe foil, FeO, Fe,O3, and Prj,-CoP/Fe,P

after OER at the Fe K-edge and Pr L;-edge.

Sample Shell Bond length Coordination o ( AZ) EO shift R-factor
A) Number V)

Fe foil Fe-Fe 2.46+0.02 8* 0.005+0.002 -2.4+3.7 0.009
Fe-Fe 2.85+0.02 6* 0.005+0.004

FeO Fe-O 2.13+0.01 6* 0.016+0.002 -1.8+0.8 0.009
Fe-Fe 3.08+0.01 12%* 0.014+0.001

Fe,03 Fe-O 1.98+0.02 6* 0.009+0.003 -4.8+1.7 0.015
Fe-Fe 2.92+0.02 3* 0.003+0.002
Fe-Fe 3.36+0.03 3* 0.005+0.002
Fe-O 3.47+0.04 3* 0.013+0.003
Fe-O 3.61+0.04 3* 0.010+0.005

Pr foil Pr-Pr 3.32+0.01 g* 0.011+0.002 -5.6£3.1 0.019
Pr-Pr 3.8140.02 6* 0.013+0.002

sample Fe-O 1.98+0.04 5.4+0.3 0.014=+0.004 -2.1+2.4 0.020
Fe-Fe 3.02+0.02 2.2+0.4 0.015+0.004
Fe-Fe 3.48+0.03 3.7+0.5 0.008+0.006

Pr-O 2.43+0.01 4.8+0.7 0.012+0.003 -6.5+0.9 0.018
Pr-O 2.61+£0.04 3.3£1.0 0.014+0.002
Pr-Pr 3.94+0.02 3.7+0.9 0.009+0.004




Table S5. ICP results of Pry,-CoP/Fe,P after OER.

Elements Molar mass (pmol)
Fe 3.83
Co 3.87

Pr 1.95




Table S6. Comparison of the water-splitting performance of our AEMWE with other

recently reported water electrolyzer.

Catalyst Performance Conditions Stability Ref.
400 h
Thi
Pt/C||Pro,-CoP/Fe,P 1.88 V@l Acm?  85°C, 30 wt% KOH @300 mA cm? WO:{

FeRu@NM-
2||FeRu@NM-2

CuNi@NiSe||CuNi
@NiSe

Ru-Co,NiNCNT||Ru-
Co,NiNCNT

C02,8W3.8-NiFe
LDH|[Pt/C

NiCeg05/Fe@NM]|
NiCC0.05/FC@NM

Ni;FeN@PO/NF||Pt-

Ni@MoN/NF

219 V@l A cm?

22 V@l A cm?

1.87 V@l A cm?

1.86 V@1 A cm?

227 V@l A cm?

2.11 V@1A cm?

60°C, 1 M KOH

80°C, 1 M KOH

60°C, 1 M KOH

60°C, 1 M KOH

60°C, 5 M KOH

25°C
6 M KOH + seawater

(1 M KOH at 25°C)
90 h
@500 mA c¢cm™

(1 M KOH at 60°C)
10 h
@1000 mA cm?
(1 M KOH at 80°C)
400 h
@500 mA c¢cm™
(1 M KOH at 60°C)
300 h

@1000 mA cm?

(1 M KOH at 60°C)
70 h

@1000 mA cm?

(5 M KOH at 60°C)
140 h

@1000 mA cm?

(6 M KOH +

seawater at 25°C)

31

32

33

34

35




Table S7. ICP analysis of dissolved Fe, Co, and Pr in the electrolyte after 300 h OER
testing.

Sample Fe (mg/L) Co (mg/L) Pr (mg/L)

Pry,-CoP/Fe,P 0.09 0.04 0.06
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