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Figure S1. FESEM images of (a) O-CF and (b) PANi-CF. (c¢) XRD patterns and (d) FTIR

spectra of O-CF and PANI-CF. (e) Deconvoluted N 1s XPS spectra of PANi-CF.



Figure S2. FESEM images of the (a and b) NiCoOOH@PANi-CF and (¢ and d)

NiCoOOH@O-CF under different magnifications.
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Figure S3. XRD spectrum of NiICoOOOH@PAN:Ii-CF.
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Figure S4. XPS survey spectrum of NiCoOOH@PANi-CF.
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Figure S5. Deconvoluted O 1s XPS spectra of NiICoOOH@O-CF.
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Figure S6. ESR measurement of NiCoOOH@PAN:i-CF and NiCoOOH@O-CF.
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Figure S7. FTIR spectra of NiCoOOOH@PAN:i-CF before and after HER/OER durability tests.



Figure S8. FESEM image of the NiCoOOH@O-CF after HER stability test in an acidic

electrolyte.
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Figure S9. Deconvoluted (a) Ni 2p and (b) Co 2p XPS spectra of NiCoOOH@O-CF catalyst

after HER stability test in an acidic electrolyte.
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Figure S10. HER characteristics of NiCOOOH@PANi-CF in an alkaline electrolyte: (a)

Polarization curves, (b) Tafel slope values, and (c) polarization curves before (BC) and after

(AC) 2,000 cycles.



Figure S11. FESEM images of (a) NiCoOOOH@PANIi-CF and (b) NiCoOOH@O-CF after

HER stability test in an alkaline electrolyte.
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Figure S12. HER characteristics of NiCoOOH@PANi-CF in a neutral electrolyte: (a)
Polarization curves, (b) overpotential value at different current densities, (c) Tafel plots, and

(d) polarization curves before (BC) and after (AC) 2,000 cycles.



Figure S13. FESEM image of the NICoOOOH@O-CF after OER stability test in an alkaline

electrolyte.
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Figure S14. Deconvoluted C 1s XPS spectra of NICoOOOH@PAN:i-CF (a) before and (b) after

OER stability tests in an alkaline electrolyte, and deconvoluted C 1s XPS spectra of the

NiCoOOH@O-CF (c) before and (d) after OER stability tests in an alkaline electrolyte.
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Figure S15. Adsorption of H" on (a) N atom and (b) C atom of PANi surface, and adsorption

of CO; on (¢) N atom and (d) C atom of PANi surface.
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Figure S16. Molecular orbital (HOMO and LUMO) diagram and energy gap for H' ions

adsorbed on PANI.



Samples [m\(/) Zfli%olifg[i:rlnﬂ] Eif\‘?l dselgﬂ‘; Reference
Ferromagnetic MoS, 64 59 [S1]
Ni-FeP/C 72 54 [S2]
1T-MoS, 152 59 [S3]
CoP/NC 82 41 [S4]
CoP/MOF 27 43 [S5]
VN/Co-NC 22 31 [S6]
Ni-Se@NC 131 85 [S7]
VSe, 67 45 [S8]
MoS; Nanomesh 160 46 [S9]
MoS,/graphene 143 71 [S10]
MOSZ/CV;%;?L%;? hene! 78 53 [S11]

NiCoOOH@PANi-CF 35 37 This work

Table S1. HER performance of various electrocatalysts in an acidic electrolyte.



Overpotential

Tafel slope

Samples [mV at 10 mA cm=] [mV dec] Reference
Ni-FeP/C 95 72 [S2]
CoP/NC 97 51 [S4]
CoP/MOF 34 56 [S5]
1T-2H MoS, 290 42 [S12]
CoOX/CN 85 115 [S13]
MoS,/Co(OH), 89 53 [S14]
La-Co;04 98 72 [S15]
Co304/NC 310 60 [S16]
N-doped Co,P/CC 34 51 [S17]
Sulfurized NiMnLDH 93 80 [S18]
MoS,@Ni,P 95 42 [S19]
Mo,C@NPCS 147 77 [S20]
Co@NiS, 80 43 [S21]
Co-Fe-P 86 66 [S22]
Ce0,/CosN 30 66 [S23]
CoP/Mo0O, 42 73 [S24]
MoP/N,P-G 126 56 [S25]
S-NiFeSO4 61 80 [S26]
CoP/CoMoP 34 33 [S27]
Cos;S4/MoS,; 90 62 [S28]
CoP3;/CoMoP/NF 110 64 [S29]
Carbon doped CoP 30 37 [S30]
NiV-LDH/NF 114 87 [S31]
Cobalt/N-graphene 172 48 [S32]
PSS/PPY @Ni-Co-P 67 27 [S33]
Nanoporous CoP/S 103 58 [S34]
C/NiO 27 36 [S35]
MoC/NC 160 39 [S36]

NiCoOOH@PAN:I-CF 30 54 This work

Table S2. HER performance of various electrocatalysts in an alkaline electrolyte.






Overpotential

Tafel slope

Samples [mV at 10 mA cm™] [ mV dec™'] Reference
Ni-FeP/C 117 70 [S2]
CoP/Co-MOF 49 43 [S5]
VN/Co-NC 163 117 [S6]
Ni-Se@NC 183 135 [S7]
VSe, 122 66 [S8]
N-doped Co,P/CC 42 68 [S17]
Co-Fe-P 138 138 [S22]
MoP/N,P-G 150 102 [S25]
CoP3/CoMoP/NF 89 97 [S29]
NiV-LDH/NF 114 44 [S31]
PSS/PPY@Ni-Co-P 106 81 [S33]
CoNi/Co-NiLDH 145 80 [S37]
W@MoP 82 74 [S38]
C0sSs/MoS, 152 99 [S39]
FeS 78 136 [S40]
W-CoP 102 87 [S41]
CoWS 198 94 [S42]
NiCoP 97 87 [S43]
Ni,P/N-CNF 185 230 [S44]
MosNg/MoS, 59 43 [S45]
Ni;N/VN 85 73 [S46]
Ni;S,/NC 249 78 [S47]
P-doped Co,MnOy 102 143 [S48]
CoP/NiCoP/NC 123 78 [S49]
N,S,0-C/CosSs 103 113 [S50]

NiCoOOH@PANi-CF 110 35 This work

Table S3. HER performance of various electrocatalysts in a neutral electrolyte.



Samples [m\(f) Zfli%ortlelj;tisrln_z] [T ;f\e/l sgér_)]e] Reference
Oxygen rich NiFeLDH 310 74 [S51]
CoMoOS 281 75.4 [S52]
Vacancy rich NiFeLDH 195 47.9 [S53]
Edge rich NiFeLDH 205 41.8 [S54]
LiNiFe borophosphate 215 37 [S55]
Single atom Ni 224 42 [S56]
NiFeCr/NF 240 36 [S57]
CoP/CeO, 224 90.3 [S58]
NiSe,/FeSe, 256 50 [S59]
NisP,/FeP 205 423 [S60]

NiCoOOH@PAN;I-CF 20 41 This work

Table S4. OER performance of various electrocatalysts in an alkaline electrolyte.



R T
CoFe nanoneedles 1.3 40 [S61]
NF/NiMoO-Ar 1.5 19 [S62]
F-NiO/Ni@C 1.31 37 [S63]
P-NiMoO, 1.35 19 [S64]
P-CoNi,S,4 1.306 55 [S65]
Ni,P/Fe,P 1.36 79 [S66]
NiCoP/CC 1.30 49 [S67]
NiP/NiO-NiPi 1.44 70 [S68]
Nickel terephthalate 1.38 52 [S69]
Ni@CooSg 1.28 56 [S70]
C0304@Co,P401> 1.31 126 [S71]
CoNi oxyphosphides 1.29 106 [S72]
Fe,P@Ni,P/NF 1.34 30 [S73]
Ni3;N/Nip,Mog gN 1.32 17 [S74]

NiCoOOH@PANiI-CF 1.32 53 This work

Table S5. UOR performance of various electrocatalysts in 1.0 M KOH/0.33 M urea electrolyte.



Table S6. Calculated energies of H" ions and CO, on PANi surface by M06-2X/6-311++G(d,p)

level of theory.
) E Hyog Gaog
Species [eV] [eV] [eV]
PANi _1377.638898 | —1377.117323 | —1377.213859
CO, —188.574880 188.559341 —188.583564
PANi—H-C (PANi—H") _1377.995982 | —1377.461703 | —1377.557762
PANi—H-N (PANi-H") C1378.013922 | —1377477582 | —1377.573554
PANI=CO-C (PANI=CO2) | _; 566992791 1565.684202 | —1565.790257
Conformer 1
PANI=CO,-C (PANI=CO2) | _ ;566222791 1565.684200 | —1565.790259
Conformer 2
PANi—CO,-N (PANi—CO,) | —1566.222791 1565.684197 | —1565.790228




Table S7. Calculated adsorption energies for H ions and CO, adsorption on PANi surface by

MO06-2X/6-311++G(d,p) level of theory.

Species V] o s
PANi—-H-C (PANi—-H") -9.75 -9.37 -9.35
PANi—-H-N (PANi—H") -10.2 —-9.80 —9.78

PANi—CO,-C (PANi—CO,) —-0.24 -0.20 0.19
PANi—-CO,—N (PANi—CO,) —-0.24 -0.20 0.19




Table S8. Mulliken charges for H" ions and CO, on PAN:.

Atoms Before adsorption After adsorption
PANi H* PANi in PANi-H* H* in PANi-H*
C 0.094869 | 1.000000 0.009358 —0.092468
N 0.125035 | 1.000000 0.183854 —0.064150
PANi CO, PANi in PANi- CO, | CO, in PANi— CO,
C 0.118980 | 0.521310 0.168452 0.312106
N 0.125035 | 0.521310 0.175849 —0.044828




Urea electrolysis Water electrolysis
Samples [V vs. RHE [V vs. RHE Reference
at 10 mA cm2] at 10 mA cm2]
CoFe-250 1.30 1.47 [S70]
N-CogSg/Ni3S,/NF 1.40 1.55 [S75]
Mo-Ni/NiO 1.45 1.65 [S76]
Mo-FeNi LDH 1.39 1.49 [S77]
NiFeMo 1.46 1.60 [S78]
NC-PB@CNT 1.34 1.61 [S79]
Ni/MoC/Ti;C, Tx@C 1.56 1.64 [S80]
Ru-NiCo,04 1.42 1.55 [S81]
COO’LCSEI\A?FMF& 139 152 [S82]
Fei1.19—Ni3S,/Ni foam 1.46 1.60 [S83]
FeNi,S,/CoFe 1.56 1.72 [S84]
V/meso-Co/NF-5 1.39 1.63 [S85]
Ce-Ni,P 1.51 1.62 [S86]
NiCo,S4 NS/CC 1.49 1.7 [S87]
NiCoOOH@PAN;I-CF 1.39 1.51 This work

Table S9. Full cell performance of various electrocatalysts for water and urea splitting.



References for Supporting Information

[S1]

[S3]

[S4]

[S5]

[S6]

[S7]

[S8]

W. Zhou, M. Chen, M. Guo, A. Hong, T. Yu, X. Luo, C. Yuan, W. Lei, S. Wang, Magnetic
Enhancement for Hydrogen Evolution Reaction on Ferromagnetic MoS, Catalyst, Nano Lett. 20
(2020) 2923-2930.

X.F. Lu, L. Yu, X.W. Lou, Highly crystalline Ni-doped FeP/carbon hollow nanorods as all-pH
efficient and durable hydrogen evolving electrocatalysts, Sci. Adv. 5 (2019) eaav6009.

M. Mathankumar, K. Karthick, A.K. Nanda Kumar, S. Kundu, S. Balasubramanian, Aiding
Time-Dependent Laser Ablation to Direct 1T-MoS, for an Improved Hydrogen Evolution
Reaction, ACS Sustain. Chem. Eng. 9 (2021) 14744-14755.

X. Wang, Y. Fei, J. Chen, Y. Pan, W. Yuan, L.Y. Zhang, C.X. Guo, C.M. Li, Directionally In
Situ Self-Assembled, High-Density, Macropore-Oriented, CoP-Impregnated, 3D Hierarchical
Porous Carbon Sheet Nanostructure for Superior Electrocatalysis in the Hydrogen Evolution
Reaction, Small, 18 (2022) 2103866.

T. Liu, P. Li, N. Yao, G. Cheng, S. Chen, W. Luo, Y. Yin, CoP-Doped MOF-Based
Electrocatalyst for pH-Universal Hydrogen Evolution Reaction, Angew. Chem. Int. Ed. 58
(2019) 4679-4684.

Z. Chen, H. Qing, R. Wang, R. Wu, Charge pumping enabling Co—NC to outperform benchmark
Pt catalyst for pH-universal hydrogen evolution reaction, Energy Environ. Sci. 14 (2021) 3160-
3173.

Z. Huang, B. Xu, Z. Li, J. Ren, H. Mei, Z. Liu, D. Xie, H. Zhang, F. Dai, R. Wang, D. Sun,
Accurately Regulating the Electronic Structure of NixSey@NC Core—Shell Nanohybrids through
Controllable Selenization of a Ni-MOF for pH-Universal Hydrogen Evolution Reaction, Small,
16 (2020) 2004231.

J. Zhang, J. Li, H. Huang, W. Chen, Y. Cui, Y. Li, W. Mao, X. Zhu, X.a. Li, Spatial Relation
Controllable Di-Defects Synergy Boosts Electrocatalytic Hydrogen Evolution Reaction over

VSe2 Nanoflakes in All pH Electrolytes, Small, 18 (2022) 2204557.



[S9] Y. Li K. Yin, L. Wang, X. Lu, Y. Zhang, Y. Liu, D. Yan, Y. Song, S. Luo, Engineering MoS,
nanomesh with holes and lattice defects for highly active hydrogen evolution reaction, Appl.
Catal. B: Environ. 239 (2018) 537-544.

[S10] X. Meng, L. Yu, C. Ma, B. Nan, R. Si, Y. Tu, J. Deng, D. Deng, X. Bao, Three-dimensionally
hierarchical MoS,/graphene architecture for high-performance hydrogen evolution reaction,
Nano Energy, 61 (2019) 611-616.

[S11] Z. Zhang, W. Li, M.F. Yuen, T.W. Ng, Y. Tang, C.-S. Lee, X. Chen, W. Zhang, Hierarchical
composite structure of few-layers MoS, nanosheets supported by vertical graphene on carbon
cloth for high-performance hydrogen evolution reaction, Nano Energy, 18 (2015) 196-204.

[S12] S. Wang, D. Zhang, B. Li, C. Zhang, Z. Du, H. Yin, X. Bi, S. Yang, Ultrastable In-Plane 1T-2H
MoS, Heterostructures for Enhanced Hydrogen Evolution Reaction, Adv. Energy Mater. 8
(2018) 1801345.

[S13] H. Jin, J. Wang, D. Su, Z. Wei, Z. Pang, Y. Wang, In situ Cobalt—Cobalt Oxide/N-Doped Carbon
Hybrids As Superior Bifunctional Electrocatalysts for Hydrogen and Oxygen Evolution, J. Am.
Chem. Soc. 2015, 137, 7, 2688-2694.

[S14] Y. Luo, X. Li, X. Cai, X. Zou, F. Kang, H.-M. Cheng, B. Liu, Two-Dimensional MoS, Confined
Co(OH), Electrocatalysts for Hydrogen Evolution in Alkaline Electrolytes, ACS Nano, 12 (2018)
4565-4573.

[S15] X. Zhao, F. Yin, X. He, B. Chen, G. Li, Enhancing hydrogen evolution reaction activity on
cobalt oxide in alkaline electrolyte by doping inactive rare-earth metal, Electrochim. Acta, 363
(2020) 137230.

[S16] R. Samanta, R. Mishra, B.K. Manna, S. Barman, Two-Dimensional Amorphous Cobalt Oxide
Nanosheets/N-Doped Carbon Composites for Efficient Water Splitting in Alkaline Medium,
ACS Appl. Nano Mater. 11 (2022) 17022—-17032.

[S17] Y. Men, P. Li, J. Zhou, G. Cheng, S. Chen, W. Luo, Tailoring the Electronic Structure of Co,P
by N Doping for Boosting Hydrogen Evolution Reaction at All pH Values, ACS Cat. 9 (2019)

3744-3752.



[S18] S. Sanati, R. Abazari, A. Morsali, Enhanced electrochemical oxygen and hydrogen evolution
reactions using an NU-1000@NiMn-LDHS composite electrode in alkaline electrolyte, Chem.
Commun. 56 (2020) 6652.

[S19] A. G. Vidales, K. Choi, S. Omanovic, Nickel-cobalt-oxide cathodes for hydrogen production by
water electrolysis in acidic and alkaline media, Int. J. Hydrogen Energy, 43 (2018) 12917.

[S20] J.T. Ren, L. Chen, D.D. Yang, Z.Y. Yuan, Molybdenum-based nanoparticles (Mo,C, MoP and
MoS,) coupled heteroatoms-doped carbon nanosheets for efficient hydrogen evolution reaction,
Appl. Catal. B: Environ. 263 (2020) 118352.

[S21] J. Yin, J. Jin, H. Zhang, M. Lu, Y. Peng, B. Huang, P. Xi, C.H. Yan, Atomic Arrangement in
Metal-Doped NiS, Boosts the Hydrogen Evolution Reaction in Alkaline Media, Angew. Chem.
Int. Ed. 58 (2019) 18676-18682.

[S22] J. Chen, J. Liu, J.Q. Xie, H. Ye, X.Z. Fu, R. Sun, C.P. Wong, Co-Fe-P nanotubes electrocatalysts
derived from metal-organic frameworks for efficient hydrogen evolution reaction under wide pH
range, Nano Energy, 56 (2019) 225-233.

[S23] N. Yao, R. Meng, F. Wu, Z. Fan, G. Cheng, W. Luo, Oxygen-Vacancy-Induced CeO,/CosN
heterostructures toward enhanced pH-Universal hydrogen evolution reactions, Appl. Catal. B
Environ. 277 (2020) 119282.

[S24] H. Zhao, Z. Li, X. Dai, M. Cui, F. Nie, X. Zhang, Z. Ren, Z. Yang, Y. Gan, X. Yin, Y. Wang,
W. Song, Heterostructured CoP/MoO, on Mo foil as high-efficiency electrocatalysts for the
hydrogen evolution reaction in both acidic and alkaline media, J. Mater. Chem. A 8 (2020) 6732-
6739.

[S25] R. Ge, J. Huo, T. Liao, Y. Liu, M. Zhu, Y. Li, J. Zhang, W. Li, Hierarchical molybdenum
phosphide coupled with carbon as a whole pH-range electrocatalyst for hydrogen evolution
reaction, Appl. Catal. B Environ. 260 (2020) 118196.

[S26] J. Jin, J. Yin, H. Liu, B. Huang, Y. Hu, H. Zhang, M. Sun, Y. Peng, P. Xi, C.H. Yan, Atomic
Sulfur Filling Oxygen Vacancies Optimizes H Absorption and Boosts the Hydrogen Evolution

Reaction in Alkaline Media, Angew. Chem. Int. Ed. 60 (2021) 14117-14123.



[S27] X. Huang, X. Xu, X. Luan, D. Cheng, CoP nanowires coupled with CoMoP nanosheets as a
highly efficient cooperative catalyst for hydrogen evolution reaction, Nano Energy, 68 (2020)
104332.

[S28] O. Peng, R. Shi, J. Wang, X. Zhang, J. Miao, L. Zhang, Y. Fu, P. Madhusudan, K. Liu, A. Amini,
C. Cheng, Hierarchical heterostructured nickle foam—supported Co;S; nanorod arrays
embellished with edge-exposed MoS, nanoflakes for enhanced alkaline hydrogen evolution
reaction, Mater. Today Energy 18 (2020) 100513.

[S29] D. Jiang, Y. Xu, R. Yang, D. Li, S. Meng, M. Chen, CoP;/CoMoP Heterogeneous Nanosheet
Arrays as Robust Electrocatalyst for pH-Universal Hydrogen Evolution Reaction, ACS Sustain.
Chem. Eng. 7 (2019) 9309-9317.

[S30] W. Xu, G. Fan, S. Zhu, Y. Liang, Z. Cui, Z. Li, H. Jiang, S. Wu, F. Cheng, Electronic Structure
Modulation of Nanoporous Cobalt Phosphide by Carbon Doping for Alkaline Hydrogen
Evolution Reaction, Adv. Funct. Mater. 31 (2021) 2107333.

[S31] D. He, L. Cao, J. Huang, K. Kajiyoshi, J. Wu, C. Wang, Q. Liu, D. Yang, L. Feng, In-situ
optimizing the valence configuration of vanadium sites in NiV-LDH nanosheet arrays for
enhanced hydrogen evolution reaction, J. Energy Chem. 47 (2020) 263-271.

[S32] X. Wen, L. Bai, M. Li, J. Guan, Atomically Dispersed Cobalt- and Nitrogen-Codoped Graphene
toward Bifunctional Catalysis of Oxygen Reduction and Hydrogen Evolution Reactions, ACS
Sustain. Chem. Eng. 7 (2019) 9249-9256.

[S33] F. Tian, S. Geng, L. He, Y. Huang, A. Fauzi, W. Yang, Y. Liu, Y. Yu, Interface engineering: PSS-
PPy wrapping amorphous Ni-Co-P for enhancing neutral-pH hydrogen evolution reaction
performance, Chem. Eng. J. 417 (2021) 129232.

[S34] W. Hong, C. Jian, G. Wang, X. He, J. Li, Q. Cai, Z. Wen, W. Liu, Self-supported nanoporous
cobalt phosphosulfate electrodes for efficient hydrogen evolution reaction, Appl. Catal. B

Environ. 251 (2019) 213-219.



[S35] T. Kou, M. Chen, F. Wu, T.J. Smart, S. Wang, Y. Wu, Y. Zhang, S. Li, S. Lall, Z. Zhang, Y.S.
Liu, J. Guo, G. Wang, Y. Ping, Y. Li, Carbon doping switching on the hydrogen adsorption
activity of NiO for hydrogen evolution reaction, Nat. Commun. 11 (2020) 590.

[S36] X. Zhou, Y. Tian, J. Luo, B. Jin, Z. Wu, X. Ning, L. Zhan, X. Fan, T. Zhou, S. Zhang, X. Zhou,
MoC Quantum Dots@N-Doped-Carbon for Low-Cost and Efficient Hydrogen Evolution
Reaction: From Electrocatalysis to Photocatalysis, Adv. Funct. Mater. 32 (2022) 2201518.

[S37] J. Dong, X. Zhang, J. Huang, J. Hu, Z. Chen, Y. Lai, In-situ formation of unsaturated defect
sites on converted CoNi alloy/Co-Ni LDH to activate MoS, nanosheets for pH-universal
hydrogen evolution reaction, Chem. Eng. J. 412 (2021) 128556.

[S38] S.L. Fereja, P. Li, J. Guo, Z. Fang, Z. Zhang, Z. Zhuang, X. Zhang, K. Liu, W. Chen, W-Doped
MoP Nanospheres as Electrocatalysts for pH-Universal Hydrogen Evolution Reaction, ACS
Appl. Nano Mater. 4 (2021) 5992-6001.

[S39] M. Kim, M.A.R. Anjum, M. Choi, H.Y. Jeong, S.H. Choi, N. Park, J.S. Lee, Covalent 0D-2D
Heterostructuring of CosSg—MoS, for Enhanced Hydrogen Evolution in All pH Electrolytes, Adv.
Funct. Mater. 30 (2020) 2002536.

[S40] H. Lv, C. Fu, J. Fan, Y. Zhang, W. Hao, Mild construction of robust FeS-based electrode for
pH-universal hydrogen evolution at industrial current density, J. Colloid Interface Sci. 626 (2022)
384-394.

[S41] X. Wang, Y. Chen, B. Yu, Z. Wang, H. Wang, B. Sun, W. Li, D. Yang, W. Zhang, Hierarchically
Porous W-Doped CoP Nanoflake Arrays as Highly Efficient and Stable Electrocatalyst for pH-
Universal Hydrogen Evolution, Small, 15 (2019) 1902613.

[S42] K. Fan, H. Zou, N.V.R.A. Dharanipragada, L. Fan, A.K. Inge, L. Duan, B. Zhang, L. Sun,
Surface and bulk reconstruction of CoW sulfides during pH-universal electrocatalytic hydrogen
evolution, J. Mater. Chem. A, 9 (2021) 11359-11369.

[S43] L. Zhang, F. Ye, Z. Wu, L. Jiang, Q. Liu, R. Pang, Y. Liu, L. Hu, Carbonate-Hydroxide Induced
Metal-Organic Framework Transformation Strategy for Honeycomb-Like NiCoP Nanoplates to

Drive Enhanced pH-Universal Hydrogen Evolution, Small Methods, 6 (2022) 2200515.



[S44] M.Q. Wang, C. Ye, H. Liu, M. Xu, S.J. Bao, Nanosized Metal Phosphides Embedded in
Nitrogen-Doped Porous Carbon Nanofibers for Enhanced Hydrogen Evolution at All pH Values,
Angew. Chem. Int. Ed. 57 (2018) 1963-1967.

[S45] C. Pi, X. Li, X. Zhang, H. Song, Y. Zheng, B. Gao, A. Kizilaslan, P.K. Chu, K. Huo, In-Plane
Mott—Schottky Effects Enabling Efficient Hydrogen Evolution from MosNg-MoS,
Heterojunction Nanosheets in Universal-pH Electrolytes, Small, 18 (2022) 2201137.

[S46] Y. Ni, X. Ma, S. Wang, Y. Wang, F. Song, M. Cao, C. Hu, Heterostructured nickel/vanadium
nitrides composites for efficient electrocatalytic hydrogen evolution in neutral medium, J. Power
Sources, 521 (2022) 230934.

[S47] B. Dhandapani, M. Jagannathan, M.S. AlSalhi, M.J. Aljaafreh, S. Prasad, N-doped carbon
embedded Ni;S, electrocatalyst material towards efficient hydrogen evolution reaction in broad
pH range, Colloids Surf. A: Physicochem. Eng. Asp. 603 (2020) 125194.

[S48] R.L. Zhang, J.J. Feng, Y.Q. Yao, K.M. Fang, L. Zhang, Z.Z. Yin, A.J. Wang, Straw-like
phosphorus-doped Co,MnO, nanoneedle arrays supported on nickel foam for high-efficiency
hydrogen evolution reaction in wide pH range of electrolytes, Appl. Surf. Sci. 548 (2021) 149280.

[S49] R. Boppella, J. Tan, W. Yang, J. Moon, Homologous CoP/NiCoP Heterostructure on N-Doped
Carbon for Highly Efficient and pH-Universal Hydrogen Evolution Electrocatalysis, Adv. Funct.
Mater. 29 (2019) 1807976.

[S50] H. Mou, Z. Xue, B. Zhang, X. Lan, T. Mu, A deep eutectic solvent strategy to form defect-rich
N, S, and O tridoped carbon/CosSg hybrid materials for a pH-universal hydrogen evolution
reaction, J. Mater. Chem. A 9 (2021) 2099-2103.

[S51] H. Chen, Q. Zhao, L. Gao, J. Ran, Y. Hou, Water-Plasma Assisted Synthesis of Oxygen-
Enriched Ni-Fe Layered Double Hydroxide Nanosheets for Efficient Oxygen Evolution
Reaction, ACS Sustain. Chem. Eng. 7 (2019) 4247-4254.

[S52] H. Xu, H. Shang, C. Wang, L. Jin, C. Chen, C. Wang, Y. Du, Three-dimensional open
CoMoOx/CoMoSx/CoSx nanobox electrocatalysts for efficient oxygen evolution reaction, Appl.

Catal. B: Environ. 265 (2020) 118605.



[S53] S. Liu, H. Zhang, E. Hu, T. Zhu, C. Zhou, Y. Huang, M. Ling, X. Gao, Z. Lin, Boosting oxygen
evolution activity of NiFe-LDH using oxygen vacancies and morphological engineering, J.
Mater. Chem. A, 9 (2021) 23697-23702.

[S54] B. Wang, X. Han, C. Guo, J. Jing, C. Yang, Y. Li, A. Han, D. Wang, J. Liu, Structure inheritance
strategy from MOF to edge-enriched NiFe-LDH array for enhanced oxygen evolution reaction,
Appl. Catal. B: Environ. 298 (2021) 120580.

[S55] J. Kwon, H. Han, S. Jo, S. Choi, K.Y. Chung, G. Ali, K. Park, U. Paik, T. Song, Amorphous
Nickel-Iron Borophosphate for a Robust and Efficient Oxygen Evolution Reaction, Adv. Energy
Mater. 11 (2021) 2100624.

[S56] Y. Li, Z.S. Wu, P. Lu, X. Wang, W. Liu, Z. Liu, J. Ma, W. Ren, Z. Jiang, X. Bao, High-Valence
Nickel Single-Atom Catalysts Coordinated to Oxygen Sites for Extraordinarily Activating
Oxygen Evolution Reaction, Adv. Sci. 7 (2020) 1903089.

[S57] X. Bo, R.K. Hocking, S. Zhou, Y. Li, X. Chen, J. Zhuang, Y. Du, C. Zhao, Capturing the active
sites of multimetallic (oxy)hydroxides for the oxygen evolution reaction, Energy Environ. Sci.
13 (2020) 4225-4237.

[S58] M. Li, X. Pan, M. Jiang, Y. Zhang, Y. Tang, G. Fu, Interface engineering of oxygen-vacancy-
rich CoP/CeO, heterostructure boosts oxygen evolution reaction, Chem. Eng. J. 395 (2020)
125160.

[S59] S. Ni, H. Qu, Z. Xu, X. Zhu, H. Xing, L. Wang, J. Yu, H. Liu, C. Chen, L. Yang, Interfacial
engineering of the NiSe,/FeSe, p-p heterojunction for promoting oxygen evolution reaction and
electrocatalytic urea oxidation, Appl. Catal. B: Environ. 299 (2021) 120638.

[S60] Y. Li, Y. Wu, H. Hao, M. Yuan, Z. Lv, L. Xu, B. Wei, In situ unraveling surface reconstruction
of NisP,@FeP nanosheet array for superior alkaline oxygen evolution reaction, Appl. Catal. B:
Environ. 305 (2022) 121033.

[S61] Q. Zhang, M. Sun, J. Zhu, S. Yang, L. Chen, X. Yang, P. Wang, K. Li, F. Xue, Y. Lu, J. Zhang,
P. Zhao, New strategy to synthesize oxygen vacancy-rich CoFe nanoneedles for overall water

splitting and urea electrolysis, Chem. Eng. J. 432 (2022) 134275.



[S62] Z.Y. Yu, C.C. Lang, M.R. Gao, Y. Chen, Q.Q. Fu, Y. Duan, S.H. Yu, Ni-Mo—O nanorod-derived
composite catalysts for efficient alkaline water-to-hydrogen conversion via urea electrolysis,
Energy Environ. Sci. 11 (2018) 1890-1897.

[S63] X. Xu, H. Ullah, M. Humayun, L. Li, X. Zhang, M. Bououdina, D.P. Debecker, K. Huo, D.
Wang, C. Wang, Fluorinated Ni-O-C Heterogeneous Catalyst for Efficient Urea-Assisted
Hydrogen Production, Adv. Funct. Mater. 33 (2023) 2303986.

[S64] Z.H. Yin, Y. Huang, L.W. Jiang, C. Meng, Y.Z. Wu, H. Liu, J.J. Wang, Revealing the In Situ
Evolution of Tetrahedral NiMoO,4 Micropillar Array for Energy-Efficient Alkaline Hydrogen
Production Assisted by Urea Electrolysis, Small Struct. 4 (2023) 2300028.

[S65] X.F. Lu, S.L. Zhang, W.L. Sim, S. Gao, X.W. Lou, Phosphorized CoNi,S, Yolk-Shell Spheres
for Highly Efficient Hydrogen Production via Water and Urea Electrolysis, Angew. Chem. Int.
Ed. 60 (2021) 22885-22891.

[S66] L. Yan, Y. Sun, E. Hu, J. Ning, Y. Zhong, Z. Zhang, Y. Hu, Facile in-situ growth of Ni,P/Fe,P
nanohybrids on Ni foam for highly efficient urea electrolysis, J. Colloid Interface Sci. 541 (2019)
279-286.

[S67] L. Sha, J. Yin, K. Ye, G. Wang, K. Zhu, K. Cheng, J. Yan, G. Wang, D. Cao, The construction
of self-supported thorny leaf-like nickel-cobalt bimetal phosphides as efficient bifunctional
electrocatalysts for urea electrolysis, J. Mater. Chem. A, 7 (2019) 9078-9085.

[S68] X. Xu, T. Guo, J. Xia, B. Zhao, G. Su, H. Wang, M. Huang, A. Toghan, Modulation of the
crystalline/amorphous interface engineering on Ni-P-O-based catalysts for boosting urea
electrolysis at large current densities, Chem. Eng. J. 425 (2021) 130514.

[S69] S. Zheng, Y. Zheng, H. Xue, H. Pang, Ultrathin nickel terephthalate nanosheet three-
dimensional aggregates with disordered layers for highly efficient overall urea electrolysis,
Chem. Eng. J. 395 (2020) 125166.

[S70] P. Hao, W. Zhu, L. Li, J. Tian, J. Xie, F. Lei, G. Cui, Y. Zhang, B. Tang, Nickel incorporated
Co,Sg nanosheet arrays on carbon cloth boosting overall urea electrolysis, Electrochim. Acta, 338

(2020) 135883.



[S71] X. Du, X. Zhang, Dual-functional Co;0,@Co,P,0,, nanoneedles supported on nickel foams with
enhanced electrochemical performance and excellent stability for overall urea splitting,
International Journal of Hydrogen Energy, 44 (2019) 24705-24711.

[S72] L. Yang, L. Zhang, Interfacial electronic modification of bimetallic oxyphosphides as Multi-
functional electrocatalyst for water splitting and urea electrolysis, Journal of Colloid and
Interface Science, 607 (2022) 546-555.

[S73] T. Guo, X. Xu, X. Wang, J. Zhou, H. Wang, Z. Shi, M. Huang, Enabling the full exposure of
Fe,P@Ni,P heterostructures in tree-branch-like nanoarrays for promoted urea electrolysis at high
current densities, Chem. Eng. J. 417 (2021) 128067.

[S74] R.Q. Li, X.Y. Wan, B.L. Chen, R.-Y. Cao, Q.H. Ji, J. Deng, K.G. Qu, X.B. Wang, Y.C. Zhu,
Hierarchical Ni3sN/Nig,MogsN heterostructure nanorods arrays as efficient electrocatalysts for
overall water and urea electrolysis, Chem. Eng. J. 409 (2021) 128240.

[S75] H. Xie, Y. Feng, X. He, Y. Zhu, Z. Li, H. Liu, S. Zeng, Q. Qian, G. Zhang, Construction of
Nitrogen-Doped Biphasic Transition-Metal Sulfide Nanosheet Electrode for Energy-Efficient
Hydrogen Production via Urea Electrolysis, Small, 19 (2023) 2207425.

[S76] V. Maheskumar, A. Min, C.J. Moon, R.A. Senthil, M.Y. Choi, Modulating the Electronic
Structure of Ni/NiO Nanocomposite with High-Valence Mo Doping for Energy-Saving
Hydrogen Production via Boosting Urea Oxidation Kinetics, Small Structures, 4 (2023) 2300212.

[S77] J.M. Huo, Y. Wang, J.N. Xue, W.Y. Yuan, Q.G. Zhai, M.C. Hu, S.N. Li, Y. Chen, High-Valence
Metal Doping Induced Lattice Expansion for M-FeNi LDH toward Enhanced Urea Oxidation
Electrocatalytic Activities, Small, (2023) 2305877.

[S78] Z. Lv, Z. Li, X. Tan, Z. Li, R. Wang, M. Wen, X. Liu, G. Wang, G. Xie, L. Jiang, One-step
electrodeposited NiFeMo hybrid film for efficient hydrogen production via urea electrolysis and
water splitting, Applied Surface Science, 552 (2021) 149514.

[S79] S.A. Patil, S. Cho, Y. Jo, N.K. Shrestha, H. Kim, H. Im, Bimetallic Ni-Co@hexacyano nano-
frameworks anchored on carbon nanotubes for highly efficient overall water splitting and urea

decontamination, Chemical Engineering Journal, 426 (2021) 130773.



[S80] C. Xu, X. Yang, K. Feng, M. Zhang, L. Yang, S. Yin, Carbon-Encapsulated Multimetallic Hybrid
Electrocatalyst for Overall Water Splitting and Urea Oxidation, ACS Applied Energy Materials,
6 (2023) 1404-1412.

[S81] Y. Wang, L. Chen, H. Zhang, M. Humayun, J. Duan, X. Xu, Y. Fu, M. Bououdina, C. Wang,
Elaborately tailored NiCo,0, for highly efficient overall water splitting and urea electrolysis,
Green Chemistry, 25 (2023) 8181-8195.

[S82] B. Chen, M. Humayun, Y. Li, H. Zhang, H. Sun, Y. Wu, C. Wang, Constructing Hierarchical
Fluffy CoO-CosN@NiFe-LDH Nanorod Arrays for Highly Effective Overall Water Splitting
and Urea Electrolysis, ACS Sustainable Chemistry & Engineering, 9 (2021) 14180-14192.

[S83] W. Zhu, Z. Yue, W. Zhang, N. Hu, Z. Luo, M. Ren, Z. Xu, Z. Wei, Y. Suo, J. Wang, Wet-
chemistry topotactic synthesis of bimetallic iron—nickel sulfide nanoarrays: an advanced and
versatile catalyst for energy efficient overall water and urea electrolysis, Journal of Materials
Chemistry A, 6 (2018) 4346-4353.

[S84] V. Maheskumar, K. Saravanakumar, Y. Yea, Y. Yoon, C.M. Park, Construction of
heterostructure interface with FeNi,S, and CoFe nanowires as an efficient bifunctional
electrocatalyst for overall water splitting and urea electrolysis, International Journal of Hydrogen
Energy, 48 (2023) 5080-5094.

[S85] M.S. Amer, P. Arunachalam, A.M. Al-Mayouf, A.A. AlSaleh, Z.A. Almutairi, Bifunctional
vanadium doped mesoporous Co304 on nickel foam towards highly efficient overall urea and
water splitting in the alkaline electrolyte, Environmental Research, 236 (2023) 116818.

[S86] K. Xiong, L. Yu, Y. Xiang, H. Zhang, J. Chen, Y. Gao, Cerium-incorporated Ni,P nanosheets
for enhancing hydrogen production from overall water splitting and urea electrolysis, Journal of
Alloys and Compounds, 912 (2022) 165234.

[S87] W. Zhu, M. Ren, N. Hu, W. Zhang, Z. Luo, R. Wang, J. Wang, L. Huang, Y. Suo, J. Wang,
Traditional NiCo,S, Phase with Porous Nanosheets Array Topology on Carbon Cloth: A
Flexible, Versatile and Fabulous Electrocatalyst for Overall Water and Urea Electrolysis, ACS

Sustainable Chemistry & Engineering, 6 (2018) 5011-5020.



