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Figures and Tables 
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Figure S1 (a-c) SEM images of Cu (OH)2/CF.
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Figure S2 Photos of (a) CF, (b) Cu(OH)2/CF, and (c) RuCoCu-MOF/CF.
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Figure S3 XRD image of Cu-MOF and simulated Cu-MOF.
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Figure S4 EDX of RuCo-MOF/CF catalyst.
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Figure S5 (a-c) SEM images and (d) TEM image of Cu-MOF/CF.
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Figure S6 (a-c) SEM images and (d-f) TEM image of CoCu-MOF/CF.
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Figure S7 Raman spectraum of RuCoCu-MOF, CoCu-MOF, and Cu-MOF.
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Figure S8 (a-b) SEM images of RuCoCu-MOF/CF-5.
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Figure S9 (a-b) SEM images of RuCoCu-MOF/CF-15.
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[bookmark: _Hlk104971877]Figure S10 XRD image of RuCoCu-MOF-X (X=5, 10, 15).
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Figure S11 XPS survey spectra of RuCoCu-MOF/CF and CoCu-MOF/CF.
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Figure S12 (a-b) SEM images of RuCu-MOF/CF.


[image: ]
Figure S13 Cyclic voltammetry curves at 0.384~0.484V vs RHE for (a) RuCoCu-MOF/CF, (b) CoCu-MOF/CF, (c) RuCu-MOF/CF, and (d) Cu-MOF/CF with different scan rates from 40 to 200 mV s-1.
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Figure S14 ECSA-normalized HER polarization curves of RuCoCu-MOF/CF, CoCu-MOF/CF, RuCu-MOF/CF, and Cu-MOF/CF.
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Figure S15 (a) HER polarization curves and corresponding (b) Nyquist plots of the RuCoCu-MOF/CF-X catalysts (X = 1, 2, 3).
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Figure S16 SEM images of Ru@FeCoP (a-b) after HER.
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Figure S17 XPS spectra of the RuCoCu-MOF/CF after HER stability test: (a) Cu 2p, (b) Co 2p, (c) Ru 3p, and (d) O 1s spectrum.
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Figure S18 (a) UOR polarization curves and corresponding (b) Nyquist plots of the RuCoCu-MOF/CF-X catalysts (X = 1, 2, 3).
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Figure S19 Cyclic voltammetry curves at 1.084~1.184 V vs. RHE for (a) RuCoCu-MOF/CF, (b) CoCu-MOF/CF, (c) RuCu-MOF/CF, and (d) Cu-MOF/CF with different scan rates from 40 to 200 mV s-1.
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Figure S20 ECSA-normalized UOR polarization curves of RuCoCu-MOF/CF, CoCu-MOF/CF, RuCu-MOF/CF, and Cu-MOF/CF.
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Figure S21 Nyquist plots of RuCoCu-MOF/CF, CoCu-MOF/CF, RuCu-MOF/CF, Cu-MOF/CF, and Cu (OH)2/CF for UOR.
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Figure S22 SEM images of Ru@FeCoP (a-b) after UOR.
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Figure S23 XPS spectra of the RuCoCu-MOF/CF after UOR stability test: (a) Cu 2p, (b) Co 2p, (c) Ru 3p, and (d) O 1s spectrum.
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Figure S24 HER//UOR polarization curves of the RuCoCu-MOF/CF-X (X = 1, 2, 3) catalysts.
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Figure S25 The color chart for the concentration degradation of urea at 1.55 V.


Table S1 ICP-AES data of RuCoCu-MOF/CF.

	Elements
	Mass Fraction
wt.%

	Ru
	4.5793

	Co
	5.2984

	Cu
	11.9282




Table S2 Comparison of HER activity of RuCoCu-MOF/CF with other catalysts reported.

	

Electrocatalysts
	
J

(mA cm-2)

	
Ƞ

(mV)

	
Electrolyte

solution

	

Refs.


	RuCoCu-MOF/CF
	10
	11.6
	1.0 M KOH
	This work

	Ru-MoO2@PC/rGO
	10
	126
	1.0 M KOH
	1

	Ru-NiFe-③/NF
	10
	90
	1.0 M KOH
	2

	RuO2/Co3O4
	10
	89
	1.0 M KOH
	3

	MNF-MOFs/NF
	10
	79
	1.0 M KOH
	4

	Ru-Co2P/N-C/NF
	10
	65
	1.0 M KOH
	5

	Ru-doped-NiFeP/NF
	10
	56
	1.0 M KOH
	6

	NiRu-MOF/NF
	10
	51
	1.0 M KOH
	7

	Ru-Co3O4-NiO-NF
	10
	44
	1.0 M KOH
	8

	Ru-NiCoP/NF
	10
	44
	1.0 M KOH
	9

	Ru-MnFeP/NF
	10
	35
	1.0 M KOH
	10

	Ru1Ni1-NC NFs
	10
	35
	1.0 M KOH
	11

	M-Co NPs@Ru SAc/NC
	10
	34
	1.0 M KOH
	12

	NiRu0.13-BDC
	10
	34
	1.0 M KOH
	13

	Ru-Cu-2
	10
	33
	1.0 M KOH
	14

	Ru-Ni@Ni2P HNRs
	10
	31
	1.0 M KOH
	15

	Mo@Ru-3
	10
	30.5
	1.0 M KOH
	16

	Ru-MoO2
	10
	29
	1.0 M KOH
	17

	MIL-53(Ru-NiFe) @NF
	10
	27
	1.0 M KOH
	18

	(Ru-Co) Ox
	10
	25
	1.0 M KOH
	19

	Ru@Ni-MOF
	10
	22
	1.0 M KOH
	20

	CoNiRu-NT
	10
	22
	1.0 M KOH
	21

	Ru-Cu@C
	10
	20
	1.0 M KOH
	22

	RuP(L-RP)
	10
	19
	1.0 M KOH
	23

	Ru@P-Co3HHTP2-3.2%
	10
	19
	1.0 M KOH
	24

	Ru/MWCNT
	10
	17
	1.0 M KOH
	25

	Ru-NPs@N-TC
	10
	14
	1.0 M KOH
	26

	RuNi/CQDS
	10
	13
	1.0 M KOH
	27

	Ru/OMSNNC
	10
	13
	1.0 M KOH
	28

	MIL-(IrNiFe)@NF
	10
	12
	1.0 M KOH
	29





Table S3 Comparison of UOR activity of RuCoCu-MOF/CF with other catalysts reported.
	

Electrocatalysts
	
J

(mA cm-2)

	
Ƞ

(V)

	
Electrolyte

solution

	

Refs.


	RuCoCu-MOF/CF
	10
	1.35
	1.0 M KOH+
0.5 M urea
	This work

	Ni/C
	10
	1.60
	1.0 M KOH+
0.33 M urea
	30

	CoS2 NA/Ti
	10
	1.59
	1.0 M KOH+
0.3 M urea
	31

	NiCo alloy
	10
	1.50
	1.0 M KOH+
0.33 M urea
	32

	Ru-NiFe-③/NF
	10
	1.47
	1.0 M KOH+
0.33 M urea
	2

	CFP-NiMn4
	10
	1.46
	1.0 M KOH+
0.5 M urea
	33

	Ni0.9Fe0.1O
	10
	1.455
	1.0 M KOH+
0.33 M urea
	34

	Ni3N NA/CC
	10
	1.44
	1.0 M KOH+
0.33 M urea
	35

	Ni (OH)2-NMs
	10
	1.44
	1.0 M KOH+
0.33 M urea
	36

	Ni-Mo nanotude
	10
	1.43
	1.0 M KOH+
0.5 M urea
	37

	Ni-RGO
	10
	1.43
	1.0 M KOH+
0.33 M urea
	38

	NP-Ni0.70Fe0.30-GC
	10
	1.43
	1.0 M KOH+
0.33 M urea
	39

	Ni-CoP/HPFs
	10
	1.43
	1.0 M KOH+
0.5 M urea
	40

	Ni-G-5
	10
	1.42
	1.0 M KOH+
0.33 M urea
	41

	Ni (OH)2
	10
	1.42
	1.0 M KOH+
0.33 M urea
	42

	NF-G-Mn
	10
	1.41
	1.0 M KOH+
0.5 M urea
	43

	Ni3Se4
	10
	1.38
	1.0 M KOH+
0.5 M urea
	44

	Ni (OH)2 nanoflakes
	10
	1.38
	1.0 M KOH+
0.33 M urea
	45

	Ni@NCNT-3
	10
	1.38
	1.0 M KOH+
0.5 M urea
	46

	Zn0.08Co0.92P/TM
	10
	1.38
	1.0 M KOH+
0.5 M urea
	47

	Ni/FeOOH
	10
	1.373
	1.0 M KOH+
0.5 M urea
	48

	NF/NiMoO-Ar
	10
	1.37
	1.0 M KOH+
0.5 M urea
	49

	MnO2
	10
	1.37
	1.0 M KOH+
0.5 M urea
	43

	Ni-MOF
	10
	1.36
	1.0 M KOH+
0.33 M urea
	50

	NiMo alloy
	10
	1.36
	1.0 M KOH+
0.1 M urea
	51

	Ni2P/Fe2P
	10
	1.36
	1.0 M KOH+
0.5 M urea
	52

	Ni-MOF nanowires
	10
	1.36
	1.0 M KOH+
0.5 M urea
	53

	Ni-WOx
	10
	1.36
	1.0 M KOH+
0.33 M urea
	54

	Ni@C
	10
	1.35
	1.0 M KOH+
0.5 M urea
	55

	Ni/Ni0.2Mo0.8N/MnO3
	10
	1.348
	1.0 M KOH+
0.33 M urea
	56




Table S4 Comparison of overall water splitting activity of RuCoCu-MOF/CF with other MOF-based/derived electrochemical catalysts.
	

Electrocatalysts
	
J

(mA cm-2)

	
Ƞ

(V)

	
Electrolyte

solution

	

Refs.


	RuCoCu-MOF/CF
	10
	1.402
	1.0 M KOH+
0.5 M urea
	This work

	CoSx/Co-MOF
	10
	1.480
	1.0 M KOH+
0.5 M urea
	57

	Fc-NiCo-BDC
	10
	1.490
	1.0 M KOH+
0.33 M urea
	58

	MFN-MOFs (2:1)/NF
	10
	1.495
	1.0 M KOH
	59

	D-Ni-MOF
	10
	1.500
	1.0 M KOH
	60

	NiCo2X4/CP, X=O,S,Se
	10
	1.510
	1.0 M KOH
	61

	IrO2@Ir-MOF
	10
	1.530
	1.0 M KOH
	62

	NG-NiFe@MoC2-2
	10
	1.530
	1.0 M KOH
	63

	CC-NC-NiFeP
	10
	1.540
	1.0 M KOH
	64

	Ni-ZIF/Ni-B@NF
	10
	1.540
	1.0 M KOH
	65

	Co@N-CS/N-HCP@CC
	10
	1.545
	1.0 M KOH
	66

	Co-NC@Ni2Fe-LDH
	10
	1.550
	1.0 M KOH
	67

	NiFe-MOF
	10
	1.550
	1.0 M KOH
	68

	Fe2Ni-MIL-88B/NF
	10
	1.560
	1.0 M KOH
	69

	Ni2P/CoN-pcp
	10
	1.580
	1.0 M KOH
	70

	Fe-CoP HTPAs
	10
	1.590
	1.0 M KOH
	71

	Fe-Co-Ni MOF
	10
	1.600
	1.0 M KOH
	72

	Co9S8-NSC@Mo2C
	10
	1.610
	1.0 M KOH
	73

	Co-MOF/H2
	10
	1.619
	1.0 M KOH
	74

	Co-NCNTFs//NF
	10
	1.620
	1.0 M KOH
	75
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