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[bookmark: OLE_LINK35][bookmark: OLE_LINK61][bookmark: OLE_LINK98][bookmark: OLE_LINK47]Figure S1. Schematic illustration of the synthesis procedure of Ti3C2Tx MXene.
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[bookmark: _Hlk156559634][bookmark: OLE_LINK37]Figure S2. SEM image of Ti3C2Tx MXene.
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[bookmark: _Hlk140764738]Figure S3. Illustration of the covalent bonding of L-tryptophan at the surface of Try-Ti3C2Tx MXene.
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[bookmark: _Hlk142601223]Figure S4. FTIR spectrum of tryptophan.
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[bookmark: OLE_LINK93][bookmark: _Hlk137837375]Figure S5. High-resolution XPS spectra of a) N 1s, b) C 1s and c) Ti 2p in Try-Ti3C2Tx and Ti3C2Tx.
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[bookmark: OLE_LINK42]Figure S6. HAADF-STEM image of Try-Ti3C2Tx.
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[bookmark: _Hlk156559961][bookmark: _Hlk137837401]Figure S7. Elemental mapping of Ti, Ni, C, O and N in a piece of Ni-Ti3C2Tx composite (TEM image provided at the top left), and its EDS spectrum.
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[bookmark: _Hlk137837425]Figure S8. Elemental mapping of Ti, Co, N, O and C in a piece of Co-Ti3C2Tx composite (TEM image provided at the top left), and its EDS spectrum. 
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[bookmark: OLE_LINK70][bookmark: _Hlk156940897]Figure S9. Intensity profiles obtained on adjacent metal atomic pairs, taken from three different sites marked by red rectangles in Figure 2a.
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[bookmark: _Hlk156940538][bookmark: _Hlk140764807]Figure S10. Schematics of chelating Co and Ni single atoms through N-bonds at the Try-Ti3C2Tx surface.
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[bookmark: _Hlk142601351][bookmark: _Hlk145168873]Figure S11. Schematics of bonding of Co and Ni single atoms to oxygen terminating atoms at the Ti3C2Tx surface.
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[bookmark: _Hlk137837520]Figure S12. High-resolution XPS spectra of a) C 1s and b) O 2p in CoNi-Ti3C2Tx, Ni-Ti3C2Tx and Co-Ti3C2Tx composites.
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[bookmark: _Hlk137837544]Figure S13. High-resolution XPS spectra of Ti 2p in a) CoNi-Ti3C2Tx, b) Ni-Ti3C2Tx and c) Co-Ti3C2Tx composites.
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[bookmark: OLE_LINK62][bookmark: _Hlk140764777]Figure S14. FTIR spectra of CoNi-Ti3C2Tx, Ni-Ti3C2Tx and Co-Ti3C2Tx composites.
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[bookmark: _Hlk140764789]Figure S15. Raman spectra of CoNi-Ti3C2Tx, Ni-Ti3C2Tx and Co-Ti3C2Tx composites, all excited at 532 nm. 
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[bookmark: _Hlk142601442]Figure S16. a) k3-weighted Fourier transform (FT) of the Co K-edge EXAFS of CoNi-Ti3C2Tx, Co3O4 and Co foil. b) k3-weighted Fourier transform (FT) of the Ni K-edge EXAFS of CoNi-Ti3C2Tx, NiO and Ni foil.
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[bookmark: _Hlk137837571]Figure S17. MWT images of Co K-edge EXAFS for Co foil, CoO and Co3O4.
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[bookmark: _Hlk137837584]Figure S18. MWT images of Ni K-edge EXAFS for Ni foil, NiO and Ni2O3. 
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Figure S19. OER LSV curves of CoNi-Ti3C2Tx electrodes with the Co/Ni ratio of 1:1, 2:1 and 1:2, at 5 mV s−1. 
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[bookmark: _Hlk137837643]Figure S20. CVs of a) CoNi-Ti3C2Tx, b) Ni-Ti3C2Tx, and c) Co-Ti3C2Tx electrodes, recorded in 1.0 M KOH at different scan rates.
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[bookmark: OLE_LINK75][bookmark: _Hlk137837626]Figure S21. a) OER and b) HER chronopotentiometry response of Ni-Ti3C2Tx and Co-Ti3C2Tx electrodes at a current density of 10 mA cm−2. 
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Figure S22. a) HAADF-STEM image of Co@Ti3C2Tx composite where single Co atoms were anchored directly on the MXene substrate. b) Elemental mapping images of Co, Ti, and C in this Co@Ti3C2Tx composite. Schematics of bonding of Co single atoms to oxygen terminating atoms at c) Ti3C2Tx and d) Try-Ti3C2Tx surface and corresponding mass loading (wt%) determined by ICP-OES analyses. e) OER and f) HER LSV curves of Co@Ti3C2Tx and Co-Ti3C2Tx electrodes at 5 mV s−1.

[image: ]

[bookmark: _Hlk112780551]Figure S23. The optimized configurations of CoNi-Ti3C2Tx(Ni), CoNi-Ti3C2Tx(Co), Ni-Ti3C2Tx, Co-Ti3C2Tx showing chemisorption of three intermediates in the OER process in an alkaline solution. 

[bookmark: _Hlk137837687]Table S1. Metal loading in the studied electrocatalysts (wt%) determined by ICP-OES analysis.
	[bookmark: OLE_LINK41]
	Ni loading 
	Co loading 
	Total metal loading 

	CoNi-Ti3C2Tx
	2.5
	3.1
	5.6

	Ni-Ti3C2Tx
	5.4
	0
	5.4

	Co-Ti3C2Tx
	0
	5.2
	5.2






Table S2. Comparison of metal loading achieved in this work with other reported MXene-based electrocatalysts.
	[bookmark: _Hlk149768050]Metal 
	Substrate 
	 Metal loading (wt%) 
	Reference

	CoNi
	Ti3C2Tx
	5.6
	This work

	Ni
	Ti3C2Tx
	5.4
	This work

	Co
	[bookmark: OLE_LINK38]Ti3C2Tx
	5.2
	This work

	Pt
	Ti3C2Tx
	0.2
	1

	Pt
	Mo2TiC2Tx
	1.2
	2

	Ru
	Ti3C2Tx
	1.2
	3

	Pt
	N, P co-doped Ti3C2TX
	2.32
	4

	Ni
	[bookmark: OLE_LINK39]Ti3C2Tx
	2.9
	5

	Ir
	NS-Ti3C2Tx 
	2.5
	6

	Fe
	Mo2TiC2Tx
	1.8
	7

	Cu
	[bookmark: OLE_LINK40]Ti3C2Tx
	1.19
	8

	Ru
	N- Ti3C2Tx
	1.1
	9

	Co
	[bookmark: OLE_LINK44]Ti3C2Tx
	1.61
	10

	Co
	Ni2CTx
	1.63
	10

	Co
	V2CTx
	1.58
	10



[bookmark: OLE_LINK55]Table S3. Co K-edge EXAFS analysis for CoNi-Ti3C2Tx and Co-Ti3C2Tx composites
	
	Path
	CN
	R (Å)
	σ2 (Å2)
	∆E0 (eV)
	R-factor

	CoNi-Ti3C2Tx

	Co-O
	2.8
	1.91
	0.0092
	8.902
	0.0038

	
	Co-O-Co
	11.4
	3.38
	0.0022
	
	

	Co-Ti3C2Tx
.
	Co-O
	2.9
	1.91
	0.0089
	6.410
	0.0090

	
	Co-O-Co
	11.2
	3.50
	0.0054
	
	


N, coordination number; R, distance between absorber and backscatter atoms; σ2, Debye–Waller factor to account for both thermal and structural disorders; ΔE0(eV), inner potential correction to account for the difference in the inner potential between the sample and the reference compound; R-factor (%) indicates the goodness of the fit.



Table S4. Ni K-edge EXAFS analysis results of the CoNi-Ti3C2Tx and Ni-Ti3C2Tx.
	Sample
	Path
	CN
	R (Å)
	σ2 (Å2)
	∆E0 (eV)
	R-factor

	[bookmark: OLE_LINK117]CoNi-Ti3C2Tx

	Ni-O
	2.7
	2.06
	0.0000
	0.5
	0.0074

	
	Ni-O-Ni
	11.5
	3.07
	0.0091
	
	

	Ni-Ti3C2Tx
.
	Co-O
	3.0
	2.06
	0.0049
	0.005
	0.0016

	
	Ni-O-Ni
	11.8
	3.38
	0.0042
	
	


[bookmark: OLE_LINK6]N, coordination number; R, distance between absorber and backscatter atoms; σ2, Debye–Waller factor to account for both thermal and structural disorders; ΔE0(eV), inner potential correction to account for the difference in the inner potential between the sample and the reference compound; R-factor (%) indicates the goodness of the fit.

[bookmark: _Hlk149924638]Table S5. Z-fit equivalent circuit data of CoNi-Ti3C2Tx, Ni-Ti3C2Tx, and Co-Ti3C2Tx composites.
	
	Rs
	CPE
	Rct

	CoNi-Ti3C2Tx
	3.12
	0.81
	14.61

	Ni-Ti3C2Tx
	3.23
	0.92
	40.54

	Co-Ti3C2Tx
	3.86
	0.87
	49.66





[bookmark: _Hlk99222909][bookmark: _Hlk137837787][bookmark: OLE_LINK48]Table S6. Comparison of overpotentials (at 10 mA cm-2) of the CoNi-Ti3C2Tx electrocatalyst introduced in this work with other reported MXene-based electrocatalysts for OER.

	Electrocatalyst
	Electrolyte

	Overpotential 
(mV)
	Ref.

	Ru-SA/Ti3C2Tx
	0.1M HClO4
	290
	11

	LDH/MQD/NG
	0.1 M KOH
	270
	12

	Ti3C2Tx-N6
	1.0 M KOH
	360
	13

	Ti3C1.6N0.4
	1.0 M KOH
	450
	14

	Co-CoO/Ti3C2-MXene/NF
	1.0 M KOH
	271
	15

	NiFeCoP/MXene
	1.0 M KOH
	240
	16

	FeS2@MXene
	1.0 M KOH
	240
	17

	CoNi-ZIF-67@Ti3C2Tx
	1.0 M KOH
	275
	18

	FeNi-LDH/Ti3C2Tx
	1.0 M KOH
	298
	19

	MWCNT@V2CTx
	1.0 M KOH
	560
	20

	Co@V2CTx
	[bookmark: OLE_LINK120]1.0 M KOH
	242
	10

	10-Ag/M 
	0.5 M H2SO4
	250
	21

	MXene/ZIF-67
	[bookmark: OLE_LINK121]1.0 M KOH
	366
	22

	MXene@RuCo NPs
	[bookmark: OLE_LINK122]1.0 M KOH
	253
	23

	ZnCoCH@Ti3C2Tx
	[bookmark: OLE_LINK123]1.0 M KOH
	280
	24

	NiSe–NiO/Ta4C3Tx
	[bookmark: OLE_LINK124]1.0 M KOH
	255
	25

	MXene@Ce-MOF 
	1.0 M KOH
	270
	26

	CoNi-Ti3C2Tx
	1.0 M KOH
	241
	This work




Table S7. Comparison of overpotentials (at 10 mA cm-2) of the CoNi-Ti3C2Tx electrocatalyst introduced in this work with other reported MXene-based electrocatalysts for HER.
	[bookmark: OLE_LINK65]Electrocatalyst
	Electrolyte
	Overpotential
(mV)
	Ref.

	Co-CoO/Ti3C2-MXene/NF
	1.0 M KOH
	45
	15

	Ru-SA/Ti3C2Tx
	0.1 M HClO4
	70
	11

	Mo2CTx-Co
	1.0 M H2SO4
	180
	27

	Mo2TiC2Tx−PtSA
	0.5 M H2SO4
	30
	2

	RuSA−N−Ti3C2Tx
	0.5 M H2SO4
	23
	9

	RuSA−N−Ti3C2Tx
	1.0 M KOH
	27
	9

	RuSA−N−S−Ti3C2Tx
	0.5 M H2SO4
	76
	28

	Co3+@3D-Nb2CTx NW
	1.0 M KOH
	236
	29

	Fe3+@3D-Nb2CTx NW
	1.0 M KOH
	302
	29

	V-Ti4N3Tx
	0.5 M H2SO4
	330
	30

	P3-V2CTx
	0.5 M H2SO4
	74
	31

	P-Mo2CTx
	0.5 M H2SO4
	114
	32

	Mo2CTx/2H-MoS2
	0.5 M H2SO4
	119
	33

	MXene@Pt/SWCNTs
	0.5 M H2SO4
	78
	34

	Pt SA-PNPM
	1.0 M KOH
	33
	4

	Co@V2CTx
	[bookmark: OLE_LINK118]1.0 M KOH
	35
	10

	MX@RG
	[bookmark: OLE_LINK119]1.0 M KOH
	121
	35

	Ru/Mo2CTx
	1.0 M phosphate 
	73
	36

	Nb2CTx@Pt3.8
	0.5 M HClO4
	141
	37

	Re@Ti3C2Tx
	0.5 M H2SO4
	298
	38

	10-Ag/M 
	0.5 M H2SO4
	117
	21

	LDH(60%)/H-Ti3C2Tx
	1.0 M KOH
	187
	39

	CoNi-Ti3C2Tx
	1.0 M KOH
	31
	This work



Table S8. Comparison of the two-electrode CoNi-Ti3C2Tx (,) electrolyzer with previous reports.

	Electrocatalyst
	Electrolyte
	Cell voltage at 
10 mA cm-2(V)
	Ref.

	Ni0.7Fe0.3PS3/Ti3C2Tx
	1.0 M KOH
	1.65
	40

	BP QDs/Ti3C2Tx
	1.0 M KOH
	1.78
	41

	Ti3C2@mNiCoP
	1.0 M KOH
	1.61
	42

	Co-NC@Mo2C
	1.0 M KOH
	1.68
	43

	1T/2H MoSe2/ Ti3C2Tx
	1.0 M KOH
	1.64
	44

	Ti3C2Tx-N6
	1.0 M KOH
	1.72
	13

	CoS2@Ti3C2Tx
	1.0 M KOH
	1.63
	45

	FeMC-MXene/GrH
	1.0 M KOH
	1.60
	46

	Co@V2CTx
	1.0 M KOH
	1.60
	10

	Co@Nb2CTx
	[bookmark: OLE_LINK89]1.0 M KOH
	1.73
	10

	Co@Ti3C2Tx
	1.0 M KOH
	1.80
	10

	CoNi-Ti3C2Tx
	1.0 M KOH
	1.58
	This work
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