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Fig. S1 Raman spectrum of the laser-induced graphene containing defects.
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Fig. S2 Characterization of the mixed metal precursors. (a) XRD pattern (0.01 M), (b-e) TEM images, SAED pattern, and elemental compositions.
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Fig. S3 Elemental ratios of the CrMnFeCoNi HEA nanoparticles obtained from EDS measurements.
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Fig. S4 HRTEM images of (a) LIG and (b-d) CrMnFeCoNi HEA nanoparticles. Note: the nanoparticles are embraced by several graphene layers.
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Fig.S5 TEM images and particle size distributions of CrMnFeCoNi HEA/LIG at different laser fluences (58.9, 69.9 and 96.8 mJ/cm2) and precursor concentrations (0.001, 0.005, 0.01, 0.015 and 0.02 M).
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Fig. S6 XPS spectra. (a) wide spectra of the LIG, (b−d) characteristic peaks of C 1s, N 1s, and O 1s, respectively.
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Fig. S7 SEM images of the metal precursor loaded LIG at the precursor concentration of 0.005 M (a, b) and 0.02 M (c,d), and the corresponding elemental distribution for the SEM images of c and d.
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Fig. S8 UV-Vis transmittance of the mixed metal chlorides on silica glass and the precursor loaded LIG.
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Fig. S9 Simulation results. (a) simulation model of laser irradiation of carbon-based support. (b) temperature distribution during laser irradiation of carbon support. (c) symmetrical temperature profile.
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Fig. S10 Simulation results. (a) The transient thermal history for center point on the upper surface at different laser fluences. (b) Temperature gradient at the selected point along negative Z-axis.
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Fig. S11 Laser-induced thermionic emission measurements. (a) Measurement setup. (b) A custom-built cell to measure the laser-induced current flow. (c) Calculated emission current density as a function of local temperatures according to the Richardson's equation.
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Fig. S12 (a) XPS wide spectra of HEA/LIG. (b) characteristic peaks of O 1s. (c) XPS wide spectra of IE-HEA/LIG after OER tests. (b) characteristic peaks of O 1s.
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Fig. S13 TEM images and elemental mappings of (a) HEA-O, (b) HEA-P, and (c) HEA-S NPs on LIG.
 






Table S1 Material properties in the temperature simulation [1-3].
	Property (unit)
	Symbol
	Value

	Density (kg·m-3)
	ρs
	1780

	Melting point (K)
	Tl
	613.15

	Boiling point (K)
	Tv
	3650

	Latent heat of fusion (J·kg-1)
	Lm
	5.03 × 105

	Thermal conductivity (W·m-1·K-1)
	λ
	50

	Specific heat capacity (J·kg-1·K-1)
	CP
	875

	Emission
	ɛ
	0.14

	Absorptivity
	A
	0.56

	Convection efficient (W·m2·K)
	hc
	20




Table S2 the pyrolysis temperature and chemical reduction potential of the precursors used in this study.
	Metal chlorides
	Pyrolysis temperature (K)
	Chemical reduction potential (V)

	CrCl3
	＞ 1573
	-0.407

	MnCl2
	＞ 773
	-1.185

	FeCl3
	＞ 588
	-0.44

	CoCl2
	673~773
	-0.28

	NiCl2
	＞ 1246
	-0.25





Table S3 Physical properties of Cr, Mn, Fe, Co, Ni.
	Metal 
	Melting point (K)
	Boiling point (K)
	Electron configuration
	Electro- negativity
	Atomic radium (pm)

	Cr
	2180
	2944
	[Ar]3d54s1
	1.66
	128

	Mn
	1519
	2334
	[Ar]3d54s2
	1.55
	127

	Fe
	1808
	3343
	[Ar]3d64s2
	1.83
	126

	Co
	1768
	3200
	[Ar]3d74s2
	1.88
	125

	Ni
	1728
	3186
	[Ar]3d84s2
[Ar]3d94s1
	1.91
	124


        


Table S4 Comparison of OER performance with the most recently reported HEA catalysts in 1 M KOH.
	Catalysts
	Electrolytes
	Overpotential (mV)
@ 10mA/cm2
	Tafel slope
(mV/dec)
	Stability
(h)
	Refs.

	CoCrFeNiMo
	1 M KOH
	220
	59
	24
	4

	FeCoNiCrMn
	1 M KOH
	345
@50mA/cm2
	81.3
	20
	5

	FeCoNiMnCu
	1 M KOH
	280
	59
	40
	6

	MnFeCoNiCu
	1 M KOH
	263
	43
	24
	7

	AlNiCoFeMo
	1 M KOH
	240
	46
	50
	8

	AlFeCoNiCr
	1 M KOH
	240
	52
	/
	9

	AlCrCuFeNi
	1 M KOH
	270
	77.5
	35
	10

	FeNiMnCrCu
	1 M KOH
	314
	58
	10
	11

	MnFeCoNiCu
	1 M KOH
	245
	54
	48
	12

	CoFeGaNiZn
	1 M KOH
	370
	71
	10
	13

	CoCuFeNiMnMo
	1 M KOH
	375
	125
	72
	14

	FeCoNiMoW
	1 M KOH
	233
	36.7
	115
	15

	CrMnFeCoNi
	1 M KOH
	265
	37.9
	30
	16

	NiFeCoCuMn
	1 M KOH
	226
	58.2
	10
	17

	FeCoNiMnCr
	1 M KOH
	228
	45.39
	48
	18

	NiFeCuCoCe
	1 M KOH
	219
	110
	100
	19

	CrMnFeCoNi
	1 M KOH
	250
	41.5
	24
	20

	AlNiCoRuMo
	1 M KOH
	245
	54.5
	100
	21

	FeCoNiCuPtIr
	1 M KOH
	255
	61.7
	20
	22

	FeCoNiRu
	1 M KOH
	243
	45
	40
	23

	Pt34Fe5Ni20Cu31Mo9Ru
	1 M KOH
	259
	39
	40h
	24

	CrMnFeCoNi
	1 M KOH
	293
	57.9
	428
	This work
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