Tailoring Copper Content in High-Entropy Oxides for Enhanced Water Oxidation Catalysis
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AFM Instrumentation
Surface topography measurements were performed using a BIRISK model Atomic Force Microscope, developed by Ara Pajouhesh Company (Iran).
AFM Analysis of HEO‒Cu 40%
Atomic Force Microscopy (AFM) was employed to analyze the surface topography of HEO‒Cu 40%. The AFM data, collected in tapping mode over a 5 µm × 5 µm scan area, revealed a heterogeneous surface with notable roughness and dispersed nanoscale features. The 2D and 3D topographic images show numerous protrusions distributed across the surface, with a maximum height variation of approximately 38.1 nm, as indicated by the polynomial fit. These surface features are likely associated with crystalline domains, secondary phases, or copper-rich agglomerates formed during synthesis. A cross-sectional profile along the X-direction indicates height fluctuations exceeding 160 nm, suggesting the presence of localized asperities. This surface morphology shows a relatively high surface roughness, which is evidenced by the surface roughness and increased surface area that results from electrocatalytic activity.
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Figure S1. 3D surface topography by AFM, and AFM thickness profile of HEO‒Cu 40% nanocomposite.
Table S1. Co, Ni, Fe, Mn, and Cu ratios in HEOs as obtained by ICP-MS.
	Sample(s)
	Percentage (Atom, %)

	
	Co
	Ni
	Fe
	Mn
	Cu

	HEO‒Cu 20%
	19.23
	20.12
	19.85
	20.47
	20.33

	HEO‒Cu 30%
	17.84
	17.79
	17.25
	17.54
	29.58

	HEO‒Cu 40%
	15.29
	15.69
	14.72
	14.89
	39.41

	HEO‒Cu 50%
	12.73
	12.64
	12.67
	12.58
	49.38

	HEO‒Cu 60%
	10.14
	10.09
	9.99
	10.04
	59.74









Table S2. Comparison of Electrocatalytic Activity for Oxygen Evolution Reaction (OER).
	Catalyst
	Tafel slope
mV/dec
	Electrolyte
	Reference

	Ir nanoparticles
	64
	-
	1

	Cobalt Polyoxometalate
	148
	NaPi/NaNO3
	2

	α‑MnO2/FeCo-LDH
	70.4
	KOH
	3

	La(CrMnFeCoNi)O3
	78.6
	KOH
	4

	CoFerrite
	72.7
	KOH
	5

	Co0.9Ni0.1Ferrite
	81.1
	KOH
	5

	NiFeOH/CoSx
	121.3
	KOH
	6

	NiFeOH
	134.6
	KOH
	6

	CoSx
	132.1
	KOH
	6

	La(FeCoCuTiNiMnMgSnZn)O3−rGO
	81.9
	KOH
	7

	(CoFeMnCuNiCr)3O4−rGO
	86
	KOH
	8

	HEO–Cu 40%/NF
	64.5
	KOH
	This work






Table S3. Calculated fitting values of the equivalent circuit elements for the different catalysts.
	Sample Name
	Charge transfer resistance 
(Rct (Ω))
	Ohmic 
Resistance
(Rs (Ω))
	Constant Phase Element (CPEdl-T)
	Constant Phase Element (CPEdl-P)

	NF
	212.83
	7.98
	2.13 ×10-7
	0.61

	HEO_Cu 20%/NF
	177.25
	7.11
	1.76 ×10-6
	0.70

	HEO_Cu 30%/NF
	158.40
	5.30
	1.57 ×10-6
	0.79

	HEO_Cu 40%/NF
	82.81
	4.31
	2.73 ×10-6
	0.93

	HEO_Cu 50%/NF
	114.81
	4.42
	1.14 ×10-6
	0.88

	HEO_Cu 60%/NF
	119.91
	4.65
	1.18 ×10-6
	0.87
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