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Methods：

When employing the exhaust gas collection method to measure oxygen production, 

dissolved gas in the electrolyte can introduce errors. Therefore, cyclic voltammetry 

(CV) is used to investigate the quantity of reacting species. In a CV curve, the total 

current density i=ic+if consists of both capacitive current (ic) and faradaic current (if). 

Since the TOF calculation for the OER should reflect only the faradaic contribution, 

the capacitive current must be subtracted. Additionally, oxidation/reduction peaks 

from elements such as Ni and Fe should be excluded from the integration range to 

ensure that only the OER faradaic current is considered.

The capacitive current is proportional to the scan rate: ic=Cdl⋅v.

The faradaic reaction rate can be expressed as:  r=if/(nF), where n=4 for the OER.

Given that the OER occurs exclusively on the catalyst surface, the number of active 

surface sites must be estimated. This is achieved by determining the relative 

electrochemically active surface area (ECSA):

ECSA=Cdl/Cs

Where Cs is the specific capacitance, typically taken as 40 μF cm-2 for a flat metal 

oxide surface.

Assuming all surface metal atoms are active sites, and using an approximate surface 

metal atom density ρ=1.5×1015 atoms cm−2, the number of active sites is:

Nsites=ρ×ECSA

Finally, the turnover frequency (TOF) is calculated as:

TOF= if×NA/(n×F×Nsites)

where NA is Avogadro’s number and F is the Faraday constant.



In summary, the TOF calculation follows this rationale: first, isolate the OER faradaic 

current by subtracting both capacitive and non-OER faradaic contributions; second, 

estimate the number of surface active sites using ECSA and an assumed surface atom 

density; and finally, normalize the reaction rate to the number of active sites to obtain 

the TOF.



Figure S1. Scanning electron microscopy (SEM) images of the NiFe-2:1 
electrocatalyst taken at different magnifications.



Figure S2.  High-resolution XPS C 1s spectrum.



Table S1 Comparison of catalytic performance of Mn doped CoFe LDH to recently 

reported high performance metal oxide/hydroxide OER catalysts.

Elecatrocatalysts electrolyte j

(mA cm-2)

η

(mV)

Tafel slope

(mV dec-1)

Ref.

NiFe-2:1 hydroxides@NF 1.0 M KOH 10 232 56.70 This work

Co3Fe1.5-LDH/NF 1.0 M KOH 10 284 45  1

SrCo0.4Fe0.2W0.4O3-δ 1.0 M KOH 10 300 -  2

CoFe-LDH/rGO 0.1 M KOH 10 325 -  3

LaFexNi1-xO3 1.0 KOH 10 302 53  4

NdFe1-xNixO3 1.0 KOH 10 310 76  5

La1-xPrxCoO3 1.0 M KOH 10 312 50  6

Ni6Fe2W LDH/CP 1.0 KOH 10 264 44.5  7

D-IrTe2 HNSs 0.5 M H2SO4 10 298 -  8

6H-SrIrO3 0.5 M H2SO4 10 248 -  9

Fe0.33Co0.67OOH PNSAs/CFC 0.1 M KOH 10 266 30  10

RuNiFe LDHs 1 M KOH 10 246 67.2  11



Table S2 Equivalent circuit fitting parameters for the EIS data of the electrocatalysts

electrocatalysts Rs Rct CPE-T CPE-P χ²
NiFe-3:1 1.708 0.3144 0.2786 0.8382 0.022037
NiFe-2:1 1.843 0.2942 0.2283 0.0188 0.025288
NiFe-1:1 1.668 0.3085 0.24320 0.8282 0.000708
NiFe-1:2 1.809 0.3468 0.2150 0.8413 0.024436
NiFe-1:3 2.218 0.4213 0.1313 0.8270 0.027471



Figure S3. CV curves of different samples at various scan rate of NiFe-3:1.



Figure S4. CV curves of different samples at various scan rate of NiFe-2:1.



Figure S5. CV curves of different samples at various scan rate of NiFe-1:1.



Figure S6. CV curves of different samples at various scan rate of NiFe-1:2.



Figure S7. CV curves of different samples at various scan rate of NiFe-1:3.



Figure S8 Cdl normalized LSV curves of NiFe-3:1, NiFe-2:1, NiFe-1:1, NiFe-1:2 NiFe-1:3 and 
NFs.



Figure S9 TOF curves of NiFe-3:1, NiFe-2:1, NiFe-1:1 and NiFe-1:2 NiFe-1:3, respectively.
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