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Catalyst/working 

electrode

J (mA cm-2) Overpotential 

η (mV)

Electrolyte Reference

NiFe LDH Seb/FTO 1 376 0.1M K-Bi This work

Co-Bi film/glassy carbon 1 395 0.1M K-Bi 1

Ni-Bi film/FTO 1 540 0.5M K-Bi 2

Ni-Bi film/ITO 1 425 0.1M Bi 3

Ni-Bi film/FTO 1 390 0.5M K-Bi 4

Ni-Bi film/FTO 1 413 1M K-Bi 5

Ni-Bi film/FTO 0.6 618 0.1M Na-Bi 6

NiOx-en/FTO 1 510 0.6M Na-Bi 7

NiOx-Bi/ Au/Ti-coated 
glass

1 650 0.5M K-Bi 8

CuO/FTO 0.1 430 0.1M K-Bi 9

Cu-Bi/FTO 1 525 0.2M Na-Bi 10

Table S1. Comparison of catalytic performance for NiFe LDH Seb/FTO with other earth-abundant oxygen evolution 

catalysts in pH-near-neutral borate electrolyte
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Sample Ru(Ω) Rct(Ω) αdl Qdl(mF) Cdl(mF)

NiFe LDH Seb 67.46 39.24 0.7637 0.003016 1.35

NiFe LDH CO 76.23 327.5 0.6174 0.000604 0.0787

NiFe LDH SebCOexc 77.53 416.4 0.6843 0.0001663 0.0206

NiFe LDH SebBOexc0.1 71.6 154.9 0.7258 0.0005283 0.133

NiFe LDH SebBOexc0.5 50.04 124.7 0.6506 0.0005084 0.0590

Table S2 Ru Rct, αdl, Qdl values obtained from simulation of the Nyquist plots using a Randles circuit and the 

calculated Cdl values of each sample. 
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Figure S1. SEM images of NiFe LDH Seb, showing a unique spherical morphology at two different magnifications.
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Figure S2. LSVs recorded in the reverse direction
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Figure S3. (a) Linear scan voltammograms of the NiFe LDH samples in 0.1M KOH electrolyte on GC working 

electrode, (b) Corresponding Tafel plots derived from LSVs obtained in 0.1M KOH electrolyte on GC working 

electrode.
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Figure S4. XRD patterns of the as synthesized NiFe LDH CO and 0.1M potassium borate electrolyte treated NiFe 

LDH CO showing no changes in the positions of the (00l) peaks, indicating that borate anions did not exchange with 

carbonate anions and therefore, did not enter the interlayers of NiFe LDH CO.
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Figure S5 (a) N2 adsorption/desorption isotherms (b)BJH pore size distribution of each sample

Sample NiFe LDH 

Seb

NiFe LDH 

CO

NiFe LDH 

SebCOexc

NiFe LDH 

SebBOexc0.1

NiFe LDH 

SebBOexc0.5

BET surface 

area (m2/g)

26.5 100.2 190.7 103 77.6

Table S3. BET surface area of each sample
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Figure S6 XRD patterns of different LDH samples drop casted on the FTO electrode after ultrasonication, the (003) 

diffraction peaks of NiFe LDH Seb can still be clearly observed.
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Figure S7 EDS elemental mapping of each sample obtained in HAADF-STEM mode on Talos F200X TEM, (a) 

NiFe LDH Seb, (b) NiFe LDH CO, (c) NiFe LDH SebCOexc, (d) NiFe LDH SebBOexc0.1, (e) NiFe LDH SebBOexc0.5. 

Please note that EDS is not an accurate method to determine the concentration of boron since boron is too 

light to be accurately and effectively detected by using this technique.

Sample Ni Fe C O B
NiFe LDH Seb 8.38% 8.78% 47.90% 34.94% 0
NiFe LDH CO 10.74% 3.45% 45.64% 40.17% 0
NiFe LDH SebCOexc 12.25% 14.37% 14.49% 58.89% 0
NiFe LDH SebBOexc0.1 7.81% 11.86% 34.69% 38.02% 7.62%
NiFe LDH SebBOexc0.5 9.49% 9.74% 17.02% 51.15% 12.6%

Table S4. EDS elemental composition of each sample

The EDS elemental mapping of each sample was obtained on Talos F200X TEM in HAADF-STEM 
mode and the elemental composition of each sample is shown in Table S4. The ratio of Ni/Fe is 
slightly different for each sample. The different Ni/Fe ratios of NiFe LDH Seb and NiFe LDH CO could 
be attributed to the different pHs under which the sample was synthesized (pH=7 for NiFe LDH Seb 
and pH=9 for NiFe LDH CO). Since the Ksp value of Ni(OH)2 (2.0x10-15)and Fe(OH)3 (4x10-38) is 
different, under different pHs, Ni and Fe were coprecipitated with different Ni/Fe ratios and NiFe 
LDH with different Ni/Fe ratios were formed. NiFe LDH SebCOexc and NiFe LDH SebBOexc0.1 were 
both derived from NiFe LDH Seb by treating NiFe LDH Seb in solutions with different pHs (pH=13 
for NiFe LDH SebCOexc and pH=9.2 for NiFe LDH SebBOexc0.1). The Ni/Fe ratio of NiFe LDH 
SebCOexc and NiFe LDH SebBOexc0.1 are both lower than that of NiFe LDH Seb, indicating that 
some of the Ni ions were dissolved when NiFe LDH Seb was treated in these solutions. According to 
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the pourbaix diagram of Ni, under alkaline condition, Ni could form Ni(OH)3
- which will be dissolved 

and this could be the reason for the lower Ni/Fe ratio in NiFe LDH SebCOexc and NiFe LDH 
SebBOexc0.1. For NiFe LDH SebBOexc0.5, the Ni/Fi ratio is almost the same with that of NiFe LDH 
Seb, even though it was also derived from NiFe LDH Seb by treating NiFe LDH Seb in the K-Bi solution 
(pH=9.2) like NiFe LDH SebBOexc0.1. The high concentration of borate anions (0.5M) used for NiFe 
LDH SebBOexc0.5 could help to precipitate the dissolved Ni, which could be the reason for its 
relatively higher Ni/Fe ratio compared to NiFe LDH SebBOexc0.1. 
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