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Figure S1. CVs using a Pt RDE in (a) 0.1 M K-sulfate (pH 9.8), (b) 0.1 M K-sulfate (pH 10.8), (c) 0.1 M 

KOH (pH 12.8), (d) 0.1 M K-phosphate (pH 10.8), and (e) 0.1 M K-phosphate (pH 9.4) at 298 K at 

various disk-rotation speeds (400-3600 rpm) and a scan rate of 10 mV s−1. 
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Figure S2. Faradaic efficiency for the oxygen evolution reaction as a function of time over 50 min in 

various electrolytes: 1.5 M (KH2PO4, K1.4H1.6PO4, Na0.3C6H7.7O7) and 0.1 M (KHCO3, KH2PO4). All the 

measurements were carried out at 10 mA using a Ni plate (1×1 cm2) electrode at 298 K. 

 

In most solutions, the Faradaic efficiency for OER during CP was nearly 100%, indicating that the 

measured anodic current-potential relationship reflects OER. Notably, the Faradaic efficiencies for OER 

in mildly acidic solution (KH2PO4; pH ~4) and Na-citrate at pH 6.5 were not 100%. In some literature, the 

OER performance was reported without the quantification of products; however, the result shown here 

clearly suggests that, when OER is studied at near-neutral pH levels in buffered solution, the Faradaic 

efficiency must be examined to ensure that the current-potential relationship originates from OER.  
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Figure S3. (a) Potential reaching 10 mA using a CoOx plate in KHCO3 (pH ~8.3), K1.5H0.5CO3 (pH 

~10.5), K2CO3 (pH ~12.1), and K-borate (pH 9.7); (b) Tafel slope using Ni and Co plates (1×1 cm2) in 

K2HPO4; (c) potential reaching −10 mA cm−2 using Pt and Ni RDEs at 3600 rpm in K2HPO4, adopted 

from reference.[S1] All the figures are plotted as a function of the solute concentration.  
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Figure S4. Potentials reaching 10 mA on the RHE scale plotted as a function of the solution pH in 

various electrolytes: 1.5 M KxH3−xPO4 (x = 1.2~3.0), KxH2−xCO3 (x = 1.0~2.0), 0.2 M K-borate (pH 8.6), 

0.5 M K-borate (pH 9.7 & 10.1), and 0.1 M and 0.5 M KOH. The measurements were performed using 

(a) NiOx and (b) CoOx plate electrodes (1×1 cm2) at 298 K. The potential-current relationships were 

obtained from CAs. 

 

Above a pH of ca. 12 and at pH 4-10, the potentials required to reach 10 mA on the SHE scale shifted 

linearly with a changing pH. Nearly identical OER overpotentials were observed in KOH and K-

phosphate at pH ≥12 for NiOx, which most likely originated from the electrolyte pH being higher than the 

isoelectric point of NiOx (~11), consistent with previous literature.[S2] In the figure, when the OER 

performances in various electrolytes were compared at similar pH levels (~9), the following order for the 

OER performance was obtained: carbonate > borate > phosphate.  
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Figure S5. Viscosities of K2HPO4, KHCO3, and K-borate as a function of the solute concentration, 

measured using a viscometer.  
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Figure S6. Relative fragments of species in (a) carbonate, (b) phosphate and (c) borate electrolytes as a 

function of the solute concentration, calculated with pKa values provided in the literature.[S3,S4] 
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Figure S7. Mean activity coefficients for K2HPO4, KHCO3 and KCl as a function of the solute 

concentration using values adopted from literature.[S3,S4]  

 

The primary parameters that determine the mass-transport flux are the viscosity of solution, the size of 

species (in a hydrated form), the activity coefficient and the molarity of species in solution. These 

parameters are simple characteristics of each electrolyte, which can be separately examined. The 

viscosities of KHCO3, K2HPO4 and K-borate were measured using a viscometer and are presented in 

Figure S5. The size of HCO3
 is reported to be in the range of 0.4~0.45 nm, that of HPO4

2 is ca. 0.4 nm, 

and K+ is approximately 0.3 nm.[S5] Although the size of B(OH)4
 has not been explicitly determined in 

the literature to the best of our knowledge, considering its structure and charge, it would be reasonable to 
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anticipate that its size is similar to or slightly larger than that of HCO3
. With the obtained viscosities and 

sizes, the diffusion coefficients of these species were calculated using the Stokes-Einstein equation[S5] and 

are compiled in Figure 5 of the main manuscript. The activities of the ions in solution are described as the 

molarities multiplied by the mean activity coefficients. In this study, to examine the OER performance 

and electrolyte properties at a similar pH value, the pH of K-borate was adjusted to 9.7 by adding H3BO3. 

Therefore, to accurately describe the activity of B(OH)4
 in the K-borate solution at pH 9.7, the relative 

fraction of B(OH)4
 needs to be determined. The relative fraction is readily calculated from the pKa 

values, and the calculated values are summarized in Figure S6. Regarding the mean activity coefficient, 

the data for K+-HCO3
 and K+-HPO4

2 are available in the literature,[S3] while that of K+-B(OH)4
 has not 

been explicitly determined. Nevertheless, according to the literature, the mean activity coefficient for K+-

B(OH)4
 was reported to be similar to that of KCl.[S7] Figure S7 compiles the mean activity coefficients 

for K+-HCO3
, K+-HPO4

2 and K+-Cl. Please note that the presence of other species (H3BO3 in this case) 

can change the activity coefficient of the species of interest (B(OH)4
 in this case), and thus, the use of the 

value of the mean activity coefficient for further discussions regarding K-borate is ambiguous to some 

extent. With the values in Figure S7, the activities of HCO3
 and HPO4

2 were calculated and are 

presented in Figure 5 of the main manuscript. 
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Figure S8. Solution resistivities of the various electrolytes measured by impedance spectroscopy at 298 K 

(amplitude 10 mV, 100-200 kHz) in a cell with a cell constant of 1.55 cm−1, adopted from our previous 

study.[S1]  
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