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S1. Surface morphology:

Figure S1. SEM of Ni2Se3 powder at (a) 200 nm scale and (b) 1 micron scale.
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S2. NMR analysis:

Figure S2. NMR spectra of distillery wastewater before and after electrolysis process. 
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S3. Diffusion co-efficient analysis:

V vs Hg/HgO
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Figure S3. Cyclic voltammogram (CV) of Ni2Se3/SS anode in (a) freshwater and (b) distillery 
wastewater-based electrolyte measured at different scan rate (V/s).  Note that the concentration 
of the electrolytes was 1.0 M NaOH.
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S4. Compare with commercial water oxidation catalyst:

RHE (V)
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Figure S4. LSV plots of Ni2Se3/SS and commercial RuO2 anode in freshwater-based 
electrolyte. Note that the concentration of the electrolytes was 1.0 M NaOH.
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S5. Influence of organic substances present in the distillery wastewater feedstock
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Figure S5: LSV Plots of Ni2Se3/SS in various distillery wastewater (DW) samples. The 
samples were collected at different processing stages and exhibit varying concentrations of 
organic substances. 
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S6. Oxygen evolution analysis:

Figure S6. Oxygen evolution of Ni2Se3/SS anode measured from electrolysis process using 
fresh and distillery wastewater based electrolyte. The electrolytes were mixed with 1.0 M 
NaOH.
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S7. Stability test:
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Figure S7. Chronopotentiometry of the Ni2Se3/SS anode measured at current densities of 10 
mA cm–2 in distillery wastewater (1.0 M NaOH).
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Figure S8. (a) SEM image of Ni2Se3 powder (fresh) before and (b) after 12 hr of electrolysis 
reactions.
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S9.  Electrochemical parameters estimation:

The electrochemical parameters such as total oxygen turn over (TOF), electrochemical active 
surface area (ECSA), and actives sites can be estimated based on the previous reports.1-3

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑜𝑥𝑦𝑔𝑒𝑛 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑠

= (𝑗
𝑚𝐴

𝑐𝑚2) 
(1𝐶/𝑠)

1000 𝑚𝐴
  (1 𝑚𝑜𝑙 𝑒 ‒

96845.3𝐶)(1 𝑚𝑜𝑙 

4 𝑒 ‒ )(6:023 𝑥 1023 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑜𝑓 𝑂2

1 𝑚𝑜𝑙 𝑜𝑓 𝑂2 )  

(1)

 
= (10

𝑚𝐴

𝑐𝑚2) 
(1𝐶/𝑠)

1000 𝑚𝐴
  (1 𝑚𝑜𝑙 𝑒 ‒

96845.3𝐶)(1 𝑚𝑜𝑙 

4 𝑒 ‒ )(6:023 𝑥 1023 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑜𝑓 𝑂2

1 𝑚𝑜𝑙 𝑜𝑓 𝑂2 )
Number of total oxygen turnovers= 1.56 x 1016

Electrochemical surface area (ECSA):
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Figure S9. The measured capacitive currents plotted as a function of scan rate (a) distillery 
wastewater and (b) freshwater. 

The electrochemical active surface area (AECSA)

AECSA= (Cdl)/(Cs) (2)



S12

The slope value of the liner fitting from Figure S10 (a) provides the Cdl value in mF/cm2. The 
estimated Cdl value is 24.1 mF/cm2 for freshwater electrolyte. The specific capacitance (Cs) is 
a constant value dependent on the material and the electrolyte solution (alkaline or acidic). 

For this experiment, the Cs value for NiSe was held constant at 0.04 mF.cm-2 adopted from the 
previous report.4 

AECSA = 0.1158 (mF.cm2)/ 0.04 (mF.cm2) per cm2
ECSA (3)

AECSA = 2.9 cm2
ECSA

Actives sites per real surface area of NiSe:

 (4)

𝐴𝑐𝑡𝑖𝑣𝑒 𝑠𝑖𝑡𝑒𝑠 =  ( 2 𝑎𝑡𝑜𝑚𝑠
𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙𝑠

62.2Å3

𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙𝑠
)

The volume of the NiSe unit cells is 62.2 Å3. This value is adopted from the previous report 
by Unoki et.al.5 

Active sites = 3.45 x 1014 atoms cm-2
real

Turnover frequency (TOF)

TOF = (Total oxygen turnovers(cm-2)/(active sites density) (5)

TOF = (Total oxygen turnovers(cm-2)/(active sites x ECSA) (6)

TOF = (1.56 x 1016) /(3.45 x 1014 atoms cm-2
real x 2.9 cm2

ECSA)

TOF = 4.05 (for over potential @10mA.cm2)
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