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Materials:

Cobalt Nitrate hexahydrate (Co (NO3)2.6H2O), Sigma-Aldrich), Nickel Nitrate hexahydrate (Ni 

(NO3)2.6h2O), Sigma Aldrich), 2-Methylimidazole (C4H6N2), Sodium tellurite (Na2TeO3, Sigma-

Aldrich) were used without further purification. Methanol (99.8%), Ethanol (99.5%), and nitric acid 

(HNO3, 60.0 %) were obtained from Samchum Co.Ltd., Seoul Korea. Deionized (DI) water purified 

through a Millipore-Q system was used to form aqueous solutions during the experiment.
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Electrochemically active surface area (ECSA):

The ECSA was calculated from the electrochemical double layer capacitance (Cdl) of the electrode via 

CV scan conducted in a non-Faradic region at different scan rates from 10 to 100 mV s-1 for OER. The 

Cdl was obtained from the slope of the curve of scan rate (mV s-1) versus current density (mA). The 

specific capacitance (Cdl) was calculated as :

Cdl =
|𝐽𝑎 ‒ 𝑗𝑐|

2𝑣 

Where v is the scan rate for testing CV, ja and jc are the anodic and cathodic current densities.

ECSA = 
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 (𝐶𝑑𝑙)

𝐶𝑠

Where, Cs is the specific capacitance (0.04 mF cm–2) in 1 M KOH electrolyte.

The roughness factor (RF) values were calculated as:

RF= 
𝐸𝐶𝑆𝐴
𝑆𝑔𝑒𝑜

Sgeo is the geometric area of the electrode that is 1 cm2 

Electrochemical Impedance spectroscopy (EIS) measurements:

Electrochemical impedance spectroscopy (EIS) was carried out in 1.0 M KOH electrolyte to investigate 

the reaction kinetics. The measurements were conducted at frequency ranging from 0.01 Hz to 100 kHz. 

The resulting impedance spectra were analyzed by fitting to an equivalent circuit model. The model 

includes a series resistance (Rs), which accounts for the ionic resistance of the electrolyte between 

working and reference electrodes. In parallel, the model features a charge transfer resistance (Rct), 

reflecting the barrier to electron transfer at the electrode-electrolyte interface, and a capacitance (C), 

which mimics the double-layer capacitance arising from charge separation at the interface. Together, 

these elements provide valuable information on the interfacial charge transfer processes and surface 
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properties of the catalyst during HER and OER.

Calculation of Faradic efficiency (𝜂F):

The Fradic efficiency of the alkaline elctrolyzer using P-doped NiTe2/CoTe2 as both anode and cathode 

was assessed by measuring the volume of evolved O2 H2 gas in a lab made H-Cell. The H-cell 

electrolyzer operated at a current density of 10 mA cm-2 for up to 120 minutes. The theoretical volumes 

of evolved H2 and O2 gases were estimated using faraday’s law:

VTheoretical = 

𝐼𝑅𝑇𝑡
𝑃𝑧𝐹

TTheoretical = Theoretical volume of gas evolution

I = operating current density (mA cm-2)

R = universal gas constant (0.0821 atm. L mol-1 k-1)

t = operating time in second (s)

T= temperature on the kelvin scale (K)

p= pressure (atm)

z = number of electrons involved in the production of 1 mole of O2(z=4) or H2(z=2)

F= Faraday’s constant (F= 96485 C)

nF can be determined from the following equation: the ratio of the exact volume of real gas (Vexperimental) 

to the theoretical volume (Vtheoretical) during the reaction.

nF =
 
𝑉𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙

𝑉𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

where VExperimental is the volume of O2 and H2 gas evolved under a pressure of 1 atm at 300 K upon 

applying a current density of 10 mA Cm-2.
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Figure S1. Low and high resolution FESEM image, EDX spectrum and corresponding 

elemental mapping of NiCo-LDH
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Figure S2. XRD pattern of NiCo-LDH@CC
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Figure S3. FESEM EDX spectra and corresponding elemental mapping of 

NiTe2/COTe2@CC
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Figure S4. Raman Spectra of P-doped NiTe2/CoTe2@CC before stability
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Figure S5. charging capacitance current of (a) P-doped NiTe2/CoTe2@CC, (b) 

NiTe2/CoTe2@CC, (c) NiCo-LDH
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Figure S6. FESEM image, EDX, and corresponding elemental mapping of P-doped 

NiTe2/CoTe2@CC after OER stability test.
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Figure S7. XRD pattern of P-doped Nite2/CoTe2@CC after OER stability test.
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Figure S8. Comparison of (a) LVS and (b) EIS spectra before and after OER stability test.
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Figure S9. XPS survey Spectra (a), high resolution XPS spectra of (b) Co 2p, (c) Ni 2p, (d) O 

1s, (e) Te 3d, (f) K2P+C 1s after OER stability test.
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Figure S10. FESEM image, EDX, and corresponding elemental mapping of P-doped 

NiTe2/CoTe2@CC after HER stability test.
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Figure S11. XRD patterns of P-doped NiTe2/CoTe2@CC after HER stability test
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Figure S12. High resolution XPS spectra of (a) Co 2p, (b) Ni2p, (c) Te 3d, (d) O 1s after 

HER stability test
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Table S1. Comparison of OER performance with recently reported electrocatalysts.

S.N. Electrocatalysts Substrate electrolyte Overpotential(mV) Tafel slope

(mV dec-1)

Ref.

1 H-CoTe2/NiTe2 GC 1.0M KOH 320@10mA cm-2 64.8 1

2 N- Fe2O3/NiTe2 Ni foam 1.0M KOH 253@10mA cm-2 57.7 2

3 CoTe/Co3O4 GC 1.0M KOH 287 @10mA cm-2 69 3

4 CoTe/MnO2/BN CP 1.0M KOH 273@10mA cm-2 81 4

5 Co@0.2gNiCoTe2-

240

Co foam 1.0M KOH 280@10mA cm-2 34 5

6 S15–CoTe NF 1.0M KOH 255@10mA cm-2 54.7 6

7 CoTe2@N-GC CP 1.0M KOH 300@10mA cm-2 90 7

9 Fe-NiTe2/Ni2P NF 1.0M KOH 190@10mA cm-2 102 8

10 Fe-NiTe/NiTe2 GC 1.0M KOH 284@10mA cm-2 49 9

11 P-doped NiTe2/CoTe2 CC 1.0M KOH 251@ 50mA cm-2 46 This 

work
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Table S2. Comparison of HER performance with recently reported electrocatalysts

S.N. Electrocatalysts Substrate electrolyte Overpotential(mV) 

@10 mA cm-2

Tafel slope 

(mV dec-1)

Ref.

1 NiCoSex NF 1.0M KOH 83 127 10

2 NiTe-Ni(OH)2 NF 1.0 M KOH 129 31.5 11

3 N- Fe2O3/NiTe2 NF 1.0 M KOH 70 47 2

4 CoTe/CoNiSe2 NF 1.0 M KOH 140 78 12

5 CoP-CoTe2 NWs CP 1.0 M NaOH 178 13

6 CoTe2–WTe2 NF 1.0 M KOH 178 96 14

7 NiCo-MOFs NF 1.0 M KOH 125 78 15

8 Fe-CoSe2 GC 0.5 M KOH 157 112 16

9 CoTe2/CoP Ti mesh 1.0 M KOH 80 57 17

10 P-doped 

NiTe2/CoTe2

CC 1.0 M KOH 83.53 68 This 

work
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Table 3. Comparison of overall water-splitting performance with recently reported 

electrocatalysts.

S.N. Electrocatalysts Substrate Electrolyte Cell Voltage (V) 

@10 mA cm-2

Ref.

1 N- Fe2O3/NiTe2 Ni Foam 1.0 M KOH 1.54 3

2 CoP Nanoframes Ni foam 1.0 M KOH 1.65 18

3 CoNi/CoFe2O4 Ni foam 1.0 M KOH 1.57 19

4 NiSe-NiSe2 Ni foam 1.0 M KOH 1.6 20

5 P-doped NiSe2 Ni foam 1.0 M KOH 1.62 21

6 Cr-NiSe2-N Ni foam 1.0 M KOH 1.59 22

7 CoTe Ni foam 1.0 M KOH 1.71 23

8 CoTe2-WTe2 Ni foam 1.0 M KOH 1.52 14

9 1T-Co-WS2/NiTe2 Ni foam 1.0 M KOH 1.52 24

10 P-doped NiTe2/CoTe2 Carbon Cloth 1.0 M KOH 1.59 This 

work

Water splitting 
video_H cell.mp4

Video S1: Real time observation of gas bubble evolution during HER and OER in an H-Cell 

using P-doped NiTe2/CoTe2 (+, -) as both anode and cathode.
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