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1. Synthetic Protocol followed for VN synthesis

Scheme S1: Synthetic protocol followed for the synthesis of Green leaf extract, VN Extract. 

First, leaves were collected (1) and washed thoroughly with water to remove dust and debris. 

Later, it was allowed to dry in room temperature for 3 days (2). The dry leaves were grinded 

into fine powder using a mixer grinder (4). 50 g of the powder was added into a 1 L round 

bottom flask containing 450 mL of distilled water and 50 mL of methanol (4) and stirred 
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continuously for 12 h at 60°C to obtain VN extract (5) and was maintained at room 

temperature, filtered through whatman filter paper (6) to obtain a brownish liquid) used as a 

carbon source as well as green reducing agent (7).

2. UV-Visible Spectra of Metal ions and phytochemical reduced metal complexes

Figure S1: UV-Visible Spectra of Green Phytochemical Extract, Nickel Nitrate solution, 
Cobalt Nitrate Solution, Nickel-Phytochemical Complex and Cobalt-Phytochemical Complex

3. CHNS Elemental Analysis of GPC/NiSe2/CoSe2 varying amounts of VN Extract
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Figure S2: CHNS Elemental Analysis of GPC/NiSe2/CoSe2 in varying amounts of VN

4. XPS Survey Scan of GPC/NiSe2/CoSe2

Figure S3: Survey Scan spectrum of GPC/NiSe2/CoSe2 indicating the presence of Nickel, 
Cobalt, Selenuim and Carbon in the catalyst
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5. Deconvoluted XPS Spectrum of Se 3d

Figure S4: Deconvoluted XPS scan of Se 3d, showing 2 major peaks, corresponding to Se 
3d3/2 and Se 3d5/2 at 55.4 eV and 54.3 eV respectively. The additional peak at 58.9 eV can be 
attributed to the SeOx component.

6. Post Characterization FESEM images of GPC/NiSe2/CoSe2

Figure S5: Post stability FESEM images

Figure S5: FESEM images of GPC/NiSe2/CoSe2 after stability test in 200 nm (a) and 100 nm 
scale (b)
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7.  BET Pore Size Distribution of GPC/NiCo

Figure S6. BET Pore Size Distribution of GPC/NiCo, where differential pore volume is 
plotted against pore width
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8. BET Pore Size Distribution of GPC

Figure S7. BET Pore Size Distribution of GPC where differential pore volume is plotted 
against pore width
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9. Cyclic voltammograms of GPC, GPC/NiCo, GPC/NiSe2/CoSe2

Figure S8. Cyclic voltammograms of all the three materials GPC, GPC/NiCo, 
GPC/NiSe2/CoSe2 used to calculate double layer capacitance values

10. Calculation of Electrochemically active Surface Area, ECSA

Electrochemical Surface area calculation: Cyclic Voltammetry was performed in different 
scan rates in the potential range, 0-0.2 V vs Hg/HgO. The ECSA was calculated using the 
formula, 

 ECSA = Cdl/Cs, where Cs= Specific Capacitance and Cdl= Double Layer Capacitance.

Sample Double Layer Capacitance (mF cm-2)
GPC/NiSe2/CoSe2 3.14
GPC/NiCo 2.15
GPC 0.219
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Figure S9. Calculation of Electrochemically active Surface Area, ECSA

11. Contact Angle measurements of GPC/NiCo and GPC

Figure S10. Contact Angle measurements of (a) GPC/NiCo and (b) GPC using tangent 
method

12. Construction of unit cell and Catalyst intermediate structures 

The theoretical model was constructed to represent the carbon-supported bimetallic selenide 
system based on experimental observations. The crystallographic information files (CIFs) of 
NiSe2 and graphene were obtained from the Materials Project database. A 3 × 3 supercell was 
generated, with a monolayer graphene sheet placed on top of the NiSe2 (2 × 2), to represent the 
conductive carbon layer. To account for the bimetallic composition, one Ni atom in the NiSe2 
lattice was substituted with a Co atom. The calculated lattice mismatch was found to be less 
than 1%, and a vacuum spacing of 50 Å was introduced along the z-direction to avoid interlayer 
interactions. Periodic boundary conditions were applied along the x- and y-directions. The 
elemental composition (C, Ni, Co, and Se) was guided by the atomic percentages obtained from 
EDS. All structures were fully optimized until the total energy convergence reached 10-5 eV 
and the forces were below 0.01 eV/Å. 

k-point convergence tests were performed, and the 2 × 2 × 1 k-point mesh showed negligible 
energy changes was adopted in all calculations (Figure S19). 
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Figure S11. Schematic representations of (a) the catalyst, intermediate structures of (b) the 

catalyst with H for HER, and (c) the catalyst with OH, (d) the catalyst with O, and (e) the 

catalyst with OOH for OER

Colour code: Blue: Co, Green: Se, Grey: Ni, Dark Grey: C.

13. HER Catalytic Activity of GPC/NiSe2/CoSe2 – 45, 90, 135, 180
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Figure S12. HER catalytic activity of GPC/NiSe2/CoSe2 – 45, 90, 135, 180

14. Nyquist Plot of GPC, GPC/NiCo and GPC/NiSe2/CoSe2 
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Figure S13. Nyquist Plot of GPC, GPC/NiCo and GPC/NiSe2/CoSe2  

15. 1000 Cycle CV of GPC/NiSe2/CoSe2 for HER stability studies
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Figure S14. 1000 Cycle CV of GPC/NiSe2/CoSe2 for HER stability studies
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16. 1000 Cycle CV of GPC/NiSe2/CoSe2 for OER stability studies

Figure S15. 1000 Cycle CV of GPC/NiSe2/CoSe2  for OER stability studies

17. Comparison of HER performances of GPC/NiSe2/CoSe2 and NiSe2/CoSe2
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Figure S16. Comparison of water splitting performances of  GPC/NiSe2/CoSe2 and previously 
reported similar systems

18.  Comparison of HER and OER performances of GPC/NiSe2/CoSe2 and previously 
reported catalysts derived from bio-sources

Tafel Slope (mV dec-1)Catalyst Metals 
present HER OER

Electrolyte Ref

Ni/NBCF-1-H2 Ni 109 -- 0.5M H2SO4
1

PSAC -- 75.7 -- 0.5M H2SO4
2

NPCF -- 135 -- 0.5M H2SO4
3

PBC-800 Ca 80 -- 0.5M H2SO4
4

CoTBrPP@bio-C Co 80 -- 1M KOH 5

Co2P-NC Co 78 -- 1M KOH 6

NiOx-AC-500 Ni 121 -- 0.1M KOH 7

Co@NPC-Tfu Co -- 63.9 1M KOH 8

CoS1.097-B Co -- 83 1M KOH 9

MFeMnCNH Fe/Mn -- 64.6 1M KOH 10

FeCo-NCps Fe/Co -- 87 0.1M KOH 11

GPC/NiSe2/CoSe2 Co,Ni 72 61 0.1M KOH This 
work
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Figure S17. Comparison of HER and OER performances of GPC/NiSe2/CoSe2 and 
previously reported catalysts derived from bio-sources

19. Comparison of HER performances of GPC/NiSe2/CoSe2 and previously reported 
transition metal oxide catalysts

OverpotentialCatalyst Metals 
present HER OER

Electrolyte Ref

Cu-300 Cu 410 -- 1 M H2SO4
12

Cu-MOF Cu 369 -- 0.5M H2SO4
13

Cu-Cu2O@C Cu 637 -- 0.5M H2SO4
14

WO3–CuO/rGO Cu, W 400 -- 1M KOH 4, 15

Cl- doped CuO Cu 400 -- 1M H2SO4
16

CuO nanoflowers Cu 1020 -- 0.5M H2SO4
17

CuO-NiO@GP Cu, Ni 762 -- 0.5M H2SO4
18

Cu0.3Ir0.7Oδ  Cu, Ir -- 623 0.2 M PBS 19

Fe100 Fe -- ~780 1M NaOH 20

GPC/NiSe2/CoSe2 Co,Ni 366 578 0.1M KOH This 
work

Figure S18. Comparison of HER performances of GPC/NiSe2/CoSe2 and previously reported 
transition metal oxide catalysts

20. KPOINTS convergence test

Figure S19. k-point convergence test

21. Cartesian Coordinates of Optimized Structures

Replaxed single unit of supercell GPC/NiSe2/CoSe2

1.000

        7.40317242    0.00000000    0.00000000
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      -3.70158621    6.41133538    0.00000000

    0.00000000    0.00000000   50.68503800

C Ni Se Co

18 2 4 2

Cartesian

        0.00000000    0.00000000    0.17125950

        1.23386207    0.71237060    0.17125950

        2.46772414    0.00000000    0.17125950

        4.93544828    0.00000000    0.17125950

        3.70158621    0.71237060    0.17125950

        6.16931035    0.71237060    0.17125950

       -1.23386207    2.13711179    0.17125950

       -2.46772414    4.27422359    0.17125950

        0.00000000    2.84948239    0.17125950

       -1.23386207    4.98659419    0.17125950

        1.23386207    2.13711179    0.17125950

        0.00000000    4.27422359    0.17125950

        3.70158621    2.13711179    0.17125950

        2.46772414    4.27422359    0.17125950

        2.46772414    2.84948239    0.17125950

        1.23386207    4.98659419    0.17125950

        4.93544828    2.84948239    0.17125950

        3.70158621    4.98659419    0.17125950

       0.00000000    0.00000000    2.62475458

       3.65627308    0.00000000    2.62475458

        1.82813654    1.05547512    3.93713188

        5.48440962    1.05547512    3.93713188

        0.00000000    4.22190049    3.93713188

        3.65627308    4.22190049    3.93713188
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       -1.82813654    3.16642537    2.62475458

        1.82813654    3.16642537    2.62475458

22. Chronopotentiometry at 100mAcm-2

Figure S20. 12 hours long chronopotentiometry measurement of GPC/NiSe2/CoSe2
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