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Electrochemical Calculations:

All electrochemical data are collected taking Ag/AgClI reference electrode and later converted
to a reversible hydrogen electrode (RHE) scale by the following equation for comparative

analysis and presentation.
ERHE = EoAg/AgCl + 0059 XpH+ EAg/AgCl

Again, the intrinsic activity of the catalysts is compared by compensating the ohmic drop (iR)
that suppresses the real activity of the catalyst due to the unavoidable series resistance of the

solution and electrical contact using the following equation.?
Egr = E— iR

Specific activity: The specific activity is the activity per unit electrochemically accessible
surface area of the catalyst. It is the plot of the current density vs working electrode potential
in the RHE scale. Here the current density is obtained by normalizing the experimental LSV

current to the electrochemically accessible surface.
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Figure S1. (a) Simulated and experimental powder pattern and (b) TGA spectrum of the

Cubane chain.
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Figure S2. (a) Curie-Weiss fitting of the reciprocal susceptibility, (b) variation of observed

magnetic moment with temperature for the Cubane chain.



Figure S3. EDAX elemental mapping of CoSe>@ST shows the uniform distribution
of Co, Se, and the rich nitrogen and carbonaceous matrix.
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Figure S4. EDS spectrum and elemental table with the elemental percentage in CoSe.@ST.



Figure S5. EDAX elemental mapping of CoSe.@HT shows the uniform distribution of Co,
Se, and the presence of a very minute quantity of nitrogen and carbon.
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Figure S6. EDS spectrum and elemental table with the elemental percentage in CoSe.@HT.
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Figure S7. HR-TEM showing the lattice fringes of CoSe> in CoSe.@ST.
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Figure S8. Ohmic drop (iR) uncompensated LSVs of all the catalysts.
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Figure S9. Cyclic voltammograms at different scan rates in the EDLC region.

Figure S10. Linear-sweep voltammograms of the catalysts in 1.0 M KOH and neutral water.
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Figure S11. Linear-sweep voltammograms of the CoSe2@ST before and after 3000
continuous CV cycles.

Table S1. Selected bond lengths for the 1D Cubane chain.

Atom | Atom Length/A Atom | Atom Length/A
Co2 F2 2.092(7) Col 01 2.039(10)
Co2 F2! 2.105(8) Col N1 2.042(11)
Co2 F1 2.097(8) 2 | Co2t 2.105(8)
Co2 | 05 2.096(9) F1 | Coll 2.077(9)
Co2 02 2.078(10) Col | F1! 2.077(9)
Co2 N3 2.045(11) Col | 06 2.079(9)
Col F2 2.117(8) Col 01 2.039(10)
Col F1 2.113(8) Col N1 2.042(11)




Table S2. The selected bond angle of the 1D Cubane chain.

Atom | Atom | Atom Angle/* Atom Atom Atom Angle/’
F2 Co2 F2! 81.8(3) N3 Co2 02 95.4(4)
F2 Co2 F1 82.3(3) F1? Col F2 77.3(3)
F2 Co2 05 87.9(3) F1 Col F2 81.3(3)
F1 Co2 F21 77.1(3) F1? Col F1 80.7(4)
05 Co2 F21 88.4(3) F1? Col 06 86.8(4)
05 Co2 F1 163.5(3) 06 Col F2 163.0(3)
02 Co2 F2 86.3(4) 06 Col F1 90.4(4)
02 Co2 F2! 164.3(3) 01 Col F2 93.5(4)
02 Co2 F1 91.3(4) Co2 F2 Co2! 97.1(3)
02 Co2 05 101.3(4) Co2! F2 Col 101.9(3)
N3 Co2 F21 96.8(4) Co2 F2 Col 96.7(3)
N3 Co2 F2 178.0(4) Co2 F1 Col 96.6(3)
N3 Co2 F1 98.7(4) Co1ll F1 Co2 103.5(4)
N3 Co2 05 90.8(4) Co1ll F1 Col 97.9(4)
01 Col F1l 163.6(4) N1 Col F2 96.2(4)
01 Col F1 84.6(4) N1 Col F1? 98.8(4)
01 Col 06 100.4(5) N1 Col F1 177.5(5)
01 Col N1 95.6(5) N1 Col 06 92.0(5)

Table S3 Electrochemical HER activity comparison with previous reports.
SL No. Catalyst Overpotential @10 mA/cm? | Tafel Slope | Reference

1 CoSe,|CoP/CFP 140 42 2
CoSe,/CFP 219 44

2 CoSe2-CNT 174 37.8 3

3 Mno.05C00.95S€2 174 36 4
CoSe> Nanosheet 250 52

4 CoSe2@NC 184 58.4 S

5 MOF-CoSe> 150@onset 42 6

330@80

6 CoSe> 272 55 !

7 Ru-CoSe-NC 152 37 8
CoSe-NC 228 46

8 CoSe;@N/C-CNT 185 98 o

9 p-CoSe.@HC 171.7 45.7 10




10 CoSe2 137 42.1 1
11 MoSe2/CoSe> 129 38.2 12
hybrid
12 0-CoSe> 300 13
13 Nio.33C00.67S€2 65 35 14
14 0-CoSe2-NC 147 39.8 15
15 Cobalt selenide 135 62 16
films
16 meso-CoSSe-12h 110 52 1
17 CoSe,/C 253 46 18
18 MOF-D CoSe; 195 43 19
19 CoSe2@HT 189 57 Present
20 CoSe,@ST 177 48 Work
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