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Table S1. MOF-based electrocatalysts for HER.

Catalyst Electrolyte Overpotential 

[mV] @ 10 

mA cm-2

Tafel slope 

[mV dec-1]

Stability 

tests

Refer

ences

NENU-500 0.5 M H2SO4 237 96 2000 CV 

cycles

NENU-501 0.5 M H2SO4 392 137 2000 CV 

cycles

1

THTA-Co 0.5 M H2SO4 283 71 300 CV 

cycles and 

Chronopotent

iometry for 4 

h @ 10 

mA cm−2, 34 

mV increase

2

THTNi2DSP 0.5 M H2SO4 333 81 N/A 3

CTGU-5 0.5 M H2SO4 388 125

CTGU-6 0.5 M H2SO4 425 176

Chronopotent

iometry for 

96 h at 10 

mA cm−2.

4

HUST-200 0.5 M H2SO4 131 51 2000 CV 

cycles and  

Chronopotent

iometry for 9 

h @ 10 mA 

cm–2.

HUST-201 0.5 M H2SO4 192 79 2000 cv 

cycles and  

Chronopotent

iometry for 9 

5
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h @ 10 mA 

cm–2, slight 

decay.

NU-1000-Ni-S 0.1 M HCl 238 120 Chronopotent

iometry for 2 

h @ 

10 mA cm−2

6

Ni3(Ni3·HAHATN)₂ 115 45 

Ni3(Cu3·HAHATN)₂ 207 102

Ni3(Co3·HAHATN)₂ 162 98

Cu3(Cu3·HAHATN)

0.1 M KOH

230 112

1000 CV 

cycles

7

3D NibpyfcdHp 0.5 M H2SO4 

DMFH⁺

350 60 10000 CV 

cycles;  

Chronopotent

iometry for 

30 h @ 7 mA 

cm−2

3D CobpyfcdHp 0.5 M H2SO4 

DMFH⁺

400 65 2000 CV 

cycles

8

[DMF(H⁺)] in 

CH3CN

340 110 1000 CV 

cycles

1D Co(fcdHp)

0.5 M H2SO4 450 120 1000 CV 

cycles

1D Zn(fcdHp) 0.5 M H2SO4 340 110 1000 CV 

cycles

9

UU-100(Co) NaClO4 (0.1 

M)/acetate 

buffer, pH 4

150 250 Chronopotent

iometry for 

18 h @ 1.7 

10
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mA cm–2

 (MOS-1) 0.05 M 

H2SO4

340 NA

 (MOS-2) 0.05 M 

H2SO4

530 NA

 

Chronopotent

iometry for 

10 h @ 10 

mA cm–2

11

Hf12-CoDBP/CNTs 0.026 M TFA 650 178 10000 CV 

cycles,  

Chronoamper

ometry for 18 

h @ 715 mV 

overpotential

12

2D 

MOF,Cu6(C8H4O4)6(

H2O)6·H3 

[P(W3O10)4]

0.5 M H2SO4 660 100 - 13

Cu-MOF: HKUST-1 

ED

0.5 M H2SO4 590 183.6 Chronopotent

iometry for 

12 h @ 10 

mA cm–2

HKUST-1 HT 0.5 M H2SO4 660 222.4 -

14

UiO-66-NH2-Mo-5 0.5 M H2SO4 200 59 5000 CV 

Cycles,  

Chronopotent

iometry for 7 

h @ 10 mA 

cm–2

15

MoCx 0.5 M H2SO4 142 53 Chronopotent

iometry for 

10 h @ 10 

mA cm–2

16
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Materials 

The chemicals required for the synthesis of compound Ni-MOF and NiCo-MOF, 

Ni(CH3CO2)2.4H2O (Loba-Chemie, 98%), N- Nicotinoyl Glycine (TCI, >98%), and 

Co(CH3CO2)2.4H2O (Sigma-Aldrich, ≥98%) were used as received.  The chemicals used for the 

electrochemical measurements were DMF (99%, Merck), and PVDF (Merck) used as received 

without further purification.  The water used was double distilled.

Synthesis of Ni-MOF  

The Ni-MOF was synthesized using the hydrothermal method. A solution was prepared by 

dissolving 0.5 mM (0.1269 g) of Ni(CH3CO2)2.4H2O and 0.5 mM (0.0919 g) of N-nicotinoyl 

Cu0.19Ni0.81-NKU-

101

0.5 M H2SO4 324 131 Chronopotent

iometry for 

24 h @ 10 

mA cm–2

17

Cu[Ni(2,3-

pyrazinedithiolate) 

2]

pH 1.3 

H2SO4

530 69 Chronopotent

iometry for 4 

h @ 10 mA 

cm–2

18

Ni-MOF

NiCo-MOF

0.5 M H2SO4 150

120

51

39

1000 CV 

cycles @ 100 

mV s-1 and 

Chronoamper

ometry @ -

0.12 V vs. 

RHE  for 20 

h

This 

work
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glycine (N-NG) in 5 mL of distilled water. The mixture was homogenized for 30 min at room 

temperature. Following homogenization, the solution was sealed in a 23 mL PTFE-lined 

stainless-steel autoclave and heated at 140 °C for 72 h. The resulting product appeared as light 

green-coloured block-shaped crystals. The crystals were filtered, washed with deionized water 

under vacuum, and dried under ambient conditions, yielding 75% based on the metal. The 

calculated elemental analysis for C26H21N5O10 was as follows: C, 45.82%; H, 3.08%; N, 10.28%. 

The found values after analysis were C, 45.78%; H, 3.02%; N, 10.36%.

Synthesis of NiCo-MOF.  The synthesis method similar to that employed for Ni-MOF was 

utilized, with a modification in the metal precursors. Equal amounts of Co(CH3CO2)2.  4H2O and 

Ni(CH3CO2)2. 4H2O were dissolved in a 1:1 ratio (0.25 mM each, totalling 0.0635 g for 

Co(CH3CO2)2 and 0.0634 g for Ni(CH3CO2)2 in 5 mL of distilled water. The final product 

consisted of purple-colored crystals. After this period, the crystals were filtered, washed with 

deionized water under vacuum, and then dried under ambient conditions.

Physical Characterization

The Powder X-ray diffraction (PXRD) pattern of a finely ground sample was recorded using a 

Bruker D8 Advance X-ray diffractometer, employing Cu Kα radiation with a wavelength (λ) of 

1.5418 Å.  The experiment covered the 2θ range of 5-50° and was carried out at 40 kV and 40 

mA.  The Fourier Transform Infrared (FT-IR) spectra were carefully obtained with the Nicolet 

Magna IR 750 series-II instrument, spanning a broad range from 450 to 4000 cm⁻¹.  

Thermogravimetric analysis (TGA) were carried out on a Perkin-Elmer instrument STA 6000 

under a nitrogen atmosphere (flow rate = 20 mL min-1) in the temperature range 30 – 800 °C 

(heating rate 10°C min-1).  The gas sorption isotherm for nitrogen (77 K) was accurately 

measured over the pressure range of 0 to 1 bar, employing an Autosorb iQ instrument from 
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Quantachrome Inc., USA.  FE-SEM experiment were carried out using a Zeiss Gemini SEM 450 

field emission scanning electron microscope.  The metal content in NiCo-MOF was determined 

using a Thermo Fisher Scientific (Model: iCAP PRO XP Duo) inductively coupled plasma-

optical emission spectroscope (ICP-OES) equipped with an Anton Paar, Multiwave 5000 182 

microwave digester. Prior to the analysis, 12 mg of samples were dissolved in 2 mL of 

concentrated HNO3 and stirred for 1 h at 220 ºC. After digestion, the mixture was filtered by 

syringe filters having 0.2 µm pore size and the filtrate was diluted before using for the analyses.

Electrochemical Characterizations 

The electrocatalytic activities of Ni-MOF and NiCo-MOF towards HER were evaluated through 

Cyclic Voltammetry (CV), Linear Sweep Voltammetry (LSV), Electrochemical Impedance 

Spectroscopy (EIS) and chronoamperometry in 3-electrode electrochemical cell configurations. 

The 3-electrode electrochemical cells were assembled by catalyst (Ni-MOF and NiCo-MOF) 

coated glassy carbon working electrodes, Pt foil counter electrodes and Ag/AgCl reference 

electrodes (+0.197 V vs. Standard Hydrogen Electrode/SHE) in 0.5 M H2SO4 (aq.) electrolyte 

medium. The electrolyte solution became N2-saturated by bubbling N2 gas for 30 min duration. 

The glassy carbon electrodes (geometric area: 0.2 cm2) were mechanically polished with a 0.05 

μm alumina powder, and followed by washed with ethanol and deionized water for obtaining 

clean surfaces. The working electrodes were prepared by the drop-casting of catalyst slurries 

onto the glassy carbon electrodes.  The homogeneous catalyst slurries were prepared in N, N-

dimethylformamide (DMF) solvent by mixing 90% catalyst and 10% polyvinylidene fluoride 

(PVDF) binder under the sonication for 30 min. The prepared catalyst-coated working electrodes 

were dried at 60 ⁰C for 3 h in hot air oven. The ~ 20 μg (100 μg cm-2) of catalyst loadings were 

obtained in above mentioned working electrodes. The electrochemical measurements were 
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acquired in multichannel Autolab potentiostat & galvanostat (Model: M204) at ambient 

temperature (25 ⁰C), and the resulting data were presented after iR-compensation. The following 

equation was applied for the iR-corrections.19 

Ecorrected (vs. Ag/AgCl) = Eexperimental (vs. Ag/AgCl) - iRs   ………..……………. (1)

Whereas, the Ecorrected, Eexperimental, i and Rs are iR-corrected potential, experimental potential, 

current response and solution resistance obtained from the EIS studies, respectively. However, 

the iR-corrected potential (E) values were reported with respect to Reversible Hydrogen 

Electrode (RHE) by using the following pH-dependent relationships.20

E (vs. RHE) = E (vs. SHE) + 0.059×pH ….…...………… (2)

E (vs. RHE) = E (vs. Ag/AgCl) + 0.197 + 0.059×pH ………………… (3)

The relationship between overpotential (η in V) and current density (j in A cm-2) is depicted in 

the following Tafel equation21.

η = a + b×log (j)………………………………………………………….…………. (4)

whereas ‘a’ is the intercept related to the exchange current density (j0), which indicates the 

intrinsic electron transfer rate, and ‘b’ is the Tafel slope that signifies the rate of the electrode 

process.

The ECSA and RF are calculated as per the following Eqs. 

ECSA =  ……………... 
𝐷𝑜𝑢𝑏𝑙𝑒 𝑙𝑎𝑦𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 𝑤𝑖𝑡ℎ 𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 (𝐶𝑑𝑙)

𝐷𝑜𝑢𝑏𝑙𝑒 𝑙𝑎𝑦𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑛𝑘 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 (𝐶𝑠)

(5)
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RF =  ………………………………………………………(6)
𝐸𝐶𝑆𝐴

𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑖𝑐 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒

The double layer capacitances of the electrodes are estimated from the variable scan rate (υ) CV 

experiments within the voltage limit of the non-Faradaic electrochemical responses. Herein, the 

CV profiles under multiple scan rates (υ: 10-100 mV s-1; Δυ = 10 mV s-1) are shown in Fig. S16 

(a and c) within 0-0.2 V vs. Ag/AgCl for Ni-MOF and NiCo-MOF, respectively. The Fig. S16 (b 

and d) demonstrate linear profiles of Δj/2 vs. υ (Δj = janodic - jcathodic), and the resulting slopes are 

the measure of the respective double layer capacitance (Cdl) of the Ni-MOF and NiCo-MOF 

electrodes. The double layer capacitance (Cs) of the blank electrode is also estimated by using 

the similar relationships, while the cyclic voltammograms and Δj/2 vs. υ profiles are presented in 

Fig. S17. Based on the estimated values of Cdl and CS.

η (V) = [E (vs. Ag/AgCl) + 0.197 + (0.059×pH) – 0] …………………………………… (7)

TOF (s-1 ) =  ……………………………………………………………………… (8)
𝑗 × 𝐴

2 × 𝐹 × 𝑛

Whereas, j is the experimental current density at fixed overpotential, A is the geometric surface 

area of the catalyst layer, the number 2 indicates requirement of 2 electrons to obtain 1 mole of 

hydrogen, F is Faraday’s constant (96485.3 C mol-1) and n is the mole of catalyst present on the 

electrode surface.  However, the n is calculated from the mass and molecular weight of the 

catalyst.

Computational Method  

All electronic structure calculations have been conducted using the Vienna Ab-initio Simulation 

Package (VASP) with the projector augmented wave (PAW) method. The generalized gradient 

approximation method, employing the Perdew-Burke-Ernzerhof (PBE) functional for the 
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exchange-correlation term, has been utilized. In these calculations, a plane wave basis set with a 

cutoff energy of 550 eV was utilized. The energy and force convergence criteria have set as 10-5 

eV and 0.02 eV Å-1. A (2 × 2 × 1) mesh has been used for Brillouin zone sampling. The 

hydrogen adsorption energy is calculated using the following equation:

∆𝐺𝐻 ∗ =  ∆𝐸 + ∆𝐸𝑍𝑃𝐸 ‒ 𝑇∆𝑆

Where   and  are the difference in DFT calculated energy, zero-point energy and ∆𝐸, ∆𝐸𝑍𝑃𝐸 ∆𝑆

entropy between the adsorbed H atom and the gaseous phase H2. 

HER is a two-electron transfer process and the reaction mechanism in acidic medium is as 

follows:

Volmer:  𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒( ∗ ) +  𝐻 + + 𝑒 ‒ →𝐻 ∗

Heyrovsky: 𝐻
∗ +  𝐻 + + 𝑒 ‒  → 𝐻2 + 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 ( ∗ )  

Tafel: 𝐻
∗ +  𝐻 ∗  → 𝐻2 + 2 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 ( ∗ ) 

The initial stage involves the adsorption of hydrogen ions onto the electrode surface (Volmer 

step). Following this, there are two possible pathways: either the two hydrogen atoms adsorbed 

on the surface recombine (Tafel step), or a hydrated proton directly bonds with the adsorbed 

hydrogen atom, accompanied by electron transfer from the electrode surface (Heyrovsky step).

Single crystal X-ray diffraction

Suitable single crystals were carefully selected under an optical microscope and mounted on thin 

glass fiber carefully. The single crystal data of both the compounds were collected using Bruker 

D8-Quest diffractometer. The instrument was equipped with Mo Kα (λ=0.71073Å) radiation 
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source and operating voltage of X-ray generator was 50 kV and 1 mA. Diffraction data were 

collected with ω scan width of 0.5º.  Three different setting of φ (0, 90, 180º) were used to 

collect the total 408 frames, keeping a fixed distance of sample-to-detector at 6.03 cm and the 

detector position (2θ) was fixed at -25º.  The initial indexing, final data sets, and cell refinements 

were handled by an APEX3 program, while a SAINTPLUS22program was utilized for the frame 

integration and final cell parameter calculation.  The multi-scan absorption data was corrected by 

a SADABS program.23 We initially solved the structure by SIR 92,24 and the full matrix least-

square method (SHELXL-201625) was used further, which is present in the WinGx suit of 

programs (Version 1.63.04a).26, 27) With the help of Fourier maps, we successfully located all the 

non-hydrogen atoms and refined them anisotropically. Finally, all the hydrogen atoms were fixed 

at calculated positions and included them in the refinement process using riding model 

associated with isotropic thermal parameters.  The details of the crystal and final refinements are 

given in the Table S2. CCDC: 2368873 contain the crystallographic data for this paper.  These 

data can be obtained free of charge from The Cambridge Crystallographic Data Center (CCDC) 

via www.ccdc.cam.ac.uk/data_request/cif.

http://www.ccdc.cam.ac.uk/data_request/cif
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Table S2: Crystal data and structure refinement parameters for [Ni2(NNG)(NA)3(µ2-H2O)], Ni-

MOF. 

Empirical formula C26 H21 N5 Ni2 O10

Formula weight 680.90

Crystal system Orthorhombic

Space group P b c a

a (Å) 10.0638(8)

b (Å) 20.4928(17)

c (Å) 29.083(2)

α (deg) 90

β (deg) 90

γ (deg) 90

Volume (Å3) 5997.9(8)

Z 8

T (K) 298(2)

ρcalc (g cm-3) 1.508

μ (mm-1) 1.317

θ range (deg) 1.988 to 27.118

λ (Mo Kα) (Å) 0.71073

R indices [I>2σ(I)] R1 = 0.0670, wR2 = 0.0856

R indices (all data) R1 = 0.1130, wR2 = 0.0986

R1 =  Σ ||F0|-|Fc|| / Σ |F0|;  wR2 = {Σ[w(F0
2 – Fc

2)2] / Σ[w(F0
2)2]1/2. w = 1/[2(F0)2 + (aP)2 + bP], P 

= [max.(F0
2,0) + 2(Fc)2]/3, where a = 0.0051 and b = 13.5345
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Table S3:  Selected bond distances (Å) observed in [Ni2(NNG)(NA)3(µ2-H2O)], Ni-MOF.

Bond Distances, Å Bond Distances, Å

Ni(1)-O(8)#1 2.021(3) Ni(2)-O(6) 2.005(3)

Ni(1)-O(2)#2 2.030(3) Ni(2)-O(3)#3 2.036(3)

Ni(1)-O(7) 2.078(3) Ni(2)-N(3) 2.097(3)

Ni(1)-N(1) 2.082(3) Ni(2)-O(9)#1 2.101(3)

Ni(1)-O(10) 2.084(3) Ni(2)-O(10) 2.107(3)

Ni(1)-N(2) 2.123(4) Ni(2)-N(5)#2 2.132(3)

Symmetry transformations used to generate equivalent atoms: #1 x+1/2, -y+1/2, -z+1    #2 x-1/2, 
y, -z+3/2   #3 -x, -y, -z+1  
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Table S4:  Selected bond angles observed in [Ni2(NNG)(NA)3(µ2-H2O)], Ni-MOF.

Symmetry transformations used to generate equivalent atoms: #1 x+1/2,-y+1/2,-z+1    #2 x-

1/2,y,-z+3/2   #3 -x,-y,-z+1  

Angle Amplitude (º) Angle Amplitude (º)

O(8)#1-Ni(1)-O(2)#2 174.46(12) O(6)-Ni(2)-O(3)#3 173.97(13)

O(8)#1-Ni(1)-O(7) 93.96(12) O(6)-Ni(2)-N(3) 89.72(13)

O(2)#2-Ni(1)-O(7) 88.67(12) O(3)#3-Ni(2)-N(3) 85.84(13)

O(8)#1-Ni(1)-N(1) 90.97(12) O(6)-Ni(2)-O(9)#1 91.49(12)

O(2)#2-Ni(1)-N(1) 84.32(12) O(3)#3-Ni(2)-O(9)#1 84.22(13)

O(7)-Ni(1)-N(1) 86.57(13) N(3)-Ni(2)-O(9)#1 87.09(13)

O(8)#1-Ni(1)-O(10) 94.09(12) O(6)-Ni(2)-O(10) 94.90(12)

O(2)#2-Ni(1)-O(10) 90.79(12) O(3)#3-Ni(2)-O(10) 89.63(13)

O(7)-Ni(1)-O(10) 89.90(13) N(3)-Ni(2)-O(10) 175.24(13)

N(1)-Ni(1)-O(10) 174.03(13) O(9)#1-Ni(2)-O(10) 93.92(12)

O(8)#1-Ni(1)-N(2) 87.53(12) O(6)-Ni(2)-N(5)#2 91.26(13)

O(2)#2-Ni(1)-N(2) 89.69(13) O(3)#3-Ni(2)-N(5)#2 93.08(13)

O(7)-Ni(1)-N(2) 177.67(13) N(3)-Ni(2)-N(5)#2 93.49(14)

N(1)-Ni(1)-N(2) 91.62(14) O(9)#1-Ni(2)-N(5)#2 177.20(14)

O(10)-Ni(1)-N(2) 91.77(14) O(10)-Ni(2)-N(5)#2 85.28(13)
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Fig. S1:  Octahedral geometry around Ni ions in Ni-MOF (a) around Ni(1)2+ ion, (b) around 
Ni(2)2+ ion.

Fig. S2:  Monodentate connectivity of NA in Ni-MOF (a) NA1 and (b) NA2.
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Fig. S3a:  Bidentate connectivity of NA3 in Ni-MOF.

Fig. S3b:  Bidentate connectivity of N-NG in Ni-MOF.
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Fig. S4: Powder XRD (CuKα) patterns of Ni-MOF and NiCo-MOF.
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Fig. S5: IR spectra Ni-MOF and NiCo-MOF.
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Fig. S6:  Thermogravimetric analysis (TGA) of Ni-MOF and NiCo-MOF in nitrogen 

atmosphere. 
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Fig. S7a: SEM image of Ni-MOF.

Fig. S7b:  SEM image of NiCo-MOF.
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Fig. S8: Elemental mapping images of NiCo-MOF for (a) C-K  and (b) N-K, (c) O-K (d) Co-K 

and (e) Ni-K.
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Fig. S9:  Representative EDX plot of NiCo-MOF. Note the presence of Ni and Co.
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Fig. S10: High resolution XPS spectra of (a) Ni 2p, (b) Co 2p, (c) N 1s, and (d) O 1s of NiCo-
MOF.  
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Fig. S11: High resolution XPS spectra of (a) Ni 2p, (b) N 1s, and (c) O 1s of Ni-MOF.
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Fig. S12: N2 adsorption (at 77 K) isotherms of Ni-MOF, blue represents the adsorption and red 

represents desorption. The obtained correlation coefficient (R2) value is 0.997 and C value is  

48.37.  

Fig. S13: N2 adsorption (at 77 K) isotherms of NiCo-MOF, blue represents the adsorption and 

red represents desorption. The obtained correlation coefficient (R2) value is 0.999 and C value is  

459.62.
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Fig. S14: Powder XRD (CuKα) patterns of Ni-MOF after six hours acid treatment.
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Fig. S15: Powder XRD (CuKα) patterns of NiCo-MOF after six hours acid treatment.



28

(a) (b)

(d)(c)

-0.05 0.00 0.05 0.10 0.15 0.20 0.25
-0.08

-0.06

-0.04

-0.02

0.00

0.02

0.04

0.06

j (
m

A
/c

m
2 )

Potential (V vs. Ag/AgCl)

10 mV/s

mV/s

100 mV/s

-0.05 0.00 0.05 0.10 0.15 0.20 0.25
-0.20

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

10 mV/s

j (
m

A
/c

m
2 )

Potential ( V vs. Ag/AgCl)

100 mV/s

mV/s

-25 0 25 50 75 100 125
-0.02

0.00

0.02

0.04

0.06

0.08
 Experimental
 Linear Fit


j/2

 (m
A

/c
m

2 )
mV/s)

Slope = 0.55 mF/cm2

R2 = 0.9981

-25 0 25 50 75 100 125
0.00

0.05

0.10

0.15

0.20
 Experimental 
 Linear Fit


j/2

 (m
A

/c
m

2 )

 (mV/s)

Slope = 1.6 mF/cm2

R2 = 0.9997

Fig 1

Fig. S16: CV profiles at variable scan rate (υ) within the voltage range of non-Faradaic current 

response: (a) Ni-MOF & (c) NiCo-MOF; and Estimation of double layer capacitance from the 

linear fitting of Δj/2 vs. υ profiles: (b) Ni-MOF & (d) NiCo-MOF.
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Fig. S17: (a) CV profiles for blank electrode at variable scan rate (υ), and (b) estimation of 

double layer capacitance of blank electrode (Cs) from the linear fitting of Δj/2 vs. υ profile.
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Calculations of Faradaic Efficiency.  

To determine the Faradaic efficiency of MOF-based catalysts for the HER, we performed 

additional experiments using a two-electrode configuration. A H-type, two-compartment glass 

electrochemical cell was employed, wherein stainless steel electrode (2 × 2 cm2) coated with the 

MOF catalysts served as the cathode, and a platinum mesh was used as the anode for the OER. 

The electrolyte used in both compartments was 0.5 M H2SO4. Hydrogen gas generated at the 

cathode was collected via the downward displacement of water in an inverted burette setup. 

Chronopotentiometric measurements were conducted at a constant current density of 10 mA 

cm⁻² for 1 hour. The theoretical amount of hydrogen evolved was calculated using the following 

equation:

Theoretical H2 evolution (mol) = (I × t) / (n × F)

where I is the applied current (A), t is the time (s), F is the Faraday constant (96,485 C mol-1), 

and n = 2 for HER.

The Faradaic efficiency was determined using:

Faradaic Efficiency (%) = (Experimental H2 evolved / Theoretical H2 evolved) × 100 %

Under the experimental conditions, the volumes of hydrogen collected were 15.0 mL for NiCo-

MOF and 14.5 mL for Ni-MOF, compared to a theoretical evolution of 16.7 mL. Based on these 

values, the Faradaic efficiencies were calculated to be 90.4% and 86.8% for NiCo-MOF and Ni-

MOF, respectively, confirming the better catalytic performance and efficiency of bimetallic 

NiCo-MOF.
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Fig. S18: Durability study through CV cycling: Comparative LSV profiles for (a) Ni-MOF & (b) 
NiCo-MOF.

Fig. S19: Durability study through Chronoamperometry: Comparative LSV profiles before and 

after durability test for (a) Ni-MOF & (b) NiCo-MOF.
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Fig. S20: Post-Experiment XPS analysis of NiCo-MOF: (a) Ni 2p, (b) Co 2p, (c) O 1s and (d) N 

1s. 



34

Fig. S21: OER activity of the MOFs: (a) Linear sweep voltammetry (LSV) profiles indicating η10 

values, (b) Tafel slopes and (c) TOF profiles. 
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Fig. S22. Total density of states for Ni-MOF and NiCo-MOF.
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