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Nickel chloride (NiCl,) and Vanadium chloride (VCl;) were sourced from Sigma-
Aldrich. Benzene tricarboxylic acid (BTC) was purchased from Sigma-Aldrich. All
electrochemical characterizations were conducted using a Metrohm Autolab. The Hg/HgO as
reference and Pt as counter (in I M KOH) were purchased from CH Instruments. A carbon
cloth (CC) from Alfa-Aesar served as the working electrode. Throughout the experiments, DI
water was used. The catalysts, prepared in various stoichiometric ratios, underwent
characterization using HR-TEM (TecnaiTM G2 TF20 at 200 kV) and Talos F-200-S with
HAADF elemental mapping. Colour mapping and EDS analysis were performed using the
FESEM instrument (SUPRA 55VP Carl Zeiss) equipped with an EDS detector. The XRD scans
were done at a rate of 5° min-! within the 26 range of 10-80° on a Rigaku X-ray diffractometer,
using Cu Ka radiation. Lastly, XPS evaluations were executed on a Theta Probe AR-XPS

system by Thermo Fisher Scientific, UK.

Electrochemical Characterizations:

Electrocatalytic investigations were performed using a conventional three-electrode
setup. For the Oxygen Evolution Reaction (OER) experiments, Carbon cloth (CC) was
employed as the counter electrode. The reference electrode chosen for OER was Hg/HgO.
Polarization assessments were conducted at a deliberately slow scan rate of 5 mV/sec. A
manual 85% iR compensation was applied, utilizing Ry data obtained from Electrochemical
Impedance Spectroscopy (EIS). To assess accelerated degradation (AD), continuous rapid
sweeps were conducted through 1000 cycles at a significantly high sweep rate of 150 mV s,
all within a 1 M KOH solution. Electrochemical impedance studies encompassed a frequency

spectrum from 1 Hz to 100 kHz.
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Electrode fabrication:

The electrodes were fabricated using the traditional drop-casting technique onto carbon
cloth (CC) substrates. A catalytic ink was formulated by mixing water, ethanol, and nafion in
aratio of (7.5:2:0.5) to produce a 1 mL solution. Subsequently, 34.5 puL of the resulting solution
was drop-casted onto the CC and then dried at a temperature of 60°C. The dried electrode thus
prepared was employed as the working electrode (with a catalyst loading of 0.1 mg/cm?) for

the OER process.

Cqa Calculation:

The double layer capacitance (Cy) was determined from a CV in the range of 0.2 to 0.3 V vs
Hg/HgO electrode at a scan rate of 30, 60, 90, 120, and 150 mV/s, using the equation: Cq= Aj
(Ja-jc)/2v, where j, and j. are anodic and cathodic current densities and v is the scan rate in mVs-
I. The non-Faradic current density-based electrochemically active surface area (ECSA) was
estimated according to the equation: ECSA = C4/C,, where Cs is the specific capacitance of
the electrode in 1 M KOH electrolyte. Finally, we calculate Cdl using the slope of the graph Aj

VS V.

R/

* Determination of Surface concentration of various alloys from the redox features of

CV:

e Calculated area associated with the reduction of Ni** to Ni?* of Ni-BTC = 0.000494 VA
Hence, the associated charge is = 0.000494VA / 0.005 Vs-!
=0.0988As
=10.0988 C
Now, the number of electron transferred is = 0.0988 C / 1.602 x10-1°
=6.16729x10"7
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Given that the reduction of Ni** to Ni** involves a single electron transfer reaction, the quantity
of electrons computed previously corresponds precisely to the count of active sites at the

surface.
Hence, the number of Ni participating in OER is = 6.16729x1017

In our study, the determination of Turnover Frequency (TOF) from OER Current Density TOF
was calculated assuming that the surface-active Co atoms that had undergone the redox reaction
just before onset of OER only participated in OER electrocatalysis. The corresponding

expression is,
TOF=(j X Np )/ (Fxn xT)

Where, j = current density No= Avogadro number F = Faraday constant n = Number of

electrons I' = Surface concentration.

Hence, we have,

TOF, 60 v =[(0.00985) (6.023x 10?>]/ [(96485) (4) (6.16729x10'7)]
=0.024920845 sec™!
= 89.71504041 h-!

e Calculated area associated with the oxidation of Ni*" to Ni?™ of NiV-BTC = 0.00006
VA

Hence, the associated charge is = 0.00006 VA / 0.005 Vs!
=0.012 As
=0.012C
Now, the number of electron transferred is = 0.012/ 1.602 x10-1°
=7.49064x1016

Given that the reduction of Ni** to Ni*" involves a single electron transfer reaction, the quantity
of electrons computed previously corresponds precisely to the count of active sites at the

surface.
Hence, the number of Ni participating in OER is = 7.49064x1016

Hence, we have,
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TOF, ¢ v = [(0.0238) (6.023x 102)] / [(96485) (4) (7.49064x1016)]
=0.495768788 sec!

=1784.767636 h!

Activation energy calculation:

The temperature-dependent kinetic analysis was employed to assess the influence of V
on the apparent activation energy (E,,,) and pre-exponential factor (A,p,) of NiV-BTC
electrocatalysts. This analysis aimed to gain insights into how V affects the catalytic
mechanism. Cyclic voltammetry (CV) curves were obtained for both Ni-BTC and NiV-BTC
samples in a 1.0 M KOH solution over a temperature range of 25 to 50°C. As expected, the
oxygen evolution reaction (OER) activities of both samples increased with rising temperature.
The values of both catalysts at constant overpotentials were determined using the Arrhenius

equation. This equation can be expressed as follows:
J = Aapp €Xp (Eqpp/RT)
Where:

j 1s the current density normalized by ECSA, k is the rate constant for the reaction, A is the
pre-exponential factor (A,p, in this case), E,p, is the apparent activation energy, R is the

universal gas constant (8.314 J/(mol-K)), T is the absolute temperature in Kelvin.

Thus, the Eapp values at different potentials can be calculated by fitting the slope of the

Arrhenius curve by using the following equation:

8In(j)/ 8(1/T) = — Eqpy/R

So, the slope of this equation is: Slope = E,,,/R, and the intercept of In(j) against 1/T curve is

the In (Agpp).
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Figure S1: FT-IR spectrum of Ni-BTC and NiV-BTC.
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Figure S2: (a,b) Low to high magnification HR-TEM images of Ni-BTC, (c) SAED pattern of Ni-
BTC.
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Figure S3: (a,b) Lattice fringes pattern of Ni-BTC and NiV-BTC respectively.
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Figure S4: (a-b) XPS survey spectra of Ni-BTC and NiV-BTC respectively.
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Table T1: Atomic percentage of Ni-BTC and NiV-BTC via ICP-MS analysis.

Atomic % C (0) Ni A
Ni-BTC 56.71 18.18 25.1 -
NiV-BTC 46.34 36.99 10.26 4.46
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Figure S5: LSV polarization curve obtained at a scan rate value of 5 mV s™! for different catalysts.
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Figure S6: LSV polarization curve for RuO, and IrO, in 1 M KOH solution.
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Figure S7: (a) and (b) Reduction area of Ni-BTC and NiV-BTC respectively.
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Figure S8: (a) and (b) CVs recorded in a non-faradaic region with increasing scan rate for the
determination of ECSA from its double layer capacitance for Ni-BTC and NiV-BTC

respectively.
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Figure S9: Chronopotentiometric outcomes of NiV-BTC @50 mA/cm? for 30 h in 1 M KOH

solution.
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Figure S10: LSV polarization curves for NiV-BTC before and after AD study.
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Figure S11: (a), (b) and (c) LSV plots at various temperatures for Ni-BTC, V-BTC and
NiV-BTC respectively.
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Figure S12: OER process includes adsorption, dissociation and desorption steps.
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Figure S13: (a) XRD plot and (b) IR study after OER study of NiV-BTC
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Table T2: Comparison table of OER catalytic performances of previously reported similar MOF-

based electrocatalysts.

S1 i (mA Tafel
) Catalysts ] 2 n (mV) Slope Stability | Electrolyte Ref.
No cm)
(mV/dec)
1 Ni—Fe—P-350 10 271 53 10 h 1.0 M KOH 1
2 NiFe/N-CNT 10 290 79 - 0.1 M KOH 2
3 [r@Ni-NDC 10 210 44.7 100 h 1.0 M KOH 3
2D MOF-
4 Fe/Co (1:2) 10 238 52 50000s | 1.0 M KOH 4
3D Ni,P@C/
5 10 205 63 48 h 1.0 M KOH 5
NF
Ni-BTC-
6 MWCNT 10 243 57 23 h 1.0 M KOH 6
Nig.1Cog o-
7 MOF 100 384 46.4 20h 1.0 M KOH 7
8 Ni-BTC/CC 10 441 123.7 - 1.0 M KOH 8
NiCo-Bpy-
9 BTC 10 292 38 16 h 1.0 M KOH 9
FCN-BTC
10 MOF 10 218 293 24 h 1.0 M KOH 10
Ni, V- 11
11 MOFs@NF 10 244 56 80 h 1.0 M KOH
. This
12 NiV-BTC 10 250 51 30h 1.0 M KOH
work
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