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1. FESEM and TEM images of FeNiCo-MIL/Ti3C2 composite 

 

Figure S 1. (a and b) FESEM image of FeNiCo-MIL/Ti3C2 composite from top and side view, (c and d) TEM and 

dark field TEM images of FeNiCo-MIL/Ti3C2 in different magnifications respectively. 
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2. EDX and elemental mapping 

 

Figure S 2. EDS spectrum and elemental mapping of FeNiCo-MIL/Ti3C2 composite. (a) EDS spectrum of the 

FeNiCo-MIL/Ti3C2 composite, (b) FE-SEM image and (c-) EDS elemental mappings of carbon, oxygen, titanium, 

iron, cobalt and nickel elements of the FeNiCo-MIL/Ti3C2 composite.  

 

Figure S 3. EDS spectrum and elemental mapping of FeNiCo-MIL. (a) EDS spectrum of the FeNiCo-MIL, (b) FE-

SEM image and (c-g) EDS elemental mappings of carbon, oxygen, iron, cobalt and nickel elements of the FeNiCo-

MIL. 
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3. FT-IR analysis. 

 

Figure S 4. FT-IR spectra of the FeNiCo-MIL (blue), and FeNiCo-MIL/Ti3C2 composite(green). 
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4. ECSA measurement. 

 

Figure S 5. Estimation of the ECSA. CV curves of (a) NF, (b) Ti3C2, (c) RuO2, (d) FeNiCo-MIL, and (e) FeNiCo-

MIL/Ti3C2, in the non-Faradaic potential window at different scan rates from 20-200 mV s‒1and (f) Cdl estimated 

from the plot of capacitive currents at the middle of the potential window versus scan rate. 
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5. Stability investigation of RuO2 electrocatalyst 

 

Figure S 6. Chronopotentiometry plot at the current density of 10 mA cm−2 for 24 h. 
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6. XPS Analysis of FeNiCo-MIL/Ti3C2 electrode after stability test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S 7. Deconvoluted core-level XPS spectrum of the FeNiCo-MIL/Ti3C2 composite, (i) after 24 h 

chronopotentiometry test at current density of 10 mA cm‒2 and (ii) As-prepared; (a) C 1s, (b) O 1s, (c) Ti 2p, (d) Fe 2p, 

(e) Ni 2p and (f) Co 2p. 
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7. Calculation of the TOF 

The surface concentration of metal atoms at the FeNiCo-MIL/Ti3C2 electrode was calculated 

from the redox peak from the LSV.1  

Area from redox peak of FeNiCo-MIL is = 13.17 × 10‒3 Coulombs 

 Then, no. of electrons = 13.17 ×10‒3 C/1.602 ×10‒19 C = 8.85 ×1016 

Now, divide by the number of e-transferred in the redox reaction which is 1 here. 

 = 8.85 ×1016 /1 = 8.85 ×1016 atoms 

Then TOF calculated as below, 

𝑇𝑂𝐹 =
𝑖 × 𝑁𝐴

𝐴 × 𝐹 × 𝑛 × 𝛤⁄  

where i is the current (A) at the given overpotential, NA is the Avogadro number (6.023×1023), A 

is the geometrical surface area of the electrode (cm‒2), F is the Faraday constant (96,485 C mol‒

1), n is number of electrons and Γ is surface concentration. We have taken the OER current of 37 

mA cm‒2
 observed at 1.49 V vs. RHE, and 132 mA cm‒2

 observed at 1.56 V vs. RHE with the 

loaded catalyst to calculate TOFmax. Hence we have, 

𝑇𝑂𝐹1.49 𝑉 =
[(37 × 10−3)(6.023 × 1023)]

[(1)(96485)(4)(8.85 × 1016)]
= 0.65 𝑠−1 

𝑇𝑂𝐹1.56 𝑉 =
[(132 × 10−3)(6.023 × 1023)]

[(1)(96485)(4)(8.85 × 1016)]
= 2.33 𝑠−1 
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Table S 1. A comparison of FeNiCO-MIL/Ti3C2 electrocatalyst with recently reported catalysts in OER performance. 

Catalyst Electrolyte η
j = 10

 

(mV) 

Tafel 
slope 
(mV 

dec‒1) 

TOF  
(s‒1) 

Reference 

Ni-BDC/NF  1 M KOH 289 154.5 - 2 
HZIF-2-CoMo 1 M KOH 277 70 0.01 3 

Fe2.1Ni0.2Co0.7-MIL 1 M KOH 282 51 - 4 
Fe2Ni MIL-88  1 M KOH 246 62 - 5 

NiSe2-FeSe DHPs  1 M KOH 280 58 0.044 @ η280 mV 6 
FexNiy-BDC  1 M KOH 260 35 0.36 @ η330 mV 7 

Ti3C2Tx -CoBDC  0.1 M KOH 410 48.2 - 8 
CoFe-MOF  1 M KOH 265 44 0.4 @ η400 mV 9 

FeCo-LDH/MXene  1 M KOH 268 85 0.106 @ η400 mV 10 
S-NiFe2O4@ Ti3C2@NF  1 M KOH 270 46.8 - 11 

NiFeP/MXene  1 M KOH 286 35 0.35 @ η300 mV 12 
Co-Bi/ Ti3C2Tx 1 M KOH 250 53 - 13 

Co/N-CNTs@ Ti3C2Tx 1 M KOH 411 79.1 - 14 
NiCoFe-HO@NiCo-LDH YSMRs 1 M KOH 278 49.7 0.051 @ η278 mV 15 
S/N-CMF@FexCoyNi1-x-y-MOF 1 M KOH 296 53.5 0.124 @ η300 mV 16 

NiCo2xFexO4 NBs 1 M KOH 274 42 0.016 @ η300 mV 17 
ZnCoFe-N-C 1 M KOH 370 82.9  18 
FeCoNi-PBA 1 M KOH 236 43.8 0.136 @ η320 mV 19 

t-NiCoFe-LDH 1 M KOH 277 68.83 - 20 
MXene@RuCo NPs 1 M KOH 253 61.4 0.0113 21 

NiFeCoP/Mxene 1 M KOH 240 55 - 22 
CoNi MOF-mCNTs 1 M KOH 306 42 - 23 
Ru–CoN/Ti3C2Tx 1 M KOH 290 68 - 24 

FeOOH NSs/ Ti3C2
 
 1 M KOH 400 95 - 25 

FeNiCo-MIL 1 M KOH 260 42.9 0.71 @ η270 mV This work 
FeNiCo-MIL/Ti3C2 1 M KOH 231 34.5 2.33 @ η270 mV This work 

      
* Note that, studies shows electrocatalyst activities will always depend greatly on intrinsic activities, therefore TOF is a reliable 
parameter, but still most researchers employ the overpotential at 10 mA cm‒2 and Tafel slope parameters which are actually 
mass dependent and are not very proper criteria for comparison.26 

Table S 2. The values of the Equivalent Series Resistance and Charge Transfer Resistance for the FeNiCo-MIL/Ti3C2, 
FeNiCo-MIL and Ti3C2 electrodes. 

Catalyst ESR (Ω) Rct (Ω) 

NF 0.51 29.0 

RuO2 0.34 34.0 

Ti3C2 0.206 27.5 

FeNiCo-MIL 0.404 0.92 

FeNiCo-MIL/Ti3C2 0.323 0.46 
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