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1.1 Calibration of Hg/HgO reference electrodes to RHE potential 

The reference electrodes were calibrated within a conventional three-electrode cell system, wherein 

the flame-annealed Pt foil served as both the working and counter electrode, and Mercury/mercury 

oxide (Hg/HgO) functioned as the reference electrode in 1.0 M KOH at 25 °C. Before the electrode 

calibration, high-purity H2 gas was purged into the electrolyte solution for 25 minutes to eliminate 

impurities. The linear sweep voltammetry (LSV) curve was generated with a scan rate of 5 mV s-1, 

and the zero current was established as the thermodynamic potential for the Hydrogen Evolution 

Reaction (HER). The findings revealed that at zero current, the potential intersecting at that point 

was considered the thermodynamic potential for HER at a specific pH. Consequently, all recorded 

potentials were normalized using the formula E(RHE) = EHg/HgO+0.921 (1.0 M KOH, pH=14), as 

illustrated in Fig S1(a-b).

Fig. S1. (a) LSV polarization calibration curves of Hg/HgO reference electrode in 1.0 M KOH; and 

(b) Corresponding CV curves in 1.0 M KOH.
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1.2 Faradaic Efficiency and H2/O2 volume calculations

The Faradaic efficiency was determined by analyzing the overall quantity of generated H2 and O2 

alongside the total charge (Q) transmitted through the electrolytic cell. The water drainage method 

measured the total volume of H2/O2 produced. Afterwards, a constant current density of 100 mAcm-

2 was applied for a certain period. Assuming the production of one O2 and H2 molecule requires four 

electrons and two electrons, respectively [1,2]. 

Step 1: Calculate the charge

Q = I * t

Q is the charge in coulombs (C),  I is the current in amperes (A), and t is the time in seconds (s)

Step 2: Calculate the moles of hydrogen and oxygen 

n  = Q / (2 * F) for H2

n  = Q / (4 * F) for O2

F is the Faraday constant in coulombs per mole (96485 C/mol)

Step 3: Calculate the volume of hydrogen and oxygen gas

VH2 = n (H2)* Vm

VO2 = n (O2)* Vm

The molar volume (Vm) is the volume occupied by one mole of gas at standard temperature and 

pressure (STP). STP is 0°C (273.15 K) and 1 atmosphere (101,325 Pa). The molar volume of a gas 

at STP is approximately 22.4 L/mol.

Step 4: Faradaic efficiency calculation

Faradaic efficiency of water splitting catalyzed by Ce20CoFe@C/750 was calculated by dividing the 

amount of the experimentally produced gas by the theoretical amount of gas, which is calculated by 

the charge passed through the electrode:

 for HER
𝐹𝐸 (𝐻2,%) =  

𝑉 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡
𝑉 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

 𝑋 100% =  
𝑉 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡

[(2/4) ∗ (𝑄/𝐹) ∗ 𝑉𝑚
 𝑋 100%  

              for OER
𝐹𝐸 (𝐻2,%) =  

𝑉 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡
𝑉 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

 𝑋 100% =  
𝑉 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡

[(1/4) ∗ (𝑄/𝐹) ∗ 𝑉𝑚
 𝑋 100%  
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Fig. S2. (a-c) SEM images of CoFe@C/750 sample.
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Fig. S3. SEM images of as-prepared catalyts (a-c) Ce10/CoFe@C/750, (d-f) Ce20/CoFe@C/750, and 

(g-i) Ce30/CoFe@C/750.
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Fig. S4. (a-b) High-resolution and low-resolution TEM images of the Ce20/CoFe@C/750 sample.
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Fig. S5. EDS spectrum obtained via TEM, illustrating the elemental composition of the 

Ce20/CoFe@C/750 sample.
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Fig. S6. (a) XRD pattern of the as-prepared samples with different Ce wt.%, (b) XRD pattern of the 

as-prepared samples at different temperatures,  (c) Pore size distribution of CoFe@C/750 and 

Ce20/CoFe@C/750 sample, and (c) DSC-TGA plot for CoFe@C/750 sample.
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Fig. S7. Comparison of relative peak areas in O 1s spectra for Cc20/CoFe@C/750 and CoFe@C/750 

samples. 

Fig. S8. iR-corrected and non-iR-corrected LSV curves of the prepared samples. 
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Fig. S9 (a) LSV curves of samples prepared at different temperatures, (b) Tafel slopes; and (c) EIS 

inset: equivalent circuit model for fitting the Nyquist plots (d) Cdl measurement of 

Ce20/CoFe@C/650, Ce20/CoFe@C/750,  and Ce20/CoFe@C/850 samples. 
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Fig. S10. Bode plot for EIS measurement, showing the frequency response of the system with 

magnitude and phase data across a range of frequencies.

a)
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Fig. S11. CV at different scan rates from 20 to 160 mV s-1 for OER in 1.0 M KOH solution. (a) 

Ce10/CoFe@C/750, (b) Ce20/CoFe@C/750, (c) Ce30/CoFe@C/750, (d) Ce40/CoFe@C/750, (e) 

CoFe@C/750, (f) Ce20/CoFe@C/650, and (g) Ce20/CoFe@C/850.
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Fig. S12. (a) Post-OER XRD results of Ce20/CoFe@C/750 sample, (b-c) SEM images results of 

post-OER stability of Ce20/CoFe@C/750 sample, and d-f) Post OER XPS analysis of 

Ce20/CoFe@C/750 sample. 
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Fig. S13. iR-corrected and non-iR-corrected LSV curves of the as-prepared samples. 

a)
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Fig. S14. (a) LSV curves of samples prepared at different temperatures, (b) Tafel slopes; and (c) 

EIS inset: equivalent circuit model for fitting the Nyquist plots (d) Cdl measurement of 

Ce20/CoFe@C/650, Ce20/CoFe@C/750, and Ce20/CoFe@C/850 samples. 
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Fig. S15. Bode plot for EIS measurement, showing the frequency response of the system with 

magnitude and phase data across a range of frequencies. 
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Fig. S16. CV at different scan rates from 20 to 160 mV s-1 for HER in 1.0 M KOH solution. (a) 

Ce10/CoFe@C/750, (b) Ce20/CoFe@C/750, (c) Ce30/CoFe@C/750, (d) Ce40/CoFe@C/750, (e) 

CoFe@C/750, (f) Ce20/CoFe@C/650, and (g) Ce20/CoFe@C/850.
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Fig. S17. Measurement of evolved H2 and O2 gas volume using a water displacement apparatus.
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Table S1. Composition of precursor mixture for CeO2/CoFe@C catalyst with different Ce content. 

Ce (wt%) Mass of Co 
salt (g)

Mass of Fe 
salt (g)

Mass of Ce 
salt (g)

Mass of 
Citric Acid 

(g)

Mass of 
Tartaric 
Acid (g)

Total Mass 
(g)

10 0.166 0.166 0.200 0.733 0.733 2

20 0.166 0.166 0.400 0.633 0.633 2

30 0.166 0.166 0.600 0.533 0.533 2

40 0.166 0.166 0.800 0.433 0.433 2
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Table S2: Atomic percentage of different elements calculated from survey data. 

Catalyst Name Peak Position FWHM Area Atomic %

C1s 284.8 1.35 197502.57 80.03

Ce3d 883.43 7.21 130939.77 1.44

Co2p 781.38 4.06 61809.98 2.05

Fe2p 711.82 4.07 61961.53 2.44

Ce20/CoFe@C/750

O1s 531.64 3.56 83728.9 14.03

C1s 284.8 1.25 202186.69 81.62

Co2p 781.3 4.57 75396.22 2.49

Fe2p 711.97 4.61 69310.07 2.72
CoFe@C/750

O1s 531.68 3.21 78878.06 13.17
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Table S3. Electrochemical performance for OER in 1.0 M KOH electrolyte media.  

Catalyst Overpotential
η10 (mV)

Tafel
(mV dec-1)

Cdl
(mF cm-2)

ECSA
(cm2

ECSA)

1. Ce10/CoFe@C/750 244 51.8 22.7 567

2. Ce20/CoFe@C/750 191 38.8 24.7 617

3. Ce30/CoFe@C/750 256 62.6 14.5 362

4. Ce40/CoFe@C/750 283 50.4 11.7 292

5. CoFe@C/750 298 54.4 10.7 267

6. RuO2 324 71.6 - -

7. Ce20/CoFe@C/650 270 67.3 13.2 330

8. Ce20/CoFe@C/850 261 45.3 17.6 440
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Table S4. The equivalent circuit diagram fitting values of the electrochemical impedance spectrum 

for different catalysts.

Rs (Ω) OER Rct (Ω) OER Rs (Ω) HER Rct (Ω) HER

Ce10/CoFe@C/750 1.292 47.24 1.03 25.8

Ce20/CoFe@C/750 0.05 6.82 1.00 22.4

Ce30/CoFe@C/750 0.87 21.9 0.81 41.4

Ce40/CoFe@C/750 1.87 90.7 0.95 82.8

CoFe@C/750 1.18 157.1 0.86 39.4

Ce20/CoFe@C/650 1.23 72.5 0.56 84.4

Ce20/CoFe@C/850 0.72 46.7 0.45 37.6
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Table S5. Electrochemical activity for HER in 1.0 M KOH electrolyte media.  

Catalyst Overpotential
η10 (mV)

Tafel
(mV dec-1)

Cdl
(mF cm-2)

ECSA
(cm2

ECSA)

1. Pt/C 10% 56 60.2 - -

2. Ce10/CoFe@C/750 147 123.9 19.1 477

3. Ce20/CoFe@C/750 124 105.3 22.1 552

4. Ce30/CoFe@C/750 225 129.1 9.45 236

5. Ce40/CoFe@C/750 215 136.3 8.19 204

6. CoFe@C/750 201 132.0 10.9 272

7. Ce20/CoFe@C/650 196 121.2 18.1 452

8. Ce20/CoFe@C/850 189 115.0 19.8 495
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Table S6: The comparative performance of most recently reported literature for HER, OER, and 

overall water splitting in 1.0 M KOH solution. 

Overpotential (ƞ, mV)
at 10 mA cm-2 

Tafel slope
(mV dec-1) Electrocatalyst

HER OER HER OER

Overall 
voltage (V)

at 10 mA cm-2
Reference

Ce20/CoFe@C/750 114 191 105.3 38.8 1.508 This work

CeCO3OH/Ce-CoFe LDH 165 216 89.8 40.1 1.610 [3]

Co1−δFeδ LDH/g-CNx 270 280 79 29 1.610 [4]

CoFe-LDH/GF - 252 - 61 - [5]

CoFeO@BP 88 266 51 42 1.58 [6]

Ce-CoFe-LDH/NF - 225 - 34.3 - [7]

5% Ce-CoP/Fe2P - 250 - 46.1 - [8]

FeOx/CeO2 - 252 45 - [9]

CeO2Co0.9Fe0.1-Se/NF–CoO - 296 - 76.7 - [10]

NiCoFeB 174 208 60.2 41.4 1.630 [11]

CoSe-CC/NiSe-CC, 180 420 64.2 59.2 1.600 [12]

NiMn2O@NM 248 250 198 218 1.690 [13]

Cd-Ni3S2/NF 140 197 144 54 1.540 [14]

Co3Fe/Ce0.025 178 285 75.3 47.2 1.700 [15]

Co0.9Fe0.1-Se/NF 125 246 85.4 1.550 [16]

Co-Ni-P@NF 92 277 87.6 63.6 1.640 [17]

CoNiP/NF 147 234 51 47 1.620 [18]

NiFe-Pi/P@NF** 97 255 56 81 1.570 [19]

Ni2P@NPC@CC 92 280 59 48.5 1.540 [20]

Cu@CoFe LDH 171 240 36.4 44.4 1.681 [21]

CoMo@BC 167 279 98.7 67.14 1.650 [22]

Ru-FeCoP 94 310 95.4 62.8 1.650 [23]

MoxC/Ni3Fe@GL 150 265 89.96 59.6 1.523 [24]
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