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Fig. S1. (A-C) FE-SEM imagery of trimetallic-organic framework Ni-Fe-Mn-MOF@NF from 

low to high magnifications.

Fig. S2. (A&B) TEM imagery of trimetallic-organic framework Ni-Fe-Mn-MOF@NF from 

low to high magnifications.



Fig. S3. FE-SEM imagery of (A-C) Ni-MOF@NF, (D-F) Fe-MOF@NF and (G-I) Mn-

MOF@NF from low to high magnifications. 



               Fig. S4. Thermogravimetric analysis (TGA) of Ni-Fe-Mn-MOF



Fig. S5. FE-SEM imagery of (A-C) Ni2P/NC@NF, (D-F) FeP/NC@NF and (G-I) 

MnP/NC@NF from low to high magnifications.



Fig. S6. (A) FE-SEM imagery, (B-G) SEM-EDX elemental color mappings corresponding to 

Ni, Fe, Mn, P, C and N of Ni-Fe-Mn-P/NC@NF respectively, and (H) merged color mappings 

of constituent elements of Ni-Fe-Mn-P/NC@NF.



Fig. S7. SEM-EDX spectra of Ni-Fe-Mn-P/NC@NF.



Fig. S8. Nitrogen adsorption-desorption isotherm and pore-size distribution (inset) of Ni-Fe-

Mn-MOF@NF. 



Fig. S9. Brunauer-Emmette-Teller (BET) specific surface area of Ni2P/NC@NF, FeP/NC@NF 

and MnP/NC@NF.



Fig. S10. Barrett-Joyner-Halenda (BJH) pore size distribution of Ni2P/NC@NF, FeP/NC@NF 

and MnP/NC@NF.



Fig. S11. Powder XRD (PXRD) patterns of Ni-Fe-Mn-MOF, Ni-MOF, Fe-MOF and Mn-

MOF.

Fig. S12. Powder XRD (PXRD) patterns of Ni2P/NC, FeP/NC and MnP/NC. 



 Fig. S13. X-ray photoelectron spectroscopy (XPS) survey spectrum of Ni-Fe-Mn-P/NC.



Fig. S14. Comparison of high-resolution X-ray photoelectron spectroscopy (HR-XPS) spectra 

of (A) Ni 2p (B) Fe 2p (C) Mn 2p (D) P 2p (E) C 1s and (F) N 1s of Ni-Fe-Mn-P/NC with 

Ni2P/NC, FeP/NC and MnP/NC respectively.



Fig. S15. Electrochemical impedance spectroscopy (EIS) measurements of Ni-Fe-Mn-

P/NC@NF, Ni2P/NC@NF, FeP/NC@NF and MnP/NC@NF to study charge transfer 

mechanism.



Fig. S16. Cyclic voltammetry (CV) curves at scan rates from 40 mV s-1 to 130 mV s-1 and their 

corresponding capacitance double layer values of (A1 & A2) Ni-Fe-Mn-P/NC@NF, (B1 & B2) 

Ni2P/NC@NF, (C1 & C2) FeP/NC@NF and (D1 & D2) MnP/NC@NF respectively.



Fig. S17. Linear sweep voltammetry (LSV) curves towards HER demonstrating initial, after 

1000 consecutive cyclic voltammetry cycles and after chronopotentiometry stability test of Ni-

Fe-Mn-P/NC@NF.



Fig. S18. Linear sweep voltammetry (LSV) curves for OER at initial, after 1000 consecutive 

cyclic voltammetry cycles and after chronopotentiometry stability test of Ni-Fe-Mn-

P/NC@NF.

  

   



Fig. S19. Polarization curves of device Ni-Fe-Mn-P/NC@NF (+, -) demonstrating pre and post 

amperometric i-t stability test. 



Fig. S20. (A-B) FE-SEM imagery and (C-D) TEM imagery of Ni-Fe-Mn-P/NC after 

amperometric i-t stability test, from low to high magnifications.

Fig. S21. (A) STEM imagery, (B-G) color mappings of constituent elements Ni, Fe, Mn, P, C 

and N of Ni-Fe-Mn-P/NC respectively and (H) merged color mappings of constituent elements 

of Ni-Fe-Mn-P/NC after amperometric i-t stability test.



Fig. S22: Powder XRD (PXRD) patterns of Ni-Fe-Mn-P/NC@NF after amperometric i-t 

stability test.



Fig. S23. High-resolution X-ray photoelectron spectroscopy (HR-XPS) spectra of (A) Ni 2p, 

(B) Fe 2p, (C) Mn 2p, (D) P 2p, and (E) C 1s  and  (F) N 1s of Ni-Fe-Mn-P/NC@NF after 

amperometric i-t stability test. 



     

Table S1. Elemental composition of the Ni-Fe-Mn-P/NC resulted from inductively coupled 

plasma mass spectrometry (ICP-MS) analysis.

Table S2. Tafel slope values and HER mechanism

Sample 

Ni-Fe-Mn 

-P/NC

Ni

Atomic %

Fe

Atomic %

Mn

Atomic %

P

Atomic %

C

Atomic %

N

Atomic %

ICP-MS 29.6 14.1 13.9 23.4 16.4 2.6

Materials Tafel slope values Reaction mechanism

Pt-C@NF 29.4 mV dec-1 Volmer-Tafel reaction

Ni-Fe-Mn-P@NF 79.8 mV dec-1 Volmer-Heyrovsky reaction

Ni2P@NF 98.8 mV dec-1 Volmer-Heyrovsky reaction

FeP@NF 121.4 mV dec-1 Volmer-Heyrovsky reaction

MnP@NF 152.7 mV dec-1 Volmer-Heyrovsky reaction



Table S3: Comparison of HER activity of Ni-Fe-Mn-P/NC@NF with other recently reported 

MOF-based electrocatalysts. 

Electrocatalysts Overpotential (mV)
@ 10 mA cm-2

References

Ni-Fe-MnP/NC@NF 72 This work

MOF-derived   NiFeOx@C 189 1

MOF derived Ni-M@C-130 123 2

MOF-derived Co3Fe7@NCNTFs 197 3

MOF-derived Co-NCNTFs//NF 140 4

CoNiBDC/CC 135 5

MOF-derived CoS@CoNi-LDH/CC 124 6

Ni3(Ni3∙HAHATN)2 MOF 115 7

NiFe(dobpdc) 113 8

FeCoMnNi-MOF-74/NF 108 9

Mn0.52Fe0.71Ni-MOF-74 99 10

MOF-derived CC-NC-NiFeP 94 11



Table S4: Comparison of OER activity of Ni-Fe-Mn-P/NC@NF with other recently reported 

MOF-based electrocatalysts.

Electrocatalysts Overpotential (mV)
@10 mA cm-2

References

Ni-Fe-MnP/NC@NF 274 @ 30 mA cm-2 This work

MOF-derived Co-MOF/H2 312 12

MOF derived HXP@NC800 307 13

MOF-derived MCF/NPCCNT-40 292 14

2D Ni-BDC/Ni (OH)2 320 15

MOF-derived CoS2 298 16

MOF-derived NCMC 290 17

Fe-MOF/NF 370 18

MOF-derived Fe1Co2-P/C 362 19

MOF-derived CoDNi-N/C 360 20

MOF-derived Cu@CuO-C 340 21

A2.7B-MOF-FeCo1.6 288 22





Table S5: Comparison of cell voltage of Ni-Fe-Mn-P/NC@NF (+, -) device with other recently 

reported MOF-based bifunctional electrocatalysts.

Bifunctional electrocatalysts Cell voltage (V)
@ 10 mA cm-2

References

Ni-Fe-MnP/NC@NF  1.52 This work

MOF-derived Ni-M@C-130  1.565 2

MOF-derived NiFeOx@C  1.59 1

MOF-derived Co–MOF/H2  1.691 12

MOF-derived Co/NBC-900  1.68 23

MOF-derived Co3Fe7@NCNTFs  1.64 3

MOF-derived Co-NCNTFs//NF  1.62 4

MOF-derived NCMC  1.63 17

Ni-ZIF/Ni-B@NF  1.54 24

Co@N-CS/N-HCP@CC  1.545 25

RuO2/Co3O4−RuCo@NC  1.66 26

MOF-derived CoS2  1.65 16
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