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Figure S1. FESEM images of nickel foam.

Figure S2. FESEM images of (a) Co precursor, (b) Mn-Co precursor and (c) Mn-Co-P 

nanoarrays.

Figure S3. TEM images of (a) Co precursor and (b) Mn-Co precursor nanoarrays.
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Figure S4. FESEM images of Mn-Co-P nanoarrays with different Mn contents: (a, b) 

0.005 M, (c, d) 0.01 M, (e, f) 0.05 M and (g, h) 0.1 M.

Figure S5. FESEM images of Mn-Co-P nanoarrays with different reaction time: (a, b) 

3 h, (c, d) 5 h and (e, f) 10 h.



Figure S6. HRTEM images of Mn-Co-P nanoarrays.



Figure S7. XRD pattern of nickel foam.

Figure S8. XRD patterns of Co-P, Mn-P and Mn-Co-O nanoarrays.

Figure S9. XRD patterns of Co-P and Mn-Co-P nanoarrays with different Mn contents.



Table S1. Metal-atomic content detected by ICP-MS analysis.

Catalysts Mn (at. %) Co (at. %) P (at. %)

Mn-Co precursor 2.73 9.58
Mn-Co-P 2.65 8.71 8.48

Figure S10. High-resolution XPS spectra of Mn-Co-O for Mn 3s.

Figure S11. OER performance curves of nickel foam: (a) LSV, (b) the corresponding 

Tafel slope and (c) Nyquist plot.

Figure S12. (a) LSV curves, (b) the corresponding Tafel plots and (c) Nyquist plots of 

Co precursor, Mn-Co precursor, Mn-Co-O and Mn-Co-P nanoarrays towards OER.



Table S2. Comparison of the OER performances of hollow hierarchical Mn-Co-P 

nanoarrays with the previously reported electrocatalysts at alkaline media.

Electrocatalysts Overpotential (mV)
at 10 mA cm-2

Overpotential (mV)
at 100 mA cm-2

Tafel slop
(mV dec-1)

Reference

Hollow hierarchical 
Mn-Co-P nanoarrays

250 326 64.63 This work

CoMn-LDHs 395 45 1

MnO/Co/PGC 301 77 2

CoMn-LDH@g-C3N4 303 48 3

N-CoO@CoP 332 81.5 4

Cu@CoP 270 77.2 5

CoFeBiP 273 77.3 6

Mn-Co-P/NF 310 194 7

Ni-Fe-K0.23MnO2 
CNFs-300

270 320 42.3 8

Mn3O4/CoP 306 51.8 9

MnCo@NiS 286 31.5 10

Mn-Co phosphide 
yolk-shell spheres

330 59 11

MnCoP/CC 261 460 44.9 12

Mn0.6Co0.4P-rGO 250 65 13

Mn-CoP nanosheets 290 76 14

Mn (5%)-CoP/CC 317 67.1 15

CoMnP nanoparticles 330 61 16

Figure S13. LSV curves of Mn-Co-P nanoarrays for (a) different Mn contents and (b) 
different reaction time towards OER.



Figure S14. (a, b) FESEM images of hollow hierarchical Mn-Co-P nanoarrays after 

72 h chronopotentiometry test towards OER.

Figure S15. FESEM images of Mn-Co-P nanoarrays with different reaction time: (a, 

b) 3 h, (c, d) 5 h and (e, f) 10 h after LSV test towards OER. 

Figure S16. HER performance curves of nickel foam: (a) LSV, (b) the corresponding 

Tafel slope and (c) Nyquist plot.



Figure S17. (a) LSV curves, (b) the corresponding Tafel plots and (c) Nyquist plots of 

Co precursor, Mn-Co precursor, Mn-Co-O and Mn-Co-P nanoarrays towards HER.

Table S3. Comparison of the HER performances of hollow hierarchical Mn-Co-P 

nanoarrays with the previously reported electrocatalysts at alkaline media.

Electrocatalysts
Overpotential (mV) 

at 10 mA cm-2

Overpotential (mV) 
at 100 mA cm-2

Tafel slop
(mV dec-1)

Reference

Hollow hierarchical 
Mn-Co-P nanoarrays

63 112 28.05 This work

Mn-Co-P/Ti 76 52 17

Co1Mn1Se NBs 87.3 71.2 18

CoMn-LDH@g-C3N4 406 59 3

N-CoO@CoP 201 37 4

Cu@CoP 88 51.6 5

Mn-Co-P/NF 63 114 7

Mn3O4/CoP 43 28.9 9

CoNiMn/NC 191 64.38 19

Mn-N-Co9S8 102 238 107.2 20

Ni-Fe-K0.23MnO2 
CNFs-300

116 242 103.9 8

CoMn-P@NG 164 111 21

MnCoP/CC 65 46.16 12

Mn-O@CoP 106 56 22

Mn0.6Co0.4P-rGO 54 63 13

Mn-Co-P 66 82 23

Mn-CoP nanosheets 195 69 14

Mn-CoP 95 24

Mn doped CoP 100 53 25



Figure S18. LSV curves of Mn-Co-P nanoarrays for (a) different content of Mn and 

(b) different reaction time of Mn towards HER.

Figure S19. (a, b) FESEM images of hollow hierarchical Mn-Co-P nanoarrays after 

72 h chronopotentiometry test towards HER.

Figure S20. FESEM images of Mn-Co-P nanoarrays with different reaction time: (a, 

b) 3 h, (c, d) 5 h and (e, f) 10 h after LSV test towards HER. 



Table S4. Comparison of overall water splitting performances of hollow hierarchical 

Mn-Co-P nanoarrays with previously reported electrocatalysts at alkaline media.

Electrocatalysts
Voltage (V)

at 10 mA cm-2

Voltage (V)
at 100 mA cm-2

Reference

Hollow hierarchical 
Mn-Co-P nanoarrays

1.57 1.71 This work

Co1Mn1Se NBs 1.60 18

Co2Mn1 DH 1.65 26

CoMn-LDH@g-C3N4 1.62 3

N-CoO@CoP 1.79 4

Cu@CoP 1.65 5

Mn3O4/CoP 1.599 9

MnFeO-NF 1.59 27

Ni-Fe-K0.23MnO2 
CNFs-300

1.62 1.81 8

MnCoP/CC 1.68 12

Mn0.6Co0.4P-rGO 1.55 1.77 13

Mn-Co-P 1.74 23

Figure S21. XRD patterns of hollow hierarchical Mn-Co-P nanoarrays before test, 

after HER stability test and after OER stability test.



Figure S22. XPS spectra of (a) Mn 2p, (b) Co 2p, (c) P 2p and (d) O 1s of hollow 

hierarchical Mn-Co-P nanoarrays before test, after HER stability test and after OER 

stability test.



Figure S23. CV curves of (a) nickel foam, (b) Co-P, (c) Mn-P, and (d) Mn-Co-P 

nanoarrays at different scan rates (10, 20, 40, 60, 80 and 100 mV s-1) in the non-

faradaic potential region of -0.7 to -0.6 V vs. Ag/AgCl.

Figure S24. CV curves of Co-P, Mn-P and Mn-Co-P nanoarrays at a scan rate of 50 

mV s-1 in 1.0 M PBS (pH=7) for (a) OER and (b) HER.



Figure S25. The quantity of gas theoretically calculated and experimentally measured 

versus time employing hollow hierarchical Mn-Co-P nanoarrays as both anode and 

cathode at current density of 100 mA cm-2.
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