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Fig. S3 (a,b) SEM images of MoP/NC nanobubbles.



Fig. S5 TEM image of MoS,/MoP/NC nanobubbles.



Fig. S7 (a,b) TEM and (c) HRTEM images of MoS,/NC nanobubbles.



Fig. S8 (a,b) TEM and (c) HRTEM images of MoP/NC nanobubbles.
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Fig. S9 XRD pattern of MoS,/NC nanobubbles obtained at 500 °C.




Fig. S10 (a) SEM image and corresponding SEM elemental mappings (Mo, S, C, and
N elements) of MoS,/NC nanobubbles. (b) SEM image and corresponding SEM

elemental mappings (Mo, P, C, and N elements) of MoP/NC nanobubbles.
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Fig. S11 EDX analysis of (a) MoS,/NC and (b) MoP/NC nanobubbles.
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Fig. S12 Enlarged XRD patterns of MoS,/MoP/NC nanobubbles.
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Fig. S13 XRD patterns of NC, MoS,@NC and MoP/NC nanobubbles.
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Fig. S14 (a) The N2 adsorption-desorption isotherm and (b) pore size distribution of

MoP/NC nanobubbles.
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Fig. S15 (a) The N2 adsorption-desorption isotherm and (b) pore size distribution of

MoS,/NC nanobubbles.
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Fig. S16 (a) High-resolution XPS scans at Mo 3d region of MoS,/MoP/NC, MoP/NC

and MoS,/NC nanobubbles. (b) High-resolution XPS scans at S 2p regions of

MoS,/MoP/NC and MoS,/NC nanobubbles. (c¢) High-resolution XPS scans at P 2p

regions of MoS,/MoP/NC and MoP/NC nanobubbles.
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Fig. S17 (a) SEM image and corresponding EDX elemental mappings (Mo, S, P, C
and N) of MoS,/MoP/NC nanobubbles obtained at 800 °C. (b) SEM image and
corresponding SEM elemental mappings (Mo, S, P, C and N) of MoS,/MoP/NC

nanobubbles obtained at 1000 °C.
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Fig. S18 EDX analysis of MoS,/MoP/NC obtained at (a) 800 °C) and (b) 1000 °C,

respectively.
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Fig. S19 (a) Polarization curves of bare GCE, NC, MoS,/NC, MoP/NC and
MoS,/MoP/NC electrodes at a scan rate of 5 mV/s. (b) Tafel plots calculated from (a).
(c) Cyclic voltammogram (CV) curves of double-layer capacitance measurement of
MoS,/MoP/NC nanobubbles collected in a selected potential range without Faradic
current at different scanning rates (40 - 120 mV s!). (d) Double-layer capacitances of
NC, MoS,/NC, MoP/NC and MoS,/MoP/NC nanobubbles. (¢) Nyquist plots of NC,
MoS,/NC, MoP/NC and MoS,/MoP/NC nanobubbles at a potential of -0.15 V (vs.
RHE). (f) Chronoamperometry curves of MoP/NC and MoS,/MoP/NC nanobubbles
during HER process over 10 h at a fixed overpotential of 200 mV. The inset of (f)
shows the HER polarization curves of MoS,/MoP/NC nanobubbles before and after

1000 CV cycles from -0.3 to 0.2 V (vs. RHE) in 1.0 M KOH.
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Fig. S20 (a) Polarization curves, (b) Tafel plots, (c) Double-layer capacitance and (d)

Nyquist plots of MoS,/MoP/NC nanobubbles obtained at 800 °C, 900 °C and 1000

measured in 1.0 M KOH, respectively.
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Table S1 Comparison of BET surface areas and pore sizes of carbon-based composite

electrocatalysts in this work and previous reports.

BET surface area Pore diameter
Electrocatalyst Ref.
(m* g™ (nm)

MoS,/MoP/NC 954.3 24 This work
CoP@NC 367.8 - 1
CosMosC,/NCRGO 94.1 4-5 2
Mo,C@NPC/NPRGO 190 1-2 3
MoC-Mo,C-31.4 58.5 5.5 4
3-Mo,C Nanotubes 127 - 5
Mo,C@NPC-4 79.3 - 6
Mo,C/N-C MHNWs 393 5.5 7
Mo,C/NCF 83 - 8
HC800 81.8 - 9

Mo,C/C(2:2) 101.71 ; 10
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Table S2 Elemental values of fitted equivalent circuit resistances of NC, MoS,/NC,

MoP/NC and MoS,/MoP/NC in acidic and alkaline solutions.

0.5 M H,S0, 1.0 M KOH
Samples
Ry/Q R./Q Ry/Q R./Q
NC 11.66 28514 14.16 10661
MoS,/NC 7.11 921.3 7.67 384.6
MoP/NC 14.4 33.9 15.7 26.4

MoS,/MoP/NC 6.87 31.36 9.5 25.6
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Table S3 Elemental values of fitted equivalent circuit resistances of MoS,/MoP/NC

(800 °C), MoS»/MoP/NC (900 °C), MoS,/MoP/NC (1000 °C) in acidic and alkaline

solutions.

0.5 M H,SO4 1.0 M KOH
Samples
R/Q Ry/Q RJyQ RyQ
MoS,/MoP/NC (800 °C)  6.44 1348  7.22  37.87
MoS,/MoP/NC (900 °C)  6.87 31.36 9.5 25.6
MoS,/MoP/NC (1000 °C)  7.03 165.6  7.22 35.8
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