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Fig. S1. Energy convergence with k-point mesh for MnP (red), Mn,P (blue), and MnP, (green).
Black markers indicate k-points used for bulk optimization
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Fig. S2. Surface energies of various facets of MnP, Mn.P, and MnP.. Surface energies (eV/A?)
for different low-index facets of (a) MnP, (b) MnzP, and (c) MnPs, respectively.
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Fig. S3. The XRD pattern of as-milled powders with Mn and P (1:4) for 20 h. The reference
peaks for Mn,P (ICDD # 01-089-2741, blue solid line), MnP (ICDD # 00-051-0942, red solid
line), and MnP, (ICDD # 01-072-0949, green solid line) are included.
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Fig. S4. XPS spectra of commercial red phosphorus for (a) survey and (b) P 2p, respectively.
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Fig. S5. SEM images of as-prepared (a) Mn,P, (b) MnP, and (c) MnP, nanoparticles,
respectively, and (d) their particle size distributions. SEM images of (e) Mn,P/Gr, (f) MnP/Gr,
and (g) MnP,/Gr nanocomposites, respectively.
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Fig. S6. BET nitrogen adsorption isothermal graphs for the determination of the specific
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surface areas for (a) Mn,P, (b) MnP, and (c) MnP, nanoparticles, respectively.
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Fig. S7. Low magnification TEM images of (a) Mn,P, (b) MnP, and (c) MnP, nanoparticles,
respectively, and EDS spectra and detected compositions for as-prepared (d) Mn,P/Gr, (e)
MnP/Gr, and (f) MnP,/Gr nanocomposites, respectively.
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Fig. S8. Cyclic voltammetry of (a) Mn/Gr, (b) Mn,P/Gr, (¢) MnP/Gr, and (d) MnP,/Gr
nanocomposites in non-faradaic region with different scan rates (10, 20, 40, 80, and 160 mV
s1) measured in 1 M KOH.
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Fig. S9. Double layer capacitance (Cq) of (a) Mn/Gr, (b) Mn,P/Gr, (¢) MnP/Gr, and (d)
MnP,/Gr nanocomposites.
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Fig. S10. (a) Electrochemically active surface areas (ECSAs) and (b) HER polarization curves
normalized by ECSA of Mn/Gr, Mn,P/Gr, MnP/Gr, and MnP,/Gr nanocomposites.
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Fig. S11. XPS spectra of MnP/Gr electrodes before and after HER for (a) Mn 2p and (b) P 2p,
respectively.
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Fig. S12. (a) XRD patterns calculated by DFT and (b) crystal structure illustrations of MnP,
Mn,P, and MnP, phases.
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Fig. S13. Crystal structure illustrations of surface with stable surface energy for (a) MnP (101),
(b) Mn,P (111), and (c) MnP, (100), respectively.
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Fig. S14. Adsorption energy of stable hydrogen intermediates on Mn"* and P* active sites
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Fig. S15. Adsorption energy of H,O on (a) MnP, (b) Mn,P, and (¢) MnP, surfaces to identify
the active sites for the HER.



Slab -H,0" -H*OH" -H*

MnP

Mn,P

Fig. S16. Schematic HER mechanism on MnP, Mn,P, and MnP, phases.
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Fig. S17. Nyquist plots of AEM electrolysis cell catalyzed by Mn/Gr and MnP/Gr at a current
density of 0.25 A cm™.
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Fig. S18. H, production rate and Faradaic efficiency of AEM electrolysis cell catalyzed by
MnP/Gr at a current density of 0.25 A cm™.



Table S1. Nominal and actual compositions determined by ICP-AES of as-prepared Mn,P/Gr,

MnP/Gr, and MnP,/Gr nanocomposites, respectively.

Compound Element Nominal composition (at.%)  Actual composition (at.%)

Mn 66.6 65.8

Mn,P/Gr
P 33.3 34.2
Mn 50.0 49.3

MnP/Gr
P 50.0 50.7
Mn 20.0 19.8

MnP,/Gr

P 80.0 80.2




Table S2. The fitted values of Ry and R from Nyquist plots for Mn/Gr, Mn,P/Gr, MnP/Gr,

and MnP,/Gr, respectively.

Mn/Gr Mn,P/Gr MnP/Gr MnP4/Gr
Rs (ohm) 4.49 4.56 4.47 4.43
Rt (ohm) 279.53 15.94 4.75 39.21




