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Table S1.

The synthesis methods of molybdenum phosphide reported in literatures

Molybdenum | Mophology Synthesis Phosphorus ~ source  and | Ref.

phosphide precursor

MoP Micro particle | Solid state synthesis | Red phosphorus + Mo [1]

MoP Micro powder | Solid state synthesis | LiO;P + Mo [2]

MoP Particle Solid state synthesis | Naz;P;09 + Mo [3]

MoP Particle Solid state synthesis | (NH4),HPO, (or NaH,PO,) + | [4, 5]
(in Hy) MoO;

MoP Bulk Hydrothermal (NH4),HPO, + | [6-8]
synthesis (NH4)sMo070,4-xH,0

MoP Bulk Calcination in air + | (NH4),HPO, + | [9-14]
reduction in H, (NH4)sMo070,4°4H,0

MoP Bulk Solid state synthesis | P,Os + (NH4)sMo07,0,4°4H,0 [15]
(in H)

MoP Bulk Sintered + reduced | (NH4),HPO, + | [16]
in H, (NH4)sM070,4+4H,0

MoP Particle Hydrothermal (NH4),HPO, + | [17]
synthesis + | (NHg)sM070,4°4H,0
reduction in
dimethyl ether

MoP Particle Thermal reduction | P,Os + MoO;3 [18, 19]
by hydrogen plasma

MoP Nanoparticle | Calcination in air + | (NH,),HPO4+ [20]
reduction in H, synthesized MoO,

nanoparticles
MoP NA/CC | Sheet Solid state synthesis | Red phosphorus + | [21]
synthesized MoS, NA/CC

MoP Bulk Solid state synthesis | NH4H,PO, + | [22]
(in Hy) (NHy)sM070,4¢4H,0

MoP /SN Particle Hydrothermal H3;PO4+H3PMo0,049°nH,O + | [23]
synthesis + | (thio)urea
calcination in H,

MoP Single crystal | Solid-state reaction | P + Mo [24]

bulk (Ge as the flux)
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Fig. S1 (A, B) SEM images of the MoP/C® and (B1-B3: P, C and Mo respectively) element mappings of the

MoP/C®,
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Fig. S2 TEM an HRTEM images of MoP/C?®
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Fig. S4 TEM and HRTEM images of (A, B) Pt-MoP/C() and (D, E) Pt-MoP/C®), size-distribution histogram
of Pt nanoparticles on: (C) Pt-MoP/C) and (F) Pt-MoP/C®,
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Fig. S5 TEM (A) and HRTEM (B) images of Pt/Cg,. and size-distribution histogram (C) of Pt nanoparticles on
Pt/Criee-

Pt-MoP/C /
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Fig. S6 CVs of MoP/C and Pt-MoP/C® in 0.5 M H,SO, + 1.0 M CH;0H solution at 50 mV s,
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Fig. S7 Specific activity of commercial Pt/C, Pt/Cy.. and Pt-MoP/C catalysts illustrated by
their cyclic voltammograms in 0.5 M H,SO,4 + 1.0 M CH;0H solution at 50 mV s

Table S2. Electrocatalytically active surface areas (ECSAs) estimated from hydrogen absorption

and specific activity of the catalysts

Specific activity

Samples ECSAs (m?g™)
(Am?)
Pt-MoP/Ch) 55.21 13.04
Pt-MoP/C® 56.01 32.94
Pt-MoP/C® 55.58 22.33
Pt/Ciee 54.87 6.79
Pt/C 54.69 6.69
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Fig. S8 CVs of commercial Pt/C and Pt-MoP/C catalysts in 0.5 M H,SO, at 50 mV s
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Fig. S9 XPS spectra of the Pt/C, Pt/Cg,. and Pt-MoP/C catalysts.

Table S3. XPS analysis of the samples (surface atomic ratios of the samples)

Samples Carbon (at.%) Phosphorus (at.%)  Molybdenum (at.%) Platinum (at.%)
Pt-MoP/C™ 66.48 1.78 1.24 2.83
Pt-MoP/C® 74.39 1.84 1.35 2.24
Pt-MoP/C®) 74.91 2.31 1.77 1.47

Pt/Chiee 74.73 0.74 --- 1.48
Pt/C 81.49 --- --- 5.51




Table S4. Electrochemical Parameters of methanol electrooxidation catalysts

Catalysts Potential  Igl,  Activity Test conditions
shiftt ratiot
PtNi/CNTI23] --- 1.1 1.4 1 M CH;0H/0.5 M H,SO,
Pt;V/C [20] -100 mV -- - 0.1 M HC10,4 +1 M CH;0H
Nanoporous Pt—Cu - 1.58 1.6 0.5 M H,SO,+1.0 M CH;0H
microwires!?’!

Pd-Pt alloy [ --- 1.60 2.0 0.5 M H,SO,+1.0 M CH;0OH
Pt/S-RGO [2%] --- 1.36 1.8 0.5 M H,SO4+2.0 M CH;0H
Pt-Co,P/C B -120mV  1.19 - 0.5 M H,SO,+1.0 M CH;0H

Pt/Tip-Ruy;0, B -100mV ~ --- --- 0.1 M H,SO4+0.5 M CH;0H
Pt/Rul3!l -100mv.~ -—-- ---
np-PtCuTiBZ] quite 1.36 42 0.5 M H,SO,+0.5 M CH;OH
similar
Ru@Pt!331 -120mvV. - 2.72 0.5 M H,SO,+1.0 M CH;0OH
Pt; sPb NNWsB4 --- 1.18 345 0.5 M H,SO,+1.0 M CH;0H

Pt/NOMC-3DB] -50 mV 1.1 1.22 0.5 M CH;0H+0.1 M HCIO,

PtZn/MWNT-EB¢] --- 1.46 1.4 0.5 M H,SO,+1.0 M CH;0H
This work -140mV 2.1 5.1 0.5 M H,SO4+1.0 M CH;0H
(Pt-MoP/C)

Potential shift' is the onset peak potential shift of a catalyst compared with that of Pt/C in CH;OH
oxidation.

Activity ratiof is the peak mass activity ratio of a catalyst to that of Pt/C.

I¢/1, is the ratio of the forward peak current density (Iy) to the backward peak current density (I;,).
--- denotes no data mentioned in the references.

Compared with the latest reported Pt-based catalysts(?3-30- 32-361 the Pt-MoP/C in this work shows
the biggest Iy/l, and peak mass activity ratio. The onset peak potential of Pt-MoP/C toward
methanol oxidation is 140 mV more negative than that of Pt/C, which is also superior to that of

reported Pt/Tig7Rug 30, B, Ru@Pt®3! and the state-of-the-art catalyst (Pt/Ru) 311,
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Fig. S10 Side and top views of (A) Pt(111), (b) MoP(101) and (c) Pt(111);m-MoP(101).
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Fig. S11 Side and top views of (A) MoP(101)-CH;0H-T1 and (B) MoP(101)-CH;0OH-T2.
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Fig. S12 Side and top views of (A) Pt(111)-CH;OH-T, (B) Pt(111)-CH;OH-B, (C) Pt(111)-CH;0H-H

and (d) Pt(111)-CH,OH-F.

Table S5. Computed adsorption energies (E,g, €V) per molecule and structural parameters (d, A) of

methanol on MoP(101), Pt(111) and Pt(111)p;-MoP(101)

Ews d(O-Mo)  d(O-P) d(O-Pt) d(C-0)  d(H-0)
MoP(101)-T1 0.651 2308 1447  0.976
MoP(101)-T2 -0.651 3.516 1430 0.979
Pt(111)-T -0.186 2.308 1510  1.110
Py(111)-B -0.079 3.158,3.233 1431 0978
Py(111)-H -0.151 3.202, 3.559, 1430  0.981
4.001
Pt(111)-F -0.150 3.190, 3.206, 1431 0.978
3.526
Pi(111);,-MoP(101)  -0.267 2.574 1442 0978
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Fig. S13 Tafel plots for the MoP/C, Pt/C and Pt-MoP/C® catalysts in 0.5 M H,SO, + 1.0 M CH;0H

solution at 5 mV sl
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