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Materials and reagent:

All chemicals used in this experiment were analytical grade and used without further
purification. Cupric acetate monohydrate (Cu(CO,CHj),-H,0), L-glutamic acid,
Chloroplantinic acid and Ethanol were purchased from Sinopharm Chemical Reagents,
China. 1,3,5-benzenetricarboxylic acid(H;BTC) was obtained from Aladdin Reagents
Ltd. Phosphomolybdic acid were from Shanghai Macklin Biochemical Co., Ltd. The
commercial Pt/C (20 wt. %) catalyst and Nafion (5 wt. %) were purchased from
Sigma-Aldrich. The deionized water used throughout the whole experimental process

was ultra-purified (18.25 MQ).

Preparation of NENU-5:

NENU-5 ([Cuy(BTC)4/3(H20),]6[H3PMo01,040], BTC=benzene-1,3,5-tricarboxylate) is
based on a mature Cu-based MOF [HKUST-1: Cu3(BTC),(H,0);] with Mo-based
Keggin-type POMs (H3;PMo,049) periodically occupying the largest pores'. In a
typical procedure, 0.6 g of copper (II) acetate monohydrate (Cu(CO,CHs;),-H,0) 220
mg of L-glutamic acid and 0.9 g of phosphomolybdic acid hydrate were mixed in 120
ml of deionized water with stirring at ambient condition for 30 min. And then, 422 mg
of H;BTC were dissolved in 120 ml of ethanol, which was swiftly injected into the
above solution in succession. Then, the resulting solution was stirred for 14 h at room
temperature. The precipitate was obtained by centrifugation and washed twice with

ethanol. Then the NENU-5 powders were dried in vacuum at 70 °C overnight.

Electrochemical Measurements.

The polarization curves were plotted by the formula: E,.a= Etesr- 1IRsx100%. The

electrochemically active surface area (ECSA) was evaluated by measuring the charge



associated with Hupd adsorption (Qy) from CV curves in Nj-saturated 0.1 M HCIO,
solution. The characteristic potential regions of Hupd range is from 0.05 to 0.4V (vs.

RHE) and the scan rate was 50 mV/s. The ECSA was calculated based on the

Qn

mXx qy

ECSA =

following equation:
Here, Qy is the charge collected in the hydrogen adsorption region, m is the loading
amount of Pt and gy (0.21 mC cm) is the charge required for monolayer adsorption

of hydrogen on a Pt surface.

Material characterization and equipment

The phase and crystalline structures of the products were characterized were
performed on a Bruker D8 advance XRD system using Cu Ka radiation. X-ray
photoelectron spectroscopy (XPS) testing was performed on an ESCALAB
250X1/ESCALAB 250Xi X-ray photoelectron using a spectrometer Al Ka as the
excitation source. The morphology and structure of the as-prepared nanoparticles
were characterized by field emission scanning electron microscopy (FE-SEM, Zeiss
Ultra Plus) with an acceleration voltage of 5 kV and transmission electron microscopy
(TEM, JEM-2100F) with an acceleration voltage of 200 kV. The HAADF-STEM
imaging test and the X-ray spectroscopy (EDS) analysis were performed on a Talos
F200S. The Inductively Coupled Plasma-Optical Emission spectrometry (ICP-OES)
test was performed on Prodigy 7. N, adsorption-desorption isotherms were carried out

on a Micromeritics ASAP 2020 system.
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Figure S1. (a, b) SEM images of NENU-5. (c) XRD pattern of NENU-5.
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igure S2. SEM images of (a) PtCu-MoO,@C-700 °C (b) PtCu-MoO,@C-800 °C and
(c) PtCu-MoO,@C-900 °C.
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Figure S3. (a) N, adsorption-desorption isotherms and (b) pore size distribution curve
of PtCu-MoO,@C.
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Figure S4. Mo 3d XPS spectrum of (a) Cu-MoO,@C and (b) PtCu-MoO,@C.
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Figure S5. Polarization curves of PtCu-MoO,@C (0.5:1), Cu-MoO,@C and Pt/C in
(a) I M KOH, (b) 0.5 M H,SO,4 and (c¢) 1 M PBS. (d) Corresponding Tafel slopes of
PtCu-MoO,@C (0.5:1), Cu-MoO,@C and Pt/C in 1 M PBS.
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Figure S6. Mass activity curves of PtCu-MoO,@C and Pt/C in 1 M KOH
(Normalized to Pt loading).
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Figure S7. Mass activity curves of PtCu-MoO,@C and Pt/C in 0.5 M H,SO,4
(Normalized to Pt loading).
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Figure S8. () and (b) HR-TEM mages for PtCu-MoO,@C catalysts after 3,000
potential sweeps in 1 M KOH.
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Figure S9. Long-term durability tests of Pt/C in (a) 1 M KOH and (b) 0.5 M H,SO,.
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Figure S10. Exchange current density (jo) of PtCu-MoO,@C (0.5:1) and Pt/C in
different media.
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Figure S11. Cyclic voltammetry curves of PtCu-MoO,@C and Pt/C catalysts in Nj-

saturated 0.1 M HCIO, solution with a sweep rate of 50 mV/s.
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Figure S12. Comparison and fitting of Nyquist plots of different samples modified
electrodes at same overpotential of (a) 50 mV in I M KOH. (b) 35 mV in 0.5 M
H,SO4.
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Table S1 Comparison of HER performance in both basic and acidic media for the
PtCu-MoO,@C and other electrocatalysts

Catalyst electrolyte Pt loading Overpotential Tafel slop Ref.
(mg cm?) @ (m‘:)@mA em” (mV dec)
PtCu-MoO,@C 1 M KOH 0.078 24@10 37 This
0.5 M H,SOy4 0.078 4210 36 work
Pd-Pt-S 1 M KOH 0.02 7T1@10 31 2
Pt—Ni octahedra 0.1 M KOH 0.024 ~60@10 59 3
Mo,C@NC@Pt 0.5 M H,SO,4 — 27@10 28 4
1 M KOH — 47@10 57
PtRh DNAs 0.5 M H,SO4 — 27@10 40 5
1 M KOH — 2810 47
Pt;3Cu73Nij4 1 M KOH — 150@5 54 6
/CNF@CF
Pt NWs/SL- 1 M KOH 0.016 T0@10 72 7
Ni(OH),
Pt-CoS,/CC 1 M KOH ~0.04 24@10 82 8
112@100
Pt-Co(OH)2/CC 1 M KOH ~0.39 32w10 70 9
54@?20
122@100
Pt/NisN 1 M KOH ~0.3 40@10 36.5 10
Pt-NiFe 1 M KOH — 27@10 51 11
Pt-Ni1 1 M KOH 0.0075 65@10 78 12
Pt-Ni ASs 1 M KOH 0.017 27.7@10 27 13
53.8@30
Pt-MoS:2 0.5 M H,SO4 0.036 60@10 96 14
Pt-MoO2@PC 0.5 M H,SO4 0.012 20w10 22 15
Ru-MoO2 0.5 M H,SOy4 0.045 55@10 44 16
1 M KOH 0.045 29@10 31
Pt-MoO2/CNTs 0.5 M H,SO4 0.002 60@10 43 17
Pt/MoO2 0.5 M H,SOy4 0.018 47@10 32.6 18
Pd@PdPt 0.5 M H,SO4 0.06 39@10 38 19
PtCoNi FNs 0.5 M H,SOy4 0.085 41@10 37 20
Pt,Cog@N-C 0.5 M H,SOy4 0.2 47@20 48 21
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