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Fig. S1 (a) SEM image and (b) pore size distribution of the mesoporous OsRh/NF.

Fig. S2 EDX spectrum of the mOsRh/NF.
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Fig. S3 SEM images of the samples prepared with mono-metallic precursor solutions under typical 

conditions, (a) K2OsCl6 and (b) K3RhCl6.

Fig. S4 SEM images of the mOsRh/NF prepared by replacing PEO-b-PMMA with (a) PS-b-PEO (b) 

F127 (c) CTAB and (d) no surfactant under the typical condition.
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Fig. S5 SEM images of the samples prepared with different ratios of metallic precursor solutions 

under typical conditions, the amounts of K2OsCl6 and K3RhCl6 are (a) 2:2 and (b) 1:3.

Fig. S6 SEM images of samples prepared under typical conditions for different times: (a) 500, (b) 

1000, (c) 2000, and (d) 4000 s.



S5

Fig. S7 LSV polarization curves of the mOsRh/NF for HER in 1 M KOH with and without 1 M 

ethanol.

Fig. S8 (a-c) Cyclic voltammograms of different samples at the potential range of 0.82 and 0.92 V. 

(d) Capacitive current densities at 0.87 V derived from CVs against scan rates for different samples.
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Fig. S9 The nitrogen adsorption-desorption isothermal curve of mesoporous OsRh films scraped NF.

Fig. S10 Nyquist plots for different catalysts obtained in 1 M KOH at overpotential of 20 mV. The 

frequency ranges from 100 kHz to 0.1 Hz.
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Fig. S11 Multi-current process of the mOsRh/NF. The current density started at 10 mA cm–2 and 

ended at 250 mA cm–2 without iR correction.

Fig. S12 Chronopotentiometry curves of the mOsRh/NF at different potentials for EOR after 2 h in 

1 M KOH with 1 M ethanol.
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Fig. S13 Chronopotentiometry curves of the mOsRh/NF at different potentials for 2 h in 1 M KOH 

with 1 M ethanol and the corresponding 1H NMR spectra of electrolytes.

Fig. S14 13C NMR spectra of electrolyte after long-term stability measurement.
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Fig. S15 SEM images of the mOsRh/NF after long-term stability measurement in (a) 1 M KOH for 

HER and (b) in 1 M KOH+1 M ethanol for EOR.

Fig. S16 XPS spectra of the mOsRh/NF after long-term stability measurement for HER.
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Table S1 Summary of the representative reports on electrocatalytic HER at ambient conditions.

Catalyst Electrolyte Overpotentials Ref.

mOsRh/NF 1 M KOH
27 mV at 50 mA cm-2

62 mV at 100 mA cm-2
This work

NF/mRh@PANI 1 M KOH
19 mV at 10 mA cm-2

69 mV at 100 mA cm-2
[1]

CoNiMoO4-21/CuOx/CF 1 M KOH
46 mV at 10 mA cm-2

73 mV at 100 mA cm-2
[2]

Ru–NiSe2/NF 1 M KOH
59 mV at 10 mA cm-2

89 mV at 50 mA cm-2
[3]

F-Ni3S4/NF 1 M KOH
29 mV at 10 mA cm-2

92 mV at 100 mA cm-2
[4]

Rh SAC−CuO NAs/CF 1 M KOH
44 mV at 10 mA cm-2

114 mV at 50 mA cm-2
[5]

Ni2P-Ru2P/NF 1 M KOH
101 mV at 10 mA cm-2

185 mV at 100 mA cm-2
[6]

pAu3Pt/NF 1 M KOH 40.1 mV at 50 mA cm-2 [7]

(Ru-Ni)Ox 1 M KOH
14.5 mV at 10 mA cm-2

39.3 mV at 100 mA cm-2
[8]

Pd/NiFeOx nanosheets 1 M KOH
76 mV at 10 mA cm-2

186 mV at 100 mA cm-2
[9]

NF-Na-Fe-Pt 1 M KOH
31 mV at 10 mA cm-2

96 mV at 50 mA cm-2
[10]
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Table S2 Summary of the representative reports of the chemical-assisted hydrogen evolution 

reaction performance by alcohol of selective oxidation.

Catalyst Electrolyte
Main anode 

product
Voltage Ref.

mOsRh/NF
1 M KOH + 1 M 

Ethanol
acetic acid

1.49 V at 50 mA cm-2

1.53 V at 100 mA cm-2
This work

Co-S-P/CC
1 M KOH + 1 M 

ethanol
acetic acid 1.63 V at 10 mA cm-2 [11]

NC/Ni-Mo-N/NF
1 M KOH + 0.1 

M glycerol
formate 1.38 V at 10 mA cm-2 [12]

Co3S4-NSs/Ni-F
1 M KOH + 0.5 

M Ethanol

potassium 

acetate

1.48 V at 10 mA cm-2

1.57 V at 50 mA cm-2
[13]

SA In-Pt NWs
0.5 M ethanol + 1 

M KOH
acetate 0.62 V at 10 mA cm-2 [14]

CoNi-PHNs
1 M KOH + 1 M 

ethanol
acetic acid 1.5 V at 57 mA cm-2 [15]

NiIr-MOF/NF
1 M KOH + 1 M 

methanol
formate 1.39 V at 10 mA cm-2 [16]

Ni-Fe-P/NF
1 M KOH + 1 M 

ethanol
acetate 1.53 V at 10 mA cm-2 [17]

F-modified β-

FeOOH 

1 M KOH + 0.33 

M ethanol
acetic acid 1.46 V at 10 mA cm-2 [18]
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