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Specific surface area calculation.

The mass of the np-PtGa foil was first weighed recording as m;, and then the
surface np-PtGa film was polished recording the mass of as-polished foils as m,. The
difference between m; and m; is the mass of the surface PtGa film. Three np-PtGa foil
samples were prepared and treated as mentioned above, the corresponding surface
PtGa films were measured to be 0.9, 0.9, and 1.0 mg, respectively. The mean value
0.93 mg was chosen as the mass of surface PtGa film, and then the mass of Pt (0.85
mg) in np-PtGa film could be obtained according to the EDX result. The
electrochemically active area (EAA) was normalized to the mass of Pt to get the

specific surface area.



Equation S1:

§p=(2.99%10%)n(an,)"2AC,*'D,!2v!2

For a diffusion-controlled total irreversible electrooxidation reaction, the forward
peak current (j,) and the square root of scan rates (vy,,) follows the above Equation,
where n represents the total number of electrons involved in the reactions; a
represents the electron transfer coefficient for the rate-determining step; n, represents
the electron transfer number in the rate-determining step; A represents the surface
area of the electrode, which is a constant; Cy* represents the initial bulk concentration
of the reactant; D, represents the diffusion coefficient. Because Cy*and D, are the
same in the same reaction solution, the slope of j, versus v'? is determined by
n(an,)"?. And n(an,)"? is related to the electron transfer involved in the
electrooxidation, hence the higher slope value indicates the improved electrooxidation

kinetics (enhanced electron transfer kinetics).!
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Figure S1. Schematic illustration showing the fabrication process of np-PtGa foil.



Figure S2. Photographs of (a) the pristine Pt foil, (b) the Pt foil covered with liquid
Ga, (c) the annealed Pt foil covered with the Ga,Pt phase, and (d) the as-dealloyed np-

PtGa film (area: 1 x 1 cm?) supported on the Pt foil.



Figure S3. SEM images of the np-PtGa film supported on the Pt foil.



Figure S4. (a) TEM and (d) HRTEM images showing the microstructure of the np-

PtGa film. (c) SAED pattern corresponding to (a).
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Figure S5. CVs of the (a) Pt foil and (b) np-PtGa foil in the N,-purged 0.5 M H,SO,

solution. (Scan rate: 50 mV s)
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Figure S6. CVs of Pt foil in (a) 0.5 M H,SO,4 + 0.5 M ethanol, (b) 0.5 M H,SO, + 0.5
M EG, (c) 0.5 M H,SO4+0.5 M GLY and (d) 0.5 M H,SO4+0.5 M formic acid

solutions at the scan rate of 50 mV sl
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Figure S7. (a) CVs of the ethanol electrooxidation on np-PtGa foil in the 0.5 M
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H,SO4 +0.5 M ethanol solution at different scan rates and (b) the corresponding plot
of j, versus v!2. (¢) CVs of the ethanol electrooxidation on Pt foil in the 0.5 M H,SO,4
+0.5 M ethanol solution at different scan rates and (b) the corresponding plot of j,,

versus the v1/2,
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Figure S8. (a) CVs of the EG electrooxidation on np-PtGa foil in the 0.5 M H,SO4
+0.5 M EG solution at different scan rates and (b) the corresponding plot of j, versus
v12, (¢) CVs of the EG electrooxidation on Pt foil in the 0.5 M H,SO4 +0.5 M EG

solution at different scan rates and (b) the corresponding plot of j, versus the v!/2,
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Figure S9. (a) CVs of the GLY electrooxidation on np-PtGa foil in the 0.5 M H,SO,
+0.5 M GLY solution at different scan rates and (b) the corresponding plot of j,
versus v!2. (¢) CVs of the GLY electrooxidation on Pt foil in the 0.5 M H,SO4 +0.5

M GLY solution at different scan rates and (b) the corresponding plot of j, versus the

vi2,
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Figure S10. Electrochemical CO-stripping curves of (a) Pt foil and (b) np-PtGa foil in

the 0.5 M H,SOy solution.
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Figure S11. SEM images showing the morphology of np-PtGa film after the potential

cycles.

14



AE,0=221eV  AE.p=2.40eV AE;0=1.91eV AE;0=1.97¢eV

Figure S12. The schematic model of CO adsorbed on (a) the top site of Pt (111), (b)
the brige site of Pt (111), (¢) the f.c.c site of PtGa (111), and (d) the top site of PtGa
(111).
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Figure S13. The onset potentials and overpotentials at 10 mA cm for np-PtGa foil
and Pt foil in (a) 0.5 M H,SO,4 and (b) 1.0 M KOH.

16



Table S1. Comparison of the HER performance for our np-PtGa foil with that of
previously reported state-of-the-art noble metal-based HER electrocatalysts in

alkaline solutions.

Overpotential Tafel slope
catalysts ref electrolytes
(mV@ mA cm?) (mV dec)

Our np-PtGa foil This work 50@10 55 1.0 M KOH
Pd@PtCu nanocrystal 2 60@10 -- 0.1 M KOH
Hcep PtNi nano-multipods 3 65@10 78 0.1 M KOH
PdPt heterostructure 4 71@10 31 1.0 M KOH

Me
SOP
Or O 5 74@10 - 1.0 M KOH

us
Fe—
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104@10
101@10
110@10
187@10
97@10
50@10
76@10
115@10
424
57.8@4
85.5@4
~59@4

~95@4

73

127

121

93

30.8

70

0.1 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

1.0 M KOH

0.5 M KOH

0.1 M KOH

0.1 M KOH

1.0 M KOH

0.1 M KOH

0.1 M KOH
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