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Experimental section

Physical characterization

The chemical component, morphology, chemical state, crystallographic texture, surface area of 

electrocatalysts were characterized by high-angle annular dark field-scanning transmission 

electron microscopy (HAADF-STEM, Titan Cubed Themis G2 300), transmission electron 

microscopy (TEM, TECNAI G2 F20) with energy dispersive X-ray spectroscopy (EDX) 

accessory, scanning electron microscope (SEM, SU-8020), X-ray diffraction (XRD, DX-2700), 

and X-ray photoelectron spectroscopy (XPS, Kratos Analytical Ltd.). The ultraviolet-visible 

(UV–vis) measurements were carried out to observe the absorption of the sample by UV3600 

instrument.

Electrochemical measurements

All electrochemical tests were performed at the CHI 760E electrochemical workstation using a 

three-electrode or two-electrode system. In the three-electrode system, the working electrode is 

a glassy carbon electrode, the reference electrode is a saturated calomel electrode, and the 

auxiliary electrode is a carbon rod. In the test system of light-enhanced FAOR, ITO glass was 

used as the working electrode. All potentials were about the reversible hydrogen electrode 

(RHE), where ERHE = ESCE + 0.242 V + 0.0591 pH. The ink was prepared by adding 2 mg of 

catalyst to a mixture solution of 0.8 mL of water, 0.2 mL of isopropanol, and 10 μL of Nafion. 

4 μL of catalyst was uniformly coated on the working electrode and dried at room temperature. 

The catalyst loading on the working electrode was about 0.114 mg cm-2.
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Figure S1. (a) SEM image, (b) TEM image and the diameter distribution, (c) EDX pattern, (d) 
HAADF-STEM image and the corresponding EDX mapping of Au6.4Ag3.6-NWs.
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Figure S2. XRD patterns of Au6.4Ag2.6Pt1.0-NWs and Au6.4Ag3.6-NWs.
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Figure S3. HRTEM image and lattice spacings of Au6.4Ag3.6-NWs.

Figure S4. (a) SEM image, (b) EDX pattern of Au6.4Ag2.7Pt0.9-NPs.
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Figure S5. Metal normalized LSV curves of Au6.4Ag2.6Pt1.0-NWs, Au6.4Ag2.7Pt0.9-NPs and Pt-
NPs-C in N2-purified 0.5 M H2SO4 + 0.5 M HCOOH solution at 50 mV s-1.
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Figure S6. CV curves of Au6.4Ag2.6Pt1.0-NWs in N2-purged 0.5 M H2SO4 electrolyte and 0.5 M 
H2SO4 + 0.5 M CH3OH electrolyte at 50 mV s-1, respectively.
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Figure S7. The Pt percentage histogram of Au6.4Ag3.0Pt0.6-NWs, Au6.4Ag2.8Pt0.8-NWs, 
Au6.4Ag2.6Pt1.0-NWs, Au6.4Ag2.4Pt1.2-NWs, and Au6.4Ag2.0Pt1.6-NWs obtained by XPS and 
EDX. The Pt atomic contents of AuAgPt-NWs were analyzed by EDX and XPS. The results 
show that the Pt contents of the two measurement methods are almost close to each other, thus 
confirming that their alloy property. 

Figure S8. TEM images of Au6.4Ag3.0Pt0.6-NWs, Au6.4Ag2.8Pt0.8-NWs, Au6.4Ag2.6Pt1.0-NWs, 
Au6.4Ag2.4Pt1.2-NWs, and Au6.4Ag2.0Pt1.6-NWs, respectively.
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Figure S9. TEM image of Au6.4Ag2.6Pt1.0-NWs after chronoamperometry test.
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Figure S10. EDX pattern of Au6.4Ag2.6Pt1.0-NWs after chronoamperometry test.
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Figure S11. Pt foil (1×1 cm2) was selected as both the working electrode and counter electrode 

and Hg/HgCl2 electrode was selected as reference electrode. LSV was carried out at a scan rate 

of 5 mV·s-1. As shown in Figure S11, the zero current point is at about -0.284 V in 0.5 M H2SO4, 

so ERHE = E Hg/HgCl2 + 0.284 V. The actual pH value of the electrolyte (0.5 M H2SO4) measured 

by the pH meter is 0.69. Therefore, the potential of the used Hg/HgCl2 electrode is ~-0.282 V, 

which is very close to the standard potential (-0.284 V, Hg/HgCl2 in 0.5 M H2SO4).
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Figure S12. Nyquist plots of Au6.4Ag2.6Pt1.0-NWs, Au6.4Ag2.7Pt0.9-NPs, Pt-NPs-C, and 
Au6.4Ag3.6-NWs in 0.5 M H2SO4 electrolyte.
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Figure S13. LSV curves of Au6.4Ag2.6Pt1.0-NWs in N2-purged 0.5 M H2SO4 electrolyte and 0.5 
M H2SO4 + 0.5 M HCOOH electrolyte at 5 mV s-1, respectively.
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Figure S14. LSV curves of the Au6.4Ag2.7Pt0.9-NPs in 0.5 M H2SO4 + 0.5 M HCOOH solution 

at 50 mV s-1 with and without light excitation.



10

0 40 80 120 160
25

30

35

40

45

50

Time (s)

 Au6.4Ag2.6Pt1.0-NWs

Light

Dark

☀

☀

Figure S15. Chronoamperometric curves of the Au6.4Ag2.6Pt1.0-NWs in 0.5 M H2SO4 + 0.5 M 
HCOOH electrolyte under alternating light and dark conditions.

Figure S16. The surface temperature of Au6.4Ag2.6Pt1.0-NWs was measured under xenon lamp 
irradiation conditions using infrared thermometry.
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Figure S17. LSV curves of the Au6.4Ag2.6Pt1.0-NWs in 0.5 M H2SO4 + 0.5 M HCOOH 
electrolyte with and without 808 nm laser irradiation.
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Figure S18. LSV curves of the Au6.4Ag2.6Pt1.0-NWs in 0.5 M H2SO4 + 0.5 M HCOOH 
electrolyte with and without 980 nm laser irradiation.
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Figure S19. LSV curves of Au6.4Ag2.6Pt1.0-NWs in N2-purged 0.5 M H2SO4 electrolyte at 5 mV 
s-1 with and without light excitation.

Table S1. HER activity of various reported Pt-based electrocatalysts in H2SO4 electrolyte.

Catalyst Electrolyte

η10 / 
mV

Tafel 
Slope / 

mV 
dec-1

Ref.

Au6.4Ag2.6Pt1.0-NWs 0.5 M H2SO4 16.4 34.8 This work
Vanadium carbide MXene with 

atomic Pt confinement 0.5 M H2SO4 27 36.5 20221

Pt@Mn-SAs/ N-doped carbon 0.5 M H2SO4 25 30.7 20232

PtZn alloy on N-doped carbon 0.5 M H2SO4 29 52 20223

Pt-based NiCo alloy NPs modified 
with Mo 0.5 M H2SO4 90 45.4 20224

Pt@Co SAs-ZIF-porous nitrogen-
doped carbon matrix 0.5 M H2SO4 27 21 20215

Highly dispersed Pt with the 
defective carbon sheet surface 0.5 M H2SO4 25 30 20216

MoS2 nanosheets supported single 
atoms Pt 0.5 M H2SO4 88.4 55.7 20227

Vanadium carbide nanosheets 
supported Pt nanoparticles 0.5 M H2SO4 24 33 20228
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