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Figure S1. (a) Low-magnification TEM image of the as-prepared 4H/fcc Au@Ag NRBs. (b) 

High-magnification TEM image of a typical 4H/fcc Au@Ag NRB. (c) The corresponding SAED 

pattern of a typical 4H/fcc Au@Ag NRB taken along the [110]4H/[101]f zone axes. (d) A typical 

HRTEM image of the 4H/fcc Au@Ag NRB. Inset: The corresponding FFT pattern of the 

HRTEM image shown in (d).  
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Figure S2. A typical STEM-EDS spectrum of 4H/fcc Au@Ag NRBs, giving average Au/Ag 

atomic ratio of about 1.00/2.60.   
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Figure S3. XPS spectra of 4H/fcc Au@PdAg NRBs showing the core level peaks of (a) Au4f, (b) 

Ag3d, and (c) Pd3d.   
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Figure S4. A typical STEM-EDS spectrum of 4H/fcc Au@PdAg NRBs, giving average 

Au/Ag/Pd atomic ratio of about 1.00/1.94/1.06.   
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Figure S5. (a) HAADF-STEM image and (b) the corresponding STEM-EDS line scanning 

profile of a typical 4H/fcc Au@PdAg NRB. 
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Figure S6. (a) HRTEM image of a typical 4H/fcc Au@PdAg NRB (same image in Fig. 2f). (b) 

The corresponding FFT pattern of the selected area, i.e. the dashed rectangle, in (a). The FFT 

pattern clearly reveals the formation of PdAg alloy shell with 4H hexagonal phase.
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Figure S7. (a) HRTEM image of a typical 4H/fcc Au@PtAg NRB (same image in Fig. 3e). (b) 

The corresponding FFT pattern of the dashed rectangle in (a). The FFT pattern clearly reveals the 

formation of PtAg alloy shell with 4H hexagonal phase.
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Figure S8. A typical STEM-EDS spectrum of 4H/fcc Au@PtAg NRBs, giving average 

Au/Ag/Pt atomic ratio of about 1.00/0.58/0.23.   
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Figure S9. (a) HAADF-STEM image and (b) the corresponding STEM-EDS line scanning 

profile of a typical 4H/fcc Au@PtAg NRB. 
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Figure S10. A typical STEM-EDS spectrum of 4H/fcc Au@PtPdAg NRBs, giving average 

Au/Ag/Pd/Pt atomic ratio of about 1.00/1.85/0.84/0.29.   
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Figure S11. (a) HAADF-STEM image and (b) the corresponding STEM-EDS line scanning 

profile of a typical 4H/fcc Au@PtPdAg NRB. 
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Figure S12. (a) HRTEM image of a typical 4H/fcc Au@PtPdAg NRB (same image in Fig. 4e). 

(b) The corresponding FFT pattern of the dashed rectangle in (a). The FFT pattern clearly reveals 

the formation of  PtPdAg alloy shell with 4H hexagonal phase.
1
 



S14 
 

 

Figure S13. (a) Low-magnification TEM image of 4H/fcc Au@PdAg NRBs after 10000 

potential cycles. (b) High-magnification TEM image and (c) the corresponding SAED pattern 

taken along the [110]4H/[101]f zone axes of a typical 4H/fcc Au@PdAg NRB after 10000 

potential cycles. (d) A typical HRTEM image of the 4H/fcc Au@PdAg NRB after 10000 

potential cycles.  

The TEM images in (a) and (b) show that the rough surface morphology of Au@PdAg NRBs 

was well preserved after 10000 potential cycles. Moreover, the 4H/fcc structure of Au@PdAg 

NRBs was also well maintained after 10000 potential cycles, as confirmed by the SAED pattern 

in (c) and HRTEM image in (d). The aforementioned results indicate that both the shape and 

crystal structure of 4H/fcc Au@PdAg NRBs are quite stable toward the electrocatatlytic HER.  
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Figure S14. (a) HAADF-STEM image and (b−d) the corresponding STEM-EDS elemental 

mappings of a representative 4H/fcc Au@PdAg NRB after 10000 potential cycles.  

The HAADF-STEM image in (a) clearly reveals that the core-shell architecture, i.e. bright core 

(Au) and dark shell (PdAg), of the Au@PdAg NRB was well preserved after the 10000 potential 

cycles. Furthermore, the STEM-EDS elemental mappings in (b–c) identify the homogeneous 

distribution of Au, Ag and Pd in the Au@PdAg NRB after the 10000 potential cycles.  
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Figure S15. (a) Electrochemical impedance spectroscopy (EIS) data for the electrode modified 

with Pd black, Au@PdAg NRBs and Pt black. The inset is an equivalent circuit for 

electrochemical circle fitting, where Rs, Rp, CPE, and n represent the uncompensated resistance, 

the charge transfer resistance, the argument of constant phase element, and the exponent of the 

constant phase element, respectively. (b) The magnified EIS data in a. The calculated charge 

transfer resistances of Pd black, Au@PdAg NRBs and Pt black are 1410.2 Ω, 16.2 Ω, and 11.5 Ω, 

respectively. 
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Figure S16. Current–potential curve for the calibration of Ag/AgCl electrode with respect to 

RHE in the highly pure H2-saturated 0.5 M H2SO4 by using a Pt wire as the working electrode.  
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