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Figure S1. SEM images of (a) ZnO NRAs, (b) ZnO/Pt NRAs, (c) ZnO/Pt/Ni(OH)2-NiOOH NRAs and 

(d) ZnO/Pt/Ni(OH)2-NiOOH/Pd NRAs. 
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Figure S2. HRTEM image and SAED pattern of the Ni(OH)2-NiOOH interlayer.

Figure S3. SEM images of (a) Ni(OH)2-NiOOH/Pt MHNRAs, (b) Ni(OH)2-NiOOH/Pd MHNRAs, and 

(c) Pt/Pd MHNRAs. 
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Figure S4. XPS spectra of Pt 4f of (a) Pt/Ni(OH)2-NiOOH/Pd MHNRAs and (b) Pt HNRAs.
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Figure S5. XPS spectra of Pd 3d of (a) Pt/Ni(OH)2-NiOOH/Pd MHNRAs and (b) Pd HNRAs.
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Figure S6. XPS spectra of Ni 2p of (a) Pt/Ni(OH)2-NiOOH/Pd MHNRAs and (b) Ni(OH)2-NiOOH HNRAs. 

The magnified XPS spectra of Ni 2p of (c) Pt@ Ni(OH)2-NiOOH@Pd MHNRAs and (d) Ni(OH)2- 

NiOOH HNRAs between 854~857 eV.   

For XPS spectra of Pt/Ni(OH)2-NiOOH/Pd MHNRAs and Ni(OH)2-NiOOH HNRAs as shown in 

Figure S6a and S6b, respectively, the Ni 2p3/2 spectrum shows a complex structure and the intense 

satellite signals are observed. A comparison of the relative areas of the integrated intensity of NiO, 

Ni(OH)2
 and NiOOH peaks in Figure S6a and S6b indicates that the main compounds are Ni hydroxides 

(Ni(OH)2-NiOOH) and a small quantity of NiO are found in the Pt/Ni(OH)2-NiOOH/Pd MHNRAs. 

Compared with Ni(OH)2-NiOOH HNRAs, the Pt/Ni(OH)2-NiOOH/Pd MHNRAs exhibit a much higher 

content of Ni(OH)2-NiOOH.
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Figure S7. (a) CVs of the Pt/Ni(OH)2-NiOOH/Pd MHNRAs, Ni(OH)2-NiOOH/Pt MHNRAs and 

Ni(OH)2-NiOOH/Pd MHNRAs in the deaerated solution of 0.5 M H2SO4 at 20 mV s-1; (b) CVs of the 

Pt/Ni(OH)2-NiOOH/Pd MHNRAs, Ni(OH)2-NiOOH/Pt MHNRAs and Ni(OH)2-NiOOH/Pd MHNRAs 

electrocatalysts in solution of 0.5 M HCOOH+0.5 M H2SO4 at 100 mV s-1; (c) CVs of the Pt/Ni(OH)2 -

NiOOH/Pd MHNRAs, Pt/Pd MHNRAs, and commercial Pt/C, Pd/C, PtRu/C catalysts in solution of 

0.5 M HCOOH+0.5 M H2SO4 at 100 mV s-1; (d) CO stripping voltammograms on the Pt/Ni(OH)2- 

NiOOH/Pd MHNRAs, Ni(OH)2-NiOOH/Pt MHNRAs and Ni(OH)2-NiOOH/Pd MHNRAs performed 

in solution of 0.5 M H2SO4 at 20 mV s-1. 
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Figure S8. The backward scan peaks of CVs between -0.2 and 1.0 V for Pt/Ni(OH)2-NiOOH/Pd 

MHNRAs, Pt/Pd MHNRAs, and commercial Pt/C, Pd/C, PtRu/C catalysts in solution of 0.5 M 

HCOOH +0.5 M H2SO4 at 100 mV s-1.
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Figure S9. Nyquist plots of the Pt/Ni(OH)2-NiOOH/Pd MHNRAs and Pt/Pd MHNRAs in solution of 

0.5 M HCOOH+0.5 M H2SO4.

  

Figure S10. The comparisons of the maximum specific peak current densities after 1st cycle and the 

maximum specific peak current densities after 500th cycle of the Pt/Ni(OH)2-NiOOH/Pd MHNRAs, 

Ni(OH)2- NiOOH/Pt MHNRAs and Ni(OH)2-NiOOH/Pd MHNRAs electrocatalysts.  



Figure S11. SEM image of Pt/Ni(OH)2-NiOOH/Pd MHNRAs after 500 cycles.


