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Fig. S1  Morphologies of NiFeRuOx/NF (a, b) without calcination, calcined at (c, d) 250 °C, (e, f) 300 °C and (g, 

h) 350 °C with different magnifications. 

 

 

 

 

 

 

 



 

Fig. S2 The XRD pattern of as-synthesized NiFeRuOx without NF. 

 

 



Fig. S3 The XRD patterns of samples calcined at 250 °C and 350 °C. (a) NiFeRuOx/NF (b) materials scraped from 

the foam (c) without NF.  

 

 

Table S1 The metal contents in NiFeRuOx/NF detected by ICP-AES. 

 
 

 
Fig. S4  Wide-scanning XPS spectrum of NiFeRuOx/NF. 

 

 

Fig. S5 The Cdl of NiFeRuOx/NF, commercial Pt/C/NF and bare NF for HER. 

 

 

The Cdl were obtained from the linear relationship between the capacitive current (ΔJ) and scan 

rates. 
For the calculation of ECSA, the value of specific capacitance for a flat surface (1 cm2) is assumed 

as 40 μF cm-2. Note that NF was used as the support and its specific capacitance is much larger than 



that of a flat surface. Therefore, here the NF was considered as the standard [1]. The ECSA is 

calculated according to the following equation [2, 3]: 

2

2 2

( )

( ) ( )

dl

ECSA

dl

C electrocatalyst mF cm
A

C bare Ni foam mF cm  per ECSA cm
 

Taking NiFeRuOx/NF as an example, upon the HER, it can be calculated as: 
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Tab.S2  The ECSA values of electrocatalysts normalized by Cdl. 

 

 

 

 

Fig.S6  Nyquist plots of NiFeRuOx/NF, commercial Pt/C/NF and bare NF for HER. 

 

 
Tab.S3  The mass content of Ru in NiFeRuOx/NF and Pt commercial Pt/C/NF. 

 
According to ICP, the mass of Ru in NiFeRuOx/NF (1 * 1 cm2) is calculated to 0.472 mg.  

According to the preparation of commercial Pt/C/NF (in 2.4 Electrochemical measurements), the 

mass of Pt loaded on the NF was 0.2 mg (5 mg/mL * 200 μL * 20 wt.%). Considering the price of 

Ru is about 1/3 of Pt [4], we can estimate the price of Pt in commercial Pt/C/NF is 1.27 times as 



much as that of Ru in NiFeRuOx/NF. Moreover, NiFeRuOx/NF could perform as a bifunctional 

electrocatalyst in alkaline simulated seawater. 

 

 

Fig.S7  The Cdl of NiFeRuOx/NF, commercial RuO2/NF and bare NF for OER. 

 

Fig.S8  Nyquist plots of NiFeRuOx/NF, commercial RuO2/NF and bare NF for OER. 

 



 

Fig.S9  (a, b) SEM images of 0.02 mmol and 0.1 mmol samples. (c) The XRD patterns of materials scraped from 

0.02 mmol and 0.1 mmol samples. Inserted is the samples on NF. (d) The XRD patterns of 0.02 mmol and 0.1 mmol 

samples without NF. (e) HER and (f) OER polarization curves of 0.02 mmol and 0.1 mmol samples. 

 



 
Fig.S10  (a) HER and (b) OER polarization curves of NiFeRuOx/NF calcined at 250 °C. (c) HER and (b) OER 

polarization curves of NiFeRuOx/NF calcined at 350 °C. 

 

Tab.S4  Comparison of the electrocatalytic overall water splitting activity of the NiFeRuOx/NF with the reported 

electrocatalysts in alkaline media. 

 



 

Fig.S11  Experimentally collected H2 (top) and O2 (bottom) at different times of 0, 10, 20, 30, 40, 50, 60 min. 

 

Tab.S5  The metal contents in NiFeRuOx/NF after OER stability test detected by ICP-AES. 
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