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Faradaic efficiency test: 
Prior to test, Ar gas was poured into the anodic electrolytes for half an hour to remove the air in the compartment and maintained at 

a flow rate of 20 mL·min−1 during the whole test. Gas chromatograph (GC) and nuclear magnetic resonance (NMR) were employed to 

detect the gas product and liquid product toward MOR, respectively. The faradaic efficiency toward CO2 and formate were calculated 

according to the following equations: 

FE% 100%ZnF
Q

     (1) 

Q = j × t  (2) 
In equation (1), Z is the electron transfer number, n is the molar amount of substance, F is the Faraday’s constant, and Q is the charge 

number. For equation (2), j is the measured current, t is the time. 

The liquid sample was prepared as follows: 400 μL electrolyte was mixed with 100 μL D2O and 50 μL dimethyl sulfoxide (DMSO) 

solution. DMSO serves as an internal standard. 1H spectrum was obtained with water suppression using a pre-saturation method. Six 

electrons transfer when producing each CO2 molecular, while four electrons transfer when generating each HCOOH molecular. 

 

 

Fig. S1  XRD pattern of (a) the prepared Ni-MOF-74 and the corresponding simulated Ni-MOF-74 and (b) carbon microrods. 

 

 
Fig. S2  FESEM images of the precursor Ni-MOF-74 with different magnifications. 

 

Fig. S3  TEM-EDS spectrum of the Ni@C microrods. The inset is the corresponding elemental composition. 
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Fig. S4  XPS survey spectrum of the Ni@C microrods. 

 

 
Fig. S5  CV curves of the commercial 20% (w) Pt/C. 

 

 
Fig. S6  The CV curves comparison of the individual C with the presence and absence of methanol at the scan rate of 50 mV·s−1. 

 

 

Fig. S7  CV curves of (a) the Ni-MOF-74, (b) the Ni@C at a potential range of 1.10–1.20 V. 
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Fig. S8  Chronopotentiometry test of the Ni@C at a potential of 1.55 V (vs RHE). 

 

 
Fig. S9  Gas chromatogram of the gas product during the online test at the potential of 1.55 V (vs RHE). 

 

 
Fig. S10  1H-NMR spectra of the liquid sample obtained at the potential of 1.55 V (vs RHE). 

 



s5 

 
Fig. S11  High-resolution XPS spectrum for Ni 2p of the Ni@C after 12-h MOR test. 

 

 
Fig. S12  Photograph of the electrochemical hybrid test system. 

 
Table S1  Elemental composition of surface/subsurface of the Ni@C from the XPS data. 

Sample 
Content (atomic fraction, %) 

Ni C O 

Ni@C 9.83 75.76 14.41 

 

Table S2  Methanol electro-oxidation performance of some recently reported Ni-based electrocatalysts. 

Catalysts 
Mass-normalized  

current density (mA·mg−1) 
Potential (V vs RHE) 

Methanol concentration 
Electrolyte Substrate 

Year  
Ref.  

published 

[(Ni, Co)(OH)4] clusters in MOFs 527 1.465  1 mol·L-1 0.1 mol·L−1 KOH Glassy carbon 2019 1 

Ni/NiO heterostructures 2094 1.504 1 mol·L-1 1 mol·L−1 KOH Glassy carbon 2017 2 

NiCu alloy 1028 1.55 1 mol·L-1 1 mol·L−1 KOH Glassy carbon 2020 3 

Ni/rGO 1600 1.623 1 mol·L-1 1 mol·L−1 KOH Glassy carbon 2018 4 

Ni-NiO@C 210 1.766 0.5 mol·L-1 1 mol·L−1 KOH Glassy carbon 2018 5 

Ni@C microrods 111.8 1.500 0.5 mol·L-1 1 mol·L−1 KOH Carbon paper  This work 
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