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Experimental section

Chemical reagents

Sodium Molybdate (Na2MoO4·2H2O, 99%), ruthenium oxide (RuO2 

,99.9%) and dextran-20 (MW=20000) was supplied from Aladdin. Cobalt 

potassium cyanide (K3[Co(CN)6], 99%) was purchased from Picasso 

(Shanghai) Development Co., Ltd. Nafion (5 wt.%) was bought from 

Sigma Aldrich. Pt/C (20%) was purchased from Alfa Aesar. Citric acid 

(C6H5O7·H2O, 99.8%), urea (CO(NH2)2, 99%), potassium hydroxide (KOH, 

85%), hydrochloric acid (HCl, AR) and acetone (CH3COCH3, AR) were 

supplied from Sinopharm Chemical Reagent Co., Ltd.

Synthesis of Mo-NiCo PBA/NF and NiCo PBA/NF

For the Mo-NiCo PBA/NF synthesis, first a piece of NF (1.0 cm × 1.5 cm) 

was ultrasonically cleaned in dilute hydrochloric acid solution, acetone 

and deionized water for 15 minutes. 0.1 mmol Dextran-20, and 2.1 

mmol C6H5O7·H2O and 0.05 mmol Na2MoO4·2H2O were dissolved in 300 

mL deionized water (Solution A). Then, the mixed solution was added 

dropwise to 200 mL of a solution that contained 0.5 mmol K3[Co(CN)6] 

(Solution B). The 30 mL mixed solution was transferred to a 40 mL 

Teflon-lined autoclave with a slice of pretreated NF and kept at 80 ℃ for 

10 h to obtain the final Mo-NiCo PBA/NF electrocatalyst. Centrifuge the 

reacted solution to obtain a Mo-NiCo PBA powder sample. For 

comparison, a similar processing was used to prepare NiCo PBA/NF 



without Na2MoO4·2H2O in solution A.

Preparation of RuO2/NF and Pt/C/NF

4.0 mg of RuO2, 20 μL of Nafion solution (5.0 wt%), and 0.98 mL of 

ethanol solution were mixed and treated by ultrasonication for 15 

minutes to obtain a homogeneous ink, then it was dripped on NF (1.0 cm 

× 1.5 cm). Finally, RuO2/NF was obtained after drying. Pt/C/NF was 

prepared by the same process.

Characterization

The images of scanning electron microscopy (SEM) were recorded by 

using Hitachi Regulus 8230 with a 15 kV accelerating voltage. The 

transmission electron microscopy (TEM) and high-angle annular dark-

field scanning TEM (HADDF-STEM) characterizations were obtained on a 

Tecnai TF-20 transmission electron microscope. The powder X-ray 

diffraction (PXRD) patterns were determined by a Smart Lab 9 KW with 

Cu Kα radiation. The X-ray photoelectron spectra (XPS) measurements 

were collected by using a thermal ESCALAB 250. The X-ray absorption 

spectrum (XAS) was conducted on Table XAFS-500 (Specreation 

Instruments Co., Ltd., China).

Electrochemical measurements

The electrochemical measurements were conducted in a three-electrode 

system connected to the CHI 760 E electrochemical workstation. The 

catalysts self-supported on NF (1.0 cm × 1.5 cm, the actual working area 



is 1.0 cm × 1.0 cm) were directly used as working electrodes, Hg/HgO 

electrode was employed as the reference electrode and the Pt sheet 

electrode was used as the counter electrode. In this work, all potentials 

were converted into reversible hydrogen electrode (RHE). The Linear 

Sweep Voltammetry (LSV) curves were performed at a scan rate of 5 

mV·s-1. All the curves were manually corrected with 95% iRs 

compensation (i = catalytic current and Rs = solution resistance). The 

electrochemical surface areas (ECSAs) can be obtained by measuring the 

double layer capacitance (Cdl) of the samples. The Cyclic voltammetry 

(CV) curves were obtained based on the cyclic voltammetry (CV) curves 

in the non-faradic potential region (0.91 V to 1.01 V vs. RHE) conducted 

at scan rates from 20 to 100 mV·s-1. The urea oxidation reaction (UOR) 

stability of Mo-NiCo PBA/NF was tested by current-time (i-t) curve at 

1.34 V (vs. RHE) for 22 h.

In order to evaluate the usefulness of catalysts, water electrolysis and 

urea electrolysis were carried out in a two-electrode system using Mo-

NiCo PBA/NF as an anode and Pt/C/NF as a cathode. At the same time, 

RuO2/NF was used as an anode and Pt/C/NF was used as a cathode for 

comparison. The electrolyte for the water electrolysis was 1.0 M KOH 

and the electrolyte for the urea electrolysis was 1.0 M KOH with 0.33 M 

urea. The electrochemical overall electrolysis test was performed in an 

H-type electrolytic cell separated by anion-exchange membrane. The 



urea-assisted electrolytic water stability of Mo-NiCo PBA/NF||Pt/C/NF 

was tested by i-t curve at 1.5 V (vs. RHE) for 60 h.

Scheme 1 Schematic illustration for the fabrication of Mo-NiCo PBA/NF.

Fig. S1 SEM images. (a) bare NF. (b), (c) and (d) Mo-NiCo PBA/NF.



Fig. S2 (a) XRD patterns of Mo-NiCo PBA/NF and NiCo PBA/NF. (b) XRD pattern of 
Mo-NiCo PBA powder.

Fig. S3 XPS survey spectra of Mo-NiCo PBA/NF and NiCo PBA/NF.



Fig. S4 WT-EXAFS spectra of NiCo PBA/NF and Mo-NiCo PBA/NF.

Fig. S5 XPS spectra of Ni 2p of Mo-NiCo PBA/NF and NiCo PBA/NF after LSV 
measurement of UOR.



Fig. S6 Tafel slopes of Mo-NiCo PBA/NF, NiCo PBA/NF, RuO2/NF and bare NF.

Fig. S7 CV curves of (a) Mo-NiCo PBA/NF, (b) NiCo PBA/NF, and (c) bare NF in the 
non-faradic potential region (0.91 V to 1.01 V vs. RHE) at various scan rates (20 to 
100 mV·s-1). (d) Cdl value of the above catalysts.



Fig. S8 I-t curve of Mo-NiCo PBA/NF at 1.34 V (vs. RHE) for 22 h.

Fig. S9 SEM image of Mo-NiCo PBA/NF after UOR stability test.

Fig.S10 Polarization curves comparison of Mo-NiCo PBA/NF||Pt/C/NF and RuO2/NF|| 
Pt/C/NF in 1.0 M KOH with 0.33 M urea.



Fig.S11 I-t curve of the Mo-NiCo PBA/NF||Pt/C/NF in 1.0 M KOH + 0.33 M urea at a 
cell voltage of 1.5 V for 60 h.

Table S1 The atomic% of Mo-NiCo PBA/NF, NiCo PBA/NF, Mo-NiCo PBA powder 
samples from the EDS analysis.



Table S2 UOR performance comparison between the Mo-NiCo PBA/NF and some 
other reported electrocatalysts.



Table S3 The overall urea splitting performance comparison between the Mo-NiCo-
PBA/NF and some other reported electrocatalysts.
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