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Experimental section

Materials.
NiCl2·6H2O, VCl3, NaOH, Formamide and Ethyl alcohol were purchased from 

Sinopharm Chemical Reagent Co. Ltd. Urea, RuO2, Pt/C and 5 wt% Nafion solution 
were purchased from Sigma-Aldrich. NF was purchased from Guangjiayuan Co. Ltd. 
GO was purchased from Jicang Nano Co. Ltd. The water used in all experiments was 
deionized water. All the chemicals were used as received without further purification.
Synthesis of V-α-Ni(OH)2/GO.

A 10 mL aqueous solution containing 1.738 g NiCl2·6H2O and 0.393 g VCl3 was 
added dropwise to 20 mL aqueous solution containing 90 mg GO and 5 ml formamide 
under magnetic stirring at 85 °C. At the same time, 2.5 M NaOH was added dropwise 
into the solution to maintain a pH of 9.5~10.5. The reaction was completed in 10 min. 
After cooling to room temperature, the products were washed with ethanol and water 
several times, collected by centrifugation, and freeze-dried to obtain the V-α-
Ni(OH)2/GO. 
Synthesis of β-Ni(OH)2/GO.

A 10 mL aqueous solution containing 2.377 g NiCl2·6H2O and was added 
dropwise to 20 mL aqueous solution containing 90 mg GO and 5 ml formamide under 
magnetic stirring at 85 °C. At the same time, 2.5 M NaOH was added dropwise into the 
solution to maintain a pH of 9.5~10.5. The reaction was completed in 10 min. After 
cooling to room temperature, the products were washed with ethanol and water several 
times, collected by centrifugation, and freeze-dried to obtain the β-Ni(OH)2/GO.
Synthesis of α-Ni(OH)2/GO.

A 10 mL aqueous solution containing 2.377 g NiCl2·6H2O and 3 g urea was added 
dropwise to 20 mL aqueous solution containing 90 mg GO and 5 ml formamide under 
magnetic stirring at 85 °C and refluxed for 5 hours. After cooling to room temperature, 
the products were washed with ethanol and water several times, collected by 
centrifugation, and freeze-dried to obtain the α-Ni(OH)2/GO.

Structure Characterization.

X-ray diffraction (XRD) was performed on Smart Lab 3KW diffractometer with 
Cu-Kα radiation. Scanning electron microscopy (SEM) was observed on thermo 
scientific Apreo 2C. Energy dispersive spectroscopy (EDS) was observed on SUPER 
X. Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) 
images were acquired with Talos F200S. X-ray photoelectron spectroscopy (XPS) was 
investigated by using Thermo Fisher ESCALAB Xi+. Inductively coupled plasma 
atomic emission spectrometry (ICP) was performed with inductively coupled plasma 
OES spectrometer (ICP-OES, PE Avio 200) to analyze the elemental composition of 
the materials. Infrared Spectroscopy (IR) was performed by Nicolet iS10. Raman 
spectra (Ram) was performed by Thermofisher DXR2. Atomic force microscopy 
(AFM) was employed on Si chips by a Brucker Icon AFM. Electron Paramagnetic 
Resonance (EPR) was performed by Brook A300.

Electrocatalytic measurements.

An electrochemistry workstation (CHI 760E) was used to evaluate OER/UOR 
measurements of as-prepared materials in alkaline electrolyte (1 M KOH or 1 M KOH 
+ 0.33 M urea) with a three-electrode system. The saturated Hg/HgO electrode was 
used as the reference electrode. A Pt foil (1 cm*1 cm) was used as the counter electrode. 
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The sample modified NF was applied as the working electrode. The working electrode 
was prepared as follows: the NF was ultrasonicated in ethanol, 1M HCl, and Ultrapure 
water respectively for 20 minutes to get rid of surface impurities and remove the surface 
nickel oxide layer. 5 mg catalyst was dispersed in 1 mL ethanol, and then 40 µL of 5 
wt.% Nafion solution was added. The Pt/C and RuO2 electrode in the two-electrode 
system was prepared following the aforementioned procedure (the mass loading is 1 
mg cm-2). The as-prepared solution was immersed in an ultrasonic bath for at least 1h. 
After that, solution was sprayed onto the NF (catalyst loading 1 mg cm-2). All NF 
electrodes loaded with catalysts were soaked in 0.1 M KOH for 30 min before 
measurements. All the electrochemical tests were conducted at room temperature.

UOR measurements.

An electrochemistry workstation (CHI 760E) was used to evaluate UOR 
measurements of as-prepared materials in alkaline electrolyte (1 M KOH + 0.33 M 
urea) with a three-electrode system. Convert all potentials to reversible hydrogen 
electrodes (RHE) according to the Nernst equation: 

. Before Linear sweep voltammetry (LSV) 𝐸𝑅𝐻𝐸= 𝐸𝐻𝑔/𝐻𝑔𝑂+ 0.098 + 0.059𝑉 × 𝑃𝐻
tests, the working electrode was first activated 100 times using cyclic voltammetry 
(CV) tests. LSV was tested at 5 mV s-1 with 85% IR compensation. The Tafel slopes 
were obtained from the corresponding UOR-CV curves. Double-layer capacitance 
(Cdl) was gained through UOR-CV measurement, which was scanned at different scan 
rates from 10 mV s-1 ~ 50 mV s-1. Electrochemical impedance spectroscopy (EIS) was 
performed at 1.40 V (vs. RHE) with an AC amplitude of 5 mV in the frequency range 
of 10 kHz to 0.1 Hz. Long-term stability was tested for 100 h at 10 mA cm-2. Turnover 
frequency (TOF) values were calculated using the following equation:

𝑇𝑂𝐹=
𝐽𝐴
4𝐹𝑛

Where J stands for the current density in ampere, A is the electrode area, F represents 
the Faraday’s constant (96485.3 C mol-1), and n accounts for the total number of moles 
of metal that participate in the electrocatalytic reaction. For this work, it was assumed 
that all the Ni metal atoms present in the catalyst participated during UOR.

Fig.S1. XRD pattern of GO.



 
Fig.S2. Raman spectras of V-α-Ni(OH)2/GO, β-Ni(OH)2/GO, α-Ni(OH)2/GO and GO.

Fig.S3. SEM images of (a) α-Ni(OH)2/GO, (b) β-Ni(OH)2/GO

Fig.S4. TEM and element mapping images of (a) α-Ni(OH)2/GO, (b) β-Ni(OH)2/GO.



Fig.S5. AFM images of GO.

Fig.S6. XPS survey spectra of the V-α-Ni(OH)2/GO.

Fig.S7. The initial accumulation potential of NiOOH in (a) Ni(OH)2/ANH1, Ni/NiFeV2, 
Ni/NiV2 catalysts during OER processes, and (b) V0/V2

3, NiFe/Ag@NiFe4, 
Ni(OH)2/Ni0.2Co0.8

5 catalysts during UOR processes revealed by in-situ Raman spectra.



Fig.S8. CV curves of with the scan rate from 10 mV s-1 to 50 mV s-1 of (a) V-α-
Ni(OH)2/GO, (b) α-Ni(OH)2/GO, (c) β-Ni(OH)2/GO.

Fig.S9. Bar chart comparing the TOF of catalysts under investigation at 1.4V.

Fig.S10. Durability of V-α-Ni(OH)₂/GO and α-Ni(OH)2/GO, β-Ni(OH)₂/GO.



Fig.S11. SEM images of V-α-Ni(OH)2/GO after UOR stability test.

Fig.S12. XRD pattern of the V-α-Ni(OH)2/GO before and after UOR stability test.

Fig.S13. (a) Ni 2p, and (b) V 2p XPS spectras of the V-α-Ni(OH)2/GO after UOR 
stability test.



Fig.S14. (a) Polarization curves of the Pt/C//V-α-Ni(OH)2/GO for urea-assisted 
electrolysis and water electrolysis. (b) Comparison of polarization curves, and (c) 
Durability recorded at 50 mA cm-2 in 100 h for urea-assisted electrolysis of the Pt/C//V-
α-Ni(OH)2/GO configuration and for water electrolysis of the Pt/C//RuO2 

configuration.

Table S1. Comparison of the effect for different metal doping Ni(OH)₂ on its catalytic 
activity.

Element
Electro-

-
negativity

Atomic 
radius
(pm)

Sample
Nanosheet
thickness/ 

length (nm)

Shift in 
Ni2+/Ni3+

redox peak
（CV）

Improvement 
of UOR 

activity after 
doping 

[100mAcm-2]

Fe6  1.83  156 1%Fe α-
Ni(OH)2/NF

＜10/150 / 225 mV

Co7 1.88 152 5%Co-
Ni(OH)2

8/200 -0.03 V 110 mV

Cu8 1.90 145 1%Cu α-
Ni(OH)2/NF

＜20/180 -0.02 V 50 mV

Mn9 1.55 161 Mn-Ni(OH)2 
PNAs

＜10/80 ＜-0.05 V 65 mV



Cr10 1.66 166 Cr- Ni(OH)2 ＜10/60 -0.065 V 120 mV

V 1.63 171
α-Ni(OH)2/GO
β-Ni(OH)2/GO

V-α-Ni(OH)2/GO

7.4/35
11.9/40
4-7/20

-0.01 V 310 mV

Table S2. ICP results of the V-α-Ni(OH)2/GO.

Samples Element Concentration 
average[mg/L] Ni:V ratios

Ni 162.44
V-α-Ni(OH)2/GO

V 54.586
3:1

Table S3. Comparison of UOR performance of V-α-Ni(OH)2/GO with reported 
electrocatalysts.

Sample Electrolyt
e

Current 

density

[100 mA cm-2]

Overall 

voltage

[10 mA cm-2]
Durability Ref.

V-α-Ni(OH)2/
GO 1M+0.33M 1.38 V 1.350 V 50 mA cm-2 

for 100 h This work

V0.12-doped 
Ni(OH)2

1M+0.33M 1.47 V 1.50 V 1.37 V for 
110 h

11

V2O3/Ni/NF 1M+0.5M ≈1.40 V 1.45 V 50 mA cm-2 
for 20 h

12

NieMo 
nanotube 1M+0.1M ≈1.42 V 1.43 V 10 mA cm-2 

for 24 h
13

NF/
P-NiMoO4-x

1M+0.33M 1.38 V 1.48 V 10 mA cm-2 
for 25 h

14

H-NiFe-
LDH/NF 1M+0.33M 1.41 V 1.418 V 1.50 V for 

25 h
15

FQD/CoNi-
LDH/NF 1M+0.33M 1.42 V 1.45 V 10 mA cm-2 

for 100 h
16

CoNiP@C/NF 1M+0.5M ≈1.39 V
1.43 V at 

20 mA cm-

2

1.43 V for 
60 h

17



MoS2/Ni3S2 1M+0.5M ≈1.41 V 1.44 V 8 mA cm-2 
for 24 h

18

P-CoNi2S4 
YSSs 1M+0.5M 1.37 V 1.402 V 1.402 V for 

100 h
19

NiMoV 
LDH/NF 1M+0.33M 1.40 V ≈1.47 V 15 mA cm-2 

for 15 h
20
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