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1 Materials and chemicals

2 Citric acid monohydrate (C6H8O7·H2O) and ethylenediamine (EDA) were 

3 obtained from Sinopharm Group Chemical Reagent (Shanghai, China). 

4 Nickel(II) acetate tetrahydrate (Ni(OAc)2) was purchased from Aladdin 

5 (Shanghai, China). All reagents were utilized without additional purification, and 

6 ultrapure water was utilized throughout the experiments.
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10 Figure S1. NCDs in ultrapure water at different excitation wavelengths (in 10 nm 

11 increments starting from 400 nm to 480 nm).
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15 Figure S2. High XPS spectra of (a) C 1s, (b) N 1s, and (c) O 1s of NCDs. 
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2 Figure S3. XPS survey spectrum of Ni@NCDs.
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6 Figure S4. The i-t test at a current density of 100 cm-2.
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2 Figure S5. CV curves of NCDs-650 (a) and Ni (b) measured at different scan rates.
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7 Figure S6. LSV curves for Ni@NCDs before and after 3000 CV cycles in 1.0 M 

8 KOH with 0.5 M urea.
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1 Table S1. Comparison of the HER performance of Ni@NCDs with some recently 

2 reported Ni-based catalysts in alkaline medium.

Catalyst
η (mV)@j 
(mA cm-2)

Tafel slope
(mV dec-1)

References

Ni-Cu alloy 128@10 57
[1] Electrochim. Acta, 
2016, 215, 609-616.

Ni-doped graphene ~180@10 45
[2] Nat. Commun. 2016, 7, 
10667.

NiO/Ni@CNT 80@10 82
[3] Nat. Commun. 2014, 5, 
4695

Ni@SNG 99.8@10 98
[4] ACS Appl. Mater. 
Interfaces, 2021, 13, 4294-
4304.

Ni(OH)2/Ag hybrid 89@10 102
[5] New J. Chem. 2021, 45, 
13286-13292.

Ni@graphene defects 270@10 47
[6] Chem, 2018, 4, 285-
297.

Ni-N-C 83@10 100
[7] ACS Appl. Mater. 
Interfaces, 2022, 14, 
29822-29831.

Ni/NiFe LDH 92@10 72
[8] J. Mater. Chem. A, 
2019, 7, 21722-21729.

Ni/Graphene 50@10 45
[9] Angew. Chem. Int. Ed. 
2015, 54, 14031-14035.

Ni/NiO hybrid 105@10 55
[10] J. Alloys Compd. 
2021, 853, 157338.

Nanoprism 
NiO/oxygen vacancies

115@10 146
[11] New J. Chem. 2020, 
44, 1703-1706.

NiOx@bamboo-like 
carbon nanotubes

79@10 119
[12] ACS Appl. Mater. 
Interfaces, 2017, 9, 7139-
7147.

Ni@NCDs 86@10 78.2 This work



1 Table S2. Comparison of the Ni@NCDs with recently reported catalysts for urea-

2 assisted water electrolysis.

Catalyst
Cell Voltage at 10 

mA cm-2 (V)
References

NiS/Ni3S4/GCW 1.44
[13] J. Colloid Interface Sci. 2022, 

626, 848-857.

NiS/MoS2@CC 1.46 [14] Chem. Eng. J. 2022, 443, 136321

MZS/NF-180 1.51
[15] Renewable Energy, 2022, 193, 

715-724.

8%Co:Ni-P-O/NF 1.48
[16] J. Alloys Compd. 2022, 914, 

165362.

CoS2-Ti 1.59
[17] Electrochim. Acta, 2017, 246, 

776-782.

Ni@NCNT 1.56
[18] Appl. Catal. B-Environ. 2021, 

280, 119436.

MnO2/MnCo2O4/Ni 1.55
[19] J. Mater. Chem. A, 2017, 5, 7825-

7832.

Ni/C 1.6
[20] ACS Appl. Mater. Interfaces, 

2018, 10, 4750-4756.

HC-NiMoS/Ti 1.59 [21] Nano Res. 2018, 11, 988-996.

Ni@NCDs 1.47 This work
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