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Experimental section

Materials: All chemicals, including Nitric acid (HNO3), ethanol (C2H5OH), Nickel 

nitrate hexahydrate (Ni(NO3)2·6H2O), Cobalt(II) chloride hexahydrate (CoCl2·6H2O),  

ammonium chloride (NH4Cl), and potassium hydroxide (KOH) were purchased from 

commercial suppliers and used without further purification. Graphite felt was 

purchased from Beijing Jinglong Tetan Technology Co., Ltd. Graphite paper was 

provided by Hongshan District, Wuhan Instrument Surgical Instruments business. 

Milli-Q ultrapure water of 18.25 MΩ.cm was applied in all experiments.

Preparation of the NiCo LDHs/GF and NiCo LDHs/GP: A piece of GF with a size 

of 1 × 1 cm2 was cleaned in ethanol for 15 min, cleaned in HNO3 and boil for two 

hours. After that, cleaned ultrasonically in deionized water for 15 min. Place it in a 60 

℃ oven to dry for 4 h. The electrodeposition of NiCo LDHs was carried out in a 

three-electrode system using GF as the working electrode, a saturated calomel 

electrode (SCE) as the reference electrode, and Pt slice as the counter electrode. The 

electrolyte was obtained by dissolving Ni(NO3)2·6H2O (1.45 g), NH4Cl (0.178 g), and 

CoCl2·6H2O (2.38 g) in 25 mL ultrapure water. The applied potential was -1.0 V vs. 

SCE and electrodeposition time is 5 min. The samples were then washed with 

ultrapure water and dried in air. NiCo LDHs/GP was similarly prepared.

Characterizations: X-ray diffraction (XRD) data were collected by using a LabX 

XRD-6100 X-ray diffractometer with a Cu Kα radiation (40 kV, 30 mA) of 

wavelength 0.154 nm (SHIMADZU, Japan). X-ray photoelectron spectra (XPS) 

spectra were acquired with an ESCALABMK II X-ray photoelectron spectrometer 

using a nonmonochromatized A1 Kα X-ray source (1486.6 eV). Scanning electron 

microscopy (SEM) images were collected on a Helios G4 UC scanning electron 

microscope (Thermo Fisher Scientific). Transmission electron microscopy (TEM) 

images were obtained by using a HITACHI H-8100 electron microscopy (Hitachi, 

Tokyo, Japan) operated at 200 kV. 

Electrochemical measurements: Electrochemical measurements were performed with 

a CHI 660E potentiostat (CH Instruments, China) in a standard three-electrode setup 
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with the prepared samples as the working electrode, a graphite rod as the counter 

electrode, the Hg/HgO electrode as the reference electrode. The HER activity was 

evaluated using linear sweep voltammetry (LSV) with a sweep rate of 5 mV s-1. 

Electrochemical impedance spectroscopy (EIS) was measured at a frequency between 

0.1 Hz and 106 Hz. The tests were performed in 1.0 M KOH solution. All the 

potentials were displayed versus reversible hydrogen electrode (RHE) by: E (RHE) = 

E (Hg/HgO) + 0.098 + 0.059 × pH. The 100% iR-corrected was applied in the LSV 

and chronopotentiometry experiments.



Fig. S1 XRD pattern of bare GF.



Fig. S2 (a) Low- and (b) high-magnification SEM images for bare GF.



Fig. S3 SAED pattern of NiCo LDHs.



Fig. S4 SEM images for (a,b) GP and (c) NiCo LDHs/GP.



Fig. S5 Multi-step chronopotentiometric curve for NiCo LDHs/GF with the current 

being started from 20 to 130 mA cm-2 (10 mA cm-2 per 500 s).



Fig. S6 (a) Low- and (b) high-magnification SEM images for NiCo LDHs/GF after 

the stability test.



Fig. S7 Cyclic voltammograms of (a) NiCo LDHs/GF and (b) NiCo LDHs/GP in the 

non-Faradaic capacitance current range at scan rates of 30, 40, 50, 60, and 70 mV s-1.



Fig. S8 LSV curves of NiCo LDHs/GF with different electrodeposition time (3 min, 5 

min, and 10 min).



Fig. S9 Cyclic voltammograms of (a) NiCo LDHs/GF-5 min and (b) NiCo LDHs/GF-

10 min in the non-Faradaic capacitance current range at scan rates of 30, 40, 50, 60, 

and 70 mV s-1. (c) Capacitive currents at 1.02 V vs. RHE as a function of scan rate 

and (d) Nyquist plots for NiCo LDHs/GF-3 min, NiCo LDHs/GF-5 min, and NiCo 

LDHs/GF-10 min. 



 Table S1. Comparison of water oxidation performances of NiCo LDHs/GF with 

other catalysts under alkaline conditions.

OER catalyst η (mA cm-2 ) Overpotential (mV) ECSA (mF cm-2) Electrolyte Ref.

NiCo LDHs/GF 20 249 38.8 1.0 M KOH This work

NiCo-NP-7.50 10 314 59.82 1.0 M KOH 1

NiCo-LDH@HOS 10 293 5.38 0.1M KOH 2

NiCo-LDH nanosheets 10 346 3.24 0.1M KOH 2

Co0.5Ni0.5/rGO 10 288 7.69 1.0 M KOH 3

NiCo-LDH/Ar 10 299 2.58 1.0 M KOH 4

CoNi-LDH@PCPs 10 350 - 1.0 M KOH 5

NiCo-LDHs 20 310 5.3 1.0 M KOH 6

NiCo/NiCoOx@FeOOH 10 278 - 1.0 M KOH 7

NiCo LDH nanosheets 10 367 0.0041 1.0 M KOH 8

NiCo-NS 10 335 0.0093 1.0 M KOH 9

CoNi LDH/CoO 10 300 - 1.0 M KOH 10

NiCo@Ru core-shell 

nanoparticles

10 272 - 1.0 M KOH 11

Ni3Co3@Ru HNS 10 300 2.9 1.0 M KOH 12



References

1 S. Sun, C. Lv, W. Hong, X. Zhou, F. Wu and G. Chen, Dual tuning of composition and 

nanostructure of hierarchical hollow nanopolyhedra assembled by NiCo-layered double 

hydroxide nanosheets for efficient electrocatalytic oxygen evolution, ACS Appl. Energy 

Mater., 2018, 2, 312–319.

2 K. Xiang, J. Guo, J. Xu, T. Qu, Y. Zhang, S. Chen, P. Hao, M. Li, M. Xie and X. Guo, 

Surface sulfurization of NiCo-layered double hydroxide nanosheets enable superior and 

durable oxygen evolution electrocatalysis, ACS Appl. Energy Mater., 2018, 1, 4040–4049.

3 X. Zhang, K. Ding, B. Weng, S. Liu, W. Jin, X. Ji and J. Hu, Coral-like carbon-wrapped 

NiCo alloys derived by emulsion aggregation strategy for efficient oxygen evolution reaction, 

J. Colloid Interf. Sci., 2020, 573, 96–104.

4 Y. Liu, M. Zhang, D. Hu, R. Li, K. Hu and K. Yan, Ar plasma-exfoliated ultrathin NiCo-

layered double hydroxide nanosheets for enhanced oxygen evolution, ACS Appl. Energy 

Mater., 2019, 2, 1162–1168.

5 W. Wang, Y. Lu, M. Zhao, R. Luo, Y. Yang, T. Peng, H. Yan, X. Liu and Y. Luo, 

Controllable tuning of cobalt nickel-layered double hydroxide arrays as multifunctional 

electrodes for flexible supercapattery device and oxygen evolution reaction, ACS Nano, 2019, 

13, 12206–12218.

6 B. Liu, M. Zhang, Y. Wang, Z. Chen and K. Yan, Facile synthesis of defect-rich ultrathin 

NiCo-LDHs, NiMn-LDHs and NiCoMn-LDHs nanosheets on Ni foam for enhanced oxygen 

evolution reaction performance, J. Alloys Compd., 2021, 852, 156949.

7 Y. Shao, M. Zheng, M. Cai, L. He and C. Xu, Improved electrocatalytic performance of core-

shell NiCo/NiCoOx with amorphous FeOOH for oxygen-evolution reaction, Electrochim. 

Acta, 2017, 257, 1–8.

8 H. Liang, F. Meng, M. Cabán-Acevedo, L. Li, A. Forticaux, L. Xiu, Z. Wang and S. Jin, 

Hydrothermal continuous flow synthesis and exfoliation of NiCo Layered double hydroxide 

nanosheets for enhanced oxygen evolution catalysis, Nano Lett., 2015, 15, 1421–1427.

9 F. Song and X. Hu, Exfoliation of layered double hydroxides for enhanced oxygen evolution 

catalysis, Nat. Commun., 2014, 5, 4477.

10 J. Wu, Z. Ren, S. Du, L. Kong, B. Liu, W. Xi, J. Zhu and H. Fu, A highly active oxygen 



evolution electrocatalyst: ultrathin CoNi double hydroxide/CoO nanosheets synthesized via 

interface-directed assembly, Nano Res., 2016, 9, 713–725.

11 H. Hwang, T. Kwon, H. Y. Kim, J. Park, A. Oh, B. Kim, H. Baik, S. H. Joo and K. Lee, 

Ni@Ru and NiCo@Ru core–shell hexagonal nanosandwiches with a compositionally 

tunable core and a regioselectively grown shell, Small, 2018, 14, 1702353.

12 L. Tian, K. Wang, H. Wo, Z. Li, M. Song, J. Li, T. Li and X. Du, Construction of hierarchical 

bundle-like CoNi layered double hydroxides for the efficient oxygen evolution reaction, J. 

Taiwan. Inst. Chem. Eng., 2019, 96, 273–280.


