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1. Sample Characterization

Sample characterization methods: An Empyrean-type X-ray diffractometer (Cu

Kα line λ = 1.5418 Å) was used to obtain the XRD pattern, which was compared with

the standard cards to determine the phase. The morphology and structure of the

samples were characterized by field emission scanning electron microscope (SEM)

(JSM-6700F, JEOL) and transmission electron microscope (TEM) (JEM-2010FEF,

JEOL). The elemental content of the samples was analyzed by energy-dispersive

spectrometer (EDS). A VG Multilab 2000 type X-ray photoelectron spectrometer

(XPS) was used to determine the chemical components and element valence states on

the sample surface, and the characteristic peak of C 1s at 284.6 eV was used as a

reference for calibrating the binding energies of the elements. A Raman spectrometer

(laser wavelength of 532 nm) was used to obtain the Raman spectrum of the sample.

2 Electrochemical Testing

Electrochemical testing methods: The CHI760 electrochemical workstation was

used to conduct electrochemical tests on the samples. ZCN-LDHs-1802h was used as

the working electrode, a platinum sheet as the counter electrode, and Hg/HgO as the

reference electrode. In a 2 M KOH aqueous solution at room temperature,

three-electrode electrochemical tests of cyclic voltammetry (CV), galvanostatic

charge-discharge (GCD), electrochemical impedance (EIS, frequency range of 0.01

Hz - 10 kHz), and cycling stability were carried out within a voltage range of 0 to 0.6

V.

The specific capacitance, energy density, and power density in the

three-electrode system and the assembled asymmetric supercapacitor were calculated

by the following formulas:

Ccv= (∫idV)/(ν×m×ΔV) (1)

Ccv is the specific capacitance calculation based on the CV curve, where ∫idV is the

integral area of the CV curve, ν is the scan rate, m is the mass of the active material,

and ΔV is the working-potential range.

CGCD= (I×δt)/(m×ΔV) (2)



CGCD is the specific capacitance calculation based on the GCD curve, where I is the

discharge current (A), m is the mass of the active material (g), δt is the discharge time,

and ΔV is the working-potential range.

When assembling a supercapacitor, first, according to the charge balance theory,

the loading amounts of the positive and negative active materials were matched based

on their specific capacitance and voltage ranges. The specific calculation is as

follows:

m+×C+×ΔV+ = m-×C-×ΔV- (3)

m+ and m- are the loadings of the positive and negative electrode active materials,

respectively, and C+, C-, ΔV+, and ΔV- are the specific capacitances and voltage

windows of the positive and negative electrodes, respectively.

E=0.5C×ΔV2 (4)

P=E/Δt (5)

C represents the specific capacitance of the electrode material (F g⁻¹), ΔV is the

working potential range, E is the energy density, P is the power density, and Δt is the

discharge time.



3 Supporting figures and tables

Fig. S1 SEM images of all ZCN-LDHs samples with different Zn/Co/Ni ratios: (a)

ZCN-LDHs1-1802h, (b) ZCN-LDHs-1802h, (c) ZCN-LDHs2-1802h, (d)

ZCN-LDHs3-1802h, (e) ZCN-LDHs4-1802h, (f) ZCN-LDHs5-1802h, (g)

ZCN-LDHs6-1802h, (h) ZCN-LDHs7-1802h, (i) ZCN-LDHs8-1802h, (j)

ZCN-LDHs9-1802h, (k) ZCN-LDHs10-1802h and (l) ZCN-LDHs11-1802h.



Fig. S2 (a) EDS images, (b) XRD pattern of ZnCo-MOF precursor and (c) XRD

patterns of products at different temperatures of 140, 160, 170, 180, and 190 °C via

solvothermal method.



Fig. S3 SEM images of samples (a) Zn-MOF, (b) Co-MOF, (c) ZnCo-MOF, (d)

ZCN-LDHs-140, (e) ZCN-LDHs-160, (f) ZCN-LDHs-170, (g) ZCN-LDHs-180 and

(h) ZCN-LDHs-190.



Fig. S4 XRD patterns of products at 180 °C for different reaction times of 0.5 h, 1 h,

2 h, and 3 h.

Fig. S5 SEM images of (a) ZCN-LDHs-1800.5h, (b) ZCN-LDHs-1801h, (c)

ZCN-LDHs-1802h and (d) ZCN-LDHs-1803h.



Fig. S6 N2 adsorption-desorption isotherms of (a) Zn-MOF, (b) Co-MOF, (c)

ZnCo-MOF and (d) ZCN-LDH-1802h.

Fig. S7 XRD patterns of ZC-LDHs, ZN-LDHs and CN-LDHs.



Fig. S8 SEM images of (a, b) Zn-Co LDHs, (c, d) Zn-Ni LDHs and (e, f) Co-Ni LDHs.

Fig. S9 Samples prepared at different temperatures (140, 160, 170, 180, and 190 °C):

(a) CV curves at a scan rate of 2 mV s⁻¹, (b) GCD curves at a current density of 1 A

g⁻¹, (c) Specific capacitance plots at different current densities and (d) EIS plots.



Fig. S10 Samples from solvothermal reaction at 180 °C with different durations (0.5 h,

1 h, 2 h, 3 h): (a) CV curves at 2 mV s⁻¹, (b) GCD curves at 1 A g⁻¹, (c) Specific

capacitance plots at different current densities and (d) EIS plots.



Fig. S11 Electrochemical performance of ZCN-LDHs samples with different

component ratios: (a, c, e, and g) CV curves measured at a scan rate of 2 mV s-1, and

(b, d, f, and h) GCD curves tested at a current density of 1 A g-1.



Fig. S12 Samples of ZCN-LDHs-1802h, ZCN-LDHs5-1802h, ZCN-LDHs6-1802h, and

ZCN-LDHs10-1802h: (a) CV curves at a scan rate of 2 mV s⁻¹, (b) GCD curves at a

current density of 1 A g⁻¹, (c) Specific capacitance plots at different current densities,

and (d) EIS plots.



Fig. S13 Samples of ZC-LDHs, ZN-LDHs, CN-LDHs, and ZCN-LDHs-1802h: (a) CV

curves at a scan rate of 2 mV s⁻¹, (b) GCD curves at a current density of 1 A g⁻¹, (c)

Specific capacitance plots at different current densities, and (d) EIS plots.

Fig. S14 Ragone plot of ZCN-LDHs-1802h//AC.



Table S1 Performance comparison of this work with other similar works.

Materials Capacity (F g-1) Capacity retention Ref

Co-Ni LDH 1634.1 (1 A g-1) 81.7% (10000 cycles) 1
Co3O4@CoNi-LDH 2676.9 (1 A g-1) 67.7% (10000 cycles) 2

Mg-Co-Al LDHs/rG-x 1204 (1 A g-1） 90.5% (20000 cycles) 3

CoNi LDH@rGO@CoNi2S4 2101 (1 A g-1) 72% (6000 cycles) 4

MnCo-LDH/S-NiCo-LDH@NF 1581.3 (1 A g-1) 87% (10000 cycles) 5
NiFeAl LDHs 1652.2 (0.5 A g-1) 54.9% (1000 cycles) 6

ZCN-LDHs-1802h 2288（1 A g-1） 84.8% (12000 cycles) This
work

Table S2. Comparison of energy densities between this work and others.

Materials Energy density
(Wh kg-1)

Power density
(W kg-1) Ref

ZnCoS/ZnCoLDH//AC 36.4 850 7
ZnCo LDH@Ni3S2//AC 39 423 8
Co(OH)F/Ni(OH)2//AC 13.8 470 9
NiCo LDH-C3N4//AC 33 401 10
Mg-Co-Ni LDHs//AC 44.3 800 3
CoNi LDH NFs//AC 30.1 748 11
ZCN-LDHs-1802h//AC 39.1 750 This work
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