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Experimental Methods 

Preparation of HEO: The LDH precursor was synthesized by the conventional co-precipitation method. First, 

dissolve 0.007 mol of nitrate (five types) in 100 mL of water to obtain A. Then, dissolve 0.2 mol of NaOH and 

0.08 mol of Na2CO3 in 200ml of water to obtain B. Gradually add the uniform solution B to A until the PH=10. 

Then the mixed solution was aged for 24 hours, followed by washing with deionized water. After obtaining the 

powder, it was vacuum-dried at 60°C overnight. The completely dry powder was placed in a quartz crucible 

and then calcined in a muffle furnace at a rate of 10°C per minute to 950°C for 2 hours to obtain HEO. 

Electrochemical Measurements. 

The CR2032-type coin cells were assembled for electrochemical measurements. HEO was prepared by mixing 

active material, carbon black (Super P) and polyvinylidene fluoride (PVDF) in the mass ratio 8:1:1 with N-

methyl-2-pyrrolidone on Cu foil and then drying overnight at 100 °C in a vacuum oven. A glass fibrous 

membrane was used as a spacer. A solution of 1M LiPF6 in EC/DEC/DEC was used as the electrolyte. And the 

cells of both systems were tested in the ranges of 0.01-3 V (Vs Li). Cyclic voltammetry (CV) was performed on 

a CHI 660 electrochemical workstation and cyclic test instrument (NEWARE CT-4000). The calculation of the 
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pseudo-capacitor is consistent with the previous report[1]. The specific capacitance contribution ratio can be 

calculated according to the following formula： 

                                                             (1)i = k1v+ k2v
1/2

 and  represent capacitance and diffusion contribution respectively.k1v k2v1/2

Computational Details

Spin-polarized density functional theory (DFT) calculations were performed using the Cambridge Serial Total 

Energy Package (CASTEP) code.[2] The electron exchange-correlation potential was conducted by the Perdew-

Burke-Ernzerhof (PBE) functional of generalized gradient approximation (GGA)[3], and the ultrasoft 

pseudopotentials were employed. The kinetic energy cutoff was set to 500 eV for the plane-wave basis set. 

Brillouin zone integration was sampled with 3×3×1 for all samples. DFT+U method was adopted for all the 

simulations with U values of 2.5, 4, 2, and 2.5 for Cu, Fe, Co, and Cr, respectively. The convergence tolerances 

were set to be 5×10-5 eV per atom for energy, 5×10-3 Å for maximum displacement, and 0.1 eV/Å for maximum 

force. All of the structures were fully optimized and relaxed to the ground state.

Characterization

The crystal structure of all the samples was investigated by X-ray powder diffractometer (XRD, Bruker D8) 

with Cu Kα (λ = 0.15406 nm). The elemental composition and valence states of P-VPO and VPO were 

characterized by the X-ray photoelectron spectrum (XPS, VG Scientific with 300 W Al Kα source). The 

morphology features of simples were tested by scanning electron microscopy (SEM, Hitachi-SU8000) and 

transmission electron microscopy (TEM, JEOL-2100F). 
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Figure S1 (a)XRD pattern of HEO, (b-f) XPS spectra of Co 2p, Cr 2p, Cu 2p, Fe 2p, Mg 2p.

Figure S2 The SEM images of the HELDH (a), HEO (b).
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Figure S3 The optimized structure of HEO.
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Figure S4 The optimized structure of different Alloy.

Figure S5 The GCD curves of HEO at 0.1 A/g.
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Figure S6 Cyclic voltammetry curves of HEO//Li cells at 0.5 mV/s
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Figure S7 Rate performance of a series of HEO.
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Figure S8 GCD curves of HEO at 5A g-1.



9

Figure S9 Fitting circuits for EIS analysis. 

Figure S10 XRD pattern for a series of HEO.
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Figure S11 XRD pattern for a series of HEO.
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