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Experimental Section

Materials synthesis:

The P2-Na0.67Ni0.33-xZnxMn0.67O2 materials (x = 0.02, 0.05, 0.08, 0.10, and 0.12 

donated as NNMO, NNZMO) were prepared by a simple solid-state synthesis method. 

The amount of Zn doping is optimized (Fig. 3). Thus, the NNZMO is selected for 

further investigation. In a typical synthesis of NNZMO, stoichiometric amounts of 

Na2CO3 (5% excess, Aladdin, 99.0%), MnO2 (Aladdin, 99.0%), ZnO (Aladdin, 

99.0%), and NiO (Aladdin, 99.0%) were uniformly mixed using a high-energy ball 

mill. The powders were calcined at 900 °C for 15 h in a muffle furnace in air with a 

ramping rate of 5 °C/min and cooled to room temperature naturally. The NNMO was 

synthesized by a similar process without and ZnO.

Material characterization:

The phase structure of the material was measured by powder X-ray diffraction 

patterns (XRD, D8 Bruker Advance) with Cu Ka radiation (k = 0.15406 nm) in the 

scan range (2h) of 5°-90°. The XRD Rietveld refinement was conducted by Fullprof 

software. The scanning electron microscopy (SEM, Quanta FEG 250) was employed 

to observe the morphology of the prepared samples. The transmission electron 

microscope (TEM, JEM-F200, JEOL) and energy dispersive X-ray energy 
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spectroscopy (EDS) were employed to further collect detailed structural information 

and the elements distribution. The chemical composition of the prepared materials 

was tested by inductively coupled plasma-atomic emission spectroscopy (ICP-MS). 

Xray photoelectron spectroscopic (XPS, Thermo Fisher-K-Alpha, UK) measurement 

was used to characterize the chemical valence states of material elements. 

Electrochemical measurements:

The working electrodes were made by active material (80 wt%), acetylene black 

(10 wt%), and poly (vinylidene fluoride) (PVDF, 10 wt%) on an aluminum foil. 

CR2032 coin-type cells were assembled in an argon-filled glove box (Mikrouna 

Universal 2440/750). The electrolyte is 1 M NaPF6 in DMC : EC = 1 vol% with 5 vol% 

FEC. The galvanostatic charge/discharge performance was evaluated on a Neware 

battery testing system (MHW200) in the voltage range of 2.0-4.5 V (1 C refers to 100 

mA g-1). Electro-chemical impedance spectra (EIS) were obtained using the 

VersaSTAT 4 electrochemical workstation. All the electrochemical tests were carried 

out at room temperature.

Computational details:

A bulk phase of Na12Ni6Mn12O36 was constructed to simulate the P2-

Na2/3Ni1/3Mn2/3O2 system. To determine the detailed positions of Zn doping in layered 

NNMO, we simulated Zn-doped constructing Na11Ni6Zn1Mn12O36 (NNZMO-0.1Na), 

Na12Ni5Zn1Mn12O36 (NNZMO-0.1Ni) models, corresponding to the replacement Na 

or Ni sites. The first-principles calculations were performed using Density Functional 

Theory (DFT) and the Vienna Ab initio Simulation Package (VASP). [1] The 

calculations were based on the Generalized Gradient Approximation (GGA) using the 

Perdew-Burke-Ernzerhof (PBE) [2] functional. The Grimme’s DFT-D3 method [3] with 

the zero damping function was used to integrate van der Waals interactions. The 

plane-wave cutoff energy was set to 500 eV and a 3 × 3 × 2 k mesh was applied, and 

the convergence criteria for the energy and force in the structural optimization process 

were 10–5 eV and 0.03 eV/Å, respectively. To enhance the computational accuracy, 

the Hubbard U parameters for transition metals were considered, with the Hubbard U 

values chosen as 7.5 eV for Zn, [4]   3.4 eV for Ni, [5] 4.0 eV for Fe, and 4.0 eV for 



Mn. [6]
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re. S1 XRD patterns of NNMO, NNZMO-0.05, NNZMO-0.08, NNZMO-0.10, 

NNZMO-0.12
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Figure. S2 Zn 2p XPS spectra collectedform the (a) NNMO, NNZMO unetched 

surface and NNMO, NNZMO etching to a depth of 50 nm cathodes.
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Figure. S3 EDS mapping images of NNZMO.
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Figure. S4 The average voltage difference between NNMO and NNZMO during 300 

cycles at 2C.
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Figure. S5 The electron density map of (a) NNMO and (b) NNZMO
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Figure. S6 F1s XPS spectra collected form the NNMO, NNZMO etching to a depth 

of 50 nm cathodes after 300 cycles.



Table S1 ICP-OES results of NNZMO sample. 

Table S2 Crystallographic details of NNMO and NNZMO obtained from Rietveld 

analysis.

Table S3. Bader charge of the O atoms analysis of NNMO and NNZMO in the 

Ni/MnO6

Bader charge/eNNZMOBader charge/eNNMO

-1.0633 O1-0.9722 O1

-1.0951 O2-1.0464 O2

-1.0303 O3-0.9960 O3

-0.9748 O4-0.8857 O4

-1.0632 O5-0.9872 O5

-0.9917 O6-0.9556 O6

-1.0364Average-0.9738 Average

O5
O2

O3

O4
O6



Table S4. The Rs, Rcei, Rct value of the electrode at different cycle number.
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