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Migration Pathway Characterization

The migration energy barrier was computed using the Bond-Valence Potential Analysis

(BVPA) method implemented in the softBV-GUL. !

Space Group = P63/ mmc Rp=6.97% Rwp =9.27%
x2=1.79
a(A) = b(A) = 2.88782 c(A) =11.1524 V(A?) = 80.545
Atom Wyckoff Position X y z Occuapncy Ulios
0 af 0.66667 0.33333 0.09438 1 0.04
Nae 6h 0.26707 0.53415 0.25 0.15 0.036
Naf 2b 0 0 0.25 0.221 0.065
Mn 2a 0 0 0 0.667 0.025
Ni 2a 0 0 0 0.333 0.025

Table S1. Detailed Rietveld refinement results of the XRD pattern for NM.

Space Group = P63/mmc Ry =5.92% Rwp=7.71%
x> =163
a(A) = b(A)=2.89219 o(A) = 11.1634 V(A% = 80.869
Atom Wy ckoff Position X y z Occuapncy Usos
o 4f 0.66667 0.33333 0.07805 1 0.032
Nae 6h 0.36119 0.72237 0.25 0.143 0.052
Naf 2b 0 0 0.25 0.241 0.077
Mn 2a 0 0 0 0.62 0.009
Ni 2a 0 0 0 0.28 0.009
Mg 2a 0 0 0 0.025 0.009
Zn 2a 0 0 0 0.025 0.009
Zr 2a 0 0 0 0.05 0.009

Table S2. Detailed Rietveld refinement results of the XRD pattern for MZZ-NM.

Actual elemental ratios
Cathode
Na Ni Mn Mg Zn Zr
NM 0.644 0.317 0.648
MZZ-NM 0.640 0.273 0.621 0.021 0.026 0.024

Table S3. ICP-AES measurements for NM and MZZ-NM.



Voltage Capacity Discharge  Refs.
Materials range (V, vs. retention capacity
Na/Na*) , Crate, cycles  (mAh-g™)
Na0.67Ni0_28Mg0_025Zn0,025Mn0_6ZZr0_0502 2.0-4.4 79. 1%,5C,700 96.1 This
work
Nao,76Ni0'23Cu0,075Zn0A075Mn0'6202 2.0-4.5 73.1 %,SC,SOO 82.1 2
Na0_67Ni0A33Mn0A6702@Zr-1 5% 2.0-4.5 77%,5C,200 111.3 3
Nao,67Ni0,25Mgvog3Mn0,55Ti0A11702 3.0-44 77%,2C,200 84 4
NaojNiOAzFCO‘zMHonHO‘102 2445 71 6%,5C,300 106.9 5
Nao_62K0A05Feol5Mn0A502 2.0-4.0 72%,3C,200 81 6
Nao'65MHOA65CUOA2Li0A06Mg0A015Ti0A015A10'0 2.0-4.5 87%,1C,100 97.8 7
15210,015Y 0.015L.80.01502
NaOAgsLio‘12Ni0‘193B60'01 lMgQOl 1MH0.(,6O2 2.0-4.3 783%,5C,300 75.2 8
N32/3Li1/6Fe1/()C01/6Ni1/6Mn1/302 2.0-4.5 637%,5C,300 112 9

Table S4. Comparison of Half-Cell Performance in Layered Oxides for Sodium-Ion

Batteries.
Samlpe D_ga+/cmz 5!
PeakAl | PeakC1 PeakA2 Peak(C2 PeakA3 PeakC3 PeakA4 PeakC4 PeakAS
NM 6.17198E-12 | 5.07409E-12
MZZ-NM | 1.75843E-11 ‘ 1.18963E-10 | 1.56866E-09 | 1.03794E-09 | 1.62005E-09 | 1.65215E-09 | 1.11248E-11 | 1.52312E-11 | 3.41461E-12

Table S5. Sodium ion diffusion coefficients (Dy,+) of the redox peaks for NM and

MZZ-NM.



Electrodes Rsf[Q] Rct [Q]

NM 567 15262

MZZ-NM 453.4 5557

Table S6. Fitted parameters of the Nyquist plots for NM and MZZ-NM.

Full cell Voltage Specific ~ Capacity  Current Refs.
V) energy  retention, mA-g!
Wh-kg™! cycles
Nag 67Nig28Mgo .025Z00,025Mng 621,050, 2.0-4.4 321.6 84.7%,100 170 This

//HC work
Nay 67Nig28Mgo 04Alp.0o0Mng 64 Tig.020; 1.9-4.3 258.8 91.6%,50 34 10
//HC

Nay 67Nig33Mng 6;0,@Zr-1.5%//HC 2.0-3.7 74%,200 17.3 4

Nay 67Nig 28210 0sMng 62 Ti0.0501.95F0.05//HC 2.0-4.35 66.1%,100 170 11

Nay 61Cagos[Lip.1Nig23Mnyg 67]01.95F ¢ 05//HC 1.4-4.2 273(16  92.4%,100 80 12
mA-g)

NaNigsMg 0sCug 1 Feg ,Mng ,Tig 1 Sng 10/ 1.0-4.0 260(14  76.5%,500 70 13
HC mA-g™)

Nay 3Cug 2 Lig 0sMng ¢70,//HC 1.9-43 292.3(13  93%,150 130 14
mA-g)

NaNig 30sFeg33Mng33Ceq,0250,//HC 1.5-4.0 82%,100 120 15

Table S7. Comparison of Full-Cell Performance in Layered Oxides for Sodium-Ion

Batteries.



Figure S1. The microscopic morphology and element distribution of NM.

(a) 10) [

Figure S2. The TEM (a), SAED (b) of MZC—NM. Lattice spacing measurement diagram (c)

of MZZ-NM.
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Figure S3. XPS spectra of NM. (a) Mn; (b) Ni.
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Figure S4. XPS spectra of MZZ-NM. (a) Mn; (b) Ni; (¢) Mg; (d) Zn;(e) Zr.
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Figure S5. Cycling Voltammetry (CV) curves of (a) NM and (b) MZZ—NM in the first

three cycles at 0.1mV-s™! scanning rates.
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Figure S6. The b-value for the reduction peak of MZZ—NM derived from CV curves at

various scan rates.
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Figure S7. a) The equivalent circuit model used to fit the Nyquist plots and b) the

mathematical relationship between Z and w12 of the NM, and MZZ-NM.
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Figure S8. Migration energy barriers for Na* diffusion in NM and MZZ-NM.
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Figure S10. Evolution of the a-axis and c-axis lattice parameters for (a) NM and (b)

MZZ-NM during

the first charge-discharge cycle. (c) The calculated volume of both

samples during the first charging/discharging cycle.
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Figure S11. XPS spectra of the (a) Mn 2p, and (b) Ni 2p for the NM in the pristine

state, after charging to 4.4 V, and after discharging to 2.0 V.

Figure S12. SEM image of (a) NM and (b) MZZ-NM after 200 cycles in the voltage

range of 2—4.4 V at 5C.
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