
Figure S1. Rietveld refinements of (a) Na0.67Ni0.23Mn0.67Cu0.05O2 and (b) 

Na0.67Ni0.23Mn0.67Cu0.15O2
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Figure S2. SEM of (a) and (b) Na0.67Ni0.33Mn0.67O2, (c) and (d) Na0.67Ni0.23Mn0.67Cu0.05O2, (e) and 

(f) Na0.67Ni0.23Mn0.67Cu0.1O2, (g) and (h) Na0.67Ni0.23Mn0.67Cu0.15O2.



Figure S3. EDS of Na0.67Ni0.33Mn0.67O2



Figure S4. SEM of (a) and (b) Na0.67Ni0.23Mn0.67Cu0.1O0.9F0.05, (c) and (d) 

Na0.67Ni0.23Mn0.67Cu0.1O0.9F0.1, (e) and (f) Na0.67Ni0.23Mn0.67Cu0.1O0.85F0.15



Figure S5. Cycling performance at 0.1 C between 2.0 and 4.4 V of NNM.



Figure S6. Cycling performance at 0.1 C between 2.0 and 4.4 V of NNMC10F10.



Figure S7. SEM after 100 cycles of (a) NNM and (b) NNMC10F10.



Figure S8. GITT curves of P2-type cathode material (a) NNM and (b) NNMC10F10.



Figure S9. XPS spectrum after the NNMC10F10 cycle.



Figure S10. XPS tests of (a) NNM and (b) NNMC10F10 for Mn 2p spectrum. 



Figure S11. Ex situ XPS tests of NNM for (a) Mn 2p spectrum and (b) Ni 2p spectrum.



Figure S12. Changes in structural parameters during in-situ XRD testing (a) unit cell volume V, 

(b) lattice parameter a and (c) lattice parameter c.



Table S1. Detailed structural parameters of the Na0.67Ni0.33-xMn0.67CuxO2 (x=0，0.05，0.1，0.15) 

samples determined by the XRD Rietveld refinement.

Synthesized 
samples

a (Å) c (Å) V (Å3) Rwp

x=0 2.90647 11.21019 82.012 4.472%

x=0.05 2.90792 11.22016 82.166 6.742%

x=0.1 2.91355 11.25674 82.754 4.465%

x=0.15 2.91212 11.28198 82.858 5.168%



Table S2. Detailed structural parameters of the Na0.67Ni0.23Mn0.67Cu0.1O2-yFy (y=0，0.05，0.1，

0.15) samples determined by the XRD Rietveld refinement.

Synthesized 
samples

a (Å) c (Å) V (Å3) Rwp

y=0.05 2.90577 11.22478 82.079 5.52%

y=0.1 2.87360 11.22690 80.287 5.04%

y=0.15 2.91511 11.23157 82.657 6.613%



Table S3. Comparison of BET specific surface areas of the three samples: solid NNM, 

microsphere NNM, and microsphere NNMC10F10

Thermophysical properties
Solid-phase 

sample
Sphere NNM

Sphere 
Cu0.1F0.1

BET Surface Area (m2 g-1) 7.3839 3.5242 0.0985

BJH Adsorption average pore diameter (nm) 6.0066 4.5712 15.3932

BJH Desorption average pore diameter (nm) 6.4153 6.2709 40.0035



Table S4. Comparison of unit cell volume variation between this work and other previously reported 

sodium layered oxide cathodes.

Sample Volume change  Reference(s)

P2-Na0.7Ni0.2Co0.2Mn0.5Fe0.1O2 11.90% 1

P2-Na0.67Ni0.18Mn0.67Cu0.1Zn0.05O2 6.96% 2

P2–Na0.66Li0.18Fe0.12Mn0.7O2 3.50% 3

P2-Na0.67Mn0.7Cu0.15Ti0.15O2 3.20% 4

Na3V2(PO4)2O2F 2.56% 5

P2-Na0.56Co0.17Mn0.8La0.03O2 1.90% 6

P2-Na2/3Mn1/2Ni1/6Co1/3O2 1.90% 7

This work 1.50% This work



Table S5. The elemental molar ratio of the material was determined through inductively coupled 

plasma (ICP) analysis.

Sample Na Ni Cu Mn

Na
0.67

Ni
0.33

Mn
0.67

O
2 0.674396 0.328932 　 0.67

Na
0.67

Ni
0.23

Mn
0.67

Cu
0.1

O
2 0.672936 0.237554 0.119647 0.67

Na
0.67

Ni
0.23

Mn
0.67

Cu
0.1

O
1.9

F
0.1 0.662782 0.230833 0.106393 0.67



Table S6. Performance comparison between our work and other reported works.

Sample
Initial 

capacity 
(mA g-1)

Cycling 
Retention

Voltage 
Window 

(V)
Reference

P2- Na0.66Li0.18Mn0.71Mg0.21Co0.08O2 166 
82%, 100 cycle, 

20 mA g-1 1.5-4.5 8

P2-Na0.93Li0.07Cu0.07Ni0.29Mn0.57O2 110 
85%, 200 cycle, 

0.2 C
2.0-4.2 9

O3-Na [Fe1/3Ni1/3Mn1/3]0.95Cu0.05O2 127.2 
80.7%, 200 cycle, 

0.5 C
2.0-4.0 10

P2-Na0.67Fe0.1Mn0.8Cu0.1F0.1O1.9 163.8 
80.6%, 100 cycle, 

100 mA g-1 1.5-4.5 11

P2-Na2/3Zn0.18Ti0.10Mn0.72O2 134 
78.2%, 50 cycle, 

0.1 C 
2.0-4.6 12

O3-NaMn0.48Fe0.32Cu0.2O2 103.76 
82.9%, 100 cycle, 

24 mA g-1 2.1-4.3 13

P2-Na0.66Ni0.12Li0.05Cu0.10Mn0.72O2 113.5 
82.15%, 100cycle, 

1 C
2-4.5 14

 P2–Na0.6Ni0.2Mn0.7Cu0.1O2 135 
76%, 100cycle, 

0.1 C
2-4.5 15

P2-Na0.67Ni0.33Mn0.57Cu0.05Mo0.05O2 120 
80.2%, 200cycle, 

0.5 C
2-4.5 116

P2-Na0.67Fe0.3Mn0.5Cu0.15Ti0.05O2 161.3 
77.1%, 100 cycle, 

200 mA g-1 1.5-4.3 17

P2- Na0.67Ni0.23Mn0.67Cu0.1O0.9F0.1 130.8 
88.07%, 100cycle, 

1 C
2-4.4 This work
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