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Relevant formulas

The configuration entropy can be calculated from the following Eq. (S1)!2:

N M
Sconfig = _R[(inlnxi)cation—site + Z lenxj)anion—site]
i=1 j=1 (S1)

where R is the ideal gas constant (physics) and xi & xj are the mole fractions of the
cationic and anionic site elements respectively. As the sample synthesised in the
experiment contains only one anion, the influence of the anion has only a negligible
effect on the Sconfig and the impact of the anion can not taken into consideration in
the calculation. Moreover, the Gibbs free energy of the material can be calculated
according to Eq. (S2)"-2:

AG = AH-TAS (S2)

In the calculation of diffusion coefficients, if the relaxation time 7 is very short,

the relationship between dE/d\Jt i linear, and the Na+ diffusion coefficient can be

calculated by simplified Eq.(S3):

D 4 mgVy),
Na+ ™ qr MgS

AE,
AE,

2

(S3)

where Dy,+ (cm? s7!) represents the Na+ diffusion coefficient, Vy; (cm? mol™! ), mg,
and Mg are the molar volume, weight, and molar weight of the active materials,
respectively, S and 7(s) denote the surface area of the electrode and the testing time in

AE AE

each step, and =~ ~'s and 't are the quasi-equilibrium potential and the change in cell

voltage E during the current pulse, respectively.
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Fig. S1 dQ/dV curves for NNMO, O3-HEO and P2/03-HEO.
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Fig. S2 CV curves of NNMO, O3-HEO and P2/03-HEO at 0.3 mV s’!
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Fig. S3 The cycling performances at 5C for O3-HEO and P2/0O3-HEO.
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Fig. S4 GITT curves and corresponding Dy, values of NNMO and O3-HEO.

6
% o 2 P o3V
) W@\ f\/ a? T a®
@ 0
o%" I /°
g | . !
20 J %
] \/ Potential (V)
—@— Log(Dicm? s™)
m -
34
2 r T
20 40 60
Time (h)
6
A 99999993354, 22992000000, 00 i
] L7
o [ [* ]
| |
Potential (V)
—a— Log(Dlcm? 7).
44
34
2 ' T
20 40
Time (h)

-10

-12

-14

-16

-18

-20

-10

12

-14

-16

-18

-20

Log (Dy,. lcm?s™)

Log (Dy,. lcm?s™)



P2 (002)/ O3 (004) P2 (004)/ O3 (006) P2 (100)/ 03(102) 03 (104) High

" 448 | N A
16.2 31.8 32.4 36.0 36.6 42.0 Low
2 Theta (degree)

Fig. S5 The contour plot of In-situ XRD patterns selected 20 regions.



Table

Table S1 Rietveld refinement result of P2/0O3-HEO .

71.8 wt% O3 phase R3m

Atom Wyckoff X y z Ocec. Uiso
Na 3a 0 0 0 0.802 0.0186
™ 3b 0 0 0.5 1 0.0250
(0] 6¢ 0 0 0.234 0.951 0.0017

a=b=2.94009 A, c=16.44799 A, V=123.130 A3, 0=p=90°, y=120°

28.2 wt% P2 phase P63/mmc

Atom Wyckoff X y z Occ. Uiso
Na, 2d 0.66667  0.33333 0.25 0.392 0.2732
Nay 2b 0 0 0.25 0.287 0.1010
™ 2a 0 0 0 1 0.0250

0] 4f 0.66667  0.33333 0.08593 0.924 0.0250

a=b=2.91147 A, c=11.13127 A, V=81.715 A3, a=p=90°, y=120°

Ryp = 5.411%, GOF = 3.23, 2 = 10.42




Table S2 Rietveld refinement result of O3-HEO .

03 phase R3m

Atom Wyckoff X y z Occ. Biso
Na 3a 0 0 0 0.919 0.0594
™ 3b 0 0 0.5 1 0.0250
0] 6¢ 0 0 0.23250 0.947 0.0065

a=b=2.95741 A, ¢=16.18838 A, V=122.619 A3, 0=p=90°, y=120°

Rwp =5.462%, GOF =2.52, y2 = 6.34

Table S3 Rietveld refinement result of NNMO .

P2 phase P63/mmc

Atom Wyckoff X y z Occ. Biso
Na, 2d 0.66667 0.33333 0.25 0.389 0.2124
Nag 2b 0 0 0.25 0.268 0.1067
™ 2a 0 0 0 1 0.0250

O 4f 0.66667 0.33333 0.08363 0.964 0.0065

a=b=2.88295 A, c=11.1605 A, V=80.332 A3, a=p=90°, y=120°

Rwp =5.958%, GOF =2.11, 32 = 4.47




Table S4 The XRF result of O3-HEO

Na Mn Fe Ti Ni Mg Zn Cu
mass fraction % 14.65 24.19 927 242 996 142 389 4.6
Composition of 0.637 0439 0.165 0.050 0.169 0.059 0.060 0.065

atomic

Table S5 The XRF result of P2/O3-HEO

Na Mn Fe Ti Ni Mg Zn Cu
mass fraction % 18.99 2437 941 240 10.02 1.29 4.02 4.03
Composition of 0.826 0.443 0.168 0.050 0.170 0.053 0.062 0.063

atomic




Table S6 Electrochemical performance comparison between this work and previously

reported result

Cathode materials phase specific capacity voltage cycle performance refs
type (mAhg™) window
Nay ¢7F€0.42sMng 425Mg 1502 P2/03 146.6 (0.1C) 1.5-4.2v 95.7%/1C, 50 cycles 4
Nay 67Fe sMng.46Mgo 0402 P2/03 143.7 (1C) 1.5-4.2v 63.9%/1C, 70 cycles 3
Nay gNig4Mnyg 4Tip,0, P2/03 158 (0.1C) 2.0-4.2V 94%/0.5C, 200 cycles 6
Nay 5Nig34Mng 33Tl 330, P2/03 126.6 (0.1C) 2.2-4.4V 80.6%/1C, 200 cycles 7
Nag sMng ¢Nip3Cug 10, P2/03 139 (0.1C) 1.5-4.2v 85%/0.2C, 100 cycles 8
Nay ¢7F€0.425Mng.425Cug 150, P2/03 140.5 (0.1C) 2.0-4.2V 87.1%/1C, 100 cycles K
Nay go[Li,12Nig 22Mng 66]0; P2 133 (0.1C) 2.0-4.4V 91%/0.1C, 50 cycles 10
Nay 62Mny ¢7Nig 23Cu0.0sMg0.07Ti0.0102 P2 148.2 (0.1C) 2.0-4.3V 87%/1C, 500 cycles 2
NaLi Nip35Mng 550, 03 160 (0.1C) 1.5-4.3V 85%/0.1C, 100 cycles 1
NaNij 3,Fep 30Mng 3Al0 02Cug 0202 03 146 (0.1C) 2.0-4.0V 81%/1C, 200 cycles 12
P2/03-HEO P2/03 162 (0.1C) 2.0-4.3V 72.9%/5C, 300 cycles This work
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