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Table S1. Structural information of NFM, SNFM, LNFM and LSNFM obtained from

Rietveld refinements.

NFM
Atom Site X y Z Occ.
(0] 6¢ 0 0 0.2348 1
Fe 3b 0 0 0.5 0.28
Mn 3b 0 0 0.5 0.5
Ni 3b 0 0 0.5 0.22
Na 3a 0 0 0 0.95

Space group R3m.a=b= 2.94863(1) A, ¢ =16.32531(7) A, V'=122.923 A3. R, =

2.51%, Ryyp=3.32%, Rexy=2.56%, > =1.67.

SNFM
Atom Site X y z Occ.
0] 6¢ 0 0 0.2348 1
Fe 3b 0 0 0.5 0.27
Mn 3b 0 0 0.5 0.5
Ni 3b 0 0 0.5 0.22
Na 3a 0 0 0 0.95
Sn 3b 0 0 0.5 0.01

Space group R3m. a=b=2.95216(8) A, ¢ =16.35792(2) A, V'=123.464 A3. R, =

2.83%, Ry, = 3.79%, Reny=2.85%, x> = 1.77.



LNFM

Atom Site X y z Occ.
0] 6¢ 0 0 0.2348 1

Fe 3b 0 0 0.5 0.21
Mn 3b 0 0 0.5 0.5
Ni 3b 0 0 0.5 0.22
Na 3a 0 0 0 0.95
Li 3b 0 0 0.5 0.07

Space group R3m.a=b= 2.94553(5) A, ¢ =16.20275(1) A, V'=121.744 A3. R,

2.62%, R, = 3.53%, Reyy=2.61%, x> = 1.83.

LSNFM

Atom Site X y z Occ.

o 6¢ 0 0 0.2348 1

Fe 3b 0 0 0.5 0.2

Mn 3b 0 0 0.5 0.5

Ni 3b 0 0 0.5 0.22

Na 3a 0 0 0 0.95

Li 3b 0 0 0.5 0.07

Sn 3b 0 0 0.5 0.01
Space group R3m. a =b=2.95058(6) A, c = 16.21883(2) A, V'=122.283 A3 R, =

2.69%, R,,, = 3.60%, R, =2.65%, y* = 1.85.



Table S2. Comparisons of the lattice parameters among NFM, SNFM, LNFM and

LSNFM samples.
Samples a=b (A) c(A) V(A3)
NFM 2.9486 16.3253 122.923
SNFM 2.9522 16.3579 123.464
LNFM 2.9455 16.2028 121.744

LSNFM 2.9506 16.2188 122.283




Table S3. The lengths of Mn—O bonds and distances of Na* layers from Rietveld

refinement results for as-prepared samples.

Samples NFM SNFM LNFM LSNFM
dyino (A) 2.0336 2.0365 2.0275 2.0305
doxao (A) 3.2172 3.2236 3.1930 3.1962




Figure S1. SEM-EDS mapping images of NFM
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Figure S2. Votage vs time profiles for a single titration of a GITT experiment of

LSNFM.



W
[ o

VUILARE | V)
[¥8]
o

2.5
——NFM
hol T LSNEM
0 100 200 300 400

Testing time(h)

Figure S3. Charge—discharge GITT profiles in the first cycle at 0.1 C.



Figure S4. The calculated Na™ diffusion coefficients (Dn,+) from GITT tests.



NFM

12

10

Time (h)

| . (006) (101)(102]
4 3 215 16 17 31 32 33 34 35 36 37 42 44 46 56 57 58 59
E (V) 2 Theta (degree)

Figure S5. Contour plots of in-situ XRD for the NFM material during the first
charge/discharge process at 0.1 C in the voltage range of 2.0-4.0 V.
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Figure S6. Contour plots of in-sifu XRD for the LSNFM material during the first

charge/discharge process at 0.1 C in the voltage range of 2.0-4.0 V.




Table S4. Cycling performance of the representative and important layered oxide cathode materials

Cathode material Voltage range Initial capacity Cycle retention ratio Synthesis Ref.
03-NaMny,Feq,Co,Ni ¢,Tip,0, 1.5-42V 180 mAh g! 93.1% after 100 cycles (0.1 C) Solid-state [1]
03-NaNig 1,Cug. ;Mg 12Feq.15C0g.15 2.0-39V 110 mAh g'! 79% after 200 cycles (1 C), Solid-state [2]
Mnyg 1 Tio.1Sn0,15bg.0402 83% after 500 cycles (3 C)
03-Nay goLig 95Cug 11Nig 11Feg 3 Mng 43 1.5-40V 138.6 mAh g! 80% after 300 cycles (1 C) Solid-state [3]
O1.97F0.03
03-Nag 93Lig 12Nig 25Feg 15Mng 4305 2.0-42V 130.1 mAh g'! 82.8% after 200 cycles Solid-state [4]
(1600 mA g1

0O3-NaLijoNiygFesoMnyoBi/500, 2.0-43V 160.5 mAh g'! 82.8% after 200 cycles Solid-state [5]
(250 mA g'//1C)

0O3-NaFe,Co0,>Nig,Tip,Sng 1Lig 1 O, 2.0-4.1V 112.7 mAh g'! 72% after 100 cycles (0.1 C) Solid-state [6]
67% after 200 cycles (0.5 C)

03-NaNij 1Mng 15C0¢,Cug 1Feg 1Lig 20-4.1V 115 mAh g'! 82.7% after 1000 cycles Solid-state [7]

Tig.15Sn0,10; (160 mA g)

P2-Na, ;L1 6Feq6C016 NijsMny 30, 2.0-45V 171.2 mAh g! 89.3% after 90 cycles (1C) Solid-state [8]
63.7% after 300 cycles (5 C)

P2/03- Nayg gsLig ¢5sNig25Cug o5 2.0-42V 122 mAh g'! 88% after 300 cycles (2C), Solid-state [9]

Mgy 025F€p.05Alp.0sMng sTig gsO 90% after 1000 cycles (10 C)

03-NaCuy 1Nig3Fey,Mng,Tip,0, 2.0-39V 130 mAh g! 87% after 100 cycles (0.1C) Solid-state [10]
71% after 500 cycles (0.5C)

Na;_3,ALPO, coating O3-NaNi 4 2.0-40V 147.6 mAh g! 80% after 200 cycles (1 C) Coprecipitation [11]

FeygoMng 40, 2042V

03-NaLij 0sMng 50Nig30Cug 10 Mgo.0502 2.0-40V 172 mAh g! 63.1% after 1000 cycles (0.5C) Coprecipitation [12]

81.6% after 400 cycles (1C)




NaMgPO,@NaNig 4Cug 1 Mng 4Tig0,-X 24-43V 160 mAh g'! 65% after 100 cycles (0.25 C) Solid-state [13]

03-NaNig5Mgg05Cug 1 Fep 2.0-40V 130.8 mAh g'! 75% after 500 cycles (1 C) Solid-state [14]
Mny »Tig 180010,
Nay.95L19.07S1n¢ 91 Nig22Feg ,Mng s05 2.0-4.0V 108.5 mAh g! 84% after 500 cycles (1 C) Solid-state This work

84.7% after 2000 cycles (5 C)
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