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Figure S1. XRD Rietveld refinement of NLM.

Figure S2. (a-b) SEM images of NLM at different magnifications. (c1-c3) Elemental mapping

results.



Figure S3. Elemental mapping results of NLFM.

Figure S4. Cycling performance of NLFM at 0.5 C.

Figure S5. (a) The first two cycles, and (b) Cycling performance of NLM at 0.1 C in a voltage

range of 2–4.3 V.



Figure S6. The first-cycle curves of NLFM at 0.1, 0.2, 0.5, 1.0, 2.0, and 5.0 C.

Figure S7. (a) The schematic of full-cell. (b) Galvanostatic charge/discharge curves of hard

carbon anode and NLFM. (c) Galvanostatic charge/discharge curves and (d) cycle

performance of the pouch full cell at 0.1 and 1C.



Figure S8. The first-cycle CV curves of NLM and NLFM at 0.1 mV s-1.

Figure S9. The diffusion coefficients of sodium ion of NLFM.

Figure S10. High-resolution Fe 2p of NLFM before and after charging to 4.5 V.



Figure S11. EELS spectra of (a) Pristine NLFM, (b) fully charged to 4.5 V after 50 cycles at 1C,

and (c) fully discharged to 2.0 V after 50 cycles at 1C.

Figure S12. The first charge-discharge cycle of NFM electrode at 0.1 C, different cut-off

voltages were selected, and ex-situ XRD patterns were collected.



Table S1. Joint Rietveld refinement results of XRD patterns for the NLFM.

P2 Phase (space group P63/mmc)

Atomic

Occupancies

Atom x y z frac.

Na1 0.0000 0.0000 0.2500 0.266

Na2 0.6667 0.3333 0.2500 0.40

Mn1 0.0000 0.0000 0.0000 0.666

Li1 0.0000 0.0000 0.0000 0.167

Fe1 0.0000 0.0000 0.0000 0.167

O 0.6667 0.3333 0.0714 1.0

Table S2. Lattice parameters of NLM and NLFM.

Lattice Parameters

Sample a=b/Å c/Å
TM-O bond

length (Å)

Na-O distance

(Å)
Na layer spacing (Å)

NLM 2.8673 11.0333 1.92±0.02 2.45±0.03 3.18±0.02

NLFM 2.8825 11.1361 1.96±0.02 2.51±0.03 3.26±0.02

Table S3. The calculated crystallite size and microstrain of NLM and NLFM.

Sample Crystallite size D (nm) Microstrain ε (%)

NLM 78±5 0.21±0.02

NLFM 96±5 0.12±0.02



Table S4. Quantitative Fe/Mn ratio from EDS mapping results.

Element Weight % (average ± std.) Atom % (normalized to TM)

Mn 36.2±0.6 80.1±0.5

Fe 9.1±0.3 19.9±0.5

Na 14.5±0.4 _

Table S5. Comparison of electrochemical performance of NLFM with recently reported

layered oxide cathodes for sodium-ion batteries.

Cathode Material
Voltage

range (V)

Specific capacity

(mAh·g-1)

Reversible

capacity (mAh·g-1)
Ref.

P2-Na0.67Fe0.35Cu0.15Mn0.5O2 2-4.0 137.5 (0.1 C) 83.5 (100th, 1 C) 1

P2-Na2/3Ni1/3Mn2/3O2 1.5-4.5 228 (0.05 C) 70.5 (100th, 1 C) 2

P2-Na0.67Ni0.33Mn0.56Ti0.11O2 2-4.3 139.93 (0.1 C) 82.3 (100th, 0.5 C) 3

P2-Na0.6Mn0.97Fe0.03W0.01O2 1.5-4.3 203.02 (0.1 C) 111.2 (100th, 1 C) 4

O3-Na[Li1/3Mn11/18Ti1/18]O2 1.5-4.5 160 (0.2 C) 98.7 (100th, 0.2 C) 5

O3-NaFe0.5Mn0.5O2 2.0-4.2 132 (0.1 C) 61.5 (100th, 0.1 C) 6

P2-Na0.67Fe0.45Mn0.5Al0.03Sb0.02O2 1.5-4.3 143.8 (0.2 C) 73.4 (100th, 0.5 C) 7

P3-Na0.75Li0.08Cu0.25Mn0.66O2 2-4.6 125 (0.1 C) 101 (15th, 0.2 C) 8

P2-Na0.71Li0.22Al0.05Mn0.73O2 2-4.5 194.4 (0.1 C) 95 (100th, 1 C) 9

O3-Na[Li1/3Fe1/3Ru1/3]O2 1.5-4.1 121 (0.05C) 92.4 (50th, 0.05 C) 10

P2-Na2/3Li1/6Fe1/6Mn2/3O2 2-4.5 220 (0.1 C) 90.11 (100th, 1 C)
This

work

Table S6. Comparison of Mn 2p spectra for pristine NLM and NLFM.

Sample Mn3+ fraction (%) Mn4+ fraction (%) Mn3+/Mn4+ ratio

NLM 61.3 38.7 1.58

NLFM 31.2 68.8 0.453
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