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Synthesis of cathode materials:

Nao.44MnO; synthesized by molten salt method with different molten salt systems.
Using absolute ethanol as the dispersant, Mn,Os3, Na,COs3, and NaCl/KCl (molar ratio
1:1), in a molar ratio of 1:0.44:20, were uniformly grounded for 1 hour in an agate
mortar. Then they were calcined in a muftle furnace at 700°C, 750°C, and 800°C for 2
h in an air atmosphere. Finally, the NaCl and KCI1 was removed by washing the mixture
with deionized water, and the obtained filter cake was dried in an oven at 60°C to obtain
the Nao.44MnO». Moreover, they are recorded as NaCl+KCl1-700, NaCl+KCl-750 and
NaCI+KCl-800, respectively.

Nao.44MnO; synthesized by molten salt method with different manganese sources.
Using absolute ethanol as the dispersant, the manganese source (MnO, Mn2Os and
MnQO>), Na;CO3, and NaCl, in a molar ratio (Na:Mn) of 1:0.44:20, were uniformly
grounded for 1 hour in an agate mortar. Then they were calcined in a muftle furnace at
800°C for 2 h in an air atmosphere. Finally, the NaCl was removed by washing the
mixture with deionized water, and the obtained filter cake was dried in an oven at 60°C
to obtain the Nag44MnO,. Moreover, they are denoted as NMO-MnO, NMO-Mn;0;
and NMO-MnOa, respectively.

Note: In this work, NMO-8002, NaCIl-800 and NMO-Mn;,Os are the same material,
but the code names are different for the convenience of comparing the properties with

other materials.
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Figure S1. Long-cycle performance of NMO synthesized from different molten

salt systems

It can be seen the long-cycle performance of Nao 44MnO> synthesized by different
molten salt systems at 1 C for 300 cycles (the first three cycles were run at 0.2 C for
electrode activation) in Figure S1. The capacity of NaCI-800 decreases from 94.2 mAh
gl to 86.9 mAh g’!, and the capacity retention rate is 92.3%. However, the capacities
of NaCl+KCl-700, NaCIl+KCI-750, and NaCIl+KCI-800 synthesized by NaCl/KC1 (1:1)
mixed molten salt system under three different sintering temperatures are 86.1 mAh g
!, 71.3 mAh g! and 74.7 mAh g in the first cycle at 0.2 C, respectively. And the
capacity retention rates are 48.6%, 70.0% and 84.5% at 1 C after 300 cycles,
respectively. NaCl-800 synthesized with NaCl single molten salt system has the best

structural stability at 1 C.
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Figure S2. Long-cycle performance of NMO synthesized from different
manganese sources

Figure S2 shows the long-cycle performance of Nao.4sMnO> synthesized with
different manganese sources at 1 C for 300 cycles (the first three cycles were run at 0.2
C for electrode activation). The capacity of NMO-Mn;O3 decreases from 94.2 mAh g’
'to 86.9 mAh g’!, and the capacity retention rate is 92.3%. In contrast, the capacities of
NMO-MnO and NMO-MnO; synthesized with two different manganese sources are
56.4 mAh g! and 59.7 mAh g in the first cycle at 0.2 C, respectively. And their
capacity retention rates are 93.8% and 97.8% at 1 C after 300 cycles, respectively.
Although the NMO synthesized with MnO and MnO: as the manganese source has
slightly better cycle stability, the capacity is not as good as that of the NMO synthesized

with Mn;O3 as the manganese source.
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Figure S3. XPS fine spectrum of NMO-8002
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Figure S4. SEM-EDS elemental mapping images of NMO-8002
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Figure S5. X-ray energy dispersive spectrum of NMO-8002



The calculation of pseudo-capacitance contribution rate
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Figure S6. CV curves at different scan rates after depolarization of NMO-8002



In order to judge the behavior of electrode materials, it can be calculated according
to Formula S1 and S2:
i,=av® (Formula S1)
lgi,=lga+blgv (Formula S2)
to judge whether the material is controlled by diffusion, by surface or by combination
of diffusion and surface !*2. Where i, is the peak current in the CV curves, v is the scan
rate, and a and b are constants, respectively.
When b=0.5, the material behaves as diffusion controlled.
When b=1, the material behaves as surface control.

When 0.5<b<1, the material is controlled by combination of diffusion and surface.

In the calculation of the pseudo-capacitance contribution, it can be calculated
according to Formula S3 and S4:
i(V)=kiv+kov03 (Formula S3)
i(V)VO3=k v +k; (Formula S4)
Where i(V) is the peak current, v is the scan rate, and k; and k> are both constants.
In Formula S3, k;v is the contribution of surface-controlled reactions to the current, and

k>v®3 is the contribution of diffusion-controlled reactions.
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Figure S7. (a)EIS plots after rate test at 2.25 V; (b) the relationship between Z'

and ®1/2 in the low-frequency region figure;
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Figure S8. EIS plots of NMO-8002 after the S0th, 100th and 200th cycles at 5C at
24V



The amount of NaCl molten salt does not affect the growth mechanism of NMO.

To explore this question, we conducted additional experiments by taking the molar

ratio of NaCl to 10 and 30, respectively. We sampled, quenched, washed, filtered, dried

and tested two materials with different salt contents when heated to 700°C and when

heated to 800°C and held for 2h, respectively. Their XRD patterns and SEM images

are shown in Figure S9 and Figure S10.

The unique Na-birnessite intermediate appears in two samples with two different

NaCl contents at 700-0h, and it is a predominantly present phase. However, in XRD

and SEM, Na-birnessite largely disappears from the 800-2h sample. This is consistent

with the experimental phenomena which NaCl molar ratio is 20, indicating that the

NaCl content does not affect the growth mechanism of NMO.
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Figure S9. XRD patterns and SEM images of samples with NaCl molar ratio of
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Figure S10. XRD patterns and SEM images of samples with NaCl molar ratio of

30 for 700-0h and 800-2h



Table S1. Summary of Na¢4MnQ:; prepared by different methods as cathodes of SIB

Calcination
Method temperature and Capacity retention rate Rate capability Ref.
time
Oxalate precursor method 900°C for3h 86% after 500 cycles (20 C) 90 mAh g (5 C) 3
Ultrasonic sonochemical method 900°C for2h 95% after 55 cycles (0.1 C) 61 mAhg!(1C) 4
Polymer-pyrolysis method 750°C for 24 h 77% after 1000 cycles (0.5 C) 82 mAhg? (2 C) 5
Solid phase method 900°C for15h 86% after 600 cycles (5 C) - !
Electrospinning method 900°C for9h 89% after 3300 cycles (5 C) 31.7 mAh g (50 C) 6
Solution combustion method 800°C for12h ~97% after 250 cycles (4 C) 103 mAh gt (4 C) 7
Reverse microemulsion method 850°C for20h  99.6% after 2000 cycles (8.3C)  54.7 mAhg? (10 C) 8
Sol-gel method 900°C for15h 100% after 100 cycles (0.1 C) >120 mAh g1 (0.1 C) 9
Hydrothermal method 205°C for96h  ~100% after 30 cycles (0.2 C) 90 mAh g (0.2 C) 10
Molten salt method 850°C for5h 94% after 40 cycles (0.5 C) 76 mAhg!(2C) u
Molten salt method 800°C for2h 85.4% after 500 cycles (1 C) 65.3mAhg! (20 C)  Thiswork

Table S2. Elemental Analysis Results of NMO-8002 ICP-OES

Mass ratio Atomic ratio

Na 9.7172 0.42

Mn 54.9896 1
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