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Fig. S1. Rietveld-refined XRD profile of the as-prepared NMO. 
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Fig. S2. FTIR spectra of the prepared KMO and NMO samples. 



4

Fig. S3. Raman spectra of the prepared KMO and NMO samples.
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Fig. S4. SEM images of the prepared NMO samples.
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Fig. S5. CV curves of NMO electrode at 0.1 mV s-1 between 1.8 and 4.3 V
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Fig. S6. Charge/discharge curves of NMO electrode at 20 mA g-1.
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Fig. S7. Comparing the CV and charge/discharge curves of NMO and KMO electrodes.
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Fig. S8. (a) The bond lengths Mn-O bonds in [MnO6] and (b) the calculated projected 

density of states (DOS) in the d orbitals of Mn atoms of KMO and NMO.
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Fig. S9. Rate performance of NMO at a current density range of 20-500 mA g-1.
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Fig. S10. Long-cycling performance of NMO at 50 mA g-1.
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Fig. S11. Charge/discharge curves of KMO electrode in K-ion battery at 20 mA g-1.
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Fig. S12. In-situ XRD patterns of KMO electrode during the first two cycles.
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Fig. S13. Ex-situ XRD patterns of NMO during the first charge/discharge process.
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Fig. S14. XPS spectra of Na 1s and K 2p for the KMO electrode at different 

charge/discharge states.
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Fig. S15. The variation of the interlayer spacing of (002) facets along with Na+ 

extraction and insertion for KMO. 
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Fig. S16. CV curves of NMO electrode at different scan rates from 0.2 to 1.0 mV s-1.
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Fig. S17. Corresponding fitting lines between peak current (ip) and the square root of 

scan rates (v0.5) and the calculated diffusion coefficients (DNa+) at different states.

As shown in FigureS16, the peak currents (ip) show a linear relationship with the 

square root of scan rates (v) as the increas of v. The diffusion coefficients of Na+ in the 

NMO electrode can be calculated based on the Randles-Sevcik equation,1 as shown 

below: 

ip = (2.69*105 )n3/2ADNa+
1/2CNa+v1/2                                       (S1)

Where ip (A) is the peak current, n is the number of transferred electrons per molecule 

(n = 0.69), A (cm2) is the contacting area (0.785 cm2) between electrode and electrolyte, 

CNa+ is the Na ions concentration in the electrode (≈9.2 × 10−3 mol cm−3), and v (V 

s−1) is the scan rate. 
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Fig. S18. (a) Corresponding log i vs. log v plots and (b) percentages of the pseudo-

capacitance and diffusion-controlled reactions of KMO electrode at different scan 

rates.

The relationship between peak currents (i) and scan rates (v) can be described by 

equation i = avb, where a and b refer to variable parameters. It is well-documented that 

b=1 and 0.5 represent a pseudo-capacitance and diffusion-controlled reactions, 

respectively. The b values of KMO for peaks O1, O2, O3, O4, R1, R2, R3 and R4 are 

0.81, 0.92, 0.79, 085, 0.77, 0.86, 0.85 and 0.85 (Figure S17a). This indicates a mixed 

process controlled by both capacitive and diffusion effect of KMO electrode, rending 

a fast reaction kinetics. Furthermore, the pseudo-capacitive contribution can be 

evaluated based on the equation of i = k1v + k2v0.5, where k1υ and k2υ0.5 represent the 

pseudocapacitive and diffusion contribution, respectively.2 The pseudocapacitive 

contributions at different scan rates can be quantified and are shown in Figure S17b. 

The capacitive effect gradually strengthens with the scan rate increasing, and the 
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pseudocapacitive domination may be partially responsible for the good electrochemical 

performance of the KMO electrode.
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Fig. S19. (a) Current step diagram of the GITT curves and (b) linear fit of the cell 

potential vs. the square root of time (τ1/2) with different pulse currents.

The diffusion coefficient (DNa+) can be calculated by Fick's law from the following 

equation: 

DNa
+=4/πτ(mBVM/MBS)2(ΔEs/ΔEτ)2                                          (S2)

Where DNa+ (cm2 s-1) means the chemical diffusion coefficient, τ (s) represents the 

testing time in each step, VM (cm3 mol-1), mB, and MB are the molar volume, weight, 

and molar weight of the active materials, respectively, while S is the surface area of 

the electrode (0.785 cm2) and ΔEs and ΔEτ are the quasi-equilibrium potential and the 

change of cell voltage E during the current pulse, respectively.3 As indicated in Figure 

S18b, the cell voltage as a function of 𝜏1/2 shows a linear relationship, and therefore, 

DNa+ is a function of cell voltage. 
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Fig. S20. GITT curves of NMO electrode in the first two cycles and the corresponding 

calculated diffusion coefficients.
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Fig. S21. (a) EIS spectra of KMO and NMO electrodes at open-circuit voltage before 

test; (b) the relationship between Z' and ω−1/2 in the low-frequency of EIS.

The Na+ diffusion coefficients can be calculated by the formula as following: 

DNa+ = R2T2/2A2n4F4C2δ2                                (S3)

Where R is the gas constant (8.314 J K−1 mol−1), T is the room temperature in our 

experiment (298 K), A is the surface area of the electrode (0.785 cm2), n is the number 

of electrons per molecule attending the electronic transfer reaction, F is the Faraday 

constant (96500 C mol−1 ), C is the concentration of Na+ in electrode, σ is the slope of 

the line ω−1/2-Z', respectively. The slope of ω−1/2-Z' plot of KMO is smaller than that of 

NMO in Figure S20b, reflecting the higher Na+ diffusion coefficients in the KMO 

electrode.
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Fig. S22. Charge/discharge curves and cycling performance of HC//Na half cell.
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Fig. S23. Charge/discharge profiles of KMO//Na, HC//Na half cells, and KMO//HC 

full cells.
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Fig. S24. Rate performance of KMO//HC full battery at different rates. 
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Table S1. Structural parameters and atomic position of KMO from the Rietveld 

refinement.

Crystal System: hexagonal, Space Group: P63/mmc

a = b = 2.8795 Å, c = 12.7714 Å,  =  = 90,  = 120, V = 91.710 Å3, Z=2

Atom Wyckoff sites x y z Occupancy

K1 6h 0.6622 0.3311 0.2500 0.150

K2 2b 0.0000 0.0000 0.2500 0.239

Mn 2a 0.0000 0.0000 0.0000 0.947

O 4f 0.3333 0.6667 0.1057 1.000

Reliability index: Rwp = 5.98%, Rp = 4.17%.
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Table S2. Structural parameters and atomic position of NMO from the Rietveld 

refinement.

Crystal System: hexagonal, Space Group: P63/mmc

a = b = 2.8797 Å, c = 11.2273 Å,  =  = 90,  = 120, V = 80.632 Å3, Z=2

Atom Wyckoff sites x y z Occupancy

Na1 2c 0.3333 0.6667 0.2500 0.362

Na2 2b 0.0000 0.0000 0.2500 0.308

Mn 2a 0.0000 0.0000 0.5000 1.000

O 4f 0.6667 0.3333 0.0736 1.000

Reliability index: Rwp = 5.94%, Rp = 5.43%.
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Table S3. Comparison of electrochemical performance of K0.69MnO2 sample with 

reported manganese-based layered oxide cathodes in SIBs.

Sample Phase
Voltage (V 
vs. Na/Na+)

 Discharge 
Capacity

Cycling performance
Refer
ence

K0.69MO2 P2 1.8-4.3
167.9 mAh g-1 
@20 mA g-1 

87.6% (100 cycles)
50 mA g-1

This 
work

Na0.7MnO2 P2 2.0-4.5
163 mAh g-1 
@40 mA g-1

65% (50 cycles)
@40 mA g-1 4

Na0.67Mn0.95Mo0.0

5O2
P2 1.8-4.3

163.9 mAh g-1

@20 mA g-1
84.7% (100 cycles)

@50 mA g-1 5

Na0.7Fe0.7Mn0.3O2 P2 1.5-4.3
130 mAh g-1

@13 mA g-1
61.5% (20 cycles)

@13 mA g-1 6

Na2/3Fe2/3Mn1/3O2 P2 1.5-4.2
151 mAh g-1 
@25 mA g-1

81.3% (10 cycles)
@25 mA g-1 7

Na0.75Ca0.05Li0.15F
e0.2Mn0.6O2

P2 1.5-4.3
183.8 mAh g-1

@22 mA g-1
76% (150 cycles)

@220 mA g-1 8

Na0.67Mn0.64Co0.3

Al0.06O2

P2
/P3

1.5-4.0
160 mAh g-1 
@20 mA g-1

81% (200 cycles)
@1000 mA g-1 9

Na2/3Zn1/4Mn3/4O2 P2 1.5-4.5
202.4 mAh g-1

@20 mA g-1
67% (50cycles)

@20 mA g-1 10

Na2/3Mn0.72Cu0.22

Mg0.06O2
P2 2.0-4.5

108 mAh g-1 
@17.4 mA g-1

87.9% (100 cycles)
@174 mA g-1 11

K0.4Fe0.1Mn0.8Ti0.1

O2
P3 1.8-4.0

160 mAh g-1

@20 mA g-1
84% (30 cycles)

@20 mA g-1 12

NaNi0.5Mn0.5O2 O3 2.2-3.8
120 mAh g-1 
@8 mA g-1

75% (50 cycles)
@48 mA g-1 13

NaFe0.5Ni0.5O2
layer/tu

nnel 
2.6-3.8

125 mAh g-1 
@30 mA g-1

83.1% (300 cycles)
@1000 mA g-1 14

Na0.65Mn0.75Ni0.25

O2
P3 1.5-4.0

164 mAh g-1

@10 mA g-1
75% (100 cycles)

@20 mA g-1 15

CTAB-
Na0.6MnO2

tunnel 2.0-4.0
144.1 mAh g-1

@10 mA g-1
89.5% (70 cycles)

@ 10 mA g-1 16

Na0.7MnO2.05@PP
y

P2 1.8-4.4
160.3 mAh g-1

@100 mA g-1
88.6%(100 cycles)

100 mA g-1 17

Na0.62Ca0.025Ni0.28

Mg0.05Mn0.67O2
P2 2.2-4.35 

~135 mAh g-1

@50 mA g-1
83%(100 cycles)

50 mA g-1 18

Na0.67Mn0.95Sn0.05

O2
P’2 1.5-4.0

212.4 mAh g-1

@10 mA g-1
71.6%(200 cycles)

50 mA g-1 19

Na2/3Fe1/3Mn0.57Ti
0.1O2

P2 1.5-4.3
154 mAh g-1

@32 mA g-1
76%(50 cycles)

32 mA g-1 20
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