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Figure S1. XRD patterns of the MO (after K-ion extraction), NMO and KMO nanoflakes.

It can be observed that the (003) peaks belonging to the NMO and KMO samples
show negative shift comparing to that of the MO, which indicates the enhanced
interlayer spacing attributed to the Na* and K™ intercalation into the host layer of o-

Ml’lOz.



Figure S2. SEM images of KMO nanoflakes.

Figure S3. SEM and EDX element mapping images of the MO and KMO samples.



Figure S4. TEM images of NMO nanoflakes.
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Figure S5. Raman spectrum of NMO nanoflakes.
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Figure S6. High-resolution XPS spectra of (a) Mn 2p of NMO nanoflakes, and (b) C 1s and K 2p
of pristine 6-MnQO; and after K* ion extraction of 6-MnO, nanoflakes.

The vanishment of K 2p;» and K 2p;, peaks in Figure S5b verified the
successful K* ion extraction from pristine 8-MnO, sample. The average oxidation
state of Mn in the as-prepared MnOQ, is calculated according to the following equation

[1]:

AOS =8.95 — 1.13AE (eV) (S1)
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Figure S7. Charge/discharge profiles at different current densities varying from 0.5 to 6 A g of

the Zn/KMO (a) and Zn/MO (b) batteries. (c) The plots of three batteries under the current density

of 0.5 A g,
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Figure S8. Nyquist plot of the Zn/KMO battery.
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Figure S9. The equivalent circuit applied for simulation of EIS results based on Nyquist plots of

the four batteries. (R;: internal resistance of electrode, Cy: electrical double layer capacitor, R,
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charge transfer resistance, /: Warburg impedance).
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Figure S10. (a) Rate capability of the Zn/KMO and Zn/MO. (b) Long-life cycling performance of

the Zn/KMO at different current densities.

The long-cycle performance of the Zn/KMO battery is evaluated at the current
density of 4 A g'!, which confirms the superior stability of the battery with 97.4%
capacity retention. Interestingly, although the inferior specific capacity of the
Zn/KMO to the Zn/NMO battery, the rate performance and long-term stability of the
former are a little superior to the latter which may be attributed to the alleviated Mn
dissolution suppressed by the inserted K* as the K* ions steadily intercalated into the
interlayer of KMO and bonded with the Mn polyhedrons [2], indicating the more

stability of the Zn/KMO battery in practice application.



120 1.84
a bl
( ) initial ( )
1004 —a—after 30 cycles \ 1t
1 after 500 cycles = 1.61 th
N —=30" cycles
~ &80+ P / th
g S 500" cycles
= 1 N 1.44
LS 60+ b
= ! >
Nl 40+ & 1.24
5]
4 en
S
201 S
04 T T T T T T T T T
0 20 40 60 80 100 120 0 50 100 150 200 250
Z' (ohm) Specific capacity (mAh g™)

Figure S11. Nyquist plots (a) and XRD patterns (b) of Zn/NMO battery with different states under

various cycles.

~
o

—
3

(a) 8 -1 -1
0.1mVs™  Charge 1 0.1 mVs Charge 1
0.2mVs" 0.2 mVs"
44 0.4mVs" 4- 04 mvs'
& 0.6 mVs™ = 0.6 mVs"
g 0.8 mVs™" g 0.8 mVs'
b= 04 1 mVs' = 0- 1 mVs™
o 5}
= =
=] =]
&} / @) /
44 Discharge 3 44 Discharge 3
Discharge 2 Discharge 2
v v v L) L) L) L) L)
0.9 1.2 1.5 1.8 0.9 1.2 1.5 1.8

Voltage (V vs. Zn"'/Zn)

Voltage (V vs. Zn*"/Zn)

Figure S12. CV curves of the KMO (a) and MO (b) electrodes at different scan rates.
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Figure S13. Log (i) vs. log (v) plots of the three peaks in CV curves for the KMO and MO

cathodes.

Figure S14. Capacity contributions from diffusion-controlled and capacitive processes for the
NMO (a), KMO (b), and MO (c) cathodes.

The investigation of the electrochemical kinetics was conducted in the basis of
various CV scans rates between 0.1-1 mV s™! for the three batteries as shown in Figure
S12, S13 and S14. The peak currents (i) and the corresponding scan rates (v) coincide
with the following Equations [3, 4]:

i=aw (S2)
log i=log a + blog v (S3)

Through calculating the slope of log i vs. log v linear regression lines, the value of



coefficient b for peaks 1, 2 and 3 in the four batteries range from 0.55~0.76 (Figure
S14). The calculation results imply that the electrochemical reaction of four batteries
are mainly dominated by ionic diffusion process, instead of the kinetic characteristic
controlled by the surface capacitive process within the scanning rate ranging from 0.1
to 1 mV s7!. At the sametime, the percentage of capacitive contribution can be
quantitatively analyzed via the following equations [5]:
i =kv + kpv!? (S4)
iv?=kv'2 + k, (S5)
where i, k;v and k,v'? represent the total current response at a given potential
corresponding to the three peaks in CV curves, the capacitive contribution and
diffusion-controlled contribution, respectively. The values of k; and k; are determined
by the employed plots of i/v'? versus v!/2. Apparently, the preinserted alkali cations
(Na* and K¥) provide an improved diffusion-controlled contribution effect especially
under the scan rates of 0.4-1 mV s! comparing to that of pristine 5-MnO, (MO)
cathode (Figure S14). This is attributed to the enhanced ion conductivity caused by in

situ introduction of alkali cations (Na* and K¥).
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Figure S15. SEM images of NMO nanoflakes at discharge to 0.9 V (a) and charge to 1.8 V (b). (c)

Ex-situ XRD patterns of at the selected potential states.



Figure S16. Schematic of the charge/discharge process of the involved sequential intercalation of

H* and Zn?* into the layered of the NMO cathode.

Figure S17. SEM images of the electrodeposition Zn nanoflakes under different magnifications.
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Figure S18. Nyquist plot of the Zn/NMO battery in polymer electrolyte.



Table S1. Elemental analysis of NMO nanoflakes by inductively coupled plasma optical emission
spectroscopy (ICP-OES).

Sample Na (wt%) Mn (wt%)
1# 6.82 89.8
24 6.77 89.5
3# 6.80 89.9

Table S2. The simulation results for EIS based on Nyquist plots of the three batteries.

Batteries R; (ohm) R (ohm)
Zn/MO 9.55 104.65
Zn/NMO 8.51 45.32

Zn/KMO 12.8 69.85




Table S3. Summary comparison for electrochemical performances of the NMO cathode with

reported cathode materials in zinc-ion batteries.

Specific Rate Refe
Cathode Electrolytes . Capacity retention
Capacity performance rence
39.1% .
NMO 2 M ZnSOy, 335mA hg! retained at 6 A 93% after 1000 This
+0.2 M MnSO, at0.5 A g! . cycles at 4 A g'! work
o
PVA+3M LiCl+2 .
MnO,@PEDOT M ZnCL4+0.4 M 366.6 mAhg-1 39.1% retained 83.7% after 300 (6]
n n .
: M ;O at0.74 A g'! at7.43 A g! cyclesat 1.11 A g’!
nsUy
~30% retained
G 1 M ZnSO,+0.2 345mAhg!at - 84% after 2000 7]
-Mn a
a ? M MnSO, 02Ag! Al cyclesat 5 A g!
o
24.6% retained
5-MnO M Z0SO 252 mAh g! ot 133 44% after 100 cycles 8]
? ! at 83 mA g'! ' at 83 mA g'!
Agl
MnO IM ZnSO 353 mAh g! 12.2% retained  63% after 50 cycles (9]
o-Mn n
: ! at 16 mA g'! at1.33 A g! at 83 mA g'!
B-MnO 3M Zn(CF;S03), + 258 mAh g! 38.8% retained 94% after 2000 [10]
-Mn
: 0.1M Mn(CF3S;), at 0.65 C at32.50 C cycles at 6.50 C
Polyaniline- .
NV 2M ZnSOy4 + 0.1 280mAhg!  39.3% retained ~100% after (1
intercalate
— M MnSO4 at 200 mA g! at3 A g'! 200 cycles
nuv;
93.8% retained after
ZnMn,0,@P 207mAhg!  67.6% retained ore
1 M ZnSO, y B 300 cyclesat 1.29 A [12]
EDOT at80mA g at1.613A¢g 1
o
289 mAh o-! 21.1% retained 35% retained after
m - .1% retaine
Layered MnO, 1 M ZnSO,4 . ° S0cyclesat 0.1 A g [13]
at 50 mA g! atl Ag! ]
99% retained after
MnO,@ N-doped 2 M ZnSO, 385 mAh g'! 31.9% retained 16000 lesat2Ag  [14]
C +0.1 MMnSO;  at 100 mA g at2 A gl esmEaat
MuO./rGO 2 M ZnSO4 332 mAh g! 51.8% retained ~ 96% retained after [15]
nO,/r
g +0.1 M MnSO, at 300 mA g! at6 A gl 500 cycles at 6 A g-!
94% retained after
@-MnO; on 2 M ZnCl, 353mAhg!  70.5% retained 1000" esatl Ag  [16]
cycles a -
3D N-doped CC +0.4 M MnSO, at 500 mA g! at6 A g! Y 1 8
o- 94% retained after
2 M ZnSO, 382 mAh g'! 55% retained
MnO,@graph " » 3000 cyclesat3 A g [17]
ene +0.2 M MnSO4 at 300 mA g at3A g ]
53% retained aft
Birnessite 025MZnSO;  30SmAhg'  459%rotained alme :‘3 g; -
cycles at 3.
MnO, 1075 M Na,SO,  at308mAg!  at3.08 A gl i ]
o
A-MnO, 1 M ZnSO,4 442.6 mAh g! 7.6% retained - [19]
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58.6% retained
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Ag!

100% retained after
1000 cycles at 10
Ag!

80% retained after
1000 cycles at 2.4 A
g!

64% retained after
5000 cycles at 80 C
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