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Figure S1 Zeta-potential curve of the as-exfoliated MnO, nanosheets dispersed in

milli-Q water (40 mmol/L).



Figure S2 Typical TEM image and SAED pattern of MnO, single-layer nanosheets.



Figure S3. The MnO,/MWCNTs hybrid membrane was coiled around a glass rod to

illustrate the excellent flexibility.
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Figure S4 The tensile strength of the MnO,/MWCNTs membrane. It has a maximum

tensile force of 2.74N, an elongation at break of 1.6%.



Figure S5 Top-view of the SEM images of the MnO,/MWCNTs membrane to show

the smooth surface morphology.
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Figure S6 (a) Survey XPS spectrum of MnO, and MnO,/MWCNTs. (b-d) C 1s, Mn
2p, and Ols XPS spectra of MnO, NS/MWCNTs membrane. (e-g) C 1s, Mn 2p, and
Ols XPS spectra of MnO, membrane, respectively. As shown in high-resolution C 1s
spectrum (Figure S6b) for MnO,/MWCNTs, combining with the MWCNTSs, two
group of spin-orbit resolved peaks can be resolved corresponding to C-O (286.4 eV)
and C-C (285.4 eV), while the C 1s state in MnO, membrane (Figure Sée) exists in
the form of C-C (285.4 e¢V).1> Mn 2p spectrum (Figure Séc, f) for MnO,/MWCNTs
and MnO, membranes, three group of spin-orbit resolved peaks can be resolved
corresponding to Mn (2p1/2, 653.8 eV),> Mn?>" (2p3/2, 643.5 eV) and Mn*" (2p3/2,
642.5 eV),*? thus the Mn state in this hybrid exists in the form of Mn?* and Mn**. The
deconvoluted O 1s spectrum (Figure S6d, g), only one peak can be resolved

corresponding to O-Mn (529.3 eV).6
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Figure S7 Thermal stability of the as-prepared MnO,/MWCNTs hybrid membrane: (a)
TGA and (b) DSC profiles.
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Figure S8 Contact angle evolution of MnO,/MWCNTs membranes in aqueous

electrolyte solution.
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Figure S9 CV profile at 0.6 mV/s showing the capacitive contribution (red region) to

the total current.

10



=
()

Peak 1

o
(o2}
1

©
'
1

=
N
1

Log (peak current, mA)

0.0 ——
-0.8 -0.6 0.4  -0.2 0.0
Log (sweep rate, mV s™)

Figure S10 The logarithm dependence of peak current density and scan rate of the
MnO,/MWCNTs membrane -based ZIB in the CV test. In order to further explore the
electrochemical kinetic of MnO,/MWCNTs electrode, the logarithm dependence of
peak current density i and various scan rates v in the CV test has been analyzed based
on the following equation:’

i=avb €))

logi=loga+blogv (2)
Where parameters a and b are adjustable parameters, with b (range from 0.5 to 1.0)
represents the slope of log i versus log v in Supplementary Fig. S8. It’s obviously that
the b value of 0.5 represents a diffusion-controlled insertion process, while the b value
of 1.0 reflects a surface capacitive process.®* With the linear plots of log i and log v,
the b values of four redox peaks are calculated as 0.66 (peak 1), 0.57 (peak 2), 0.54
(peak 3), and 0.51 (peak 4), respectively. It indicates that the electrochemical kinetic
of MnO,/MWCNTs electrode is affected by diffusion-controlled process and

capacitive effects, while the former plays the dominant role.
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Figure S11 The galvanostatic charge/discharge curves of the MnO,/MWCNTs

membrane-based ZIBs at various current densities of 0.1, 0.2, 0.4, 0.6 and 0.8 A-g!,

respectively.
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Figure S12 (a) XRD and (b) SEM of the 6-MnO, bulk prepared by the thermal

decomposition of KMnOy,.
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Figure S13 (a) Nyquist spectrum of MnO, bulk electrodes measured at the

corresponding point on the discharge curve (inset) for Zn?* diffusion coefficient

analysis. (b) Z’ vs. @ 2 plots in the low frequency region obtained from the

electrochemical impedance spectroscopy measurements.
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Figure S14 Galvanostatic charge/discharge curves of the MnO,/MWCNTs
membrane-based ZIB at the cycle number of 1%, 10% 100* 300" and 600%™,

respectively.
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Figure S15 XRD of the pristine Zn foil anode and the Zn foil after 600 cycles
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disassembled from the ZIBs constructed from 6-MnO, bulk and the MnO,/MWCNTs

membrane, respectively.
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Cycle number

Figure S16 Cycle performance of the flexible ZIBs at 0.5 A/g.
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Table S1. Comparison of specific capacity, cycle number and rate properties

Cathode material electrolyte Specific cycle Rete
capacity (mAh number properties
g1 (rete A/g)
5-MnO110] acetonitrile—Zn(TFSI), 123 (0.04 C) 125 0.04-1C
e (0.04C)
3-MnO,[!!] 1 M ZnSOy4 252 (0.083 A/g) 100 0.083-1.67
(0.083 A/g) Alg
ZnMn, 042! 3 M Zn(CF;S03), 150 (0.5 A/g) 500 —
MnO,@ZHS™! 2 M ZnSO, + 155.4 (0.5 A/g) 1500 —
0.24 M MnSO;, (0.5 A/g)
£-MnO,[14] 1 M ZnSO,+ 221 (0.1 Alg) 500 0.1-2 Alg
1 M MnSO, (0.5 A/g)
MnO,/CNT/PANI 2 M ZnSO4+ 310 (0.1 A/g) 340 0.1-5A/g
composites!!?] 0.5 M MnSO, (0.5A/g)
MnO,/rGOl] 2 M ZnSO,+ 332.2(0.3 A/g) 500 (6A/g) 0.3-6 A/g
0.1 M MHSO4
B-MnO, 3M Zn(CF;S05),+ 225 (0.65 C) 2000 0.65-6.5 C
nanorods!'°] 0.1 M Mn(CF5S03), (6.50C)
Our work 2 M ZnSO, + 278.5(0.1 A/g) 600 0.1-2 A/g
0.2 M MnSO, (0.1 A/g)
MnOOH&MnO, 1M ZnSO, + 248 (0.1 A/g) 2000 (4A/g) 0.1-4 A/g
complex!!”] 0.1 M MnSO,
KO.SMHSOM 2M ZHSO4 + 300 (01 A/g) 1000 0.1-2 A/g
nanoparticles’®! 0.1 mMnSO, (1 A/g)
Porous MnOy 2 M ZnSO, + 305 (0.5 A/g) 1600 0.1-2 A/g
@N-CI19) 0.1 M MnSO, 2 Alg)
PANI-intercalated 2 M ZnSO,4+ 280 (0.2 A/g) 5000 0.2-3 A/g
MnQ,[20] 0.1 M MnSO, 2 A/g)
MnO,[?1] 2 M ZnSO,+ 290 (0.3 C) 10000 0.3-6.5C
0.2 M MnSO, (6.5C)
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