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Electrochemical characterization and analysis

The mass of MnQO, in the electrodes was calculated using the following equation
(1):

m= 2>< M (1)

nF

Where m is the mass of MnO,; Q is total electric quantity for the electrochemical
plating by potentiostatic deposition with three electrodes; n is the charge transfer
number; F is the faradic constant; and M is the relative molecular mass.

The deposited PPy mass can be evaluated based on the following equation (2):

m= 0 xM (2)
(2+y)F
Where m, Q, y, F are the mass of the deposited PPy, polymerizing charge, a
stoichiometric factor evaluating the PPy insertion degree, and the faradic constant,
respectively. M is the molecular weight of the polymer monomer unit (M= Mp,-2),
and Mp, is pyrrole molecular weight. A degree of insertion (0.2) was applied.

The areal/volumetric capacitance of the MSC was calculated from galvanostatic
charge/discharge curves according to the following equation:

I <At
C.= 3
S SxAV ®)
I <At
= 4
" VXAV @

Where [ is the constant discharge current; At is the time for a full discharge; S (V) is
the planar area of active materials in the two working electrodes; and AV is the
voltage drop on discharge.

The volumetric energy density (£) and power densities (P) against two electrodes
in the device were calculated using the following formulas:

E,= C, X AV?
2x3600

E
B, =—x3600 (6
vy (6)

()

Where AV is the operating voltage; Cy is the total capacitance of the device; and At
is the time for a full discharge.
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Figure S1. SEM images of NPG/MnO, composites with the MnO, plating time of (a)
20 min, (b) 30 min.
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Figure S2. The plated mass of MnO, films versus the electroplating time.



Elements Weight% Atomic%
OK 10.99 48.86
MnL 20.34 26.33
AuM 68.67 24.81
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Figure S3. EDX spectrum and elemental mapping images of the NPG/MnO,
composite.
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Figure S4. SEM images of NPG/PPy composites with the PPy plating time of (a) 20 s,
(b) 30 s.
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Figure S5. The plated mass of PPy films versus the electroplating time.



Elements Weight% Atomic%
CK 4.59 40.13
NK 1.32 9.83
AuM 94.09 50.04
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Figure S6. EDX spectrum and elemental mapping images of the NPG/PPy composite.



Figure S7. TEM images of NPG/MnO, (a) and NPG/PPy (c); High magnified TEM
images of NPG/MnO, (b) and NPG/PPy (d).
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Figure S8. CV curves of NPG/MnO, MSC with the MnO, plating time of 2 min at
scan rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s''. Galvanostatic
charge/discharge curves of NPG/MnO, MSC with the MnO, plating time of 2 min at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S9. CV curves of NPG/MnO, MSC with the MnO, plating time of 5 min at
scan rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s''. Galvanostatic
charge/discharge curves of NPG/MnO, MSC with the MnO, plating time of 5 min at

different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S10. CV curves of NPG/MnO, MSC with the MnO, plating time of 10 min at
scan rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s''. Galvanostatic
charge/discharge curves of NPG/MnO, MSC with the MnO, plating time of 10 min at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S11. CV curves of NPG/MnO, MSC with the MnO, plating time of 20 min at
scan rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s''. Galvanostatic
charge/discharge curves of NPG/MnO, MSC with the MnO, plating time of 20 min at
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different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S12. CV curves of NPG/MnO, MSC with the MnO, plating time of 30 min at
scan rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s''. Galvanostatic
charge/discharge curves of NPG/MnO, MSC with the MnO, plating time of 30 min at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S13. Evolution of the areal capacitance of MSC with various mass loadings of
MnQO, as a function of scan rate.
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Figure S14. Areal capacitance of NPG/MnO, MSCs versus the MnO, plating time.
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Figure S15. Evolution of the areal capacitance of MSC with various mass loadings of
PPy as a function of scan rate.
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Figure S16. CV curves of NPG/PPy MSC with the PPy plating time of 2 s at scan
rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s!. Galvanostatic
charge/discharge curves of NPG/PPy MSC with the PPy plating time of 2 s at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.



a oos b 2s
— 5 mV/s — 0 mVis — 0.5 Vs —_— Vs
0.04 4 — 20 mVis 50 mVis 2.0 — 2 Vs — 5 Vs
100 mVis — 200 mVis — 10 Vis — 20 Vis
0.03+ 1.5
g 0021 g 1.0
E po1l = 05
t c
g 000 £o0
>
3 -0.01 0.0
0.02- 1.0
0.03- 1.5
-0.04 T T T T T -2.0 T T T T T
0.4 0.2 0.0 0.2 0.4 0.4 0.2 0.0 0.2 0.4
Potential (V) Potential (V)
c d
—(0.002 mA — (.02 MA
0.4 PR 3 iy 0.4
—().006 MA
s 1,008 MA
0.2 sty _0.24
s 2
= T
s K]
E 0.0 t 0.0
2 2
o o
0.2 0.2
-0.4-F T u T T T T T 0.4 T T T T
0 20 40 60 80 100 120 140 4 6 8 10 12
Time (s) Time (s)

Figure S17. CV curves of NPG/PPy MSC with the PPy plating time of 5 s at scan
rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s!. Galvanostatic
charge/discharge curves of NPG/PPy MSC with the PPy plating time of 5 s at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.



a o1 b
—_— EMVis = 10 mVis 44 —_— 05 Vis
0.084 — 20 mVis — 50 mVis — Vs
e 100 mV/s — 200 mV/s 3
0.06
—~ 24
< 0.04 4 E
_15_— 0.02 = 19
c c
g 0.004 g 0
3 =
O -0.02- O -1
-0.04 - l -2
-0.06 3
-0.08 . . T T T -4 : - T y T
0.4 0.2 0.0 0.2 04 0.4 0.2 0.0 0.2 0.4
Potential (V) Potential (V)
c d
0.4 —0.02mA
- 0.2
z 2
g 5
E E 0.0
o (=]
o o
- -0.24
-0.4-F T T T T T -0.4-¢ T T T y
0 50 100 150 200 250 300 0 5 10 15 20 25

Time (s) Time (s)

Figure S18. CV curves of NPG/PPy MSC with the PPy plating time of 10 s at scan
rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s!. Galvanostatic
charge/discharge curves of NPG/PPy MSC with the PPy plating time of 10 s at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S19. CV curves of NPG/PPy MSC with the PPy plating time of 20 s at scan
rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s!. Galvanostatic
charge/discharge curves of NPG/PPy MSC with the PPy plating time of 20 s at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.



a o3o b 1
— 5 mVis — 10 mVis
0.25+ — 20 MVis 50 mVis 8
0.20 4 100 MVis —200 mVis 64
. 0.15 - 44
E 010 ‘ E o
£ 0.054 £ o]
[ o
Lt 0.00- £
3 3
-0.05 2]
-0.10
-6
-0.15 8
-0.20
T T T T T -10 T T T T T
-0.4 -0.2 0.0 0.2 0.4 04 0.2 0.0 0.2 0.4
Potential (V) Potential (V)
e d
—0.002 MA
04 ——0.004 mA 04
——0.006 mA
e 0,008 MA
0.2 — 0.01 MA 024
=3 s
% -;f 0.0
8 0.0+ g .0
° °
o o
-0.24 -0.2
0.4 04

100 200 300 400 500 600 700 800
Time (s)

0 10 20 30 40 50 60 70
Time (s)

Figure S20. CV curves of NPG/PPy MSC with the PPy plating time of 30 s at scan
rates ranging from (a) 5 to 200 mV s'; (b) 0.5 to 20 V s!. Galvanostatic
charge/discharge curves of NPG/PPy MSC with the PPy plating time of 30 s at
different current from (c) 0.002 to 0.01 mA; (d) 0.02 to 0.1 mA.
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Figure S21. IR drop of NPG based MSC with the MnO, plating time of 10 min or the
PPy plating time of 10 s at various current densities.
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Figure S22. Capacitance retention of the flexible device after 1000 bending cycles
with a bending angle of 90°. The inset is the galvanostatic charge/discharge curves of
NPG/MnO; MSC after bending.
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Figure S23. Areal capacitance of AMSC based 10 min MnO, plating and 10 s PPy
plating as a function of scan rate.



