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Calculations. The specific capacitance was calculated from CV curves the following 

equation by integrating discharge current I [1, 2],

,
𝐶=∫𝐼𝑑𝑉/2𝜐𝑚(𝑜𝑟𝐴)𝑉

where m is the weight of active materials (g), A is the area of the G@MnO2 electrode 

(cm2), v is the scan rate (mV s-1), and V is the sweep potential range of the CV curves 

(1 V). The power density (P, KW Kg-1) and energy density (E, W h Kg-1) were 

calculated from GCD curves [3],

𝐸=
0.5𝐶𝑉2

3.6

𝑃=
3600𝐸
𝑡

where C is capacitance (F g-1), V is the sweep potential range (1V), t is the discharge 
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Figure S1. Survey XPS spectrum of MnO2 NAs and G-MnO2 NAs

 

Figure S2. a) SEM image and b) TEM image of pristine MnO2 nanosheets after argon 
plasma etching.
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Figure S3. CV curves of MnO2 NAs at different scan rates.
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Figure S4. The areal specific capacitance for G-MnO2 NAs and MnO2 NAs as a 

function of the scan rate.
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Figure S5. (a) TEM image of pristine G-MnO2 NAs; (b) TEM image of G-MnO2 NAs 

dissolved in 3M hydrochloric acid; (c) CV curves of porous graphene.

We dissolved the MnO2 in G-MnO2 NAs in 3M hydrochloric acid for 12 hours, 

then collected residuum (porous few-layer graphene) and dried it in a vacuum oven at 

80 oC for 12 hours. As shown in Figure S5a, few-layer graphene shells in G-MnO2 

NAs act as a role of framework and encapsulate core MnO2 nanoparticles. As shown 

in Figure S5b, few-layer graphene shells still maintain the shell structures well after 

corrosion. Furthermore, in the close observation of red cycles in Figure S5b, the 

disappearance of core materials (α-MnO2 nanoparticles) suggests that few-layer 

graphene shells do not fully encapsulate nanoparticles. Next, the electrodes were 

prepared by homogeneously mixing these porous few-layer graphene (80 wt.%) and 

acetylene black (10 wt.%, Aladdin Chemistry) with polyvinylidene fluoride (10 wt.%) 

binder in N-methyl pyrrolidinone solvent. The slurry was then smeared onto a piece 

of nickel foam as current collector and dried in vacuum at 80oC for 12 h. The CV 

curves of porous graphene are shown in Figure S5c. It can be seen that the inferior 

area under the CV curve of porous few-layer graphene indicates that its capacitance 

(263 F g‒1 at scan rate of 2 mV s‒1) is extremely lower than that of the G-MnO2 NAs 

(1176 F g‒1 at scan rate of 2 mV s‒1). As a result, it clear suggests that the contribution 

of MnO2 nanoparticles which act as core materials is greater than few-layer graphene 
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shells during electrochemical process.
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Figure S6. (a) TEM image of 30min@G-MnO2 dissolved in 3M hydrochloric acid; (b) 

CV curves of 30min@G-MnO2 at different scan rates; (c) Areal specific capacitance 

of MnO2 with different deposition time (2 mV s-1).

 To further confirm the effect of few-layer graphene shells in G-MnO2, we prolong 

the PECVD process to 30 min (30min@G-MnO2) to fully encapsulate nanoparticles 

with few-layer graphene and supplement the CV curves for the obtained 30min@G-

MnO2. Figure S6a shows the TEM image of 30min@G-MnO2, which was dissolved 

in 3M hydrochloric acid for 12 hours. Compared with Figure S5a and 5b, it remains 

some integrated core-shell structures, and the existence of MnO2 nanoparticles 

illustrates the protective effect of fully-encapsulated few-layer graphene shells. And it 

also illustrates that prolonging deposition time can increase the content of few-layer 

graphene shells to fully encapsulate MnO2 nanoparticles. 

For further explaining the contribution of few-layer graphene, 30min@G-MnO2 was 

directly used as the working electrode and the CV curve is shown in Figure S6b. 

However, the protective effect of few-layer graphene generates that it is hard to 

corrode MnO2 nanoparticles, therefore the gravimetric specific capacitance which 

based on the weight of active materials is inaccurate to evaluate the role of graphene 

in 30min@G-MnO2 during electrochemical measurement [4]. Thus, we select areal 

specific capacitance to better reflect the electrochemical contribution of graphene in 
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G-MnO2 NAs. And the results show that areal specific capacitance of 30min@G-

MnO2 is 0.51 F cm‒2 at 2 mV s‒1 and 1.53 F cm‒2 of G-MnO2 NAs (as shown in 

Figure S6c), which means that long-time PECVD deposition or fully-encapsulate 

MnO2 nanoparticles with few-layer graphene would access to a downward trend of 

areal specific capacitance of G-MnO2 NAs. Obviously, encapsulating superabundant 

few-layer graphene on MnO2 nanoparticles has a negative effect on electrode 

performance G-MnO2 NAs, mainly because of the sacrifice of contact area between 

MnO2 and electrolyte [5, 6]. This also illustrates that few-layer graphene shells in G-

MnO2 NAs are conducive to conductivity and skeleton stability instead of improving 

areal specific capacitance [7], and nanoparticles afford the utilization of the 

pseudocapacity of MnO2.
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Table. S1. The specific capacitance and cycling stability of various MnO2-based electrodes in the 

three-electrode system in references.

electrode materials electrolyte
specific 

capacitance
capacitance 

retention
reference

α-MnO2 Nanowires@Ultrathin 
δ-MnO2 Nanosheets

6 M KOH
310.2 F·g−1 at 

1A·g-1

98.1% after 
10 000 
cycles

8

Fe-doped MnO2 nanostructures 1 M Na2SO4
283.4 F·g−1 at 

1 A·g-1

100% after 
2000 cycles

9

MnO2 hollow spheres/reduced 
graphene oxide 

1 M Na2SO4
471.5 F·g−1 at 

0.8 A·g-1

92% after
1000 cycles

10

Ni/MnO2

-filter paper (FP)
1 M Na2SO4

1160 mF·cm-2 
at 5 mV·s−1

85.1% after 
1000 cycles

11

Metal-free SWNT/carbon/MnO2 
hybrid electrodes

0.5 M 
Na2SO4

550 μF·cm-2 
at 20 mV·s−1

92.4% after 
5000 cycles

12

MnO2 Nanosheet/
Carbon Fiber

1 M Na2SO4
634.5 F·g −1 
at 10mV s-1

~100% after 
3000 cycles

13

MnO2-RGOSILAR
1 M 

Na2SO4
987.5 F·g −1at 

2 A·g-1

~79% after 
10000 
cycles

14

α-MnO2 nanowires@
Ni1-xMnxOy nanoflakes

0.5 M 
Na2SO4

657 F·g‒1 at 
0.25 A·g-1

94.6% after 
1000 cycles

15

Co2AlO4@MnO2

nanosheets
2 M KOH

915.1 F·g‒1 at
2 A·g-1

96.1% after 
3000 cycles

16

rGO/MnOx
[C2MIm]BF4 

electrolyte
202 F·g‒1 at 1 

mV·s−1

106% after
115000 
cycles,

17

three-dimensional mesoporous 
MnO2

nanostructures
1 M Na2SO4

322 F·g‒1 at 1 
A·g-1

90% after 
8000 cycles

18

a vertically aligned Ni nanowire 
array- MnO2

0.5 M 
Na2SO4

214 F·g‒1 at 1 
mV·s−1

103.7% 
after 20000 

cycles
19

CuO@MnO2 core–shell 
nanostructures

1 M Na2SO4
343.9 F·g‒1 at

0.25 A·g-1

83.1%
after 12 000 

cycles
20

NiCo2O4@MnO2 nanosheet 
networks

1M KOH
913.6 F·g‒1 at 

0.5A/g
87.1% after 
3000 cycles

21

MnO2 nanoflake@CNTs/Ni 1 M Na2SO4
1072 F·g‒1 at 

1 A·g-1
-------------- 22

GF@PPy@MnO2 1 M Na2SO4
600.0 F·g‒1 at 92% after 

23
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