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Figure S.1. SEM micrographs for G@MnO2 (a), and GCM@PANI nanocomposite (b). 

Figure S.2. FESEM micrographs for GCM@PANI nanocomposite taken from area where 

agglomeration of nanostructures exist. This sample is one without optimized conditions. 

The FESEM image in Figure S.2 illustrates nucleation of MnO2 nanostructures around 

MWCNTs. This sample was taken out of solution without completing synthesis procedure. 
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Figure S.3. (a) FESEM micrograph of GCM@PANI, (b-d) EDS mapping for elements C, Mn, 

and O, respectively. 

Table S.1. Elemental composition (at.%)  of C, N, O, and Mn estimated from XPS quantitative 

analysis.

Composite C N O Mn C/N ratio

GM@PANI1 71.03 1.22 22.87 4.88 58.22

GCM@PANI 68.83 1.42 23.7 6.05 48.47
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Figure S.4. Galvanostatic CD curves for non-activated GCM@PANI nanocomposite at different 

current densities. 

The galvanostatic SC for the non-activated GCM@PANI nanocomposite was calculated to be 

300, 785, 867942, 1086, 1071, 1040, 1002, 985, and 928 Fg-1 at 0.5, 1.5, 1.5, 2.0, 2.5, 3.0, 3.5, 

4.0, 5.0, 10.0 Ag-1 current densities, respectively. However, the galvanostatic SC for the 

activated GCM@PANI nanocomposite was measured to be 795, 1019, 1332, 2015, 2402, 2757, 

2949, 3037, 2989, 2958, 2891, 2730, 2569, 2060, 1450, 1061, and 784 Fg-1 at current densities 

1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 12.0, 15.0, 20.0, 30.0, 50.0, 75.0, and 100.0 Ag-1. 

The galvanostatic SC for the activated GC@MnO2 nanocomposite was measured to be 832 Fg-1 

at 2.5 Ag-1 current density, which will be reported somewhere else. 
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Table S.2. Electrochemical Performances for Graphene, CNTs, MnO2, and PANI nanomaterials 

in different nanocomposites.

Electrode Materials Electrolyte SCmax

(Fg-1)

Rate Capability 

(Fg-1)

Stability

(cycles)

Ref.

3D G 1 M Organic 198 (Ag-1) 58 (100 Ag-1) 88% (1000) 2

G/Act. C 6 M KOH 210 (1 mVs-1) - 94.7% (5000) 3

MnO2/CNT 1 M Na2SO4 994 (1 mV/S) 544 (500 mVs-1) 94.6% (500) 4

MnO2/CNT 1 M NaCl 309 (2 mV/S) 221 (500 mVs-1) 96% (10,000) 5

MnO2/CNT 1 M K2SO4 1.0 Fcm-1 (0.2 Ag-1) 77% (20 Ag-1) 100 % (3000) 6

MnO2/CNT 6 M Na2SO4 185 (5 mVs-1) 117 (100 mVs-1) 94% (2000) 7

MnO2/CNT 1 M Na2SO4 325.5 (0.3 Ag-1) 70.7% 90.5% (5000) 8

MnO2 NP/G 1 M Na2SO4 324 (10 mV/S) 276 (150 mVs-1) 96.8% (1000) 9

MnO2/N-rGO 1 M Na2SO4 275.2 (2 mAcm−2) - 98.3% (1000) 10

MnO2/G 6 M KOH 479 (1 Ag-1) 313 (10 Ag-1) 83.5% (1000) 11

MnO2 HS/G 1 M KOH 578 (0.5 Ag-1) 110 (1.75 Ag-1) -- 12

PANI NW/G 1 M H2SO4 630 (0.5 Ag-1) 80% (10 Ag-1) 90.5% (5000) 13

PANI Arrays/G 844 (0.5 Ag-1) 625 (2 Ag-1) 76% (1000) 14

PANI/ rGO 1 M H2SO4 740 (0.5 Ag-1) 58% (10 Ag-1) 87% (1000) 15

PANI/G 1 M H2SO4 749 (0.5 Ag-1) 73% (5 Ag-1) 88% (1000) 16

PANI/MWCNTs 1 M H2SO4 609 (0.1 mAcm-2) 543 (1.0 mAcm-2) 77% (1500) 17

PANI NW/3D C 1 M H2SO4 1192 (0.5 Ag-1) 66.4% (100 Ag-1) 83% (1000) 18

MnO2/PANI 1 M Na2SO4  687 (5 mVs-1) -- 95% (2000) 19

MnO2/PANI 1 M Na2SO4 873 (0.25 Ag-1) 1184 (1.25 Ag-1) 95% (5000) 20

MnO2/PANI 1 M H2SO4 626 (2 Ag-1) 480 (20 Ag-1) 70% (1000) 21

PANI/Co3O4 6 M KOH 1184 (1.25 Ag-1) 500 (50 Ag-1) 85% (1000) 22
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PANI NW/TiO2 NT 0.05 M H2SO4 897 (0.21 Ag-1) -- 86% (1500) 23

G/NiOOH 2 M KOH 1162 (1 Ag-1) 981 (20 Ag-1) 85.3% (8000) 24

GO/CoNi(OH)2 1 M KOH 1359 (1 Ag-1) 1075 (100 Ag-1) 72% (7000) 25

MnO2/Co3O4 1 M LiOH 560 (0.2 Ag-1) 54% (10 Ag-1) 95% (5000) 26

Co3O4@CoMoO4 PVA/KOH gel 1902 (1 Ag-1) 1200 (10 Ag-1) 99% (5000) 27

rG/PANI/CoFe2O4 1 M KOH 768 (0.1 Ag-1) 330 (3 Ag-1) 96% (5000) 28

MnO2/PANI/CNT 0.5 M Na2SO4 384 (2.5 mAcm-2) 267 (13.5 mAcm-2) 80% (1000) 29

MnO2/CNT/G 1 M Na2SO4 193 (0.2 Ag-1) 105 (5 Ag-1) 70% (1300) 30

MnO2/CNT/G 30% KOH 325 (5 mVs-1) 285 (200 mVs-1) 90% (5000) 31

MnO2/CNT/G 1 M Na2SO4 126 (0.25 Ag-1) 112 (4 Ag-1) - 32

MnO2/CNT/G 1 M Na2SO4 319 (0.5 Ag-1) 222 (60 Ag-1) 85.4% (3000) 33

MnO2/CNT/G 1 M Na2SO4 245 (0.5 Ag-1) 73 (20 Ag-1) 91.4% (2000) 34

MnO2/CNT/G 1 M Na2SO4 255 (0.5 Ag-1) 150 (20 Ag-1) 83% (1000) 35

MnO2/PPy/G 1 M Na2SO4 469.5 (0.3 Ag-1) 312 (1.5 Ag-1) 77% (1000) 36

MnO2/PANI/sG 1 M Na2SO4 276 (1 g−1) 73% (20 Ag-1) 88.3% (3000) 37

MnO2/PANI/G 1 M Na2SO4 512 (0.25 Ag-1) 62% (4 Ag-1) 97% (5000) 38

MnO2/PANI/G 1 M KOH 455 (0.2 Ag-1) 75.8% (5 Ag-1) 76.4% (5000) 39

MnO2/PANI/G 6 M NaOH 276 (0.08 Ag-1) 94.7 (1.25 Ag-1) 96% (3000) 40

MnO2/PANI/G 0.5 M Na2SO4 755 (0.5 Ag-1) 568 (10 Ag-1) 87% (1000) 41

MnO2/PANI/G 1 M H2SO4 800 (0.4 Ag-1) 505 (10 Ag-1) 71% (800) 42

MnO2/PANI/G 1 M Na2SO4 875 (0.2 Ag-1) 695 (4 Ag-1) 93% (1000) 43

MnO2/PANI/3DG 6 M KOH 1369 (3 Ag-1) 70% (15 Ag-1) 83% (5000) Previous work 1

MnO2/PANI/CNTs/3DG 6 M KOH 3037 (8 Ag-1) 84.6%  (20 Ag-1) 83% (12000) Current Work

rG: reduced graphene; CNT: carbon nanotubes; PANI: poly aniline; 3D: three dimensional; 

NW: nano wires; NA: nano arrays; Act. C: activated carbon; 
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