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Figure S1 SEM image for the assessment of the efficiency to transform
CRG to GNS at the concentration of 0.5 mg/mL. The red dots indicate
CRG sheets, the yellow dots indicate GNSs and blue dots indicate GNS
bundles. Through counting, there are 309 GNSs, 30 CRG sheets, and 42
GNS buddles. The minimal yield was calculated as (309+42)/(309+42+30)

x 100% =92%.
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Figure S2. Density calculation model.

Here, we assume that a cubic framework is made up of 12 rigid GNSs
with the same length 4. Because of the open morphology of GNS, the
mass of a GNS m’ = A/S, where A is the area of one GNS and S is the
specific surface area of graphene sheet. Assuming that GNS is formed by
a piece of square-shaped graphene sheet and the length of GNS equals the

length of the square. Therefore, the calculated density of GNS foam p is:

12 x (th)
S
p= =
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4V 43 Sh

All the above formula is based on the assumption of rigid GNSs and
easy connections between GNSs. As to the real case, GNS is flexible and
the interactions between GNSs are week physical entanglements. The
above reason hinders the decrease of density in experiment: GNSs tend to
collapse when the intrinsic elastic force and physical entanglement force

are hard to bear their self-weight.
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Figure S3. (A) bottom, (B) top, (C) side views of GNS1; (D) Weight of
GNSI1 sample. The volume of GNS1 foam is 2 ml according to the

volume calculation formula of circular truncated cone: V=1/3 n h

(R?+r>+Rr). (h=0.8cm, R=1.0cm, r=0.8cm)



Table S1 Specific capacitances and retention rates of GNSs and MWNTSs

(calculated by CV, the electrolyte is 1M H,SO,)

Scan
rate
(mVI/s)

Cs Retention Cs Retention Cs Retention Cs Retention Cs Retention
(Flg) (%) (Flg) (%) (Flg) (%) (Flg) (%) (Flg) (%)
10 910 100 914 100 1036 100 99.0 100 46.7 100
20 885 972 89.0 974 99.7 96.2 945 955 445 947
50 842 925 842 921 947 914 88.0 889 415 890
80 823 904 819 896 908 89.7 819 827 401 859
100 823 904 808 884 900 868 795 803 393 842
200 775 852 750 821 840 811 720 727 366 784
500 696 765 600 656 756 730 600 606 313 67.1
800 646 710 575 629 705 681 563 56.8 283 60.6
1000 618 679 51.0 591 679 655 500 505 264 56.6
2000 53 582 415 454 585 565 450 455 19.8 425

The specific capacitance of single electrode based on CV curve is:

U U
fIdU + fIdU
Uy Uy

C

™ mxux (Uy-Uy)

Where C,, (F/g) is the specific capacitance, m (g) is the mass of single electrode, u
(V/s) is the scan rate, U, and U; (V) are the highest and lowest value of the potential
window, I (A) is the instant current.



Table S2 Specific capacitances and retention rates of GNSs and MWNTs

(calculated by GCD, the electrolyte is 1M H,SO, )

Cs Retention Cs Retention Cs Retention Cs Retention Cs Retention
(Flg) (%) (Flg) (%) (Flg) (%) (Flg) (%) (Flg) (%)

0.5 788 100 80.1 100 86.7 100 935 100 409 100
0.8 80.5 102.1 80.7 1009 891 1028 919 982 404 988
1 806 1023 813 1015 904 1042 91.0 974 402 984
2 80.1 1016 80.5 1005 911 1051 89.6 93.7 39.0 953
5 773 981 774 9.6 89.2 1028 815 872 364 89.1
8 753 955 749 935 870 1003 77.3 826 346 84.6
10 738 937 738 921 857 988 751 803 334 816
20 696 883 677 846 808 932 674 721 294 720
50 615 780 56.7 70.8 726 838 56.6 605

The specific capacitance of single electrode based on GCD curve is:

I xt
AU xm

m

Where C,, (F/g) is the specific capacitance, m (g) is the mass of single electrode, I
(mA) is the discharge current, t (s) is the length of discharge time, AU (V) is the
potential window.
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Figure S4. CV curves of AGF1 (top) and AGF2 (bottom), the electrolyte

i1s IM HzSO4.
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Figure S5. Shape deterioration from 10mV/s to 5000 mV/s of AGF3,

RGO and CGF3 (in 1M H,SO,).



Table S3 Electrochemical performance comparisons of materials in this

articles and reported works.

Electrode Cs R Cs R Cs R Cs R Cs R

Rel | Materials (Kig) | (%) | (F/g) | (Y0) | (F/g) | (o) | (F/g) | (%) | (F/g) | (“o)

1A/ 10 A/ 20 A/ 50 A/ 100 A/
This GNS s s s s s

work | (IMH:SO4) | g06 | 100 | 73.8 | 91.6 | 69.6 | 864 | 615 | 763 | - -

1A/ 10 A/ 20 A/ 50 A/ 100 A/
This CNT ¢ ¢ s s ¢

work | (IMH:804) | 409 | 100 | 334 | 817 | 294 | 719 | - = - -

1A/ 10 A/ 20 A/ 50 A/ 100 A/
This AGF ¢ ¢ s s s

work | (IMH;SO4) | 1668 | 100 | 1552 | 93.0 | 149.6 | 89.7 | 140.0 | 839 | 129.1 | 77.4

1 A/ 10 A/ 20 A/ 50 A/ 100 A/
This CGF ¢ ¢ 8 & s

work | (IMH.804) | 1080 | 100 | 90.5 | 838 | 756 | 700 | 448 | 415 | -~ | -

1 A/ 10 A/ 20 A/ 50 A/ 100 A/
This RGO s s s s s

work | (IMHxSO4) | 1157 | 100 | 109.1 | 943 | 958 | 828 | 61.0 | 527 | - -

Carbon 1 Alg 10 A/g 100 A/g - -

48 nanocages
(1M H,S0,) 216 100 178 82.4 112 51.9 -- -- -- --

Folded 1 Alg 50 Alg 100 A/g - -
structured

49 graphene
paper 172 | 100 | 135 | 785 | 110 | 640 | - - - -
(IM H,S0,)
Self-stacked | ¢ 108 A/g 100 A/g - - -
solvated

50
graphene film | 515 1 90 | 180 | 837 | - - - - - =
(IM H,S0,)
Vertically 1 Alg 20 A/g 100 A/g - -

51 oriented

graphene 185 100 165 89.2 156 | 84.3 = = = =
(6M KOH)




Wrinkle- 1 Alg 10 A/g 50 Alg 100 A/g

structured

graphene 177 | 100 | 170 | 960 | 152 | 859 | 140 | 79.1 | --
(1M H,S0,)

53

Non-stacked 1 Alg 30 Alg - .
reduced

54 graphene
oxide 236.8 | 100 | 171.2 | 72.3 = - - - "

(6M KOH)

Cs and R refer to gram specific capacitance and retention rate, respectively.
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Figure S6. Ragone plots of the materials used in this article (aqueous

electrolyte, based on GCD tests).
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Figure S7. Phase angle-frequency relationship for RGO, AGF3 and CGF3

in 1M H2$O4.



Table S4 Specific capacitances and retention rates of RGO film, AGFs

and CGFs tested in organic electrolyte. (Calculated by CV)

Scan rate Cs

(mVs) (Flg) Retention (%) (FI ) Retention (%) (Fl ) Retention (%)
10 84.4 100 113.5 100 87.7 100
20 61.8 73.3 87.5 77.0 59.2 67.5
50 35.5 42.0 57.7 50.8 33.3 37.9
80 25 29.6 43.9 38.7 25.2 28.6
100 20.6 24.4 38.1 33.5 221 25.2
200 12.1 14.3 25.0 22.0 15.0 17.1
500 6.6 7.9 13.8 12.1 8.9 10.2
800 4.9 5.8 10.2 8.9 6.8 7.8
1000 4.5 5.3 8.8 7.8 6.2 7.0

2000 29 3.5 5.7 5.0 3.9 4.5

5000 1.5 1.8 3.1 2.7 2.0 23



Table S5 Specific capacitances and retention rates of RGO film, AGFs

and CGFs tested in organic electrolyte. (Calculated by GCD)

Current
density S Retention (%) Cs Retention (%) Cs Retention (%)
(F/g) (Flg) (Flg)
(A/g)
1 100.9 100 122.2 100 112.3 100
2 541 53.6 88.7 72.6 55.7 49.6
5 15.5 15.4 45.1 36.9 17.2 15.3
8 6.1 6.1 27.6 22.6 8.3 7.4
10 3.8 3.8 14.6 12.0 5.7 5.1

20 0.001 0.001 4.8 3.9 1.4 1.2
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Figure S8. Cycling stability tests of AGF3 in aqueous electrolyte (1M

H,S0,) and organic electrolyte (1M EMIM™* BF, in AN) at 5 A/g.
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Figure S9. (A) Magnified SEM images of AGF3 in Figure 4B; (B) and (C)
SEM images of other AGF3 sample; (D) Magnified SEM images of

CGF3 in Figure 4C.



