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Table S1.  Electrolyte resistance (Rs) and interface contact resistance (Rinter.) values of various 

HGNS cells derived from Figure 3 (c). 

Sample 

 

Rs (Ω) 

 

 

Rinter. (Ω) 

 

HGNS-300 1.5 100 

HGNS-700 1.5 75 

HGNS-900 1.7 26 

HGNS-1100 1.6 16 

 

Table S2. Thickness and film density values of various HGNS electrodes. 

 

Sample 

 

Thickness (μm) 

 

Film density (g cm-3) 

HGNS-300 30 0.157 

HGNS-700 30 0.157 

HGNS-900 30 0.156 

HGNS-1100 9 0.140 

 



 

 

Table S3. Gravimetric capacitances of AC, HGNS-900, and various AC/HGNS-900 

electrodes. 

   Capacitance 

(F/g)  

  

Current  

rate (A/g) 

AC HGNS-900 AC/HGNS-900 

(20:1) 

AC/HGNS-

900  (10:1) 

AC/HGNS-900 

(5:1) 

0.5 95 63 92 75 60 

1 87 61 89 72 57 

5 52 56 66 56 42 

10 28 48 48 45 31 

15 19 43 36 38 24 

20 12 38 28 33 18 

 



 

 

Table S4. Performance comparison of previously reported AC/graphene composite electrodes and AC/HGNS-900 (20:1) in this study.  

Electrode material Electrolyte Electrode 

thickness 

Film density Capacitance Retention after 

cycling 

Reference 

AC/Graphene 

 

1-ethyl-3-methylimidazolium 

tetrafluoroborate 

 

NA NA 94 F/g at  0.1 A/g 89% after 3000 cycles 1 

AC/Porous graphene 

 

1 M TEABF4/PC 

 

NA ~0.3 g/cm3 103 F/g at 200 mV/s 94.7% after 5000 

cycles 

2 

KOH activated 

AC/Graphene 

 

1 M TEABF4/Acetonitrile NA NA  

173 F/g at 

2 A/g 

NA 3 

AC/Graphene 

 

1M LiPF6 solution 

 

NA NA 19.45 F/g at 1 mV/s NA 4 

AC/Graphene hybrid 

aerogel 

 

1 M TEABF4/PC 

 

NA NA 144 F/g at 0.05 A/g NA 5 

AC/Graphene oxide 

 

1 M TEABF4/PC 

 

NA NA 26.87 F/g at 0.1 A/g ~100% after 500 

cycles 

6 

AC/CNT/RGO 

 

1M LiClO4 in Ethylene 

carbonate/Diethyl carbonate 

NA NA 101 F/g at 0.2 A/g 75% after 1000 cycles 7 

AC/HGNS-900 (20:1) 

 

1 M TEABF4/PC 

 

32 µm 0.32 g/cm3 92 F/g at  0.5 A/g 93% after 10000 

cycles 

This work 

 



 

 

Table S5.  Electrolyte resistance (Rs) and interface contact resistance (Rinter.) values of various 

cells derived from Figure 6 (d).  

Sample 

 

Rs (Ω) 

 

 

Rinter. (Ω) 

 

AC 1.7 40 

AC/HGNS-900 (20:1) 1.6 15 

AC/HGNS-900 (10:1) 1.5 10 

AC/HGNS-900 (5:1) 1.5 20 

 

 



 

 

 

 

Figure S1. TEM micrographs of (a) HGNS-700, (b) HGNS-900, and (c) HGNS-1100 samples. 
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Figure S2. XPS C1 s spectrum of HGNS-900 sample. 

Figure S3. Galvanostatic charge-discharge curves of (a) AC, (b) AC/HGNS-900 (20:1), (c) 

AC/HGNS-900 (10:1), and (d) AC/HGNS-900 (5:1) cells measured at various current 

densities.  
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Figure S4. Ragone plots of various cells calculated based on various charge-discharge current 

densities.  
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