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1. Preparation of graphite oxide 

Graphite oxide was prepared from natural graphite (Xinghe Co., Qingdao, China) according to 

a modified Hummers method, as we previously reported.1 Briefly, 5 g natural graphite and 2.5 g 

NaNO3 was added to 120 mL of concentrated H2SO4 under continuous stirring in an ice bath. 

Subsequently, 7.5g KMnO4 was slowly added to the formed mixture, which was allowed to react 

under stirring at a temperature no more than 20℃ for 2 h. Then, the mixture was heated to 35℃ 

and kept reacting at that temperature for another 2 h. After that, the reactant mixture was slowly 

poured into 180 mL distilled water under violent stirring, followed by further reaction at 75℃ for 

1 h. The mixture was then cooled to room temperature and poured into 1000 mL distilled water 

with 50 mL 30% H2O2. The obtained product was filtered and washed with 5 wt% HCl solution 

followed by distilled water. Finally, the filter cake was dried in air at 50℃ for 24 h to obtain the 

graphite oxide. 

2. Characterization of TEGA-Na and TEGA 

 

Fig. S1 SEM images of (a and b) TEGA-Na, (c) TEGA and (d) TEGV. 

 

   As compared in Fig. S1, TEGA-Na shows a compact laminated structure of graphene layers 

without the large interlayer pores as observed in TEGA and TEGV, indicating its lowest thermal 
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expansion degree, and predicting its highest apparent density among these three graphene 

materials. 

 

 

 

Fig. S2 EDX spectrum of TEGA-Na. 

 

     The EDX spectrum indicates that 1.39 at% Na is left in TEGA-Na. 
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Fig. S3 (a) XRD patterns of TEGA-Na and TEGA. (b) Raman spectra of GO, TEGA-Na, TEGA 

and TEGV. 

 

 

4000 3500 3000 2500 2000 1500 1000 500

TEGA-Na

TEGA

(a)

1
1
9
6

1
5
5
7
.1

1
7
2
3
.9

1
1
5
7
.7

1
5
4
3
.8

1
7
3
2
.4

5
8
2
.2

8
5
2
.7

1
0
5
0
.8

1
2
2
4
.8

1
3
6
0
.9

1
6
2
0
.3

3
3
4
9
.4

 

 

In
te

n
s

it
y

 (
a

.u
.)

Wave number (cm
-1

)

1
7
2
8
.8

GO

100 200 300 400 500 600 700 800 900 1000 1100 1200

1064 1068 1072 1076

6000

6400

6800

7200

7600

1064 1068 1072 1076
6000

6400

6800

7200

7600

(b)

 

 

In
te

n
s

it
y

 (
a

.u
.)

Binding energy (eV)

TEGA

TEGA-Na

C/O=5.22

C/O=5.78

TEGA

 Binding energy (eV) 

 

 

In
te

n
s

it
y

 (
C

P
S

)

TEGA-Na

 Binding energy (eV)

 

 

In
te

n
s

it
y

 (
C

P
S

)

Na1s

 



5 

 

280 282 284 286 288 290 292 294 296

0

10000

20000

30000

40000

50000

60000 (c)

 

 

In
te

n
s

it
y

 (
C

P
S

)

Binding energy (eV)

 Raw Intensity

 Fitting Envelope

 Background

 sp
2
C  

 sp
3
C    

 C-O    

 C=O   

 O-C=O 

TEGA-Na

280 282 284 286 288 290 292 294 296

0

10000

20000

30000

40000

50000

60000 (d)

 

 

In
te

n
s

it
y

 (
C

P
S

)

Binding energy (eV)

 Raw Intensity

 Fitting Envelope

 Background

 sp
2
C  

 sp
3
C    

 C-O    

 C=O   

 O-C=O 

TEGA

 

526 528 530 532 534 536 538 540
4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

(e)

 

 

In
te

n
s

it
y

 (
C

P
S

)

Binding energy (eV)

 Raw Intensity

 Fitting Envelope

 Background

 Quinone

 C=O

 C-O

 O=C-O

 Chemisorbed oxygen

TEGA-Na

526 528 530 532 534 536 538 540
4000

6000

8000

10000

12000

14000

16000

18000

20000 (f)

 

 

In
te

n
s

it
y
 (

C
P

S
)

Binding energy (eV)

 Raw Intensity

 Fitting Envelope

 Background

 Quinone

 C=O

 C-O

 O=C-O

 Chemisorbed oxygen

TEGA

 

Fig. S4 (a) FTIR spectra of GO, TEGA and TEGA-Na. (b) XPS survey spectra of TEGA-Na and 

TEGA. Inset: the magnified Na 1S XPS spectra for TEGA-Na (top) and TEGA (bottom). C1s XPS 

spectra of (c) TEGA-Na and (d) TEGA. O1s XPS spectra of (e) TEGA-Na and (f) TEGA. 

 

Table S1 Surface elemental concentrations and relative contents of functional groups derived from 

C1s XPS spectra of TEGA and TEGA-Na 

Samples 
Carbon 

(at.%) 

Oxgen Na C1s fitting binding enrgy (eV; ralative percentage,%) 

(at.%) (at.%) C=C(sp2) C-C(sp3) C-O C=O O-C=O 

TEGA 85.19 14.81 - 
284.5 

(49.86) 

285.1 

(13.7) 

286 

(15.27) 

287.2 

(5.79) 

288.8 

(15.35) 

TEGA-Na 83.47 15.98 0.55 
284.5 

(49.55) 

285.1 

(15.66) 

286 

(14.86) 

287.2 

(7.62) 

289 

(12.29) 

 

Table S2 Relative contents of functional groups derived from O1s XPS spectra of TEGA and 

TEGA-Na 

Samples 
O1s fitting binding enrgy (eV; ralative percentage,%) 

Quinone C=O C-O O=C-O Chemisorbed oxygen 

TEGA 530.5 (15.39) 531.2 (8.34) 531.9 (17.71) 533.1 (51.97) 534.2 (6.56) 

TEGA-Na 530.5 (15.85) 531.2 (11.48) 531.9 (15.43) 533.1 (50.33) 534.2 (6.9) 
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3. Supercapacitive performances of TEGA-Na and TEGA 

in 30 wt% KOH aqueous electrolyte 
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Fig. S5 Supercapacitive performances of TEGA-Na and TEGA in a symmetric two-electrode 

system in 30 wt% KOH aqueous electrolyte. (a) Galvanostatic charge/discharge curves of TEGA 

at different current densities. (b) Comparison of volumetric capacitance values of TEGA-Na and 

TEGA at different current densities. (c) Cycling stability of the gravimetric capacitance values of 

TEGA-Na and TEGA at a current density of 1 A g-1. (d) Nyquist plots of TEGA-Na and TEGA, 

inset: the magnified high-frequency region of the Nyquist plots (bottom) and the corresponding 

frequency response curves of gravimetric capacitance of TEGA-Na (top). 
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4. Supercapacitive performances of TEGA-Na and TEGA 

in 1 mol L-1 Na2SO4 aqueous electrolyte 
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Fig. S6 Supercapacitive performances of TEGA-Na in a symmetric two-electrode system in 1 mol 

L-1 Na2SO4 aqueous electrolyte within a voltage range of 0-1.8 V. (a) CV curves at low scan rates. 

(b) Gravimetric capacitance values at different scan rates. (c) Gravimetric capacitance values at 

different current densities. (d) Comparison of the gravimetric Ragone plot in aqueous electrolytes 

of TEGA-Na with some representative carbon materials, including AC and GNS,1 ACNR,2 

GKAC3 and HPGC.4 

 

 

 



8 

 

5. Supercapacitive performances of TEGA-Na and TEGA 

in 1 mol L-1 Et4NBF4/AN organic electrolyte 
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Fig. S7 Supercapacitive performance of TEGA-Na and TEGA in a symmetric two-electrode 

system in 1 mol L-1 Et4NBF4/AN organic electrolyte. (a) CV curves of TEGA-Na and TEGA at a 

scan rate of 10 mV s-1. CV curves of TEGA-Na at (b) low and (c) high scan rates. (d) Gravimetric 

capacitances of TEGA-Na at different scan rates. (e) Galvanostatic charge/discharge curves of 

TEGA-Na at different current densities. (f) Gravimetric capacitances of TEGA-Na at different 

current densities. 
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6. Characterization of TEGV, TEGV-H and TEGV-K 

 

Fig. S8 Digital photos of GO suspension (a) before and (b) after the addition of KCl or HCl and (c) 

the powders of TEGV-K (0.2 g), TEGV-H (0.2 g) and TEGV (0.1 g). SEM imagess of (d) TEGV, 

(e) TEGV-H and (f-g) TEGV-K. 
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Fig. S9 (a) XRD patterns of TEGV, TEGV-H and TEGV-K. (b) N2 adsorption/desorption 

isotherms and the corresponding pore size distribution (inset) of TEGV-H and TEGV-K. (c) CO2 

adsorption isotherms and (d) the corresponding pore size distribution of TEGV, TEGV-H and 

TEGV-K. 

 

Table S3. Porosity parameters and densities of TEGV, TEGV-H and TEGV-K 

Sample 
SN2 

a 

[m2 g-1] 

VN2 
b 

[cm3 g-1] 

SCO2 
c 

[m2 g-1] 

VCO2 
d 

[cm3 g-1] 

STotal e 

[m2 g-1] 

VTotal f 

[cm3 g-1] 

ρ1 
g 

[g cm-3] 

ρ2 
h 

[g cm-3] 

TEGV 271.01 0.6797 192.17 0.069 463.18 0.7487 0.48 0.80 

TEGV-H 189.07 0.4373 142.58 0.051 331.65 0.4883 0.82 1.01 

TEGV-K 69.37 0.1814 199.11 0.061 268.48 0.2424 1.17 1.35 

a SSA calculated with BET method from the N2 adsorption isotherm; 

b Single point adsorption pore volume at P/P0 = 0.97 from the N2 adsorption isotherm; 

c SSA calculated with DFT method from the CO2 adsorption isotherm; 

d Pore volume calculated with DFT method from the CO2 adsorption isotherm; 

e The sum of BET SSA derived from the N2 isotherm and DFT SSA derived from the CO2 isotherm, i.e., STotal = 

SN2 + SCO2; 

f The sum of pore volume derived from the N2 isotherm and that from the CO2 isotherm, i.e., VTotal = VN2 + VCO2; 

g ρ1 is the electrode sheet density, obtained by the compression method based on the total mass of electrode 

materials, including the graphene material, acetylene black and PTFE; 

h ρ2 is the apparent density of the graphene sample, calculated by 𝜌 = {𝑉Total +
1
𝜌Carbon⁄ }

−1
，where 𝜌Carbon= 2 

g cm-3. 
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From the above characterization results (the SEM images in Fig. S8, adsorption results in Fig. 

S9 and Table S3), we can speculate that the differences of TEGV, TEGV-H and TEGV-K in 

micromorphology, porosity structure and apparent density should result from their various 

precursors for thermal expansion.  

As to TEGV-H, the HCl molecules incorporated in the GO aggregate will volatile during the 

desiccation procedure, thus the thermal expansion precursor of TEGV-H is the coagulated GO 

aggregate without HCl residues. The lower SSA and higher density of TEGV-H compared with 

TEGV indicates that the graphene layers in the GO aggregate coagulated by HCl stack not as 

firmly as those in the original graphite oxide.  

As for TEGV-K, the thermal expansion precursor is the coagulated GO aggregate with 

intercalated K+ ions. Therefore, the further lower SSA and higher density of TEGV-K compared 

with TEGV-H may imply that the intercalation of K+ ions makes GO layers stack more loosely so 

that the thermal expansion degree is further lowered. 
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7. Supercapacitive performances of TEGV, TEGV-H and 

TEGV-K in 30 wt% KOH aqueous electrolyte 
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Fig. S10 Supercapacitive performance of TEGV, TEGV-H and TEGV-K in a symmetric 

two-electrode system in 30 wt% KOH aqueous electrolyte. (a) CV curves of TEGV-K at different 

scan rates. (b) Galvanostatic charge/discharge curves of TEGV-K at various current densities. (c) 

CV curves of TEGV, TEGV-H and TEGV-K at a scan rate of 10 mV s-1. (d) Galvanostatic 

charge/discharge curves of TEGV, TEGV-H and TEGV-K at a current density of 0.1 A g-1. (e) 

Gravimetric and (f) volumetric specific capacitances of TEGV, TEGV-H and TEGV-K at different 

current densities. (g) Nyquist plots of TEGV, TEGV-H and TEGV-K. Inset: the magnified high 

frequency region of the Nyquist plots. (h) Cycling performance curves of TEGV-K. 
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8. Comparison of the gravimetric and volumetric 

capacitances in aqueous electrolytes of different carbon 

materials 

Table S4 Comparison of the gravimetric and volumetric capacitances in aqueous 

electrolytes of different carbon materials. 

Materials 
Cg 

[F g-1] 

CV 

[F cm-3] 
Electrolyte Test device Ref. 

KOH reduced graphene (KrGO) 322 (1mV s-1) 502 1M H2SO4 Three-electrode 1 

High density porous graphene macroform (HPGM) 260 410 6M KOH Three-electrode 5 

High surface-area graphite 205 180 6M KOH Three-electrode 6 

Activeted mesoporous carbons 223 (1 mV s-1) 54 6M KOH Three-electrode 7 

Activated porous carbons (CS15A6) 223 (2 mV s-1) 54 6M KOH Three-electrode 8 

Carbon Xerogel Microspheres (CXAη-30) 251 (0.5 mV s-1) 166 1M H2SO4 Three-electrode 9 

Cu-doped carbon xerogel microspheres (CXCu-30) 174 (1A g-1) 146 1M H2SO4 Three-electrode 10 

Activated Cu-doped carbon aerogel (CReCu20) 192 (0.125 A g-1) 98 1M H2SO4 Three-electrode 11 

Monolithic porous carbon 145 (1 mV s-1) 125 1M H2SO Three-electrode 12 

Monodisperse carbon nanospheres (CNSs-6) 328 (5 mV s-1) 383 6M KOH Three-electrode 13 

Reduced graphene oxide by urea 255 (0.5 A g-1) 196 6M KOH Three-electrode 14 

S-doped carbon–graphene composites 109 (50 mA cm-2) 65 6M KOH Three-electrode 15 

Functionalized graphene (FGN300) 456 (0.5 A g-1) 470 6M KOH Three-electrode 16 

Functional pillared graphene frameworks 

(FPGF-200) 
353 (2 mV s-1) 400 6M KOH Three-electrode 17 

 Liquid-mediated graphene (EM-CCG film) 191.7 (0.1 A g-1) 255.5  1M H2SO4 Two-electrode 18 

High density porous graphene macroform (HPGM) 238 (0.1 A g-1) 376 6M KOH Two-electrode 5 

KOH reduced graphene (KrGO) 205 (0.2 A g-1) 314 1M H2SO4 Two-electrode 1 

Seaweeds derived carbon (ALG-C) 198 (2 mV s-1) 180 1M H2SO4 Two-electrode 19 

Seaweeds derived carbon (LN600) 264 (2 mV s-1) 208 1M H2SO4 Two-electrode 20 

High density reduced graphene oxide (RGO-HD) 182 (1 A g-1) 255 6M KOH Two-electrode 21 

Holey graphene framework (HGF) 310  (1 A g-1) 220 6M KOH Two-electrode 22 

Ordered mesoporous carbon nanospheres (OMCNS) 173 (1 mA cm-2) 107 6M KOH Two-electrode 23 

Ultramicroporous carbon 264 (0.05 A g-1) 218 6M KOH Two-electrode 24 

Nitrogen-Enriched Nonporous Carbon 
198 (0.05 A g-1) 280 6M KOH 

Two-electrode 25 
115 (0.05 A g-1) 152 1M H2SO4 
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Dense carbon monoliths (CM) 292 (1 mA cm-2) 342 2M H2SO Two-electrode 26 

Activated carbon 339 (50 mA g-1) 171 6M KOH Two-electrode 27 

Carbide-derived carbons (CDCs) 200 (1 mA cm-2) 90 2M H2SO4 Two-electrode 28 

N-doped carbon microspheres (N-CSA-600) 310 (0.1 A g-1) 290 1M H2SO4 Two-electrode 29 

Porous wood carbon monolith (m-WCM) 234 (10 mA cm-2) 36 2M KOH Two-electrode 30 

Activated MCMB ~300 (0.2 A g-1) ~160 6M KOH Two-electrode 31 

Single-Walled Carbon Nanohorns (HT1273K) 122 (5 mA cm-2) 47 30 wt % H2SO4 Two-electrode 32 

Porous layer-stacking carbon (PGC) 374 (0.5A g-1) 360 6M KOH Two-electrode 33 

TEGA 145 (0.1 A g-1) 153 30 wt % KOH Two-electrode 
This 

work 

TEGA-Na 217 (0.1 A g-1) 328 30 wt % KOH Two-electrode 
This 

work 
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