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Supplementary Figures
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Fig. S1: Photos of setup for synthesis of polystyrene beads (a) GO suspension and PS colloidal solution (b) sample vial 
with PS-GO and PS-rGO solution with different reaction time (c) synthesis of PS-rGO composites (d) obtained PS-rGO 
powder product (e) treatment of PS-rGO powder with THF  

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2017



S2

Fig. S3: Zeta potential measurement of polystyrene colloidal particle (PS)

Fig. S2: Z-average particle size of polystyrene beads 
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Fig. S4: Zeta potential measurement of Graphene oxide (GO)

Fig. S5: SEM images of displaying PS-GO interaction in (A) 1h (B) 2h
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As shown in Fig.S6, TG curve of GO shows significant weight losing events. The first event at around 110ͦC is related to the 
absorbed water while the second significant loss around 250ͦC is attributed to the decomposition of oxygen-containing 
functional group, yeiding CO, CO2 and steam. The PS spheres start losing weight at 350 ͦC and were burned completely at 
around 450 ͦC. However, as expected, the PS and graphene shell began to decompose significantly at a temperature of about 
450ͦC. Therefore, to retained spherical shell, heat treatment at a temperature of 420 ͦC under heating condition (air,heating rate 

5ͦC per min, held at 420ͦC for 2 h) was required.

Fig.S7: TG of GO, PS and 3D Graphene.

Fig. S6: SEM image of 3D graphene nanoscoop prepared after (a) THF treatment and (b) thermal treatment
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Fig. S8: SEM image of 3D graphene showing the effect of increasing heat rate with curvature during thermal treatment 
(A) 5  ͦC/ min (B) 30  ͦC/min

Fig. S9: EDS Spectra of 3D graphene representing atomic percentage of elements present 
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(a) (b)

Fig. S10: Charge-discharge curve of rGO at different current densities in (a) 1M KOH (b) 1M KOH + 0.08 M K3Fe(CN)6 
electrolytes



S7

As shown in Fig S10, Bode plot of 3D graphene in different electrolyte system.  Bode plot automatically reflects the system 
dynamics with respect to the frequency. Bode plot shows that irrespective of the frequency the modulus (|Z|) is always higher 
for the redox mediated 3D graphene than that of 3D graphene. The difference in |Z| between these two systems at any given 
frequency implies that it is the actual contribution of the redox system towards the total impedance and that it is largely an 
imaginary component of impedance.

Fig. S11: Bode Plot of 3D Graphene in 1M KOH and 1M KOH+ 0.08M K3Fe(CN)6
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Supplementary Table

Electrode 
material

Redox additive electrolyte Specific capacitance(F/g) Ref.

Co–Al  LDH KOH + K4Fe(CN)6 317 at 2 A/g S1
KOH + K3Fe(CN)6 712 at 2 A /g S1

CuS  KOH + Na2S + S 2175 at 15 A /g S2
Activated carbon H2SO4 + KI 912 at 2 mA/cm2 S3

H2SO4 + KBr 572 at 2 mA/cm2 S3
Activated carbon H2SO4 + VOSO4 630.6 at 1 mA/cm2 S4
Activated carbon H2SO4 + hydroquinone 901 at 2.65 mA/ cm2 S5
Activated carbon H2SO4 + hydroquinone 220 at 2.65 mA/cm2 S6
Polyaniline -
graphene                              

H2SO4 + hydroquinone                 553 at 1 A/g S7

MnO2 KOH + p-phenylenediamine 325.24 at 1 A/g S8
Activated carbon KOH + p-phenylenediamine 605.22 at 1 A/g S9
SWCNT KOH + p-phenylenediamine 162.66 at 1 A/g S10
MWCNTs KOH + m-phenylenediamine 78 at 0.5 A/g S11
MWCNTs H2SO4 + indigo carmine 50 at 0.88 mA/cm2 S12
Activated carbon H2SO4 + methylene blue 23 F/g S13
Activated carbon H2SO4 + lignosulfonates 178 at 0.1 A/g S14
3D graphene KOH + K3Fe(CN)6 1830 F/g at 2 A/g

2091 F/g at 5 mV/s
Present 

work

Table S1.  Performance of various carbon based electrode and redox electrolyte systems.
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