


pseudocapacitive effect of oxygen functional groups can be described following the reaction 

routes. 

-C-OH ↔ -CO + H+ + e-         (1)

-COOH ↔ -COO + H+ + e-     (2)

-CO + e- ↔ -C-O-            (3)

On the other hand, as hydrazine-reduced graphene oxide sample (hrG-O, one of the most 

representatives as an electrode in SCs) have lower the amount of the oxygen functional 

groups than Re-G-O samples, strong redox peaks were not observed by CV (see Figure S9). 

Taking the role of oxygen functional groups as dispersion moieties, the redox activity of hrG-

O was not manifested due to low amount of the oxygen functional groups and inability of 

proton accommodation into the active sites and a loss of available surface area by the 

reaggregation of graphene-based nano-platelets. Since the capacitance is proportional to the 

surface area accessible to the aqueous electrolyte, hrG-O showed unfavorable capacitor 

behavior than Re-G-O samples.



Table S1. C/O ratio of GO and a series of Re-G-O samples calculated by XPS and EA 
measurements separately.

Sample name Reflux time XPS EA

GO 0 1.97 1.34

Re-G-O-1 6 hr 2.42 1.89

Re-G-O-2 12 hr 2.59 2.04

Re-G-O-3 1 day 2.88 2.44

Re-G-O-4 2 day 3.19 3.26

Re-G-O-5 3 day 4.30 4.20

Re-G-O-6 5 day 5.07 5.52

Re-G-O-7 1 week 5.95 6.35

Re-G-O-8 2 week 6.57 6.85



Table S2. Comparison on C/O ratio of Re-G-O samples obtained at different pHs.

Reflux time 1 day 3 day 7 day

pH = 1 2.32 4.29 6.70

pH = 1.7 2.44 4.20 6.35

pH = 2.4 2.31 4.50 6.49



Table S3. Equivalent circuit parameters obtained from Nyquist plots by fitting

Re-G-O-5 Re-G-O-6 Re-G-O-7 Re-G-O-8

RS [ohm] 6.45 6.43 5.97 5.87

RCT [ohm] 108.6 207.6 369.0 557.1



Table S4. Surface area and pore data of Re-G-O-5~8 

Re-G-O-5 Re-G-O-6 Re-G-O-7 Re-G-O-8 

SSA [m2/g] 412.42 402.96 313.94 236.47 

Total  pore 
volume 
[cm3/g] 

0.2727 0.3271 0.1203 0.208 

Average 
pore 
diameter 
[nm] 

2.6453 3.2466 1.5331 3.5177 



Figure S1. C/O atomic ratio of Re-G-O samples as a variation of reflux time calculated from 
XPS data.



Figure S2. Relation between a C/O ratio and a chemical shift of sp2 carbons at 13C SSNMR.



Figure S3. XPS spectra of the samples, (a) at the C1s regions of GO and a series of Re-G-O 
samples, and deconvoluted C1s spectra of (b) GO, (c) Re-G-O-4, (d) Re-G-O-5, (e) Re-G-
O-6, (f) Re-G-O-8.





Figure S4. D-to-G peak area ratio (ID/IG) for samples reduced to varying degrees.



Figure S5. Line widths of D and G peaks for samples reduced to varying degrees. 



Figure S6. Peak frequencies of D and G Peaks for samples reduced to varying degrees. 



Figure S7. CV curves of GO and Re-G-O-1~3 at a scan rate of 10 mV/s.



Figure S8. CV curves of Re-G-O-5~8 varying scan rates from 10 mV/s to 200 mV/s.



Figure S9. CV curves of hrG-O at various scan rates.



Figure S10. GCD curves after 1000 cycles of charge/discharge.



Figure S11. Nyquist plots of Re-G-O-5~8 measured in the frequency range from 106 to 10-2 
Hz at an amplitude of 10 mV.



Figure S12. SEM images of Re-G-O samples; (a) Re-G-O-5, (b) Re-G-O-6, (c) Re-G-O-7, 
and (d) Re-G-O-8


