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1 Calculation of Capacitance Density

The capacitances of symmetric cells were calculated using impedance spectroscopic data and a
simple series RC circuit assumption,
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2nfZ"(f)

c(f) = (S1)

where f is frequency and Z"is the imaginary part of the impedance, extracted from the
impedance spectroscopy. As the electrodes are symmetric, in terms of area and volume, the area
specific capacitances of the electrodes are calculated as,

Ca(f) = 2C()/A (S2)
with A being the area of the electrode.

The frequency dependent capacitive behavior was also analyzed by defining the complex
capacitance as described in Ref. [1],

c=cC"—jC" (S3)
, =z

C' = P—pE (S4)
w_ Z

c" = P—p (S5)

Where C' corresponds to the actual capacitance value and C" represents the losses due to
associated resistance. The area specific values of C’ and C" were further calculated for a single
electrode as
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Ca= 2C"(NH/A (S6)
Ca =2C"(f)/A (S7)
Supercapacitive performances were analyzed by cycling voltammetry and Galvanostatic
charge discharge cycling. From cyclic voltammetry data, electrode capacitances were calculated

as integral of the area under the discharge CV curve being divided by scan rate, electrode area
and scan voltage range,

Ca= 2 Jdv/(V-s-A) (S8)

where ] is the current density, V is the voltage range and s is the scan rate.

2 Figures and Tables

Fig. S1 SEM images of EOG/CNF film. a Tilted image shows that the film thickness is around 1
um. b EOG flakes encircle individual CNFs and also intimately connect CNFs together
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Fig. S2 TEM images of a EOG clusters, and b individual EOG flake showing the two folded
sidewall edges
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Fig. S3 a Raman spectra for CNF and EOG/CNF. b XPS survey spectrum of EOG/CNF. ¢ De-
convoluted C1s spectrum of EOG/CNF showing dominant C=C sp? bonds
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Fig. S4 Representative cyclic voltammetry curves for EOG/CNF aqueous cells at scan rates up to
500 V s*. The dotted lines are for electrodes of bare CNF
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Fig. S5 Representative cyclic voltammetry curves for EOG/CNF organic cells at scan rates up to
500 Vst
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Fig. S6 a Nyquist impedance plot of EOG/CNF electrodes in organic electrolyte. b Real
component of complex capacitance versus frequency
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Fig. S7 Capacitance density versus scan rate for EOG-CNF capacitors in a aqueous electrolyte and
b in organic electrolyte
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Fig. S8 Long cycle life test with aqueous capacitor at a current density of 40 mA cm
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Fig. S9 AC/DC conversion with agueous capacitor: a 900 mV 60 Hz sine wave input. b Smoothed
DC output. The losses are several hundred millivolts (similar as Fig. 5) which results into very
small output voltage across the capacitor

Table S1 Comparison of our results with EOG and CNT based capacitors

Electrode fo (kHz) —Phase Ca_120HZ Cv_120nz ESR
(9 (mF cm?) (Fcm?®) (Qcm?)

VOGINi [2] 15 82 0.175 0.73 0.1
VOGI/Ni [3] 20 85 0.53 0.1
POG/Ni foam[4] |4 82 0.72 0.036 0.12
EOG/CCP [5] 12 (1 layer) 83 0.6 0.6 0.04

5.6 (3 layers) 83 1.5 0.5 0.04
CNT/AU/SS [6] 1.425 81 1.202 -- 0.11
ErGO/Au [7] 4.2 84 0.566 0.07 0.14
EOG/CNF 22 (aqueous)  81.5 0.37 3.7 0.05
(this work) 8.5 (organic) 80 0.16 1.6 0.28
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