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1. Synthesis of a-MEGO and a-TEGO from MEGO and TEGO 

    The synthesis of microwave exfoliated graphite oxide (MEGO) followed the method 

described in Ref (1). Briefly, graphite oxide (GO) powders made from the modified 

Hummers�’ method were irradiated in a domestic microwave oven (GE, JES0736SM1SS) 

operated at 1100 W for 1 minute. During the irradiation, a large volume expansion of the 

GO powder occurred and the black, fluffy MEGO powder obtained was collected for 

activation. Typically, 400 mg MEGO powder was dispersed in 20 ml 7M aqueous KOH 

solution and stirred for 4 hours at a speed of 400 rpm, followed by another 20 hours of 

static soaking in ambient conditions. The extra KOH solution was removed by briefly 

filtering the mixture through a polycarbonate membrane (Whatman, 0.2 m); then the 

mixture was dried in the lab environment at 65 oC for 24 hours. A control MEGO sample, 

made with the same soaking-drying process but with no KOH was also prepared, and 

85% of the mass remained after drying. A KOH to MEGO ratio was calculated by 

assuming the MEGO in the dry MEGO/KOH mixture gave the same mass yield, i.e., 

85%.  

    It was found that the KOH uptake (KOH/MEGO ratio) was linearly dependent on the 

molarity of the KOH solution, with other process parameters held constant (such as the 

amount of MEGO from the same batch of GO and the volume of KOH solution). For the 

MEGO soaked in 20 ml 7M KOH as described above, the KOH/MEGO ratio was 

8.9 0.3. The dry MEGO/KOH mixture was heated at 800 oC for 1 hour in a horizontal 

tube furnace (50-mm diameter), with an argon flow of 150 sccm and working pressure of 

~ 400 Torr. The temperature was ramped from room temperature to 800 oC at 5 oC/min. 

After cooling down in vacuum, the sample was repeatedly washed by de-ionized water 

until a pH value of 7 was reached. Then the sample was dried at 65 oC in ambient for 2 

hours, followed by thermal annealing at 800 oC in vacuum (0.1 Torr) for 2 hours, to 

generate �‘activated MEGO�’ (a-MEGO) powders. Thermally exfoliated graphite oxide 

(�‘TEGO�’), made by �‘thermal shocking�’ of GO at 250 oC in ambient (2), was activated 

following the same process. The a-MEGO and a-TEGO so obtained were characterized in 

a variety of ways, and supercapacitor measurements were made, as described in the main 

text and below. 
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2. Characterization methods 

    The a-MEGO was analyzed by scanning electron microscopy (SEM, Hitachi S5500, 30 

kV), transmission electron microscopy (TEM, JEOL 2010F, 200 kV at UT-Austin; TEM, 

spherical aberration corrected FEI Titan 80/300, 80 kV at BNL; the spherical and 

chromatic aberration corrected TEAM instrument at LBNL, see: ncem.lbl.gov/TEAM-

project/) and scanning TEM (Aberration corrected Hitachi HD2700C at BNL).  The exit 

wave reconstructed image shown in Figure 1F was processed using the MacTempas Exit 

Wave Reconstruction Package (totalresolution.com) from a series of 41 images, ranging 

from 28 nm above Gaussian to 28 nm below Gaussian and with 1.4 nm focal step size. 

 

  The measurement of the nitrogen adsorption isotherms was done with a Quantachrome 

Nova 2000 at 77.4 K to obtain the surface areas of a-MEGO samples from different 

KOH/MEGO ratios, and for the comparison between MEGO control and a-MEGO 

samples. Detailed adsorption experiments with nitrogen (77.4K), argon (87.3 K), and 

carbon dioxide (273.2 K) were also performed with a Quantachrome Autosorb iQ MP in 

order to assess surface area and pore characteristics of the a-MEGO. Nitrogen adsorption 

with the Quantachrome Autosorb iQ MP was also carried out on the a-TEGO. The 

samples were outgassed at 150 °C for 16 hours under turbomolecular vacuum pumping 

prior to the gas adsorption measurements.  

 

  Samples were sealed into glass Lindemann capillaries and x-ray diffraction patterns 

collected at the X12A beamline of the National Synchrotron Light Source, using x-rays 

of 0.699 Angstrom wavelength, in parallel beam geometry. Background from the glass 

was normalized at high angles, and the data converted to Cu K  for the plot shown in 

Fig. 2A.   

 

  Micro Raman was done on a Witec Alpha 300 confocal Raman system with a laser 

wavelength of 532 nm. Lorentzian fitting was done to obtain the positions and widths of 

the D and G bands in the Raman shift spectra. Fourier transform infrared spectroscopy 

(FTIR) was done with a Perkin Elmer Spectrum BX.   
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  X-ray photoelectron spectroscopy (XPS) was conducted with two separate systems 

equipped with monochromatic Al K sources (Kratos AXIS Ultra DLD, Omicron 

Nanotechnology XM1000/EA 125 U7) to analyze the chemical composition of the 

samples.  

  Combustion elemental analysis was done at Atlantic Microlab, Inc. (Georgia, USA) for 

determination of the C, O, and H content. Electron paramagnetic resonance (EPR) 

measurements of a-MEGO were done with a Bruker EMX Plus (X band, 295 K) with 

2,2-Di(4-tert-octylphenyl)-1-picrylhydrazyl (DPPH,  Sigma Aldrich 257612) as a 

standard.  

 

  Electron energy loss spectroscopy (EELS, Gatan) was carried out in a JEOL 2010 TEM 

on commercial graphite powder (SP-1 graphite, Bay Carbon, Inc. Michigan, USA; the 

same graphite used to make the GO that was converted to MEGO), MEGO, and a-MEGO 

samples, respectively.  High resolution SEM, STEM and EELS were performed using a 

dedicated STEM Hitachi HD2700C, equipped with a cold-field emission gun, a CEOS 

aberration corrector and a high-resolution (0.35eV) EELS Spectrometer (Gatan, Enfina). 

As noted in the main text, it was necessary to ignore the large percentage of the a-MEGO 

on the TEM grid, as it was too thick to perform EELS measurements on. We were 

successful in finding some thin, plate-shaped a-MEGO with a porous structure that was 

identical to that observed in the more three-dimensional chunks, shown in Figure 1C of 

the main text.  It is possible to quantify the amount of sp2-bonding by measuring the ratio 

between * bonding and *+ * bonding using EELS (3, 4). The relative amount of sp2 

carbon atoms was calculated by using the formula: 

, 

where the Iu and Ig represent the integrated intensity for specific energy ranges of the 

spectra for the a-MEGO and graphite (assumed to be 100% sp2 carbon), respectively (3, 

4). Comparisons were made between a-MEGO and graphite films of approximately the 

same thickness (as measured by comparing the intensity in the zero loss peak with the 

sp2

sp2 sp3

Iu

Iu Iu

Ig

Ig Ig
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intensity in the low-loss region) (5). I * and I *    are the peak intensities due to the 1s * 

and 1s * transitions, corresponding to sp2 and sp3 hybridized carbon atoms. Two-

windows, 283.2-287.2 eV and 292.5-312.5 eV for the 1s * and 1s * transitions, 

respectively, were integrated to generate the peak intensities. The resulting analyses 

reveal the fraction of sp2 bonding for the a-MEGO is 98±2%. The statistical error of 2% 

is consistent with the values expected using this approach (3).  Complementary XPS 

measurements were also taken of the a-MEGO powder material with the Omicron 

Nanotechnology system (analyzer acceptance angle ±8, takeoff angle 45°, pass energy 15 

eV) to establish the relative amount of sp2 carbon for comparison to the EELS 

measurements. The powder sample was supported on a surface that was nearly free of 

carbon and oxygen and that consisted of a Pt thin film that had been evaporated on a Si 

wafer. XPS data was analyzed using the CasaXPS fitting package and an asymmetric 

Doniach-Sunjic (DS) peak shape was used to fit the sp2 component, as required for 

conductive sp2 carbon materials (6, 7).  

 

  The powder conductivity of a-MEGO samples was obtained by the method described in 

Ref (1). 

 

3. Supercapacitor measurements 

    A two-electrode cell configuration was used to measure the performance of 

supercapacitors with the a-MEGO and a-TEGO materials. 5 wt% Polytetrafluoroethylene 

(PTFE; 60 wt% dispersion in water) was added to the a-MEGO and a-TEGO as a binder.  

Typically, the a-MEGO (or a-TEGO) and PTFE was mixed into a paste using a mortar 

and pestle, rolled into uniform thickness sheets whose thickness ranged 40 to 50 m thick 

(from sheet to sheet) and punched into ~1-cm diameter electrodes. A pair of typical 

electrodes had a weight between 2.5 and 4.0 mg after drying overnight at a ~ 100 oC 

under vacuum. The two identical (by weight and size) electrodes were assembled in a test 

cell as shown in Ref (8), which consisted of two current collectors, two electrodes, and an 

ion-porous separator (Celgard® 3501) supported in a test fixture consisting of two 

stainless steel plates. Conductive carbon coated aluminum foils (ExopackTM 0.5 mil 2-

side coating) were used as current collectors. 1-butyl-3-methylimidazolium 
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tetrafluoroborate (BMIM BF4) was obtained commercially from Sigma Aldrich and 

diluted in acetonitrile (AN) with a weight ratio of 1:1 (with some testing done with neat 

BMIM BF4). The tetraethylammonium tetrafluoroborate (TEA BF4, Sigma Aldrich) was 

prepared at 1.0 M in AN. The 1-Ethyl-3-methylimidazolium 

bis(trifluoromethylsulfonyl)imide (EMIM TFSI, Sigma Aldrich) was used as purchased. 

The assembly of the test cell was done in a glove box filled with Ar. 

  Gravimetric capacitance from galvanostatic charge/discharge was calculated by using 

the formula 

 , 

where I is the constant current and m the total mass for both carbon electrodes, and dV/dt 

was calculated from the slope obtained by fitting a straight line to the discharge curve 

over the range of Vmax (the voltage at the beginning of discharge) to ½ Vmax. Based on a 

RC model, the capacitance was also calculated from the frequency response analysis, by

C 1/(2 fZ ) , where f is frequency in Hz and Z” is the imaginary part of the 

impedance, to show the trend of changes in capacitance with frequency. The energy 

density was estimated by using the formula Ecell CVmax
2 /8 , where the cell mass (two 

carbon electrodes) was normalized. Effective series resistance (ESR) was estimated using 

the voltage drop at the beginning of the discharge, Vdrop, at certain constant current Icons, 

with the formula RESR Vdrop /(2Icons). The power density, calculated from the discharge 

data at certain constant current Icons, and normalized with the weight of the carbon cell 

(two carbon electrodes) is given by  

P
(Vmax Vdrop )

2

4RESR m
. 

 

 

dtmdV
IC cons

carbon /
4
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4. Dependence of a-MEGO SSA on ratio of KOH to MEGO  

 

 

 
 

Fig. S1 The BET specific surface area (SSA) of a-MEGO versus the KOH to MEGO 

loading ratio in the mixture before activation. For this series of samples, the highest SSA 

was about 2600 m2/g. 
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5. SEM/STEM images of a-MEGO 

 
 

Fig. S2 (A) Low magnification SEM and (B) high magnification SEM and (C) ADF-

STEM  images of a-MEGO.  (B and C) are simultaneously taken from the region 1 in 

(A). Larger pores of between 2-10 nm are clearly resolved.  (D) Very high magnification 

SEM and (E) ADF-STEM images simultaneously taken from the region 2 in (A), with (F) 

being from the region outlined as a box in (E). These images indicate that the entire 

microstructure is composed of very small pores, of order of ~1 nm in size, as is evident in 

the magnified portion shown as (F).   
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6. EPR measurements of a-MEGO 

 
Fig. S3 EPR data of a-MEGO with DPPH used as a standard. Samples of a-MEGO (SSA 

~2520 m2/g), and of DPPH diluted in KCl, were measured in 4 mm tubes under similar 

conditions except for the number of scans. 400 scans were run on a-MEGO to obtain 

sufficient signal/noise ratio; only 40 scans were run on DPPH to avoid saturation. Double 

integrated areas of as-measured curves were normalized with the number of scans and 

mass of each sample. A concentration of ~ 2 x 1016 spins/g was estimated for this a-

MEGO sample, corresponding to a concentration of 0.4 spins per million carbon atoms. 
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7. XPS data for a-MEGO and analysis 

 
Fig. S4 Detailed XPS analysis of a-MEGO sample (SSA ~ 2520 m2/g).  (A) Fit to the C 

1s region is shown, with detailed spectrum inset. The main sp2 carbon peak is a Doniach-

Sunjic line with asymmetry parameter =0.20 and FWHM 0.78 eV, which are reasonably 

close to values for these parameters in fits to highly oriented pyrolytic graphite (HOPG) 

and glassy carbon (7). Multiple states are also present on the high binding energy side of 

the main sp2 peak. An sp3 component, if present, is expected at +0.8 to +0.9 eV above the 

sp2 component in the C 1s spectrum (9). Attempts to fit the spectral envelope with an sp3 

component indicate that sp3 carbon is below the limit of detection of XPS (approximately 

1 at. %). Two C 1s states are observed at +2.0 and +3.3 eV above the main sp2 peak (with 

widths of 1.2 eV) and are attributed to C-O bonding with corresponding states observed 

in the O 1s And impurity K 2p spectra. Several shake-up features are also present at +4.4, 

+5.5, +6.5 and +7.9 eV above the main sp2 peak (widths of 1.5, 1.3, 1.3 and 1.1 eV 
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respectively) and are in good agreement with fits to the extended shake-up energy loss 

spectrum of glassy carbon and highly oriented pyrolytic graphite (HOPG) by Leiro et. 

al.(7). Residual potassium (< 2 at. %) from the KOH activation process is detected as a K 

2p doublet with the K 2p3/2 state observed at 292.9 eV. (B) The O 1s region is shown and 

composed of three components at 530.6 eV (K2CO3), 532.5 eV (KHCO3) and 534.6 eV 

(KOH) (10-12). It is noted that the C 1s shake up features described above make the 

unequivocal deconvolution of a carbonate bond problematic. Residual peak fitting error is 

shown beneath all spectra.  
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8. Raman and FTIR analysis of a-MEGO 

 
Fig. S5 (A) Raman of a-MEGO and MEGO control sample. The Id/Ig slightly increases 

from ~1.16 in MEGO to ~1.19 in a-MEGO. From Lorentzian fitting, the D band FWHM 

increases from ~135 to ~183 cm-1. (B) FTIR transmittance spectra. The following bands 

were observed: O-H stretching (3200-3400 cm-1), C-H aliphatic (2800-3000 cm-1), C=O 

and C-O stretching (1640-1750 cm-1), aromatic C=C stretching (1400-1600 cm-1) and 

bands related to aromatic content (700-920 cm-1) such as out of plane C-H bending (~910 

cm-1) with different degrees of substitution.  Compared with the MEGO control sample, 

a-MEGO shows lower signals from the oxygen or hydrogen containing groups.�
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9. Comparison of N2 BET data for MEGO and a-MEGO 

 
Fig. S6 N2 adsorption/desorption analysis of a-MEGO (~ 2520 m2/g) with MEGO as 

control. (A) N2 isotherm curves at 77.4 K. (B) Cumulative pore volume versus pore 

diameter plots obtained from the adsorption isotherm in (A). NLDFT analysis for carbon 

with slit/cylindrical model was used on the adsorption data to obtain the pore volumes.  
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10. QSDFT pore size distribution of a-MEGO  

 
Fig S7 �‘Quenched solid density functional theory�’ (QSDFT) pore size distribution of a-

MEGO. In addition to the NLDFT pore size distribution shown in Fig. 3B (which was 

based on NLDFT assuming a slit/cylindrical pore hybrid model), we also analyzed the 

nitrogen (77.4 K) and argon (87.3 K) adsorption isotherms by assuming a slit pore model 

and QSDFT, which quantitatively accounts for the surface geometrical inhomogeneity. It 

follows that this pore size distribution essentially resembles the distribution from the 

slit/cylindrical pore model shown in the manuscript (Fig. 3 B); however, the mesopore 

size is slightly smaller in the slit pore QSDFT model.  
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11. Supercapacitor performance of a-MEGO with TEA BF4/AN electrolyte 

 
Fig. S8 Supercapacitor performance of a-MEGO (SSA ~ 3100 m2/g) with 1.0 M TEA 

BF4/AN electrolyte. (A) CV curves for different scan rates. Rectangular shapes indicate 

the capacitive behavior. (B) Galvanostatic charge/discharge curves of a-MEGO based 

supercapacitor under different constant currents. The specific capacitances calculated 

from the discharge curves are 154, 145 and 141 F/g, for the constant currents of 0.8, 1.9 

and 3.8 A/g, respectively. From the discharge data obtained at the constant current of 0.8 

A/g, the energy density and power density were estimated as 39 Wh/kg and 145 kW/kg, 

respectively, when normalized with the total weight of two a-MEGO electrodes. (C) 

Nyquist plot, displaying a similar resistance as that of a-MEGO in BMIM BF4/AN 

electrolyte. (D) Frequency response of the capacitance of the a-MEGO supercapacitor.  
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12. Stability testing of supercapacitor having a-MEGO with BMIM BF4 electrolyte 

 
Fig. S9 Testing of the a-MEGO (with surface area of ~ 3100 m2/g) based supercapacitor 

in neat BMIM BF4 over 10000 cycles. Constant current cycles were run at a rate of 2.5 

A/g.  Retention of 97% was obtained after 10000 cycles. Here the pure IL was used as 

electrolyte to minimize possible contamination. 
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13. Supercapacitor performance of a-MEGO with EMIM TFSI electrolyte 

 

 
Fig. S10 Supercapacitor performance of a-MEGO (SSA ~ 3100 m2/g) in neat EMIM 

TFSI electrolyte. (A) CV curves under different scan rates. (B) Galvanostatic 

charge/discharge curves under different constant currents. The specific capacitances 

calculated from the discharge curves with maximum voltage of 3.5 V are 200, 192 and 

187 F/g for the currents of 0.7, 1.8 and 3.5 A/g, respectively. The normalized ESR is 

0.025 g. From the discharge data obtained at the constant current of 0.7 A/g, the energy 

density and power density were estimated as 85 Wh/kg and 122 kW/kg, when normalized 

with the total weight of the two a-MEGO electrodes. 
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14. N2 adsorption results of a-TEGO 

 
Fig. S11 N2 adsorption/desorption analysis of a-TEGO. (A) High resolution, low 

pressure isotherm, from which a high BET SSA of 2675 m2/g (calculated in the linear 

relative pressure range from 0.1 to 0.3) is obtained. (B) Pore size distribution for N2 

adsorption (calculated using a slit/cylindrical NLDFT model).  
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15. Supercapacitor performance of a-TEGO with BMIM BF4/AN electrolyte 

 

 
 

Fig. S12 Supercapacitor performance of a-TEGO (SSA ~2700 m2/g) in the BMIM 

BF4/AN electrolyte. (A) CV curves for different scan rates. (B) Galvanostatic 

charge/discharge curves under different constant currents. The capacitance values 

calculated are 156, 154 and 154 F/g for the currents of 2.0, 3.9 and 7.8 A/g, respectively. 

From the discharge data obtained at the constant current of 2.0 A/g, the ESR, energy 

density and power density were estimated as 4.1 , 66 Wh/kg and 282 kW/kg, 

respectively. (C) Nyquist plot for the a-TEGO based supercapacitor. (D) Frequency 

response of the capacitance of the a-TEGO supercapacitor in BMIM BF4/AN electrolyte.  
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16.  Movies S1 

Movies S1 Through-focal series high resolution TEM images of the a-MEGO 

structure.  The images were obtained at 80 kV on the aberration corrected FEI Titan, with 

a focal step of �–4 nm per image. Initial focus is deliberately slightly over-focus, and scans 

through slightly under-focus, so that in a given frame some portion of the wedge-shaped 

sample is in exact / Scherzer defocus.  The images show that the a-MEGO structure is 

composed of a high density of pores of very small size, with the pore walls being 

composed of single carbon sheets.  
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