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Table S1. Electrochemical properties of graphene materials functionalized covalently or non-
covalently with small organic molecules that were used for supercapacitors (taken from the
literature) and the respective properties of the present FG/Niso-24h covalent graphene
derivative.

3-electrode Cs Current Electrolyte *Energy Potential Ref.
systems density density window
Fg! Ag? Wh kg* \Y;

AZ-SGH 350 1 1 M H2SO4 1.4 ol
AQ/GF 396 1 1 M H2S04 1.0 2l
C/r-GO 310.8 0.5 6 M KOH 0.8 @l

SFG 322.1 1 0.5 M H2S04 1.2 4
G-CN 97 1 1 M NazSOq 1.2 Bl
G-COOH 86 1 1 M NazSOs 1.2 Bl
PYT-NH2/rGO 326.6 0.5 1 M H2SO4 0.8 el
FG/Niso-24h 391 025 1M Na:sSOu 0.7 This
work
2-electrode

systems

AZ-SGH 285.6 1 1 M H2S04 18.2 1.4 ol

TEA/rGO 200 0.2 1 M H2S04 5.0 1.0 m
AQ/GF 32.3 1 1 M H2S04 13.2 1.6 2l

PYT- 77.2 0.5 1 M H2S04 15.4 1.2 el
NH2/rGO//AC
ODA-G 328.5 0.5 1 M NazSOq 19.6 1.4 @l
FG/Niso-24h 105 0.25 1MNaSO:  18.9 1.2 This
work

*Energy density results are quoted only in two-electrode systems that evaluate the actual supercapacitor
performance.

Abbreviations:

AZ-SGH: Self-assembled graphene hydrogels non-covalently functionalized with alizarin.
AQ/GF: Non-covalently functionalized graphene framework by anthraquinone.

C/r-GO: Carbon nanoparticles-anchored graphene nanosheets.

SFG: Spongy adenine-functionalized graphene.

G-CN: Cyanographene.

G-COOH: Graphene acid.

PYT-NH2/rGO: 2-aminopyrene-3, 4, 9, 10-tetraone (PYT-NHz2), modified reduced graphene oxide (rGO).
PYT-NH2/rGO//AC: PYT-NH2/rGO with activated carbon (AC).

TEA/rGO: Triethanolamine functionalized reduced graphene oxide.

ODA-G: 4,4"-oxydianiline (ODA) pillared graphene

FG/Niso-24h: Fluorographene functionalized with 5-aminoisophthalic acid.



Calculation of gravimetric capacitance (for three and two electrode systems), energy density
and power density

The gravimetric capacitance for the three-electrode system was calculated from the

measured discharge curve as follows:
IAt

m = AV

1)

where Cm is the gravimetric capacitance of the electrode (F g?), | is the discharge current
(A), tis the discharge time (s), 4V is the potential window and m is the mass of material
deposited on the working electrode. The total gravimetric capacitance for the two-electrode
cell was calculated as follows:

c 41At @)
m(cell) — mAV
where Cmeny is the gravimetric capacitance of the electrode (F g~%) and m is the total mass
of material deposited on both electrodes. The energy density was estimated by using the
formula E = CVmax?/8. The power density, calculated from the constant current discharge
curves and normalized by the total weight of the two electrodes m (g), was calculated
according to the following equation!®!:

(Vmax - Vdrop)z
4Rpspm

P= ©)

where Resr is the equivalent series resistance of the capacitor.
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Figure S1. FTIR spectra of: (a) FG/iso-24h, (b) FG/Niso-1h, (c¢) FG/Niso-3h, (d) FG/Niso-6h,
(e) FG/Niso-24h (f) FG/Niso-36h and (g) FG/Niso-48h samples. It can be seen that a doublet
band in the region ~3400-3500 cm™ attributed to a primary amine is absent in all the cases.

Moreover in case of FG/iso-24h, the bands attributed to COOH, C=C, C-N, and C-H bend are
absent.
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Figure S2. C1s XPS spectra of: (a) FG/Niso-1h, (b) FG/Niso-3h, (c) FG/Niso-6h, (d) FG/Niso-
24h, (e) FG/Niso-36h and (f) FG/Niso-48h samples.
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Figure S3. TGA analysis of: (a) FG/Niso-1h, (b) FG/Niso-3h, (c) FG/Niso-6h, (d) FG/Niso-
24h, (e) FG/Niso-36h, and (f) FG/Niso-48h samples.
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Figure S4. DTG analysis of: (a) FG/Niso-1h, (b) FG/Niso-3h, (c¢) FG/Niso-6h, (d) FG/Niso-
24h, (e) FG/Niso-36h, and (f) FG/Niso-48h samples.
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Figure S5. Raman spectra of (a) FG/Niso-1h, (b) FG/Niso-3h, (c) FG/Niso-6h, (d) FG/Niso-
24h, (e) FG/Niso-36h, and (f) FG/Niso-48h samples and the corresponding intensity ratios Io/lc.
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Figure S6. Water contact angle measurements of (a) GrF, (b) FG/Niso-1h, (c) FG/Niso-3h, (d)
FG/Niso-6h, (e) FG/Niso-24h, (f) FG/Niso-36h and (g) FG/Niso-48h samples.
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Figure S7. N2 adsorption/desorption isotherms obtained at -196°C for (a) GrF, (b) FGNiso-1h,
(c) FG/Niso-3h, (d) FG/Niso-6h, (e) FG/Niso-24h, (f) FG/Niso-36h and (g) FG/Niso-48h
samples.
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Figure S8. Pore size distributions derived using the DFT kernel for slit pores from the
desorption branch of the isotherm for (a) GrF, (b) FGNiso-1h, (c) FG/Niso-3h, (d) FG/Niso-6h,
(e) FG/Niso-24h, (f) FG/Niso-36h and (g) FG/Niso-48h samples.
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Figure S9. UV-vis absorption measurements of: (a) methylene blue 10° M and (b-k) the
supernatant liquid after the adsorption of methylene blue from aqueous solutions of different
methylene blue concentrations by FG/Niso-24h sample. The initial methylene blue aqueous
solutions (5ml) that were containing 10 pL sodium borate buffer solution (pH~8.5) had
concentrations ranging from 10-° M-10-3 M. Till concentration 5x 10> M, no methylene blue
was traced in the supernatant. The peak at ~308-309 nm is attributed to n—7* transition of the
C=0 band in the functionalized FG/Niso-24h. For the measurements a cuvette of 10 mm was

used.
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Calculation of FG/Niso-24h loading in methylene blue and surface area from methylene
blue adsorption measurements

The results from the UV-vis absorption measurements of the supernatant liquid after the
adsorption of methylene blue from aqueous solutions of different concentrations by FG/Niso-
24h sample (Figure S9), are summarized in the following adsorption curve:
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Figure S10. Methylene blue adsorption isotherm obtained at room temperature for FG/Niso-
24h sample.

The maximum methylene blue adsorption by FG/Niso-24h was observed for concentration
5x10* M methylene blue. Above this concentration methylene blue was traced in the
supernatant. 5 ml methylene blue solution 5x10* M contains 2.5x10-¢ mol methylene blue i.e.
8x10* g methylene blue (Molecular weight of methylene blue: 319.85 g/mol). The amount of
FG/Niso-24h that adsorbed this quantity of methyle blue was 7.33 mg i.e. 7.33x102 g.

Thus the maximum wt. % loading of FG/Niso-24h in methylene blue is: (8x10# g methylene
blue/ 7.33x 102 g FG/Niso-24h) x 100 = 10.91 wt. %.

The specific surface area of FG/Niso-24h sample was calculated from the amount of
methylene blue adsorbed by taking the area per adsorbed molecule as 130 A2, which
corresponds to the molecules lying flat on the FG/Niso-24h surfaces [1%. 1 mol methylene blue
comprises of 6.022x102 molecules methylene blue that each covers 130 A2 Thus 2.5x10-6 mol
methylene blue cover a surface: [(2.5x10® mol methylene blue) x (6.022x102 molecules
methylene blue/mol methylene blue) x (130 x 10-2° m?/ molecule methylene blue)]/(0.00733g
FG/Niso-24h) = 267 m?/g.
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Figure S11. SEM images of: (a) FG/Niso-1h, (b) FG/Niso-3h, (c) FG/Niso-6h, (d) FG/Niso-
24h, (e) FG/Niso-36h, and (f) FG/Niso-48h samples.
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Figure S12. Intensity-weighted hydrodynamic diameter distribution of the FG/Niso-24h
sample as obtained from dynamic laser-light scattering measurements, using a 0.2 wt%
dispersion of the material.

The dynamic light scattering (DLS) footprint of the FG/Niso-24h colloids is shown in Figure
S12, with a mean hydrodynamic diameter of 330 nm. This number should not be considered
as an absolute size of the sheets. According to the principles of light scattering measurements,
this is the size of a spherical particle, having the same diffusion coefficient as the studied
colloids (i.e., a diffusion-based spherical equivalent). Nevertheless, the obtained result is a clear
manifestation of the fine dispersion of the sheets and, roughly, of the dimensions of the colloidal
entities therein. It should be also stressed that the size distribution is large, up to a size of 1000
nm, corroborating the findings from electron microscopy. The discotic shape of the basic
structural units of FG/Niso-24h is also evident by the footprint of its hydrodynamic diameter
distribution diagram, having a second maximum at ca 100 nm. Sheet-like materials, such as
laponite with 1 nm sheet thickness,[*Y respond as having two different diffusion coefficients,
one corresponding to smaller and another to larger particles. This pattern is interpreted on the
basis of the nanodiscs’ orientation in relation to the vector of velocity. Those particles moving
with their large fore-front against the solvent display small diffusion rates, while those (or when
during the measurement) particles moving with their thin edges against the solvent exhibit
higher diffusion rates (i.e., a smaller apparent hydrodynamic diameter). Overall, the DLS results
confirm a material with sheet-like structure, and approximate span of flake size from 150 nm
to 1 um.
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blue line represents Niso derivative at high pH.
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Calculation of functionalization degree (FD) from XPS and TGA results

Example for FG/Niso-24h: At ~1000 °C, the total mass loss is 31.64 wt. % and the residual
mass - if we take into consideration the initial removal of water (4.46 wt. %) - is 63.90 wt. %
containing only carbonaceous graphene material (Figure S3d). The elemental composition of
FG/Niso-24h derived from XPS analysis (Table 1) corresponds to a formula C77.6Ns5.8014.7F1.9
with amolecular weight 1284.55 g/mol and a fluorine weight percentage of 2.81 wt. %. In TGA
of FG/Niso-24h (Figures 2a, S3(d)), the mass loss of 31.64 wt. % is assigned both to
functionalities (fn: 5-aminoisophthalic acid, molecular weight 181.15 g/mol) and fluorine.
Thus, by subtracting the fluorine weight percentage (2.81 wt. %) from the total percentage i.e.
31.64 wt. %, it is found that 28.83 wt. % corresponds to fn. So, (63.90 g graph)/ (12.0107 g
carbon/atom) correspond to (28.83 g fn)/(181.15 g fn/mol) which gives in 33.43 carbon atoms
/ 1 mol fn resulting in 2.99~3.0 mol fn/100 graphene carbon atoms. Thus, the FD is ~3.0.
Similarly, the FDs for all the samples can be calculated.
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