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1. Chemicals

Monolayer chemical vapor deposition (CVD) grown graphene on Cu substrate and SiO2/Si
wafer (p-doped, oxide thickness = 90 nm) were purchased from Graphene supermarket.

Polystyrene (PS) (Mw = 192,000 g mol), Toluene (>99.9%), HCI (37%) H202 (30 wt.% in
H20), KaFe(CN)es (99%), KaFe(CN)e.3H20 (299.99%), and KCI ( >299%) were obtained from

Sigma-Aldrich. H2SO4 (98%) was obtained from Synth.

2. Fabrication of graphene electrodes and potentiostatic electrochemical oxidation
The monolayer graphene (CVD grown) from the Cu foil (Graphene supermarket) was

transferred to the SiO/Si substrates through a polymer-mediated transfer procedure 121,
Briefly, polystyrene (Mw: 192,000 g mol) solution in toluene (50 mg mL™) was drop-cast
onto a small rectangular piece of graphene on Cu (~ 0.1 cm?) followed by drying in an oven
for 10 min at 75 °C (Figure S1). Next, the Cu was removed in an etching solution of HCI (1.4
mol Lt and H20, (0.5 mol L1). Subsequently, the graphene on polystyrene was transferred to
SiO»/Si substrate, previously modified with a metallic electrical contact (Ti (10nm)/Pt (20 nm))
and heated at 90 °C for 15 minutes. Next, the polystyrene was dissolved in toluene, leaving
behind the graphene supported on SiO2/Si substrate. The obtained graphene electrode was
annealed at 585 °C for one minute under an inert atmosphere (Ar). Part of the electrode in the
border region between graphene and electrical contact was insulated with nitrocellulose resin
to ensure that the electrolyte stayed in contact only with the graphene surface. Finally, the Cu
residues left on the graphene surface during the transfer process were removed through cyclic
voltammetry by cycling the electrode for 16 cycles in the potential range from -1.0 to +1.0 V
in HCI (0.1 mol L) at 100 mV s* 1 (Figure S2). The oxidized graphene electrodes were
prepared through an electrochemical oxidation procedure by applying a potential of +2.0 V vs.
Pt foil electrode to the pristine graphene electrode in the two-electrode configuration in the

nitric acid (HNOs, 2.0 mol L) electrolyte solution in the time range from 100 to 400 s with
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intervals of 100 s (Figure S3). This methodology was adapted from the literature, which
describes the effectiveness of the HNOs in inserting oxygen functional groups into the graphitic

structurel341,
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Figure S1: Schematic of the transfer procedure of monolayer graphene to the SiO2/Si
substrate through polymer-mediated transferf®l.
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Figure S2: Cyclic voltammogram obtained during the electrochemical etching (e-etchning)®!
of Gr/SiO,/Si electrode in HCI (0.1 mol L) in the potential range of -1.0 — + 1.0 V vs,
Ag/AgClss. Scan rate: 100 mV st
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Figure S3: Schematic of the electrochemical setup used for the potentiostatic (i.e., +2.0 V)

electrooxidation of graphene electrodes in the nitric acid (2 mol L) electrolyte solution.
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3. Optical microscopy and micro-Raman spectroscopy

Optical microscopic images were obtained for pristine and oxidized graphene electrodes using
an FTIR microscope (Bruker, Hyperion 3000) coupled with a 15x microscopic objective. The
micro-Raman measurements were performed in a micro-Raman spectrometer (Horiba
Scientific, Model LabRam Evolution®) coupled with a microscope (Leica) and equipped with
a charge coupled device (CCD) detector. The excitation wavelength used was 633 nm. Using

a 100x objective lens, it was possible to collect spectra with 1 um spatial resolution.

4. Quantification of density of defects (np) from micro-Raman spectra
For the determination of the density of defects (np) after the appearance of the D-band in the

Raman spectra of the electrochemically oxidized graphene electrodes, the intensity ratio of the
D- to G peak (i.e., Ip/lg) is utilized. From the values of Ip/lg (Table S1), the np values are
calculated for pristine and electrodes oxidized for different duration of time by using the

equation below("8l:

2
o _ o raerE [ (omrd () _ —mrd
o= Cy 2 217 [exp( A )—exp( Z + Cs 1—exp( A ) S1

Where Lp represents the distance between the two adjacent defects, rs and ra correspond to the

radii of the structurally damaged and activated region around each defective site, respectively.
The values of parameters used in the above equation are Ca =5, Cs = 0.86, ra = 1.8 nm, and rs
= 1 nm, which are based on the excitation wavelength used (633 nm). The plot obtained by
simulating the equation (Figure S4), correlates the Ip/lg to the distance between the defects
(Lp) and can be used to determine the quality of the graphene electrodes[”8l. Based on the Lp
values obtained from the corresponding plot, the defect density values (np) are calculated using

the following equation (S2), as shown in Table S1.

1014
np =

S2

2
nL3
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Figure S4 — Fitted Ip/lg ratio as a function of the mean distance between defects (Lp) for the
Gr/Au/SiO2/Si and Gr/SiO2/Si electrodes.
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Table S1: Values of parameters obtained from the micro-Raman spectra of the pristine and electrodes
oxidized for different duration of time.

Electrode Peak Peak Peak In/lg np

Intensity | Intensity | Intensity

D-band) (G-band) (2D-

band)

Gr/SiOz/Si 6.03 57.18 36 0.14+0.03 1.86 x 10+ 0.42
pristine
Gr/SiOZ/Si 143 40 23 2.34+1.45 3.56 x 10'?+ 2.39
Oxidized
(100s)
Gr/SiOz/Si 189 44 23 3.09+1.51 4.97 x10% +2.79
Oxidized
(200s)
Gr/SiOz/Si 222 44 17 3.83+1.13 6.11 x 10'? + 2.87
Oxidized
(300s)
Gr/Si02/Si | 250 48 23 3.92+1.11 7.13 x 102 + 2.30
Oxidized
(400s)
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5. Electrochemical experiments

A three-electrode electrochemical setup controlled by potentiostat/galvanostat (WAUTOLAB
I1I/FRA2, Metrohm Autolab) was used for the electrochemical measurements. An Ag/AgClsat
reference and Pt plate as counter electrodes were used. The working electrodes were
Gr/SiO2/Si. The graphene electrodes were characterized electrochemically through cyclic
voltammetry experiments. For this cyclic voltammetry in [Fe(CN)s]*/[Fe(CN)¢]* (1.0 x 1073
mol L) and KCI (0.1 mol L) was performed in the potential range from -0.6 to +0.6 V at 50
mV s1. The electrodes were also characterized by electrochemical impedance spectroscopy
(EIS) in the same electrolyte solution as used for the cyclic voltammetry experiments. The EIS
experiments were performed in the frequency range from 100 kHz to 0.1 Hz. An ac amplitude
of 5 mV and DC potential of 0.3 V (i.e., open cell potential) were used. The capacitance vs.
potential curves were obtained by performing the alternating current (AC) cyclic voltammetry
in the three-electrode electrochemical setup, with 0.1 mol L'* KCI as the electrolyte. The
parameters used during these experiments were as follow: ac modulation amplitude = 10 mV,
frequency = 75 Hz, and potential range = -0.5 to +0.5 V. All the applied potentials were

referenced to Ag/AgClsa reference electrode.
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