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1. Experimental

1.1. Materials characterization methods

The chemical analysis (C, H and N) of the prepared materials were determined using a
Perkin-Elmer elemental analyser. The textural characterization and surface area (Seer)
determinations were obtained from the nitrogen adsorption (-196 °C) isotherms, which were
obtained using an ASAP model 2020 instrument. To obtain the point of zero charge (PZC) of
graphenic materials, the electrophoretic mobility (1) vs. pH of the samples was measured in a Zeta
Meter 3.0+ at 298 K. PZC was determined following the experimental procedure described in detail
elsewhere. The morphology of the samples was observed using a scanning electron microscope
(SEM, HitachiTM-100) and a field emission transmission electron microscopy (TEM, JEOL
JEM-2100F microscope at 200 kV). For the TEM study the samples were ultrasonically suspended in
ethanol before deposition over a copper grid coated with holey carbon layers (Aname, Lacey carbon
200 mesh). Average particle size was calculated based on a minimum of 200 particles.

The samples were also analysed by X-ray diffraction (XRD), using a Polycristal X'Pert Pro
PANalytical diffractometer with Ni-filtered Cu/K radiation (A = 1.54 A) operating at 45 kV and 40
mA. For each sample, Bragg’s angles between 4° and 90° were scanned at a rate of 0.04°/s. Thermal
Analysis were also recorded in a CI Electronics microbalance MK2-MC5 under air. All the
samples were analysed by X-ray photoelectron spectroscopy (XPS) using aan SPECS GmbH
with UHV system, energy analyser PHOIBOS 150 9MCD, which operated with a
monochromatized Al Kasource (1486.71 eV). The binding energies (BE) were referenced to
the C 1s peak at 284.6 eV of the graphitic material used as an internal standard. The
estimated equipment error in the energy determinations is less than 0.01 eV. The spectral
data for each sample were analysed using CASA XPS software. Microscopic confocal Raman
spectrometer (Renishaw inVia, 532 nm laser) was also employed for the characterization of graphene
materials. Over each material there were acquired 25 spectra in different samples points. Average
and components fitting was obtained using Wire 4.2 software.

1.2. ORR electrochemical performance
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Before any type of modification, a cleaning procedure was performed to the RDE with diamond
polishing pastes of 6, 3 and 1 uM (Buehler) on a microcloth pad (BAS), followed by washing with
ultra-pure water (18.2 MQ cm at 25°C, Millipore).

The effective ORR current was obtained by subtracting the current obtained in Nz-saturated
electrolyte by that obtained in Oz-saturated.

Even though the potential were measured against the Ag/AgCl reference electrode these were
converted to the reversible hydrogen electrode (RHE) using the Eq. 1 for a proper comparison with
the literature results.

Ewue) = Eagiagen + 0.059 pH + E°ag/agan, (1)

where Ewrng) is the potential vs. RHE, E%agagcy = 0.1976 V (25 °C) and Egagay is the potential
measure vs. Ag/AgCl.ii

Onset potential (Eonser) was calculated as described in literature and is defined as the potential at
which the reduction of Oz beggins.?

The kinetic parameters and the number of electrons transferred per O: molecule (n02) in the
oxygen reduction reaction were determined using the following Koutecky-Levich equations:

11,1 1 1

; - Z ; = Bwl/? + E’ )

B=0.2no2 F (Do2)*? v'V6 Cop, 3)

Here, j is the current density measured, j. and jk are the diffusion-limiting and kinetic current
densities, o is the angular velocity, F is the Faraday constant (96 485 C mol), Doz is the O:diffusion
coefficient (1.95x105 cm? s), v is the electrolyte kinematic viscosity (0.008977 cm? s?), Cozis the Oz
bulk concentration (1.15x10 mol dm3). For rotation speeds in rpm is adopted a constant of 0.2.11

Tafel plots were obtained after the measured LSV currents were corrected for diffusion to yield
the corresponding kinetic current values. The j. parameter, obtained through the combination of Eq.
2 and 3, was used to make the mass transport correction. The values of j« obtained were normalized
for the total deposited mass of EC.
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Figure S1. N2 adsorption—-desorption isotherm for samples rGOs2s-3, NrGOs2s-4, rGO100-3, NrGOnoo-4,
rGO10-3 and NrGOmo-4.
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Figure S2. XRD patterns of graphenic materials: NrGOszs-1 NrGOszs-2, NrGOs»s-3, NrGOszs-4,
NrGOs25-5, rGOs2s-1, rGOs25-2, 1GO325-3, rGO325-4 and rGOs2s-5.
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Figure $3. TEM micrograph for (a) rGOss-3, (b) NrGOss-4, (c) rGO100-3, (d) NrGOuo-4, (e)
rGO10-3 and (f) NrGOno-4.
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Figure S4. Survey XPS spectra for rGOs2s-3, NrGOs2s-4, rGO100-3, NrGO100-4, rGO10-3 and NrGOuo-4.
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Figure S5. TG analysis under air for rtGOm-3 and NrGOm-4 samples.
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Figure S6. CVs of rGO10-3 (a), rGO100-3 (b), rGOs25-3 (c), NrGO10-4 (d), NrGO1o0-4 (d) and NrGOs2s-4 (f)
modified electrodes in Ne-saturated (dash line) and O2-saturated (full line) 0.1 mol dm? KOH
solution at 0.005 V s™.
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Figure S7. CVs of commercial Pt/C (20 wt %) modified electrode in N2-saturated (dash line) and
Oz-saturated (full line) 0.1 mol dm? KOH solution at 0.005 V s* (a), ORR polarization curves at
different rotation rates in Oe-saturated 0.1 mol dm?® KOH solution at 0.005 V s' (b) and the
corresponding Koutecky-Levich (K-L) plots (c).
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Figure S8. Koutecky-Levich (K-L) plots of rGOuw-3 (a), tGO1w0-3 (b), rGOs25-3 (c), NrGO1w-4 (d),
NrGOioo-4 (e) and NrGOszs-4 (f) modified electrodes obtained from data in Figure S8.



Nanomaterials 2019, 9, 1761

9 of 9

Pt/C
NrGO,,.-4

T T T T T T
0.5 0.6 0.7 0.8

E/V vs. RHE

0.9

0.020 60.0
ring (Pt) Pt/C -
0.015+ NrGOs;5-4 50.0
0.0104
40.0 1
0.005- ~
< S
£ 0.000 L 30.01
~ 2
-0.400 20.0 1
-0.800+ 10.0
12004 disk (glassy carbon) 00
02 04 06 08 10 12 03 04
E/Vvs. RHE
Figure S9. Linear sweep voltammograms recorded with RRDE in Oz-saturated 0.1 mol dm- KOH
solution, at 1600 rpm and v = 0.005 V s and the ring potential was kept at E = 1.16 V vs. RHE (a);
Estimated percentage of H202 formed (b).
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