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Electrocatalytic data calculations and conversion
 All the obtained potential data versus SCE in this study were converted to potential versus RHE using the following formula;
     
The number of electrons transferred and hydrogen peroxide production were evaluated from RRDE measurement. The number of electron transfer (n) during ORR testing is,
                  
Where, Id and Ir are disk and ring current densities, respectively, and n is the current collection efficiency of the Pt ring which is 0.37. The percentage of peroxide (% HO2−) during the ORR process is

The electron transfer number and kinetics of ORR from RRD measurement were evaluated using the following Koutecky-Levich equation;



Where j is the measured current density, jl and jk are the limiting and kinetic current densities, B is the slope of K‐L plots, ω is the rotation rate of the disk electrode, n is the electron transferred number in ORR, F is the Faraday constant (96,485 C mol-1), A is the geometric area of electrode (A = ~0.196 cm-2), C0 is the concentration of O2 which is 1.2×10-6 mol cm-3 in 0.1 m KOH, D0 is the O2 diffusion coefficient (1.9 × 10-5 cm2 s-1), V is the kinematic viscosity of the solution (0.01 cm2 s−1), and k is the electron‐transfer rate constant.
Fuel Cell Test
The catalyst was used as a fuel cell cathode, and its performance in the real system was assessed by membrane electrode assembly (MEA) analysis in the AAEMFC. For the preparation of the cathode, the catalyst and commercial ionomer (50 wt%) were well dispersed in isopropyl alcohol (IPA) via sonication. Subsequently, the homogeneous ink of catalyst (0.1 mg cm-2) as a cathode and Pt/C (0.1 mg cm−2, which contain loaded quantity of Pt is ~20 μg cm- 2) as an anode were loaded on the active area of the gas diffusion layer (GDL). The MEA was fabricated by sandwiching the potassium hydroxide-doped Tokuyama membrane between the cathode and anode. Finally, the MEA was conducted in a single cell mode, which comprises serpentine flow field channels in the graphite plates. The steady‐state polarization experiment (cell voltage and power) of the assembled MEA was measured at 60 °C by keeping a humidified flow (100% relative humidity) of hydrogen and oxygen at the flow rate of 200 cc min-1.
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Fig.S1. (a) Precursors dried-gel (290 °C, 2h), (b) Optical image of Aero-gel (900 °C, 1h) and (c) SEM of Aero-gel (900 °C, 1h).
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Fig.S2. BET of aero-gel synthesized at 900 °C, 1h.
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[bookmark: OLE_LINK39]Fig.S3. (a) LSV curves with various rotation rates at a scan rate of 10 mV·s-1, and (b) comparison of LSV curves of Aero-gel (blue curve) and 20% Pt/C (red curve) at same rotation rate of 1600 rmp, (c) Chronoamperometric response at 0.6V of (i) Aero-gel and (ii) 20% Pt/C electrode.
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