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The preparation of working electrode

The electrocatalyst covered glassy carbon working electrode was prepared according
to the previously reported procedure.! > Briefly, the electrocatalyst suspension was
achieved by ultrasonic mixing 8 mg of electrocatalyst and 4 mL of isopropanol/Nafion®
solution (20% isopropanol and 0.02% Nafion®) for 1 h. Then, 10 puL of electrocatalyst
ink was drop-coated on a clean glassy carbon electrode and dried at room temperature.
Finally, the working electrode was put in an electrochemical cell containing 0.5 M
H,S0O, electrolyte for electrochemical measurement.

Measurement of ECSA

The ECSA value of electrocatalyst was achieved from equation 1 by integrating H

desorption charge.
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where Q was the charge in the H desorption region at CV curve, m was the noble metal
loading amount on the working electrode, and C (210 uC cm™2) was monolayer
hydrogen adsorption charge on noble metal surface. !-2.

Calculation of ORR Kkinetic parameters

Based on the ORR polarization curves, the kinetic current density (ix) of ORR at

electrocatalyst was calculated using Koutecky-Levich equation (eq. 2).
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where i was the measured ORR current density, i, was the kinetic current density, iy
was the ORR diffusion limited current density, B was a constant (i.e., Levich slope),
and o was the rotation rate, n was electron transfer number, ' was the Faraday constant,
Ageo was the geometric surface area of working electrode, D was the diffusion
coefficient of O, molecule, v was the kinematic viscosity of electrolyte, and Cp, was
the concentration of O, in electrolyte. Meanwhile, the ORR electron transfer number

(n) could be determined from Levich slope (B).
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Scheme S1. The structure of BmimBF,.
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Figure S1. N, adsorption—desorption isotherms of (A) carbon nanobowls and (B)
Vulcan XC-72.

Figure S2. SEM image of Pt;Rh;@BmimBF,/CNBs nanohybrids.
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Figure S3. EDX pattern of Pt;Rh;@BmimBF,/CNBs nanohybrids. Herein, the strong
Si signal comes from Si substrate.
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Figure S4. SEM-EDX elemental maps mixed BmimBF,-Pt!'+BmimBF4-Rh!"' complex
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Figure S5. HAADF-STEM and EDX elemental maps of Pt;Rh;@BmimBF,/CNBs.
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Figure S6. I-t curves of Pt;Rh;@BmimBF,/CNBs and Pt;Rh;/CNBs.

Figure S7. TEM image of commercial Pt/C electrocatalyst.
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Figure S8. CV curves of PtjRh;@BmimBF,/CNBs and Pt;Rh;/CNBs without
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BmimBF, in N,-saturated 0.5 M H,SO, solutions at 50 mV s~!. Pt;Rh; /CNBs without
BmimBF, were obtained by the following procedure. At first, 2 mL of 0.05 M
mercaptoacetic acid solution was added into 10 mL of 1 mg mL"!
Pt;Rh;@BmimBF,/CNBs suspension, and stirred for 24 h. In this process, BmimBF,
molecules bound on PtRh surface were replaced by mercaptoacetic acid due to strong
S-metal bond interaction. Then, the mercaptoacetic acid modified Pt;Rh;/CNBs were
treated with UV/ozone (wavelength at 185 and 254 nm in air for 4 h) to remove
mercaptoacetic acid. After removal of BmimBF,, ECSA of Pt;Rh;/CNBs is estimated
to be 7791 m? g!, showing the surface coverage of BmimBF, layers on

Pt;Rh;@BmimBF,/CNBs is only 19.4%.
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Figure S9. ORR polarization curves of (A) Pt;Rh;@BmimBF,/CNBs and (B) Pt/C
electrocatalyst before and after accelerated durability tests O,-purged 0.5 M H,SO,
electrolyte at 1600 rpm and at 5 mV s!,
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Figure S10. EDX spectrum Pt;Rh;@BmimBF,/CNBs after durability test.



Table S1. The £, and/or E,,s values of ORR at various Pt-based electrocatalysts in

H,SO, electrolyte
Electrocatalyst electrolyte Ep (V) Eqnser (V) Ref.
Pt,Rh;@BmimBF,/CNBs 0.5 M H,S0;  0.85 0.99 This
work
Pt/N-doped carbon 0.5 M H,SO; 0.88 0.95 20213
Pt-CeOx nanowire/C 0.5 M H,SO4 ca.0.72 0.93 20214
Pt hollow tetrapods 0.5 M H,SO; 0.83 1.06 20215
Pt@Ni-N-C nanocomplexes 0.5 M H,SO; 0.85 ca. 0.92 20206
Pt/N-doped graphene 0.5 M H,SO, 0.868 0.94 20207
Pt nanoparticles/carbon
nanotube 0.5 M H,SO; ca. 0.66 0.98 20208
Pt;Y; nanoparticles 0.5 M H,SO; ca. 0.56 ca. 0.80 2020°
Pt/It/XC72 0.5 M H,SO4 ca.0.76 ca. 0.88 202010
Pt/TiN 0.5 M H,SO4 ca. 0.87 ca. 0.96 20201
Pt/rGO+Ir/carbon nanotube 0.5MH,SO, ca.0.81 ca. 0.90 202012
PtRuFeCo/rGO 0.5 M H,SO4 ca.0.75 ca. 0.86 201913
Pt;Sc/carbon nanotubes 0.5MH,SO, 0.68 0.89 20191
Pd;Y nanoparticles 0.1 M H,SO; 0.851 ca.0.98 201915
Pt-WP- graphene nanosheet 0.5M H,SO, 0.61 ca. 0.85 20186
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