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Figure S1. XRD patterns for NbO,/CB nanoparticles (a) as-deposited prepared by electrodeposition

in a non-aqueous Nb-based solution and subsequently annealed in (b) Ar and (c) NH; flows at 873 K

for 1 h.



Figure S2. (A, C) TEM and (B, D) STEM images of the NbO,/CB nanoparticles, (A, B) as-prepared

by electrodeposition and (C, D) subsequent annealing treatment in an Ar flow at 873 K for 1 h.



Figure S3. Magnified TEM images of the NbO, nanoparticles shown in Figure 1D, prepared by

electrodeposition and subsequent annealing treatment in NH; flow at 873 K for 1 h.
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Figure S4. Narrow-scan (A) C 1s and (B) N 1s XPS spectra of CB particles (a) as-purchased and (b)
annealed in NH; flow at 873 K for 1 h.
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Table S1. Surface fractions of Nb species on NbO,/CB nanoparticles (a) as-deposited and
subsequently annealed in (b) Ar and (c¢) NH; flows at 873 K for 1 h, respectively, which were

estimated based on the narrow-scan Nb 3d XPS spectra in Figure 2.

Fractions of surface Nb species
Condition
Nb5+/N btotal Nb4+/thotal
(a) as-deposited 0.74 0.26
(b) annealed in Ar 0.77 0.23
(d) annealed in NH; 0.84 0.16




Table S2. Fitting results, namely, resistances and constant phase element (CPE) values, of Nyquist
plots of the NbO,/CB nanoparticles series annealed in (a) NH; and (b) Ar flows at 873 K for 1 h,
respectively, and (c) as-deposited, shown in Figure 5(B). The equivalent circuit model for best-fits of
Nyquist plots was presented in the inset of the Figure 5(B). The EIS measurements were performed
in the O,-purged 0.1 M KOH aqueous solutions at the applied potential of 0.72 Vryg. The EIS data
were acquired in the frequency range from 104 to 10-! Hz at an AC amplitude of 10 mV.

R, CPE-T; O R,
CPE-P; n
(2] [Q's"] [€2]
(a) annealed in NH3 39.6 0.89 8.0 x 104 241.0
(b) annealed in Ar 42.5 0.89 7.7 x 104 321.6
(c) as-deposited 38.8 0.93 6.0 x 10 812.2
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Figure S5. LSVs of the RRDE measurements for ORR over the prepared N-doped NbO,/CB and CB
catalysts in a O,-purged 0.1 M KOH aqueous solution at a revolution rate of 1600 rpm and a scan
rate of 5 mV s'!. A constant potential of 1.2 Vryr was applied to a Pt ring electrode. The H,0,

formation was estimated from the ring current.
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Figure S6. CVs of the prepared N-doped NbO,/CB in a O,-purged 0.1 M KOH aqueous solution at
a scan rate of 5 mV s°!, obtained by varying rotation speeds of 400, 900, 1600, and 2500 rpm. (B)
Koutechky-Levich plots, |i|"! versus o2, of N-doped NbO,/CB nanoparticles, which were calculated
from the LSVs in (A). The electron transfer numbers derived from the slopes were provided for each

potential.



