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Fig. S1 C 1s XPS spectra and deconvoluted peaks of the AQ-CNTs, AQ/CNT, and bare CNT.
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Table S1. Contents of C, O, and H in the catalysts obtained from combustion elemental

analysis

Catalyst C (wt%o) O (wt%) H (wt%o)
AQ-CNT-1 95.5 2.2 0.5
AQ-CNT-2 94.9 24 0.6

AQ/CNT 96.0 2.1 0.4

BA-CNT 96.1 1.4 0.8

Ph-CNT 96.7 0.8 0.5

CNT 97.5 0.4 0
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Table S2. Relative peak areas obtained from deconvolution of C 1s XPS spectra of the AQ-
CNTs, AQ/CNT, and bare CNT.

Catalyst c=C C-C, AQ Cc-O C=0 0-C=0 m-m*
(%0) (%0) (%0) (%) (%) (%0)
AQ-CNT-1 82.4 6.9 1.0 1.8 0.6 7.3
AQ-CNT-2 815 7.6 1.1 1.8 0.7 7.3
AQ/CNT 84.1 6.2 0.5 1.7 0.6 7.0

CNT 87.5 2.3 0.6 0.6 0.8 8.1
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Fig. S2 C K-edge NEXAFS spectra of AQ-CNTs, AQ/CNT, and CNT.
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Fig. S3 XRD patterns of AQ-CNTs, AQ/CNT, and CNT.
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Fig. S4 Raman spectra and deconvoluted peaks for (a) AQ-CNT-1, (b) AQ-CNT-2, (c)
AQ/CNT, and (d) CNT.
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Fig. S5 TGA/DTA curves of (a) AQ-CNT-1, (b) AQ-CNT-2, (c) AQ/CNT, (d) CNT, and (e)
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Fig. S6 CV curves of (a) AQ-CNT-1, (b) AQ-CNT-2, (c) AQ/CNT, (d) BA-CNT, and (e) Ph-

CNT recorded consecutively three times.
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Fig. S8 Differential capacitance of (a) AQ-CNT-1, (b) AQ-CNT-2, (c) AQ/CNT, and (d) CNT

measured in N2-saturated 10 mM NaF.
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Table S3. Potential of zero charge (PZC) and capacitance at the PZC of the AQ-CNT-1, AQ-
CNT-2, AQ/CNT, and CNT determined from differential capacitance measurements.

Catalyst PZC (V vs. NHE) Crzc (uF)
AQ-CNT-1 0.24+0.01 55+ 3
AQ-CNT-2 0.28 £ 0.01 55+ 13

AQ/CNT 0.20 £ 0.02 14+ 6

CNT 0.22 £ 0.03 20+ 6
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Fig. S9 Deconvoluted C 1s XPS spectra of the BA-CNT, Ph-CNT, and bare CNT.
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Table S4. Relative peak areas obtained from deconvolution of C 1s XPS spectra of the BA-

CNT, Ph-CNT, and bare CNT.

Catalyst c=C C-C, AQ Cc-O C=0 0-C=0 m-m*
(%0) (%0) (%0) (%) (%) (%0)
BA-CNT 86.8 1.7 17 13 15 7.0
Ph-CNT 86.7 1.3 1.3 1.3 1.1 8.2
CNT 87.5 2.3 0.6 0.6 0.8 8.1

S15



~—~
QD
S

Normalized Intensity

(b)
Ph-CNT
D D
|
1 C. 2 G
N ) AN
c
9
k=
O
()
N
©
D" : E D"
o D ] ‘ D
)\ 2 3
|
et N U\

~
O
—

Raman Shift (cm™1)

800 1000 1200 1400 1600 1800 2000

Normalized Intensity

CNT
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Fig. S11 FT-IR spectra of the AQ-CNT-2, BA-CNT, Ph-CNT, and CNT.
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Table S5. Potential of zero charge (PZC) and capacitance at the PZC of the BA-CNT and Ph-
CNT determined from differential capacitance measurements.

Catalyst PZC (V vs. NHE) Cpzc (uF)
BA-CNT 0.38 £ 0.01 42 £ 12
Ph-CNT 0.23+0.01 26+ 3
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Fig. S13 (a) CV curves of the BA-CNT, Ph-CNT, and CNT measured in N2-saturated 0.1 M
KOH. (b) Linear sweep voltammograms of the BA-CNT, Ph-CNT, and CNT measured in O>-
saturated 0.1 M KOH using the RRDE method at an electrode rotation speed of 1600 rpm. (c)
H20, molar selectivity as a function of the applied potential calculated from the RRDE
responses. (d) Tafel plot; the numbers in the parenthesis indicate the Tafel slope (in mV dec™).
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Fig. S14 CV curves of (a) AQ-CNT-1, (c) AQ-CNT-2, (e) BA-CNT, (g) Ph-CNT, and (i) CNT
recorded at different scan rates (in mV s™?) as indicated by the numbers in the plots in Na-
saturated 0.1 M KOH. Non-faradaic currents as a function of the scan rate (b) AQ-CNT-1, (d)
AQ-CNT-2, (f) BA-CNT, (h) Ph-CNT, and (j) CNT obtained from the CV measurements.
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Fig. S15 Chronoamperometry measured in 2 mM K3[Fe(CN)e] + 0.1 M KOH with the electrode
rotation speed of 1600 rpm at applied disk and ring potentials of —0.3 and 0.5 V (vs. Ag/AgCl),
respectively, for determination of collection efficiency. (J. Lee, J. S. Lim, G. Yim, H. Jang, S.
H. Joo, and Y. J. Sa, ACS Appl. Mater. Interfaces, 2021, 13, 59904-59914.)
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