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Pore size distribution (PSD) of CDC materials

Table S1. Texture characteristics of CDC materials measured using standard methodology [1].

SSAper  Sat Vinice Viot Sar mic  Sgr meso
Sample  Precursor (m?gh  (m’ghH (ecmPgh) (emPg!) (m*g!) (m?gh)
CDC-1  TiC-PT with steam 2080 1803 0.84 1.1 1701 102
CDC-2 B4C 1588 1386 0.55 1.13 1076 1385
CDC-3  TiCN 50/50 838 828 0.26 0.94 593 828
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Figure S1. PSD graph of CDC materials.



Pd particle size distribution
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Figure S2. Particle size distribution for catalyst materials.

Elemental mapping of CDC3 materials

Figure S3. STEM and elemental mapping of CDC3/Pd_Cit.
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XPS analysis
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Figure S4. a) Cls, b) Ols, and c) N1s XPS spectra for CDC3.

Table S2. Components of CDC3.

Cls at% Ols at% | Nls at%
sp2 20.02 | metal oxide 1.02 | Imine 0.38
sp3 20 quinones 0 Pyridinic-N 0.98
C-0 26.93 | O=C-OH carboxyl 0.72 | Amines/Metal-Nx | 0.46
C=0 5.59 C=0 carbonyl 0.38 | Pyrrolic 3.27
C=0 8.3 C-O 0.74 | Graphitic 0.76
pi-pi* 7.61 C-OH 0.05 | NO 0.19
carbide 1.9 Water, chemisorbed O | 0.28 | bulk N-h 0.44

Table S3. Pd species in catalyst materials.

Catalyst PdO (at%) | PdOs (at%) | Pd (at%) | Pd plasmon (at%)
CDCI1/Pd Cit | 0.8 0.28 0.77 0.12
CDC2/Pd Cit | 0.49 0.2 0.47 0.06
CDC3/Pd Cit | 0.97 0.45 1.05 0.13
CDC2/Pd EG | 045 0.17 0.6 0.05
CDC3/Pd EG | 0.33 0.1 0.3 0.05

Cyclic voltammetry

CV curves measured before and after CO-stripping and after ORR experiments named CV1, CV2, and
CV3, respectively.
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Figure S5. CV curves of CDC1/Pd_Cit catalyst in Ar-saturated 0.1 M KOH solution, v=50 mV s

CV curves of CDC2/Pd_Cit catalyst in Ar-saturated 0.1 M KOH solution, v=50 mV s™'.
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Figure S7. CV curves of CDC3/Pd_Cit catalyst in Ar-saturated 0.1 M KOH solution, v =

50mVs L
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Figure S8. CV curves of CDC2/Pd_EG catalyst in Ar-saturated 0.1 M KOH solution, v=50 mV s,
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Figure S9. CV curves of CDC3/Pd_EG catalyst in Ar-saturated 0.1 M KOH solution, v=50 mV s
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Figure S10. CV curves of CDC1/Pd_Cit catalyst in Ar-saturated 0.5 M HSOys solution, v =50 mV s
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Figure S11. CV curves of CDC2/Pd_Cit catalyst in Ar-saturated 0.5 M H,SOs4 solution, v =50 mV s
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Figure S12. CV curves of CDC3/Pd_Cit catalyst in Ar-saturated 0.5 M H,SO; solution, v=50 mV s~!
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Figure S13. CV curves of CDC2/Pd_EG catalyst in Ar-saturated 0.5 M H>SOj4 solution, v=50 mV s™!
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Figure S14. CV curves of CDC3/Pd_EG catalyst in Ar-saturated 0.5 M H,SOs solution, v=50 mV s™!

ORR studies

RDE polarization data was analyzed using the Koutecky-Levich (K-L) equation:

1_1 1 1 1
J Jk Ja nFkCo,  0.62nFDy "v=1/6Cg, wl/?

where j is the overall Oz reduction current density, jk represents kinetic and jq diffusion-limited
current densities. k is the electrochemical rate constant for Oz reduction (cm s '), n is the
number of electrons transferred per Oz molecule, F is the Faraday constant (96,485 C mol ')
and o is the rotation rate of the electrode (rad s ). For Oz-saturated 0.1 M KOH solution these
values were used: kinematic viscosity (v = 0.01 cm? s™! [2]), concentration of O, (CPo2 =
1.2x107¢ mol cm™ [3]), and diffusion coefficient of Oz (Doz2 = 1.9x107° cm? s~ ! [3]).

. ; . ; . . b ' ' ' '
(a) (b) = 01V .
0+ E 0.4 » 02V 4
<« 03V
w{ rpm NE . D4Y
o 2L 1 G = 05V -
£ 360 - 0.3F e 08V 1 4
: 610 ‘é ¥y 07V =
£ 4| 960 | E 3
Te— - 4
"~ 1900 -~ 0.2+ i : i
6 3100 i o
H t !
4600
8+ i 0.1 : 0.5 0.30 0.45 0.60 0.75 |
1 1 1 | i 1 L L 1 N 1 EV?'RHE’V|
0.0 0.2 0.4 0.6 0.8 1.0 0.04 0.08 0.12 0.16
Evs.RHE [V o' rad "? s"

Figure S15. a) RDE results of CDC1/Pd_Cit in O,-saturated 0.1 M KOH and b) corresponding K—L
plots, inset shows the potential dependence of n.
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Figure S16. a) RDE results of CDC2/Pd_Cit in O»-saturated 0.1 M KOH and b) corresponding K—L
plots, inset shows the potential dependence of n.
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Figure S17. a) RDE results of CDC3/Pd_Cit in O,-saturated 0.1 M KOH and b) corresponding K—L
plots, inset shows the potential dependence of n.
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Figure S18. a) RDE results of CDC2/Pd_EG in O;-saturated 0.1 M KOH and b) corresponding K—L
plots, inset shows the potential dependence of n.
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Figure S19. a) RDE results of CDC3/Pd_EG in O»-saturated 0.1 M KOH and b) corresponding K-L
plots, inset shows the potential dependence of 7.

Table S4. Comparison with various Pd/C materials from literature.

Catalyst Ep(V) | SAat0.9V(mAcm | MAat09V (Ag | Reference
%) D

CDC2/Pd Cit 0.844 0.624 289 This work
CDC2/Pd_EG 0.830 0.512 276 This work
h-BN/C/Pd:17 0.91 0.86 250 [4]

Pd/C 0.866 0.130 98 [5]
Pd-B/C 0.883 0.170 145 [5]
Pd/CSN N/A 0.114 286 [6]
Pd10/nCNF 0.769 N/A 174 [7]
Pd-HCS-700 0.802 N/A 60 [8]

Pd/C 0.868 ~0.92 ~43 [9]
PdSph-20/C N/A ~0.15 ~101 [10]
Pd/N-HsGY 0.849 ~0.33! N/A [11]

Pd MSs N/A ~1.25 ~440 [12]
Pd/C-400? N/A ~0.20 ~104 [13]

'Read from a curve. 2 vs 0V Hg/HgO in 0.1M NaOH
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