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Figure S1. (a) EDX and (b) XPS survey spectra for Pd-RA sample.
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Figure S2. FESEM images for PASNC prepared at different carbonization temperature (a) 400 °C,
(b) 500 °C, (c¢) 600 °C, and (d) 700 °C.

S-3



Intensity (a. u.)

500 400 300 200 100
Binding Energy (eV)

Figure S3. XPS survey spectra for PASNC preraed at 600 °C.
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Figure S4. EIS for GC, SNC, and PdASNC. Inset is the equivalent circuit used for fitting.
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Figure S5. RDE plots at different rpm for PASNC prepared at 400 °C, 500 °C and 700 °C (a, b
and c) and corresponding K-L plots (d, e, and f).
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Figure S6. (a) LSV curves for large and small sized PASNC. (b and ¢) RDE and K-L plot at
different rpm for large sized PASNC.



Figure S7. (a and b) FESEM images of small and large sized PASNC after calcination at 600 °C.
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Figure S8. CVs of PASNC and PtC in N, gas saturated 0.5 M H,SO, at a scan rate of 50 mV-s!.
The electrochemical surface area (ECSA) of the PASNC and PtC was calculated and it was found

to be 0.372 cm? and 0.445 cm? respectively based on the H adsorption/desorption method.
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Figure S9. LSV curves for PASNC and PtC were recorded at 1600 rpm in O, saturated 0.1 M KOH
at a scan rate of 5 mV-s'. For area-specific activity comparison, the ORR current density is
normalized with ECSA. This result suggested that the better catalytical activity for the PASNC in

comparison with PtC catalyst.
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Figure S10. (a) Chronoamperometric responses of PASNC, PtC and PdC with injection of 3 M

methanol in O, saturated 0.1 M KOH solution. (b) Stability comparison for PASNC, PtC and PdC
catalysts.
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Figure S11. (a) LSVs comparison between PASNC and PtC at 1600 rpm (b) ORR polarization
curves at different rpm for PASNC in 0.1 M HCIO, solution and (c) corresponding K-L plot.
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Figure S12. (a) HER comparison for of PASNC prepared at different carbonization temperature
and (b) HER LSV curves of small and large sized PASNC samples.

Figure S13. SEM images of PASNC (a) before (b) after ORR (c) after HER test performed.

The shade light on the structural stability of Pd NPs after the ORR and HER test, we have

characterized their surface by SEM measurements. As shown in Figure S13, the overall

morphology of PASNC was remained intact and the size of Pd NPs also not altered, revealing its

structural robustness due to the strong support from the S and N atoms in the carbon network. The

presence of the Nafion layer is noticeable in SEM images, which is used as a binder to keep the

catalysts on the RDE when the electrode is rotated.
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Table S1. Comparison of ORR performance in 0.1M KOH of PASNC with other Pd based

electrocatalysts
Eonset E1/2
Electrocatalyst References
(V vs RHE) (V vs RHE)
PtC 1.020 0.830
PdC 0.900 0.791
SNC 0.857 0.786 This work
PdSNC 1.060 0.867
Pd;Pb intermetallic - 0.93 3
compound
Pd—Fe@PdC 0.866 4
Pd@PdO-Co;0, 0.90 S
fct-PdFe@Pd 0.97 0.830 6




Au@Pd, o 0.85 7
Pt@Pd NFs/rGO 0.91 0.82 8
Pd@PtNi core—shell . 0.87 9
nanoflower
Au-NWs@Pd0.1 @PEI 0.90 10
PdCuTiAl 0.87 11
Pd@PdPt 0.91 12
Pd@NiO-x/C 0.87 13
Pd nanoparticles/nitrogen 14
0.85

doped graphene

Ni@Pds/C 0.98 0.860 15

Table S2. Comparison of HER performance for PASNC with other selected electrocatalysts

Overpotential
Tafel slope
Electrocatalyst Electrolyte (mV) References
(mV-dec™)
at 10 mA/cm?
PtC 0.5 M H,S0O, 27 20
PdC 0.5 M H,S0O, 96 82
This work
SNC 0.5 M H,SO, 203 -
PdSNC 0.5 M H,SO, 30 56
PdCu@Pd NCs 0.5 M H,SO, 65 35 16
FeP NPs@NPC 0.5 M H,SO, 130 67 17




FLNPC@MoP-NC/MoP-

18
C/CC 0.5 M H,SO, 74 50
Cu,.S@Ru NPs 0.5 M H,S0, 129 51 19
CoPd@NC 0.5 M H,SO, 80 31 20
NiCo,S4/Pd 0.5 M H,S0, 87 70 21
P-Mo,C@C nanowires 0.5 M H,S0, 89 42 22
CoSs-30@MoS,/CC 0.5 M H,S0, 98 64.8 23
Mo/MoC 0.5 M H,S0, 75 81 24
MoSe, 0.5 M H,SO, 100 63 25
Pd-Cu-S 0.5 M H,S0, 58 35 26
Fel.89Mo4.1107 0.5 M H,S0, 125 47 27
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