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Preparation of samples for post-catalysis analyses

Indium tin oxide (ITO) coated glass plates were cut into 1 x 3 cm dimensions and a 50 pL of
FePc@SN950 suspension was coated on 1 x 1 cm and dried at room temperature. ORR catalysis
was performed by carefully dipping only the coated surface area of the ITO glass plate in an
oxygen-saturated electrolyte. For post-catalysis analyses (powder XRD and Raman), the
electrodes after being subjected to the ORR catalysis for two hours (amperometry at -0.5 V
(SCE) in oxygen-saturated conditions) were taken out from the electrolyte, rinsed well with triple
distilled water, and dried at room temperature and used. For SEM mapping and EDAX, the ITO

plates were carefully cut into small pieces and used.



Table S1 Percentage of nitrogen species in the SN850, SN950, and SN1050 materials
Material Graphitic N %  Pyrrolic N % PyridinicN %  Oxided N %
SN850 27.69 36.23 27.03 6.82

SN950 29.90 40.22 27.04 9.36

SN1050 35.15 36.02 15.88 12.99




Table S2 The Tafel slope values of different materials

Sample Tafel slope (mVdec™)

Basic Acidic
S850 187 381
S950 177 317
SN850 110 220
SN950 107 200
SN1050 115 215
FePc@SN950 91 146

Pt/C 87 88




Table. S3 The charge transfer resistance (R¢) and solution resistance (Rs) of different

materials
Material Rs (ohm) Rct (ohm)
S850 65.51 164.4
S950 56.61 38.57
SN850 54.19 16.08
SN950 40.66 10.32
SN1050 49.2 12.16

FePc@SN950 43.7 10.16




Table S4. Comparison of the ORR efficiency of FePc@SN950 with other catalysts in basic

medium in terms of Egnset and Eyj» values

Biomass Materials Synthesis strategy Eonset (RHE) Ei2 (RHE) References

Willow catkin  Co304/NCMTs” Pyrolysis in Ar, Pyrolysis with 0.906 V 0.778v St
Co precursor in Ar, NH3

Corn silk N-P-Fe-C® Hydrothermal, freeze drying,  0.95 V 0.85V 52
pyrolysis in NH3 pyrolysis
with FeClsin NH3z atmosphere

Rice husk FeTPP/RHC®  Pre-carbonized in Ar, washing 0.95 V 0.88 53
with NaOH, activated with
HNOg3, pyrolysis with FeTPP

Water WHR700° Pyrolysis with ZnCl, Acid 0.94 V 0.78 V >4
hyacinth root treatment
Soya milk Fe-N/C-7005  Soya milk freeze dry with 0.91V 0.82V 5
FeCl; carbonization, acid
washing
Soya bean FePc@SN950 Carbonization with NaCl, acid 0.97 0.89 This work

wash, immobilization FePc
with the help of stirring

Peanut shell CoOP@bio-C™ Carbonized with Co(OH),and  0.91 V 0.81V 56
NaH,PO; in Ny, activated with
help of CO,

A Cobalt oxide nanoparticle-modified N-doped hollow hierarchical porous carbon microtubes, ®

Nitrogen, phosphorous, and iron tri-doped nanoporous carbon catalyst, < Iron tetraphenyl
porphyrin calcined with rice husk carbon, ® Water hyancinth root pyrolyzed at 700 °C, © Iron-
nitrogen co-doped carbon, - Cobalt oxide phosphite nanoparticles doped biomass carbon



Fig. S1 TEM images of FePc@SN950 at different magnifications (scales: 100 nm (A), 50 nm (B), and 20 nm (C)).
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Fig. S2 EDAX spectrum of SN950 showing the presence of expected elements. The inset

shows the corresponding elemental composition data.



Fig. S3 Pre-catalysis SEM mapping images (a-f) of FePc@SN950 on ITO coated glass plates.



Fig. S4 Post-catalysis SEM mapping images (a-f) of FePc@SN950 on ITO coated glass plates.
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Fig. S5 EDAX spectra of pre- (a) and post- (b) catalysis FePC@SN950 on ITO coated glass plates. The inset shows the

corresponding elemental composition data.
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Fig. S6 Powder XRD patterns (A) and Raman spectra (B) of bare indium tin oxide coated glass plate (a) and pre- (b) and post-

(c) catalysis FePc@SN950 on indium tin oxide coated glass plate.
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Fig. S7 Fe 2p XPS data of FePc@SN950.
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Fig. S8 LSV curves of FePc@SN950 in basic (A) and acidic (C) media and the

corresponding Koutecky-Levich (K-L) plots at different potentials (B, D) and
different rotation rates (400, 800, 1200, 1600, and 2000 rpm, respectively). Scan

rate: 5 mvs™.
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Tafel slope in 0.1 M KOH (A) and 0.1 M HCIO, (B) of S850 (a), S950 (b) SN850 (c), SN950 (d), SN1050 (e),

FePc@SN950 (f), and Pt/C (g).



Current/ mA

0.006}A

D
0.03} 0.06C — 0.06}
g 0.004} < 0.02} < 0-04} 2 < 0.04}
£0.002} Eoo1} # Eo.oz} I | Eooz|
(3 : €0.00} Vg c i € 0.00+
5 0.000} =~ €001} g £.0.02}
oo R 20 mvis 8 ’ = &0.02 8_0 04!
0002} AGERIAI —womvsl  “.0.02} " lons Z_omid = 20mvs
—somvis — e -0.04} " —wmi -0.08} —somus
N S o ot iicd . - ) —somvis —Rm 008 ey
T T T T T " " N M 80 v/ o LIS L " i n i
1.16 1-185113‘(’”}'52)2 1.24 116 1.18 1.20 1.22 1.24 1.16 1.18 1.20 1.22 1.24 1.26 1.16 1.18_1.20 1.22 1.24
E/V (RHE) E/V (RHE) E /V (RHE)
0.0045/E g'g:: i 0.050[ 0.06{"
0.0042} < | W—— « 0.045¢ <0.05} Cdi=0.64 mE
00039}  Cq=0.02 mF £ 0.024/ oA Eoo40f  CdF0-54mF E”
0.0036} §.%00) £0.035( £0.04}
0.0033} 5 0.018} 50.030( 3o.03}
0.0030} ©0.015} ©0.025}
0.0027} 0.012} 0.020} s N
20 30 40 50 60 70 80 20 30 40 50 60 70 80 20 30 40 50 60 70 80 20 30 40 S0 60 70 &0

Fig. S10 CV responses (A-D) of S850 (A), SN850 (B), SN950 (C), and SN1050 (D) at different scan rates and their

corresponding current density variations with scan rates (E-H, respectively).

16



o N A~ O

J
=
O
<
E !
= -2
-4
02 00 02 04 06 7100 200 300 400
E/V .SCE Z /| ohm
Fig. S11 CV responses at a scan rate of 20 mVs™ (A) and Nyquist plots (B) of S850 (a), S950 (b) SN850 (c), SN950 (d),

SN1050 (e), and FePc@SN950 (f) in 10 mM (1:1) Ks[Fe(CN)s]/K4[Fe(CN)g] redox probe containing 1.0 M KCI. Inset
of B shows the best fit Randles equivalent circuit, where Rg is the solution resistance, C is the double layer capacitance,
Rt is the charge transfer resistance, and W is the Warburg impedance. Frequency: 0.1 Hz -100 KHz, Potential: 0.18 V

vs Hg/HgCl,
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Fig. S12 Disc and ring currents in 0.1 M KOH (A) and 0.1 M HCIO, (B) before and after 3000 continuous CV cycles. The disc
alone was coated with FePc@SN950. The disc potential was scanned from 1.0 to 0.1 V vs. RHE (0.1 M KOH) and 0.8
to 0.1 V vs. RHE (0.1 M HCIO,) at a scan rate of 10 mVs™ and a rotation rate of 1600 rpm. Ring potential was kept

constant at 1.5 V vs. RHE.
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Fig. S13 LSV responses before and after 3000 CV cycles in basic (A) and acidic (D) media and amperometry stability results in
basic (B) and acidic (E) media for FePc@SN950 at 0.5 V (basic) and 0.2 V (acidic) vs. RHE. Methanol tolerance

analyzes (C) of FePc@SN950 (a) and Pt/C (b).
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