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Supporting Note 1

The structural identity of the composite catalyst during prolonged cyclic test was tracked by 

microscopic and spectroscopic analysis of post-ORR samples. The FTIR spectra of both the 

as-synthesized and post-catalysis of Fe-NPs-N-C/CNT were recorded to analyse the surface 

chemical entities shown in Fig. S12a. The prominent absorption band around 1350 cm-1 shows 

the presence of -C=N moieties originated from graphitic as well as pyridinic nitrogens, also 

suggested by –C-N stretching peak around 1250 cm-1.1 There are other bands around 3500 cm-1 

and 1620 cm-1 indicates -OH and carbonyl functionalities2 respectively, arising either surface 

oxidation induced by the trace O2 present in Argon flow used during the synthesis or pre-

treatment of commercial carbon performed prior to the synthesis of Fe-N-C. The carbonyl and 

hydroxyl groups were also suggested by the peaks around 1050 cm-1 and 1140 cm-1 which 

corresponds to –C-O (carbonyl) and –C-O (of –C-OH) stretching frequencies respectively. The 

presence of  -CH functionalities3 are reflected in the band around 2900 cm-1 and 600 cm-1. 

There were no significant changes in the spectra of the sample post-catalysis, as all IR bands 

persisted with similar intensities. This suggested that there are no changes in surface 

functionalities of the samples before and after catalysis. Furthermore, we also performed 

morphological analysis of the post-ORR catalyst and no visual structural change was noticed 

as shown in Figure S12b.



Fig. S1 Additional TEM images of the composite Fe-NPs-N-C/CNT.



Fig. S2 BET multipoint plots of (a) Fe-CNT, (b) Fe-NPs-N-C/CNT, and (c) Fe-NPs-N-C.

Fig. S3 (a) Thermal gravimetric analysis (TGA) plots of Fe-CNT, Fe-NPs-N-C/CNT, and Fe-

NPs-N-C (b) PXRD pattern of the residue collected after TGA, (c) iron content (wt.%) in 

different samples estimated from TGA analysis.



Fig. S4 XPS survey scans of (a) Fe-NPs-N-C, (b) Fe-NPs-N-C/CNT, and (c) Fe-CNT.

Fig. S5 Fe K-edge of XANES spectra for Fe-NPs-N-C/CNT and Fe foil.



Cdl

RCt

Rs

Q

Fig. S6 Randles equivalent circuit used for fitting the experimental impedance measurement 
data for the Nyquist plots. The circuit consists of solution resistance (Rs), charge transfer 
resistance (Rct), double layer capacitance (Cdl), and a constant phase element (Q).

Fig. S7 (a) ORR polarization curves of Fe-NPs-N-C/CNT recorded at different rotation rates 
in O2 saturated 0.1 M KOH with a scan-rate of 10 mV/s, b) the corresponding K-L plots at 
different potentials w.r.t. RHE.



Fig. S8 (a) ORR polarization curves of Fe NPs-N-C recorded at different rotation rates in O2 
saturated 0.1 M KOH with a scan-rate of 10 mV/s, b) the corresponding K-L plots at different 
potentials w.r.t. RHE.

Fig. S9 (a) ORR polarization curves of FeCNT recorded at different rotation rates in O2 
saturated 0.1 M KOH with a scan-rate of 10 mV/s, b) the corresponding K-L plots at different 
potentials w.r.t. RHE.



Fig. S10 (a) ORR polarization curves of Pt/C recorded at different rotation rates in O2 saturated 
0.1 M KOH with a scan-rate of 10 mV/s, b) the corresponding K-L plots at different potentials 
w.r.t. RHE.

Fig. S11 Plot of electron transfer number vs. applied potential w.r.t RHE derived from RRDE 
measurements.

Fig. S12a FTIR spectra of Fe-NPs-N-C/CNT before and after 10,000 CV cycles.



Fig. S12b SEM images of Fe-NPs-N-C/CNT before (i) and after (ii) 10,000 CV cycles.

Fig. S13 Plot showing the inverse relationship between metal retention during catalyst 

preparation and its electrocatalytic activity with an exception for the composite sample (Fe-

NPs-N-C/CNT) (* represents the data reported for atomically dispersed Fe on N-C)4 



Table S1 Comparison of ORR performance of Fe-NPs-N-C/CNT with recently reported 
literature data. 

S.No. Electrocatalysts          ORR 
           E1/2 

        (V vs. 
RHE)

Electrolyte     Stability Reference

1. Fe-NPs-N-
C/CNT

0.89 0.1 M 
KOH

Less than 1mV 
shift in E1/2 after 
10000 cycles

This work

2. MN7-10/3 CNT 0.82 0.1 M KOH Current retained 
97.6% after 10000 
sec

5

3. Fe-CNTs/NC 0.84 0.1 M KOH 10% current 
decrease after 
20000 sec

6

4. N-Fe-CNT/CNP 0.87 0.1 M 
NaOH

3 mV shift in E1/2 
after 5000 cycles,

7

5. Co@NC-ZM 0.83 0.1 M KOH after 3000 cycles, 
no change in E1/2

8

6. Fe-CNx/CNT 0.82 0.1 M KOH 5% drop in 
current after 
72000 sec

9

7. G-Fe/Fe3C-
NC/CNTs

0.87 0.1 M KOH 8 mV shift in E1/2 
after 6000 cycles

10
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8. Fe@N-
CNTs@rGO

0.83 0.1 M KOH 10 mV shift in E1/2 
after 3000 cycles

11

9. Fe/N-CNT-0.1 0.84 0.1 M KOH 96% current 
retained after 
30000 sec

12

10. Co/N-CNT-750 0.87 0.1 M KOH 3.5% current loss 
after 25000 sec

13


