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Fig. S1. (a) SEM image and (b) TEM image of neat CNF (without P4VP blending) after Ir 

loading and carbonization.
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Fig. S2. BJH analysis to evaluate the pore size and volume of C@Ir/CNF700.



Fig. S3. XRD crystal peaks as a function of carbonization temperature for (a) CNF1000 (non-

loading CNF sample), (b) C@Ir/CNF700, (c) C@Ir/CNF800, (d) C@Ir/CNF900, and (e) 

C@Ir/CNF1000.



Fig. S4. SEM, TEM, EDS, and XPS data of C/CNF1000.



Fig. S5. OER-LSV curves of C/CNF1000 in 1 M KOH at a scan rate of 5 mV s⁻¹ from 1.2 to 

1.7 V vs. RHE.



Fig. S6. OER-LSV curves of C@Ir/CNF700, C@Ir/CNF800, C@Ir/CNF900, and 

C@Ir/CNF1000 without CM (Ketjen Black) in 1 M KOH at a scan rate of 5 mV s⁻¹ from 1.2 

to 1.7 V vs. RHE.



Fig. S7. Tafel plots of C/CNF1000 derived from the OER-LSV curves in Fig. S5.



Fig. S8. Overpotential and Tafel slope values of Ir/C, C@Ir/CNF700, C@Ir/CNF800, 

C@Ir/CNF900, C@Ir/CNF1000, and C/CNF1000 from OER-LSV curves in Figures 4b and 

S5.



Fig. S9. EDLC at various scan rates for (a) Ir/C, (b) C/CNF1000, (c) C@Ir/CNF700, (d) 

C@Ir/CNF800, (e) C@Ir/CNF900, and (f) C@Ir/CNF1000.



Fig. S10. Electrical double layer capacitance (EDLC) as a function of scan rate for C/CNF1000 

compared to other C@Ir/CNF samples.



Fig. S11. Mass activity and specific activity from OER-LSV curves in Fig. 4b.



Fig. S12. ORR-LSV curves for Ir/C, C@Ir/CNF700, C@Ir/CNF800, C@Ir/CNF900, and 

C@Ir/CNF1000.



Fig. S13. Onset potential and half-wave potential values for Ir/C, C@Ir/CNF700, 

C@Ir/CNF800, C@Ir/CNF900, and C@Ir/CNF1000.



Fig. S14. Tafel plots for Ir/C, C@Ir/CNF700, C@Ir/CNF800, C@Ir/CNF900, and 

C@Ir/CNF1000 from ORR-LSV curves in Fig. S12.



Fig. S15. Limit current density and Tafel slope values for Ir/C, C@Ir/CNF700, C@Ir/CNF800, 

C@Ir/CNF900, and C@Ir/CNF1000 from Figs. S12 and S14.
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Fig. S16. A lighted green light-emitting diode (LED) powered by two series of homemade 

ZAB with C@Ir/CNF1000: (a) operation video, (b) digital image.



Fig. S17. Zn mass-normalized specific capacities at a current density of 25 mA cm⁻².



Fig. S18. Ir 4f XPS spectrum of the pristine state and after 10th cycle air cathode with 
C@Ir/CNF1000. 



Fig. S19. XRD data of the pristine state and after 10th cycle air cathode with C@Ir/CNF1000. 



Table S1. Calculated crystallite sizes using the Scherrer equation

2θ (°) Reflection 
Planes

FWHM 
(radian)

Crystallite 
size-D (nm)

C@Ir/CNF800 4.98 1.78

C@Ir/CNF900 4.18 2.11

C@Ir/CNF1000

40.9 (111)

3.6 2.46



Table S2. Atomic and weight fractions of elements in C@Ir/CNF700 and C@Ir/CNF1000 

from XPS analysis

C Ir N O

At. % 72.47 3.69 12.76 11.08
C@Ir/CNF700

Wt. % 44.97 36.64 9.23 9.16

At. % 88.93 4.27 2.95 3.86
C@Ir/CNF1000

Wt. % 53.62 41.20 2.07 3.10



Table S3. Comparison of ZAB performance with catalysts from other literature
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