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Fig. S1. Simulated XRD pattern of ZIF-67 and experimental XRD pattern obtained for PS-ZIF-

67 precursor powder. Amorphous hump and peak broadness come from the composite 

material’s PS particles. The sharp and correctly positioned crystalline peaks validate the 

synthesis of ZIF-67 particles.
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Table S1. Atomic percentages of various elements in different samples as calculated by survey 

spectra.
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Sample Code Elements (at.%)
C N O Co

PS-ZIF-67 70.9 18.2 5.1 4.9
C-600 91.55 4.3 4.1 0.95
C-700 88.35 4.9 6.4 0.35
C-800 91.8 3.5 4.5 0.2
C-900 93.9 2.1 3.85 0.15



Fig. S2. (a) Nitrogen adsorption-desorption isotherms for PS-ZIF-67 sample, and (b) pore size 

distribution showing the presence of micropores developed by the attachment of ZIF-67 

particles over the PS surface.
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Fig. S3. The high-resolution narrow region deconvoluted spectra for (a) C 1s, (b) N 1s, (c) O 

1s, and (d) Co elements. 
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Table S2. Raman peak positions for different observed bands.

Sample D G 2D

C-600 1342 1594 2682

C-700 1347 1589 2686

C-800 1343 1583 2683

C-900 1343 1580 2683
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Table S3. Atomic percentages of various deconvoluted bonding in different samples. 

Element code Different deconvoluted peaks position and atomic percentages (eV, at. %)

C 1s C=C C-C/ C=N C=O C(O)-O

C-600 284.5, 51.8 285.2, 16.48 286.6, 25.12 289.3, 6.58

C-700 284.3, 54.3 284.9, 25.7 286, 12.3 288.5, 7.7 

C-800 284.4, 55.8 284.9, 15.9 285.8, 21.6 288.6, 6.7

C-900 284.5, 76.4 - 286, 16 288.7, 7.6

N 1s Pyridinic-N Pyrrolic-N NO2

C-600 398.6, 39.20 400.6, 50.88 404.2, 10.1

C-700 398.4, 54.5 400, 45.5 -

C-800 - 399.7, 100 -

C-900 - 399.8, 100 -

O 1s C-O C=O

C-600 532.4, 64.5 533.8, 46.5

C-700 532.2, 75.1 533.7, 24.9 

C-800 531.9, 53 533.3, 47

C-900 532.1, 58.1 533.4, 41.9 
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Fig. S4. Schematic representation of graphitic-N and pyridinic-N contents in graphene 

structure. The limitations of graphitic-N sites and the advantages of pyridinic-N sites are also 

highlighted.1 
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Fig. S5. FESEM images of PS-ZIF-67 sample. (a) The low magnification image shows the 

homogeneity of the developed sample, and (b) shows a PS core decorated with small-sized 

ZIF-67 particles. TEM studies for morphology and elemental distribution for PS-ZIF-67. (c) 

The bright field TEM image shows the PS core and ZIF-67 shell type of morphology. (d) The 

overlapped image for the region used for the EDS study and EDS mappings for (e) Co, (f) N, 

(g) C, and (h) O elements. 
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Fig. S6. Comprehensive morphological studies for C-700 sample. (a) Low magnification 

FESEM image shows the homogeneously developed 3D porous network in C-700, and (b) the 

image demonstrates the removal of the PS core. (c) High-magnification FESEM image depicts 

the hollow structure formed for the C-700 sample. (d) HRTEM image at low magnification 

showing the C-700 sample’s morphology.
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Fig. S7. FESEM images of C-600, C-800 and C-900 samples. (a) 3D porous structure, and (d) 

a high-resolution image of C-600. (c) The low magnification image and (d) the high 

magnification image shows a highly porous structure of C-800. (e) FESEM image shows a 3D 

porous structure at low magnification, and (f) the porous structure collapses due to the high-

temperature treatment for C-900.
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Fig. S8. EDS spectra show the presence of different elements in various carbonized samples, 

namely (a) C-600, (b) C-700, (c) C-800, and (d) C-900. The inset tables show the corresponding 

elements’ atomic percentages. 

12



Fig. S9. Comparative precycling data for different samples at a scan rate of 1 mV s-1.
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Fig. S10. FESEM images of (a-c) the fresh coin cell, and after long cycle testing (d-f) at 

different magnifications. 
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Fig. S11. EDS studies after long cycle testing. (a) EDS spectra showing the elemental 

composition, (b) EDS layered image showing overlapped elements, and mapping of elements 

(c) C, (d) O, (e) N, (f) P, and (g) F. The scale bar is 1 m in length.
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Table S4 Performance comparison of our sample with previous literature reports.

No. Material
Specific capacity with 

current density 
(mA h g-1)

No. of cycles tested 
with current 

density

Cyclic 
retention

(%)
Ref.

1. Nitrogen-deficient g-C3N4 647 at 100 mA g-1 5000 at 1 A g-1 - 2

2. TiO2(B)/Carbon Core/Shell 

Nanotubes

479.2 at 1 C 1000 at 1C ~100 3

3. Porous GC from coal tar pitch 707 at 0.05 A g−1 1000 at 1 A g-1 93.5 4

4. Biomass-derived GC 471 at 100 mA g−1 - - 5

5. Porous GC Nanosheets 722 at 100 mA g−1 570 at 30 C 65 6

6. H-TiO2/GC hollow spheres 225 at 100 mA g−1 1000 at 1 A g-1 92 7

7. Ni2P/GC nanostructure 385 at 100 mA g−1 200 at 100 mA g-1 87.3 8

8. CoSe/Co@N doped GC 630 at 200 mA g−1 - - 9

9. Nitrogen-doped carbons with 

ultrafine Sn particles 

embedded

408 at 100 mA g−1 - - 10

10. Highly GC derived from 

Coconut Coir Waste

397 at 0.05 C - - 11

11. Chitosan-derived graphitic 

carbon@Fe3C

423 at 100 mA g-1 200 at 2 A g-1 85 12

12. ZnO/3D OMC 673 at 0.1 C 300 - 13

13. ZnO/3D OM-mC 973.3 at 0.1 C 100 - 14

14. TiO2–CN 549 at 0.2 C 100 - 15

15. 3DOM ZnO/CC 911 at 0.1 A g-1 100 - 16

16. C@Fe2O3@SnO2 388 at 0.1 A g-1 200 17

17. CoO@3D OMC 673.3 at 2 A g-1 1000 18

18. 3DOM SnO2 653 at 2 C 50 52 19

19.
Rutile TiO2 Inverse Opal

608 at 75 mA g-1 1000 53 20

20. Natural graphite 360.9 at 0.1 C 200 89 21

21. C-700
755 at 50 mA g-1

805 after 65 cycles
2000 at 1 A g-1 96%

This 

work

* GC= graphitic carbon, 3D= three dimensional, OMC= ordered macroporous carbon, OM-

mC = ordered macro-mesoporous carbon, CN= Carbon nanocomposites, 3DOM= three 

dimensional ordered macroporous,  
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Note S1.

The reaction kinetics can be explained by Dunn’s method, which provides information about 

diffusion-controlled processes. The current calculated from this method is 

(1)𝑖 = 𝑎𝑣𝑏

(2)𝐼 (𝑣) = 𝑘1 (𝑣)0.5 +  𝑘2 𝑣

                   (3)
𝐼 (𝑣)

𝑣0.5
=  𝑘1 +  𝑘2𝑣0.5

Where I (ν) ∝ ν  k1 ν = capacitive current

 I (ν) ∝ ν0.5 k1 ν0.5 = Diffusion-controlled current.

Where k1, k2, and are intercept, slope, and scan rates for C-700 at different scan rates (0.2 – 2 

mV s-1).

In addition, the Galvanostatic Intermittent Titration Technique (GITT) was used to quantify 

the ions’ diffusion coefficients, which were then estimated using equation (7), shown below.

The formula for determining GITT using Fick’s second law22:

        (4)
𝐷 =  

4𝐿2

𝜋𝜏 (∆𝐸𝑠

∆𝐸𝜏
)2

Here, L is the ion diffusion distance (cm), and the pulse time of the current pulse is denoted by τ 

(s). “Es” is the voltage difference measured at the end of the relaxation period for two 

successive steps, and “Eτ” is the difference between the initial voltage and final voltage during 

the discharge pulse time after eliminating the IR drop.
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Fig. S12. CV curves at different scan rates varying from 0.2 to 2 mV s-1. Dunn’s method used 

these scan rates for “b” value calculations. 
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