
Table S1 Representative morphologies of MOF derived carbons 

S. 
No 

Material Carbonization 
Temperature/Time/atmosphere 

Morphology Reference 

1 Electrospun Zn-
MOF 

1000C/6 hours/Argon Carbon fiber 
web 

1 

2 MIL-101, Alumina 
template 

600 to 1000 C/ 5 hours/ Argon Honeycomb 
carbons 

2 

3 Zn MOF-74 600 to 1000 C/ 5 hours/ Argon Carbon 
nanorods 

3 

4 Co-MOF 500 C/ 2 hours/ Nitrogen Disordered 
carbons 

4 

5 Basolite, F300 700 to 900 C/ 5 hours/ Argon hollow carbon 
nanospheres 

5 

6 metal @ZIF-8 600 to 900 C/ 4 hours/ H2 and 
Argon 

Porous carbons 6 

7 Cobalt-Melamine-
BDC 

700 to 900 C/ 4 hours/ Nitrogen Disordered 
CNT carbons 

7 

8 Cobalt-triazine 
networks 

700 C/ 3 hours/ Vacuum Porous 
polyhedrons 

8 

9 Fe-MIL 500 C/ 2 hours in Argon; 
subsequent   
annealing in air for 2 more hours  

Iron oxide@C 9 

10 Ni-MOF 500 C/2 hours/Nitrogen Nickel rich 
hollow carbons 

10 

11 ZIF-67 800 to 1000 C/ 5 hours/ Nitrogen Sodalite 
structured 
mesoporous 
carbons 

11 

12 Ti-amino BDC 1000 C/8 hours/Argon 3D carbon 
cuboids 

12 

13 ZIF-67/LDH 400 C/ 3.3 hours/ Air Hollow 
nanocages 

13 

14 ZIF-8 600 and 1000C/ 1 hour/ Nitrogen Mesoporous 
carbons 

14 

15 ZIF-67 350 C/ 2 hours/ Nitrogen Cobalt rich 
carbon Hollow 
prisms 

15 

16 ZIF-8/MnO2 
Nanorods 

700 C/ 4 hours/ Argon ZnMnO4 
carbon rods 

16 

xx DABCO based 
MOF 

Microwave/ 45 seconds/ Air NCNT on rGO/ 
NCNT on 
Carbon fiber 

 



Materials and Methods 

Materials: 

99.5% pure graphite (grade-QSG) was purchased from Samjung (C & G, Korea) whereas 

reagent grade sulphuric acid (H2SO4), hydrochloric acid (HCl), sodium nitrate (NaNO3), 

hydrogen peroxide, potassium permanganate (KMnO4), 1,4-diazabicyclo[2.2.2]octane (DABCO) 

and iron(III) acetatewere purchased from Sigma-Aldrich, Korea, and were used as received. 

Microwave irradiation was carried out in a domestic microwave oven manufactured by Daewoo 

Korea, Model number: KR-B202WL with output power of 700 W operating at 2450 MHz.  

Methods: 

Field-emission scanning electron microscopy (FE-SEM, Nova NanoSEM 230 FEI operating at 

10kV and TALOS F200X Transmission electron microscopy operating at 200 kV were used to 

study SEM and HRTEM morphology, respectively. Energy-dispersive X-ray spectroscopy (EDS) 

scans were taken on TALOS F200x (FEI) using the in-built UltraFast mapping SDD-EDS using 

Mn-Kα detector. Due to inherently excellent electrical conductivity of all the synthesized 3-D 

carbonaceous materials, viz. Fe@NCNT-rGO, Co@NCNT-rGO and Fe@NCNT-CF, there was 

no necessity of metal coating for SEM testing. Structural properties were studied by X-ray 

diffraction and Raman spectroscopy using  Rigaku D/max-2550V, Cu-Kα radiation and LabRAM 

HR evolution UV/vis/NIR spectrometer. High resolution X-ray photoelectron spectroscopy 

studies were carried out on a Sigma Probe Thermo VG spectrometer using Mg Kα X-ray 

sources. The XPS spectra were curve fitted with a mixed Gaussian-Lorentzian shape using 

XPSPEAK version 4.1. BET (Brunauer-Emmett-Teller) surface area was measured by Nitrogen 

adsorption and desorption isotherms at 77K using a BEL Japan Inc. Belsorp Mini II Surface 

Area. Prior to testing, the sample was first degassed for 24 h at 250 °C.   

 



Electro-chemical tests 

All the electrochemical measurements were conducted on a CHI 660 electrochemical station 

(CH Instruments, Inc.) with a conventional three-electrode system. In a typical electrochemical 

measurement, a total of 5 mg of catalysts was dispersed by sonication in a mixture of 480 μL 

isopropanol (J&K Scientific LTD.) and 20 μL of Nafion aqueous solution (5 wt.%, DuPont) for 30 

min. 12 μL of the above suspension was gently dropped onto a glassy carbon rotating disk 

electrode (RDE, 5 mm diameter) or rotating ring-disk electrode (RRDE, 4.93 mm inner diameter 

and 5.38 mm outer diameter) and dried naturally in air. The above procedure was repeated 

twice which results in a total loading mass of about 0.6 mg/cm2. The electrolyte was 0.1 M KOH 

aqueous solution, and the reference and counter electrodes were saturated calomel electrode 

(SCE) and Pt wire, respectively. The electrolyte was saturated with O2 before the experiment, 

and O2 was continuously supplied during the experimental operation. All potential values 

reported in this study were converted to the reversible hydrogen electrode (RHE) scale, 

according to the equation: ERHE = ESCE + 0.0591pH + 0.242. For the stability test, the working 

electrode ran at - 0.7 V vs SCE for 60,000 s in O2-saturated 0.1M KOH with a rotation rate of 

1600 rpm. For comparison, commercial Pt/C (20 wt.% Pt) powder was tested under the same 

conditions, with a loading mass of 0.25 mg cm-2. Linear sweep voltammetry (LSV) was 

measured by RDE/RRDE technique the with the scan rate of 10 mV/s at various rotating speeds 

from 400 to 2400 rpm.” 

  



 

 

 

Figure S1: XPS survey scan of MDCNT@rGO.  

  



 

Figure S2. FTIR spectra of MDCNT@rGO indicating presence of nitrogen moieties  

 

  



 

Figure S3: XRD of Fe-MOF synthesized on carbon fiber substrate.  

  



 

 

 

Figure S4 Representative SEM morphology of DABCO MOF decorated carbon fibers. Scale bars are 2 
µm and 200 nm in (a) and (b), respectively.  

 

 

 

Figure S5 Secondary electron image corresponding to MDCNT@CF shown in Fig. 5(a) and 5(b) of the 
manuscript. Scale bars are 3µm and 1µm respectively.  
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