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S1. Experimental Section

$1.1 Materials

Acrylonitrile (= 99.0%), Itaconic acid (= 99.0%), 1-Dodecanethiol (298.5%), 2,2-
Azobisisobutylronitrile (KOH, >98.0%), and DMSO (= 99.0%) were obtained from
Samchun, Republic of Korea. Dibutyl vinylboronate was purchased from the Tokyo
chemical industry. aluminum triflate (Al(OTf)s) is purchased from Alfa Aesar and
(GCsHbs)2ZrClz) are purchased from Sigma-Aldrich. All the chemical compounds were

analytical grade and used without further purification.

S2. Materials characterizations

The structural features, morphology, and elemental compositions of the synthesized
materials were analyzed using advanced characterization techniques. The field
emission scanning electron microscopy (FE-SEM, Carl Zeiss, Germany), equipped
with energy-dispersive X-ray spectroscopy (EDXS), provided high-resolution images
of the surface morphology and elemental analysis of the prepared sample. The phase
composition and crystalline structure of all the samples were studied using X-ray
diffraction (XRD, Rigaku Corporation, Japan, CuKa radiation, wavelength A=0.154 nm)
in the 2 O range from 5-80° at a scan rate of 2° min!. Additionally, Raman spectroscopy
was utilized at room temperature with a RAMANtouch spectrometer from

Nanophoton and an argon ion laser excitation source at 523 nm to analyze the degree



of graphitization, offering insights into the vibrational modes of carbon atoms,
particularly through the presence of D (disordered) and G (graphitic) peaks. All
characterization techniques, including FE-SEM, EDX, XRD analyses, and Raman, were
conducted at the Center for University-wide Research Foundation (CURF) at Jeonbuk

National University

FigureS1: Photographic image of (a) solidified B-PANa, (b) solidified B-PANz:, and

(c) solidified B-PANawz: polymer before graphitization.
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FigureS2: (a, b, and c) FE-SEM image of PAN before graphitization, and (d, di, d2, ds,

ds, and ds) its elemental mapping.

FigureS3: (a, b, and c) FE-SEM image B-PAN before graphitization, and (d, di, dz, ds,

d4, ds, and ds) its elemental mapping.
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FigureS4: (a, b, and c) FE-SEM image B-PANai before graphitization, and (d, di, dz, ds,

d4, ds, ds, and ds) its elemental mapping.
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FigureS5: (a, b, and c) FE-SEM image B-PANz: before graphitization, and (d, di, dz, ds,

d4, ds, ds, and dv) its elemental mapping.
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FigureSeé: (a, b, and c) FE-SEM image B-PANauz: before graphitization, and (d, di, de,

ds, ds, ds, de, d7, and ds) its elemental mapping.



FigureS7: (a, and b) FE-SEM image of PAN-GC after graphitization, and (c, c1, ¢z, ¢,

and cs) its elemental mapping.



FigureS8: (a, and b) FE-SEM image B-PAN after graphitization, and (c, ci, ¢z, c3, and cs)

its elemental mapping.



FigureS9: Raman analysis image of: (a) PAN-GC, (b) B-PAN-GC, (b) B-PANa-GC, (c)

B-PANz-GC, (d) B-PANanrz-GC.
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Table S1: A comparison table including terms of temperature, and graphitization degree in

catalytic graphitization of carbon-based materials.

S.N. Material Method Temperature of In/Ic | Reference
Name graphitization (°C)
1. PAN-based Conventional 3000 0.8 (1]
CFs (High-
temperature
carbonization)
2. PAN/CNT Conventional 1700 1.5 [2]
(High-
temperature
carbonization)
3. PAN-based Conventional 1000 1.39 (3]
CNF (carbonization)
HTT 1000
4. | C/C composite | Conventional 3000 1.5 (4]
(High-
temperature
carbonization)
5. CNFs from Conventional 1000 2.56 (5]
PAN/lignin (carbonization)
(E7
carbonized)
6. B-PANanzr- In-situ 1250 0.889 This
GC polymerization work
with Al+Zr Co-
catalysts
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