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Fig.1 Characterization of R-Cgo polymer. (a) XRD pattern/(Inset: Schematic of the atomic structure), the theoretical pattern
is from Ref. [14], (b) Raman spectrum excited by a 532 nm laser at room temperature, (¢) PL spectrum excited by a 532 nm
laser at room temperature, (d) C 1s XPS spectrum.
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Fig.2 Structural characterization of R-C¢ polymer. (a) Typical flake of R-Cgy used for STEM, bséeryation, (b) Magnified
HAADF-STEM image of the flake and its corresponding FFT pattern (inset) , (c) Atomically gesolved HAADF-STEM image
(corresponding to the orange box in (b)), Inset: Crystal structure model, of\R=Cggpolymer
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Fig.3 Characterization of R-Cg polymer synthesized under varying P-T conditions. (a) XRD patterns at 650 °C under
different pressures, (b) Raman spectra at 650 °C under different pressures, (¢) XRD patterns at 6 GPa under different
temperatures, (d) Raman.spectra at 6 GPa under different temperature
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Fig4 Temperature-dependent Raman spectra of R-Cg, polymer excited/by a-532nm laser
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High-Temperature and High-Pressure Synthesis of High-Purity Rhombohedral

Cgo Polymer
LAI Shoulong, YANG Xigui

(Henan Key Laboratory of Diamond Materials and Devices, School of Physics, Zhengzhou University,
Zhengzhou 450001, Henan, China)

Abstract: Rhombohedral Cgy polymer holds significant potential for applications in two-dimensional
materials and catalysis, yet the synthesis of high-purity, high-quality rhombohedral C¢¢'remains challenging.
In this study, rhombohedral C4y polymer was successfully synthesized under conditions/of 6*GPa and 650 °C.
The obtained sample was confirmed to be a high-purity two-dimensional fhembohedral phase through
characterization techniques including X-ray diffraction, Raman spectsoseopys” X-ray photoelectron
spectroscopy, and aberration-corrected transmission electron microscopy.¥The /effects of pressure and
temperature (6—10 GPa, 650-800 °C) on the polymerization of Cg, wWere’ investigated, clarifying the phase
boundary between the rhombohedral phase and disordered amorphous'carbon clusters. Variable-temperature
Raman spectroscopy revealed that the rhombohedral Cgy polymertemains stable up to about 350 °C, beyond
which it depolymerizes and reverts to the original face-centered ¢ubi€ Cg, molecules. This work provides a
clear processing window for the synthesis of high-quality/thombohedral Cgy polymer, laying an experimental
foundation for its further application in functional materials,

Keywords: Cg; high-pressure and high-temperature; sthombohedral phase; polymerization; phase transition



