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Supplementary Figures
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Fig. S1. Possible pathways for hexagonal graphite-to-diamond transition. 
In hexagonal graphite, carbon atoms are arranged in planar honeycomb sheets with AB stacking, which hinders direct transformation into diamond due to the lack of matching carbon atoms at honeycomb centers with carbon atoms in adjacent layers. Therefore, extensive theoretical research suggests that the direct transformation of AB-stacked hexagonal graphite (HG) to hexagonal diamond (HD) or cubic diamond (CD) must first undergo a sliding process to form an intermediate phase, including either orthorhombic graphite (OG) with AB’ stacking or rhombohedral graphite (RG) with ABC stacking, followed by boat or chair buckling to form sp3 bonds. When the transformation goes through OG, (001) honeycomb planes in HG is perpendicular to corrugated densest planes (001) planes in HD and (111) in CD.  In case of RG, (001) honeycomb planes in HG is parallel to (111) in CD.  
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Fig. S2. High-quality single-phase HD from recovered HPHT at 1400 K samples. a, TEM image of [100]; b, Selected area electron diffraction (SAED) of [100]HD; c, Simulated electron diffraction of [100]HD., which matches with the diffraction pattern in b. 
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Fig. S3.  6-fold symmetry diffraction pattern. a, HRTEM image of nanoscale HD nuclei embedded in the graphite matrix. b, The FFT pattern from the OG in a shows a diffraction pattern matching with [310]OG instead of [10]HG.  c, the FFT pattern from the HD in a has a 6-fold symmetry with a 0.218 nm lattice spacing indexed by [001]HD. d, [001] diffraction pattern of a HD structure; e, [001] diffraction pattern of a HG structure; f, [111] diffraction pattern of a CD structure. g, EELS spectra of HD and distorted graphite OG near the nanodiamond. 
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Fig. S4. Interfaces between nono-diamond and graphite matrix. a, TEM image of graphite-diamond interfaces; b, FFT pattern from the OG area. Note the first-order diffraction spots lie in the middle of the zero-order diffraction spots. In contrast (also see Fig. S5f), the first-order diffraction spots are aligned with the zero-order diffraction spots in the case of HG; c, FFT pattern from the HD nanodiamond area, showing that the (002)HG is more or less parallel to (001)HD (~4 degree off). Two (002)HG arcs indicated by yellow arrow heads reflect the bent graphitic planes where nanodiamond are found.
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Fig. S5. High-resolution TEM images of graphite structures. a, HG with AB stacking; b, RG with ABC stacking; c, OG with AB’ stacking; d-e, HRTEM image and [310] diffraction of OG show AB’ stacking instead of AA stacking.
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Fig. S6. The enthalpy landscape and pathway for concerted HGOGHD transformation.  
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