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Figure S1. XRD of as-grown carbyne nanocrystals and after 60 days exposed in air.
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Figure S2. The NEXAFS spectra predicted by DFT across the carbon 1s edge for 

graphite and diamond.
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Figure S3. The charge densities distribution of  and  bond in the carbyne crystal. 𝜋 ∗ 𝜎 ∗

The charge densities distribution: For (A), the charge is mainly distributed in the in-

plane direction. This result suggests the orbitals are kind of pointing at each other, 

which corresponding to the bond. For (B), the charge is mainly distributed in the 𝜎 ∗

out-of-plane direction suggest the p orbitals are parallel to each other, which 

corresponding to the bond.𝜋 ∗
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Figure S4. Hydrogen-terminated of carbyne nanocrystals. (A) hydrogen-terminated at 

end and (B) hydrogen-terminated at kink. (C) The NEXAFS spectrum of those two 

structures. An extra peak at ~288.5 is appeared in those two models of hydrogen-

terminated, and the intensity of 289 peak in hydrogen-terminated kink become strongly 

increase.



6

Figure S5. The charge densities distribution of the carbyne crystal. The charge densities 

distribution: (A) the charge density distribution of straight carbyne crystal, it is uniform; 

(B) the charge density distribution of straight carbyne chain, it is uniform.
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Figure S6. The charge densities distribution of a kinked carbyne chain. The charge 

densities distribution: the charge density is nonuniform. The kink bonds induce the 

nonuniform distribution of charge density and it is mainly concentrated at the twisted 

carbon atoms.
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Figure S7. PDOS of the kinked carbon chain. PDOS and intensity of the kinked carbon 

chain: the kink state and interchain state are corresponding to the absorption edge at 

~288 and ~289.5 eV.
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Figure S8. The NEXAFS predicted of carbyne. (A) The NEXAFS of kinked carbyne 

crystal, straight carbyne crystal, kinked carbyne chain, and straight carbyne chain. The 

peak at energy of ~288 eV is virtually disappeared for straight carbyne crystal and 

straight carbon chain, whereas it is arisen in the kinked carbyne crystal and chain. (B) 

Kinked carbyne crystal structure model. (C) Straight carbyne crystal structure model. 

(D) Kinked carbyne chain structure model. (E) straight carbyne chain structure model.
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Figure S9. The total charge density distribution of carbyne nanocrystals under 0% (A), 

6% (B), and 12% (C) strains. The charge density in both in-plane and out-of-plane 

directions increase with strain.


