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For the assignment of vibrational modes of polyynes, CsHz, CioHz, and Ci2Hz, molecular orbital
calculations were performed [S1]. Figure S1 summarizes calculated harmonic frequencies and
observed vibrational frequencies in the phosphorescence spectra. Figure S2 illustrates deformation
of polyyne molecules relevant to the vibrational-mode excitation upon the electronic transition of
phosphorescence.

Figure S1. Harmonic vibrational-mode frequencies of Ca:H2 (n = 4-6) scaled by 0.975 for
anharmonicity correction by using molecular orbital calculations at the B3LYP/cc-pVDZ level of
density-functional theory (DFT) [S1]. Markers in red and blue represent observed frequencies in the
phosphorescence spectra, while the black markers represent the estimated fundamental frequencies.
Open circles indicate the highest-intensity Raman-active modes of oz symmetry.

Figure S2. Displacements of atoms in the vibrational modes of (a) CsHz, (b) CioHz, and (c) Ci2Hoa.
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The equilibrium structure of CgH,.

e O-0-—0-0—~0-0—-"0-0-¢

(vs) breathing 0, mode of CgH,.

(v16) cis-zigzag bending 71, mode of CgH,.

Figure S2. (a) CsHo.
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The equilibrium structure of Cy;oH,.
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(ve) breathing 0, mode of C;oH,.

(v15) cis-zigzag bending 11, mode of C;oHy.

Figure S2. (b) CioHoa.
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The equilibrium structure of C;,H,.

(v7) breathing 0, mode of C;,H,.

(vo3) cis-zigzag bending 71, mode of Cy,H,.

Figure S2. (c) Ci2Hoa.



