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Figure S1. Transient differential absorption maps of HCi2 polyynes with different end groups
(methyl and cyano) on different time scale; (a,b) H-(C=C)s—CH:s pumped at 4.44 eV (279 nm);
(c,d) H-(C=C)s—CN pumped at 4.32 ev (287 nm); inset: zoom out of the 3.65-3.85 eV region,

rescaled.
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Figure S2. (a) EAS obtained from the global analysis of the TA data of HCi2H; (b) corresponding
TA dynamics at selected probe photon energies, corresponding to the two PA bands (PA 1 blue

line and PA 2 orange line)
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Figure S3: Computed equilibrium bond lengths (A) for HCi2H in the optimized ground state SO
(light blue line), first (dark) excited state Si (dark) and triplet state T (red). ®@B97X-D3BJ data.
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Figure S4. TA data on the long time scale, up to 1.1 ns, (a,c) maps and (b,d) dynamics for
selected wavelengths together with bi-exponential fitting curve obtained by global fitting analysis
(black lines) for HCi» polyynes with different end groups (methyl and cyano); (a,b)
H—-(C=C)s—CHs, time constants ~15 ps, ~290 ps; (c,d) H-(C=C)¢—CN time constants ~30 ps, ~500

ps; here the PA of the triplet state (centered at about 3.77 eV) appears.



Computational (DFT, TD-DFT and TDA) data

Optimized geometries

Optimized (WB97X-D3BJ def2-TZVP) ground state (So) geometry for HCi.H
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Optimized (B2PLYP/D3 def2-TZVP) ground state (So) geometry for HCi-H
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Optimized (TD-wB97X-D3BJ def2-TZVP) excited state (S1) geometry for HCi2H
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Optimized (TD-wB97X-D3BJ def2-TZVP) triplet state (T1) geometry for HCi-H
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Optimized (WB97X-D3BJ def2-TZVP) ground state (So) geometry for HCi.CH3
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Optimized (UwB97X-D3BJ def2-TZVP) triplet state (T1) geometry for HCi2CHs
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Optimized (WB97X-D3BJ def2-TZVP) ground state (So) geometry for HC12CN
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Optimized (UwB97X-D3BJ def2-TZVP) triplet state (T1) geometry for HC12CN
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Excited States

Excited state energies (vertical transitions as computed on the optimized wB97X-D3BJ
geometry) at the TDA level (first 20 excited states). States S1 and S10 are highlighted for clarity.

State Energy Wavelength fosc T2 TX TY TZ
(cm-1) (nm) (au**2) (au) (au) (au)
1 26514.4 377.2 0.000000000 0.00000 0.00000 -0.00000 0.00000
2 27136.8 368.5 0.000000000 0.00000 -0.00000 -0.00000 -0.00001
3 27149.1 368.3 0.000000000 0.00000 -0.00000 0.00000 -0.00001
4 34500.2 289.9 0.000000000 0.00000 -0.00000 0.00000 -0.00000
5 35627.7 280.7 0.000000000 0.00000 0.00000 0.00000 0.00001
6 35641.0 280.6 0.000000000 0.00000 -0.00000 0.00000 0.00001
7 43419.3 230.3 0.000000000 0.00000 0.00000 -0.00000 0.00000
8 45057.8 221.9 0.000000000 0.00000 -0.00000 -0.00000 0.00000
9 45073.0 221.9 0.000000001 0.00000 0.00000 -0.00000 -0.00009
10 47171.8 212.0 8.724275389 60.88673 -0.00000 -0.00000 7.80299
11 51807.5 193.0 0.000000000 0.00000 0.00000 -0.00000 -0.00000
12 53842.9 185.7 0.000000000 0.00000 -0.00000 -0.00000 -0.00001
13 53861.4 185.7 0.000000000 0.00000 0.00000 -0.00000 -0.00001
14 54285.0 184 .2 0.000000000 0.00000 0.00000 0.00000 0.00001
15 54289.9 184.2 0.000000000 0.00000 -0.00000 0.00000 -0.00002
16 54311.0 184 .1 0.000000000 0.00000 -0.00000 0.00000 0.00000
17 55211.1 181.1 0.000000002 0.00000 0.00000 0.00000 -0.00010
18 58492.8 171.0 0.000000000 0.00000 -0.00000 -0.00000 -0.00000
19 60759.5 164.6 0.000000000 0.00000 0.00000 -0.00000 0.00000
20 60781.6 164.5 0.000000000 0.00000 0.00000 -0.00000 -0.00000

Excited state energies (vertical transitions as computed on the optimized wB97X-D3BJ
geometry) at the TD-DFT level (first 20 excited states). States S1 and S10 are highlighted for
clarity.

State Energy Wavelength fosc T2 TX TY TZ

(cm-1) (nm) (au**2) (au) (au) (au)
1 25492.0 392.3 0.000000000 0.00000 -0.00000 -0.00000 0.00000
2 26373.1 379.2 0.000000000 0.00000 -0.00000 0.00000 -0.00001
3 26390.3 378.9 0.000000000 0.00000 0.00000 0.00000 0.00001
4 33886.8 295.1 0.000000000 0.00000 -0.00000 -0.00000 0.00000
5 35239.8 283.8 0.000000000 0.00000 -0.00000 -0.00000 0.00001
6 35256.1 283.6 0.000000000 0.00000 0.00000 0.00002 -0.00001
7 43066.7 232.2 0.000000000 0.00000 0.00001 -0.00000 0.00000
8 43498.4 229.9 6.104502598 46.20118 -0.00000 -0.00000 -6.79715
9 44870.7 222.9 0.000000000 0.00000 0.00000 -0.00000 -0.00004
10 44887.8 222.8 0.000000001 0.00000 0.00000 -0.00000 -0.00010
11 51593.0 193.8 0.000000000 0.00000 -0.00000 -0.00000 0.00000
12 53738.3 186.1 0.000000000 0.00000 0.00000 -0.00000 0.00000
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Excited state energies (vertical transitions as computed on the optimized B2PLYP geometry) at
the TDA level (first 20 excited states). States S1 and S10 are highlighted for clarity.
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Excited state energies (vertical transitions as computed on the optimized B2PLYP geometry) at
the TD-DFT level (first 20 excited states). States S1 and S10 are highlighted for clarity.
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