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Table S1: Experimental [1} 2} 3] and theoretical [4} |5, 6] excitation energies for first and brightest excited singlet states of

polyacenes ranging in size from naphthalene to octacene. Theoretical values computed at CASPT2, CC2, TD-DFT (this work)
and TD-DFTB (this work) levels of theory.

Lowest singlet excitation energy, eV Brightest singlet excitation energy, eV
Number of | CASPT2 | CC2 | opy b | tp.ppTB | Exp. | ““3PT2 | TD.DFT | TD-DFTB | Exp.
cycles (4] 151 (6l
2 4.02 4.46 4.16 423 4.45 5.54 5.89 5.88 5.89
3 3.48 3.69 2.96 3.12 3.42 - 5.04 5.11 5.24
4 2.79 2.90 2.20 2.39 2.63 - 4.46 4.56 4.51
5 2.20 2.35 1.66 1.88 2.12 - 4.01 4.14 4.10
6 1.89 1.95 1.28 1.51 1.89 - 3.68 3.83 3.99
7 1.66 - 0.97 1.23 1.70 - 3.42 3.58 3.8
8 - - 0.65 1.01 1.54 - 3.18 3.39 3.78
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Figure S1: Absorption spectra (first 20 singlet excited states) of some polyacenes computed with TD-DFT BLYP functional using
6-31G(d,p) basis set (orange line) and TD-DFTB using matsci-0-3 set of parameters (blue line) at the equilibrium geometrical

configuration. Absorbing bands (vertical sticks) were convoluted based on their oscillator strengths using Gaussian functions
with standard deviation equal to 0.1 eV.
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Figure S2: Energy gaps between the B and B-1 singlet excited states at the equilibrium geometry before (red circles) and after
(blue diamonds) configuration interaction as a function of number of aromatic cycles in the polyacene.
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Figure S3: Population analysis of the first 5 singlet excited states in naphthalene for an ensemble of 63 trajectories with (left
panel) and without (right panel) the decoherence correction. The initial (brightest) state is Sy.



