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Table S1 Calculated rate constants kisc for the S;—Tx channel. Remaining columns: adiabatic energy difference AE™, number of
derivatives with respect of out-of-plane modes (#4erivs), Width of the search interval n, number of accepting modes within the search
interval (#,.) and number of final state vibrational levels within the search interval (#,).

Channel AE™/eV Vi);ﬂio Acc#zllzctors I:]l/t;rl\ﬁl Le;jls Kisc/s”!

S, —Ty 0.64 12 25 0.001 5 x 10 1.07 x 10°
S,—Ty 0.64 12 25 0.01 6x10° 443 x 10!
S —>T,, 064 12 25 0.1 6 x 10* 2.73x 10°
S;—>T,, 064 12 25 1 6x10° 1.96 x 10°
S —>T,, 064 12 25 10 6x10° 2.57x10°
S —>T,, 064 12 25 100 6x 10 3.28 x 10°
S, —Ty 0.64 12 49 0.001 3x 10 2.75x 10°
S—T,, 064 12 49 0.01 3x10° 3.36x 10°
S;—Ty  0.64 12 49 0.1 3x10° 2.40x 10°
S—T,, 064 12 49 1 3x 107 3.63x 10°
S, —Ty 0.64 12 49 10 1x 10 7.51 x 10°

Table S2 Calculated rate constants kjsc for the S;—T), channel. Remaining columns: adiabatic energy difference AE™, number of
derivatives with respect of out-of-plane modes (#4erivs), Width of the search interval n, number of accepting modes within the search
interval (#..) and number of final state vibrational levels within the search interval (#,).

Channel AE/eV Vi);ﬁiO Ac:;ljctors ITrll/tSIrI\ll_a}l Le;jls Kisc/s™

S,—Ty, 0.64 11 25 0.001 4 x 10? 1.66 x 10!
S,—Ty, 0.64 11 25 0.01 4x10° 1.27 x 10°
S,—Ty, 0.64 11 25 0.1 4x10* 3.62 x 10°
S1—Ty, 0.64 11 25 1 4x10° 5.10x 10°
S,—T,, 0.64 11 25 10 4x10° 3.96 x 10°
S1—Ty, 0.64 11 25 100 4x 107 431x10°
S1—Ty, 0.64 11 49 0.001 2x 10* 4.51x10*
S,—Ty, 0.64 11 49 0.01 2x10° 1.98 x 10°
S,—Ty, 0.64 11 49 0.1 2x 10° 2.14 x 10°
S,—Ty, 0.64 11 49 1 2x 107 4.15 x 10°

S,—Ty, 0.64 11 49 10 1x107 1.56 x 10°
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Table S3 Calculated rate constants kisc for the S;—Tx channel. Remaining columns: adiabatic energy difference AE“d, number of
derivatives with respect of out-of-plane modes (#4erivs), Width of the search interval n, number of accepting modes within the search
interval (#...) and number of final state vibrational levels within the search interval (#,).

vibr. SO Acceptors  Interval Levels

Channel AEY/eV P # wem'! ¥, Kisc/s™

S,—>T,, 030 11 25 0.001 6 2.27 x 10°
S,—>T,, 030 11 25 0.01 33 1.50 x 10®
S,—Ty 0.30 11 25 0.1 3x10% 9.73 x 10’
S,—Ty 0.30 11 25 1 3x10° 1.03 x 10®
S,—Ts, 0.30 11 25 10 3x10* 1.28 x 108
S1—Tyy 0.30 11 25 100 3x10° 1.40 x 10®
S, —T,, 0.30 11 49 0.001 42 4.86 x 107
S1—Tyy 0.30 11 49 0.01 5 x 10 1.96 x 10®
S,—Ty 0.30 11 49 0.1 5x10° 1.55x 10®
S, —Ty 0.30 11 49 1 5x 10* 2.81x 108
S, —Ty 0.30 11 49 10 5x10° 2.79 x 108
S,—Ty 0.30 11 49 100 5x 10° 2.94 x 108
S,—Ts, 0.30 11 72 0.001 9x10° 5.16 x 10’
S,—Ts, 0.30 11 72 0.01 9x 10* 2.06 x 108
S,—Ts, 0.30 11 72 0.1 9x10° 1.89 x 108
S, 5Ty, 0.30 11 72 1 9x10° 3.13 x 108
S,—Ty 0.30 11 72 10 2x 107 3.07 x 108
S,—Ty 0.30 11 72 100 2x 108 3.23x 108
S,—T, 030 1(v) 25 0.001 6 4.69 x 10°
S,—T, 030 1(v) 25 0.01 33 3.51x 10’
S1—Tyy 0.30 1 (vy) 25 0.1 3x10° 9.52 x 107
S1—Tyy 0.30 1 (v) 25 1 3x10° 3.11x 10’
S1—Thy 0.30 1 (v) 25 10 3x 10 4.00 x 107
S1—Tyy 0.30 1 (v) 25 100 3x10° 5.10 x 107
S,—T, 030 1(v) 49 0.001 42 1.46 x 107
S,—Ty 0.30 1 (v) 49 0.01 5x 10° 1.24 x 10®
S, —Ty 0.30 1(v) 49 0.1 5x10° 1.28 x 10®
S, —Ty 0.30 1(v) 49 1 5x 10* 1.44 x 10®
S1—Tyy 0.30 1 (v) 49 10 5x10° 1.04 x 10®
S, —Ty, 0.30 1 () 49 100 5x10° 1.12x 10®
S1—Tyy 0.30 1 (v) 72 0.001 9x10° 1.59 x 107
S1—Tyy 0.30 1 (v) 72 0.01 9x 10* 1.30x 10®
S, —Ty 0.30 1(v) 72 0.1 9x10° 1.43 x 10®
S,—T, 030 6 25 0.001 6 2.30 x 10°
S,—T, 030 6 25 0.01 33 1.53x 10®
S,—Tyy 0.30 6 25 0.1 3x10% 1.07 x 10®
S, —Tyy 0.30 6 25 1 3x10° 9.81x 10’
S1—Tyy 0.30 6 25 10 3x 10 1.26 x 10®
S,—Ts, 0.30 6 25 100 3x10° 1.26 x 108
S, 5Ty, 0.30 6 49 0.001 42 4.72x 107
S,—Ts, 0.30 6 49 0.01 5x 10° 1.88 x 108
S,—Ty 0.30 6 49 0.1 5x10° 1.62x 10®
S,—Ty 0.30 6 49 1 5x 10* 2.76 x 108
S,—Ty 0.30 6 49 10 5x10° 2.72x 108
S,—T)y 0.30 6 49 100 5x10° 273 x 108
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Table S4 Calculated rate constants kisc for the S;—T,, channel. Remaining columns: adiabatic energy difference AE“d, number of
derivatives with respect of out-of-plane modes (#4erivs), Width of the search interval n, number of accepting modes within the search
interval (#...) and number of final state vibrational levels within the search interval (#,).

vibr. SO Acceptors  Interval Levels

Channel AEY/eV P # wem’! ¥, Kisc/s™

S, —Ts,, 0.30 12 25 0.001 3 2.87 x 10%
S, —Ts, 0.30 12 25 0.01 33 2.49 x 10’
S,—>Ty, 0.30 12 25 0.1 4 x 10 1.93 x 107
S,—>Ty, 0.30 12 25 1 4x10° 7.70 x 10’
S1—Ty, 0.30 12 25 10 4x10* 6.34 x 107
S1—Ty, 0.30 12 25 100 4x10° 2.93 x 107
ST, 0.30 12 49 0.001 28 2.14x 10°
S1—Ty, 0.30 12 49 0.01 3x10° 2.67 x 107
STy, 0.30 12 49 0.1 4x10° 6.30 x 10’
S,—>Ty, 0.30 12 49 1 4x10* 9.16 x 10’
S,—>Ty, 0.30 12 49 10 4x10° 1.60 x 10®
S,—>Ty, 0.30 12 49 100 4x10° 1.98 x 10®
S;—T,, 0.30 12 72 0.001 5x10° 7.32x 10°
S;—T,, 0.30 12 72 0.01 5x 10* 8.81 x 10’
S;—T,, 0.30 12 72 0.1 1x10° 1.39 x 108
S,—T,, 0.30 12 72 1 1x10° 1.39 x 10®
STy, 0.30 12 72 10 5x 107 2.33x 108
S,—>Ts, 0.30 1 (vg) 25 0.001 3 1.39x 10°
S,—>Ts, 0.30 1 (vg) 25 0.01 33 2.69 x 10’
S,—>Ts, 0.30 1 (vg) 25 0.1 4 x 10? 3.65 x 10°
S1—Ty, 0.30 1 (vg) 25 1 4x10° 1.15x 107
S1—Ty, 0.30 1 (vg) 25 10 4x10* 2.97 x 107
S1—Ty, 0.30 1 (vg) 25 100 4x10° 3.70 x 10’
S1—Ty, 0.30 1 (vg) 49 0.001 28 1.54 x 10°
STy, 0.30 1 (vg) 49 0.01 3x10? 2.74 x 10’
S,—>Ty, 0.30 1 (vg) 49 0.1 4x10° 1.48 x 107
S,—>Ty, 0.30 1 (vg) 49 1 4% 10* 3.60 x 10’
S,—>Ty, 0.30 1 (vg) 49 10 4x10° 8.66 x 10’
S,—T,, 0.30 1 (vg) 49 100 4x10° 1.20x 10®
S,—T,, 0.30 1 (vag) 25 0.001 3 6.63 x 10
S1—Ty, 0.30 1 (vag) 25 0.01 33 1.42x10°
S1—Ty, 0.30 1 (vag) 25 0.1 4x10° 3.13x 10°
STy, 0.30 1 (vag) 25 1 4x10° 6.33 x 10°
S,—>Ty, 0.30 1 (vag) 25 10 4% 10* 1.05 x 107
S,—>Ty, 0.30 1 (vag) 25 100 4x10° 1.25 x 107
S,—>Ty, 0.30 1 (vag) 49 0.001 28 1.62 x 10°
S,—>Ty, 0.30 1 (vag) 49 0.01 3x10? 9.59 x 10*
S1—Ty, 0.30 1 (vag) 49 0.1 4x10° 1.67 x 10°
S1—Ty, 0.30 1 (vag) 49 1 4x10* 371 x 10
S1—Ty, 0.30 1 (vag) 49 10 4x10° 4.00 x 107

S;—Ts, 0.30 1 (vy0) 49 100 4x10° 2.99 x 107
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Table S5 Harmonic frequencies v; of the A" out-of-plane vibrational modes for the S, (my.;—m *) state. Derivatives of the SOMEs with
respect to the corresponding (dimensionless) normal coordinates at the S, (.1 —m.*) DFT/MRCI minimum.

Modes l7l /Cm—l a<'SZ HS(I 7;X> a<SZ‘HS() 7’;\> a<S’_’ HSU TZ;> a<S2 ‘HS(J T‘2\>
g, 9 g, g,

1 20.0 -0.18 1.31 1.97 -0.62
2 43.5 0.03 -0.21 -0.19 0.12
3 78.8 0.52 -0.02 -0.44 0.06
4 153.1 0.20 -0.18 -0.37 0.11
6 170.1 -0.08 0.31 0.05 0.05
7 181.9 -0.05 -0.03 -0.02 -0.08
9 250.5 -0.16 -0.05 0.10 0.04
10 269.5 0.31 0.09 -0.37 -0.15
11 291.5 0.09 1.10 -0.17 -0.82
13 317.6 0.39 0.27 -0.44 -0.33
15 386.5 0.41 0.64 -0.37 -0.36
17 398.5 0.48 -0.28 -0.60 0.20
18 429.1 -0.61 -0.60 0.63 0.67
20 433.8 -0.32 0.65 0.17 -0.56
23 534.6 -0.06 0.11 -0.18 -0.33
24 545.6 -0.20 0.01 0.08 -0.01
25 555.1 0.18 0.34 0.00 -0.40
29 747.7 -0.37 -0.72 0.48 0.32
30 788.9 0.43 -0.46 -0.28 0.26
32 831.5 0.41 0.06 -0.45 -0.10
33 836.3 0.12 0.47 -0.26 -0.39
37 9244 -0.29 -0.10 0.39 0.10
38 928.1 -0.01 0.16 -0.22 -0.04

Table S6 Calculated rate constants kjsc for the S,—Tiwy (i = 1, 2) channels. Remaining columns: adiabatic energy difference AE™,
number of derivatives with respect of out-of-plane modes (#4erivs), Width of the search interval 1, number of accepting modes within the
search interval (#,.) and number of final state vibrational levels within the search interval (#,).

Channel AE/eV Vi)dre.riiO Acc;zgors I1r11/tzrrr\1{a}1 Legjls Kisc/s”!
S,—Tx 0.66 23 49 0.001 2x 107 2.10x 10*
S,—Tx 0.66 23 49 0.01 2x10° 6.53 x 10°
S,—Ty 0.66 23 49 0.1 2x 10* 5.71 x 10°
S,—T, 0.66 23 49 1 2x10° 5.56 x 10°
S,—T,  0.66 23 49 10 2x10° 3.17 x 108
S,—T), 0.66 23 49 100 - -
S,—Ty, 0.66 23 49 0.001 2x 10? 4.53 x 10*
S,—Ty, 0.66 23 49 0.01 2x10° 1.64 x 10°
S,—T,,  0.66 23 49 0.1 2x10* 4.02 x 10°
S,—Ty,  0.66 23 49 1 2x10° 8.63x 10°
S,—T,,  0.66 23 49 10 2x10° 5.67 x 10°
$,—Ty,,  0.66 23 49 100 - -
S,—T,, 0.66 23 49 0.001 0 -

S,— T, 0.32 23 49 0.01 3 3.91x 10!
S,—T, 032 23 49 0.1 41 5.14 x 10°
S,—Toy 0.32 23 49 1 4 x 10 7.40 x 10°
S,—Toy 0.32 23 49 10 5x10° 3.22x 10°
S,—Toy 0.32 23 49 100 5x 10* 2.62x 10°
S,—-T,, 032 23 49 0.001 0 -
S,—T,, 032 23 49 0.01 3 1.63 x 10°
S,—T,, 032 23 49 0.1 41 9.43 x 10*
S,—T,, 0.32 23 49 1 4x10° 2.68 x 10°
S,—T,,  0.32 23 49 10 5x10° 4.03 x 10°

S,— Ty, 0.32 23 49 100 5x 10* 3.58 x 10°
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Table S7 Calculated rate constants kisc for the S;—Tiw,) (i = 1, 2) channel varying the adiabatic energy difference AEY, Remaining
columns: number of derivatives with respect of out-of-plane modes (#4erivs), Width of the search interval n, number of accepting modes
within the search interval (#...) and number of final state vibrational levels within the search interval (#,).

ad vibr. SO Acceptors  Interval Levels R

Channel AE*/eV o . /e #, Kisc/s

S,—Tx 0.68 12 49 0.001 7 x 10* 1.34 x 10*
S,—>T, 0.68 12 49 0.01 7x 10° 2.05x 10*
S,—>T, 0.68 12 49 0.1 7 x 10° 3.06 x 10°
S, —Ty 0.68 12 49 1 7x 10 2.44x10°
S1—Ty, 0.68 11 49 0.001 5x 10* 2.04 x 10*
S1—Ty, 0.68 11 49 0.01 5x10° 2.54x 10°
S,—T,, 0.68 11 49 0.1 5x10° 1.27 x 10°
S,—Ty, 0.68 11 49 1 5x 107 4.00 x 10°
S,—T,  0.19 11 49 0.001 4 3.60 x 10°
S,—T,  0.19 11 49 0.01 41 2.08 x 10®
S, —Ty 0.19 11 49 0.1 5x 107 7.79 x 10’
S1—Tyy 0.19 11 49 1 5x10° 1.31 x 10°
S,—T, 021 11 49 0.001 3 8.41 x 10*
S,—T, 021 11 49 0.01 78 3.49 x 10’
S1—Tyy 0.21 11 49 0.1 8 x 107 1.29 x 10°
S, —Ty 0.21 11 49 1 8 x 10° 6.21x 108
S, —Ty 0.22 11 49 0.01 1x 10 6.22 x 108
S, —Ty 0.22 11 49 0.1 1x10° 2.12x 108
S, —Ty 0.22 11 49 1 1x10* 1.98 x 10®
S, —T,, 0.31 11 49 0.001 90 9.33x 10°
S1—Tyy 0.31 11 49 0.01 9 x 10 1.94 x 107
S1—Tyy 0.31 11 49 0.1 9x10° 7.72 x 107
S1—Tyy 0.31 11 49 1 9x 10* 3.04 x 108
S;—T,, 0.19 12 49 0.001 6 2.69 x 10°
S;—T,, 0.19 12 49 0.01 41 3.36 x 10°
S,—>Ty, 0.19 12 49 0.1 4 x 10 1.08 x 107
S,—>Ty, 0.19 12 49 1 4x10° 4.69 x 107
S, —T,, 0.21 12 49 0.001 5 9.88 x 10°
S, —T,, 0.21 12 49 0.01 75 2.46 x 10°
S1—Ty, 0.21 12 49 0.1 6 x 10 3.72 x 108
S;—T,, 0.21 12 49 1 6x10° 9.39 x 107
S;—T,, 0.22 12 49 0.001 13 434 x 10"
S;—T,, 0.22 12 49 0.01 91 5.47 x 10°
STy, 0.22 12 49 0.1 9x 10° 1.42 x 107
STy, 0.22 12 49 1 9x10° 5.24 x 108
S, —T,, 0.31 12 49 0.001 80 2.00 x 10°
S1—Ty, 0.31 12 49 0.01 7 x 10 4.49 x 107
S1—Ty, 0.31 12 49 0.1 7x 10° 1.50 x 10®

S1—Ty, 0.31 12 49 1 7 x 10* 6.96 x 107




