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SI-1. Excitation character of the excited electronic states of benzaldehyde

Main orbital transitions in benzaldehyde

State  AE (eV) Excitation Character AE (eV) Excitation Character
So minimum S: minimum

So 0.0 0.40

S: 3.68 28—29: 0.69549 nm* 3.33 28—29: 0.69816 nm*
28—31: 0.12554 28—31:-0.11278

S: 4,78 26—29: 0.53542 nr* 497 26—529: 0.64321 nr*
26—30: 0.13700 27—29: 0.14944
27—29:-0.37585 27—30: 0.24943
27—30: 0.23048

T: 3.12 28—29: 0.68551 nm* 2.77 28—29: 0.68957 nm*
28—31: 0.17163 28—31:-0.15977

T, 3.30 26—29: 0.28343 T 3.05 25—29:-0.11990 Tt
26—30:-0.22925 25—31: 0.12378
27—29: 0.57883 26—30:-0.15201
27—30: 0.13537 27—29: 0.68091
T1 minimum (nm*) T, stationary structure (™)

So 0.42 0.61

S; 3.34 28—29: 0.69809 nm* 3.52 28—29: 0.69842 nm*
28—31:-0.11357 28—31:-0.11135

S, 4.95 26—29: 0.64414 nr* 5.07 26—29: 0.58350 *
27—29:-0.16207 27—29: 0.32780
27—30:-0.23849 27—30: 0.22166

T: 2.76 28—29: 0.68990 nm* 2.85 24—-31: 0.11474 Tt
28—31:-0.15930 26—30:-0.12072

27—29: 0.69824
T, 3.05 25—29: 0.14125 v % 2.96 28—29: 0.69010 nm*

25—31:-0.12901
26—30: 0.14877
27—29: 0.67637

28—31:-0.15765




Molecular orbitals of benzaldehyde
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SI-2.  Geometrical parameters of benzaldehyde in critical points

Table S1: Relevant bond lengths (A) and bond angles (°) of benzaldehyde in different
electronic state minima. The values in parentheses are experimental data with 3c error bars [1].
The values in square brackets are theoretical data obtained with TDDFT-oB97X/6-31G(d,p)

[2].

Geometry So minimum S: minimum  T1 minimum T1 minimum

Parameters (Cnr*) (nn*)

C1-C2 1.403 (1.388 = 0.004) 1.434 1.428 1.481 (1.479 + 0.029)
[1.396] [1.410] [1.408] [1.478]

C2-C3 1.390 (1.381 = 0.004) 1.383 1.385 1.367 (1.322 £ 0.029)
[1.387] [1.388] [1.389] [1.360]
C3-C4 1.400 1.404 1.401 1.426
[1.395] [1.392] [1.391] [1.422]
C4-C5 1.397 1.407 1.403 1.445
[1.392] [1.397] [1.396] [1.450]

C5-C6 1.394 (1.381 + 0.004) 1.380 1.383 1.361 (1.322 + 0.029)
[1.390] [1.382] [1.384] [1.352]

C1-C6 1.401 (1.388 + 0.004) 1.433 1.428 1.467 (1.479 + 0.029)
[1.394] [1.412] [1.409] [1.460]

C1-C7 1.480 (1.480 + 0.005) 1.397 1.405 1.394 (1.420 = 0.045)
[1.483] [1.431] [1.437] [1.414]

C7-0 1.216 (1.200 = 0.002) 1.297 1.310 1.305 (1.263 + 0.031)
[1.210] [1.293] [1.297] [1.255]

C1-C7-0 124.7 (126.4 £ 0.3) 128.6 126.6 121.3 (125.4 £ 2.6)

[124.2] [124.3] [123.3] [122.2]
C2-C1-C7 120.3 121.8 122.4 120.4
[119.7] [121.1] [121.6] [119.4]
O-C7-H 120.8 111.0 111.3 119.5




SI-3. Comparison of vertical excitation energies of benzaldehyde

Table S2: Vertical excitation energies (eV) at the minima of So, S1, Sz, T1, and T» states
calculated with TD-B3LYP/6-31G(d,p). The values in parentheses are previously reported
CASPT2 results [3]. The values in square brackets are also previously reported data obtained
with TD-oB97X/6-31G(d,p) [2]. Experimental adiabatic excitation energies are given in
double brackets [4]. The zero-point energy (ZPE) values are obtained after frequency
calculation of the corresponding structures with the same level of theory.

So minimum S; minimum Sz minimum T1 minimum T1 minimum
(nm*) ()
So 0.00 0.40 0.31 0.42 0.61
(0.57) [0.30] (0.48) [0.33] (0.37) [0.49]
S1 3.68 3.33 3.76 3.34 3.52
(3.71) [4.01] (3.27) [3.75] (3.29) [3.76] (3.76) [4.07]
[[3-34]]
S, 4,78 4.97 4,55 4.95 5.07
T1 3.12 2.77 3.17 2.76 2.85
(3.40) [3.45] (3.07) [3.18] (3.07) [3.17] (3.52) [3.53]
[[3.12]]
T, 3.30 3.05 3.31 3.05 2.96
(3.49) [3.78] (3.39) [3.64] (3.40) [3.64] (3.16) [3.34]
[[3.3011
ZPE 3.00 2.905 2.86 2.906 -




SI-4.  Cy-Adapted perturbative expansion

The singlet-triplet transition dipole moments considering the complete first-order perturbative expansion in Cpy are given in this section. So is

assumed to be A1.

For T state with A1 symmetry, we have
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In these equations, each vector component indicates the triplet sublevel. The X, ¥,,, and Z,, dipole operators determine the permanent and
transition dipole moment directions.
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