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During the RRMSE calculations (which required many single—point-type calculations) the following convergence criteria in
Gaussian 16 were used: 10~!! in SCF (DIIS error), 10! in CP-KS, and 10~7 (10~ for formaldehyde) during the TD-DFT
computations. Geometries were optimized using the VeryTight convergence criterion. For the optimization procedures and the
frequency calculations (which are required for the numerical evaluation of high order energy—derivatives necessary for the simu-
lation of anharmonic vibronic spectra), we used a respective set of criteria: 1019 in SCF, 10~ in CP-KS, and 10~7 in TD-DFT.
In all of the computations, the threshold for two—electron integral screening was set to 1014,

Table S1: Average RRMSE for d*E /dQ? (averaging over all available normal modes) and different electronic states of formaldehyde, pyridine, and furan,
computed with tested DFAs and several unpruned integration grids. For all molecular systems, 1' A| denotes the electronic ground-state, and other states are the
selected bright excited states. In the case of furan, 12A; corresponds to the lowest electronic state of its ionized form, i.e. the electronic ground—state of furan
cation.

FORMALDEHYDE PYRIDINE FURAN
1A 1A, 1'B, 1'A, 1'B, 1A, 127,
© (99,59 0 0 0 4 1 5 0
v (250,974)[ 0 0 0 1 0 0 0
\O (750974)[ © 0 0 1 0 0 0
@ (99,590) 0 0 1 4 1 3 0
W > (250,974)( 0 0 0 1 0 1 0
P (750974)[ © 0 0 1 0 1 0
+ (99,590) 2 9 9 90 52 65 15
3 (250974)[ 0 1 0 33 22 32 7
o (750,974)| 0 1 0 32 16 32 7
4 (09590 17 16 22 81 21 59 13
Y (250,974)| 4 il 23 22 10 37 4
W (750,974)| 4 1 23 22 10 37 4

Table S2: Average arithmetic mean of RRMSE:s of different components of transition dipole moment (calculated as 1/3Y;_, ,, RRMSE[d?(1'A; | ;] X) /dQ%])
from ground electronic state 1'A; to different electronic state X of formaldehyde and pyridine (averaging over all available normal modes). Normal modes
corresponded to the optimized geometry of the ground electronic states. Results for furan are not shown, due to the fact that for furan, the vertical photoionization
from 1'A; to 12A, is dipole forbidden.

FORMALDEHYDE |PYRIDINE
1'A, 1'B, 1'B,
(99,590) 0 0 2
> (250,974) 0 0 2
\C (750,974) 0 0 2
© (99,590) 0 ) 1
& (250,974) 0 0 1
o (750,974) 0 0 1
(99,590) 4 1 2
S @soora)| o 0 2
(750,974) 0 0 1
(99,590) 16 3 )
0@,—% (250,974) 1 0 3
(750,974) 1 0 3




Table S3: Average RRMSE for d*(1'A[2|X)/dQ® , where i = 1 (i + f1, + f1;) from ground electronic state 1'A; to different electronic state X of formalde-
hyde and pyridine (averaging over all available normal modes). Normal modes corresponded to the optimized geometry of the ground electronic states. Results
for furan are not shown, due to the fact that for furan, the vertical photoionization from 1'A; to 12A2 is dipole forbidden.
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Figure S1: RMSE for d*E /dQ,* for different normal modes Q, of formaldehyde corresponding to the optimized geometries of the selected electronic states
of formaldehyde, computed with M06-2X and the (99,590) integration grid.
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Fi gure S2: Normalized PT2 FC spectra of the 1'A; — 1'B; (So — S») transition of formaldehyde obtained with @B97-X using various integration grids and
0.021QI step size for numerical differentiation. On the horizontal axis, differences with respect to the anharmonic 0-0 band are shown (AEy, = Ey, — Egp). On
the legend, next to the grid labels, the corresponding errors in the anharmonic transition energies of 0-0 band, when compared to the reference (750,974) grid,

are given (E(‘)’(r)r =Ey — E(()gso‘974)).
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