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Figure S1: Absorption cross section of Acrolein in aqueous solution as a function of the
number of frames.
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Figure S2: Absorption cross section of pyridine in aqueous solution as a function of the
number of frames.
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Figure S3: Absorption cross section of para-nitroaniline in aqueous solution as a function of
the number of frames.
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Table S1: The n — " and m — 7* excitation energies of the reduced snapshot of ACRO
in aqueous solution (see Fig. 2 in the main text) computed at CC2/aug-cc-pVDZ level of
theory, using different approaches to describe the reference state. The errors with respect to
the reference CC2 results are also given. All data are reported in eV.

n—m* T—T7"

Exc. Ene. Error | Exc. Ene. Error
QM/TIP3P 3.87 -0.02 6.33 0.44
QM/FQ 3.92 0.03 6.26 0.37
CC2-in-MLHF 3.95 0.06 6.21 0.32
CC2-in-MLHF5,, 3.93 0.04 6.05 0.16
CC2-in-MLHF s, 3.92 0.03 5.99 0.10
CC2-in-MLHF 4, 3.92 0.03 5.98 0.09
CC2-in-MLHF5,, 3.91 0.02 5.97 0.08
CC2-in-MLHF-AB 3.97 0.08 6.34 0.45

CC2-in-MLHF-ABy, 3.94 0.05 6.10 0.21
CC2-in-MLHF-ABs3,, 3.93 0.04 6.01 0.12
CC2-in-MLHF-AB,y 3.93 0.04 6.00 0.11
CC2-in-MLHF-ABs,, 3.92 0.03 5.98 0.09

CC2-in-HF 3.96 0.07 6.19 0.30
CC2-in-HF 4, 3.93 0.04 6.03 0.14
CC2-in-HF5,, 3.93 0.04 5.97 0.08
CC2-in-HF 4, 3.92 0.03 5.97 0.08
CC2-in-HF5, 3.92 0.03 5.95 0.06
MLCC2950NT0s 3.91 0.02 5.98 0.09
MLCC230cnT0s 3.91 0.02 5.97 0.08
MLCC2350nT0s 3.90 0.01 5.96 0.07
CcC2 3.89 - 5.89 -
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Table S2: The n—7* and ™ — 7* excitation energies of the full snapshot of ACRO in aqueous
solution (see Fig. 6 in the main text) computed at CC2/aug-cc-pVDZ level of theory, using
different approaches to describe the reference state. The FQ force field is used to represent
the long-range interactions. The errors with respect to the reference CC2-in-HF5,, are given,
together with the shifts with respect to the data in Tab. S1. All data are given in eV.

n—m* ™=

Exc. Ene. Error Shift ‘ Exc. Ene. Error Shift
QM/FQ \ 4.04 0.05 0.12 \ 6.18 0.38 -0.08
CC2-in-MLHF /FQ 4.07 0.08 0.12 6.14 0.34 -0.07
CCQ—in—MLHFgw/FQ 4.06 0.07 0.13 5.91 0.11 -0.14
CCQ—in—MLHFgw/FQ 4.03 0.04 0.11 5.88 0.08 -0.11
CC2-in-MLHF 4, /FQ 4.02 0.03 0.10 5.88 0.08 -0.10
CC2-in-MLHF5, /FQ 4.00 0.01  0.09 5.88 0.08 -0.09
CC2-in-MLHF-AB/FQ 4.09 0.10 0.12 6.26 0.46 -0.08

CC2-in-MLHF-AB,,, /FQ 4.07 0.08 0.13 9.95 0.15 -0.15
CC2-in-MLHF-AB3;, /FQ 4.04 0.06 0.11 5.90 0.10 -0.11
CC2-in-MLHF-AB,4, /FQ 4.03 0.04 0.10 5.90 0.10 -0.10
CC2-in-MLHF-ABs;, /FQ 4.01 0.02  0.09 5.90 0.10 -0.08

CC2-in-HF /FQ 4.07 0.08 0.11 6.14 0.34 -0.05
CC2-in-HF 5, /FQ 4.04 0.05 0.11 5.90 0.10 -0.13
CC2-in-HF 5, /FQ 4.04 0.05 0.11 5.88 0.08 -0.09
CC2-in-HF 4, /FQ 4.04 0.05 0.12 5.87 0.07 -0.10
CC2-in-HF 5, /FQ 4.03 0.04 0.11 5.86 0.06 -0.09
MLCC2550xn10s/FQ 4.02 0.03 0.11 5.89 0.09 -0.09
MLCC2300xn10s/FQ 4.02 0.03 0.11 5.88 0.08 -0.09
MLCC2350x10s/FQ 4.01 0.02 0.11 5.82 0.02 -0.14
CC2-in-HF 5, [ 3.99 ~ 010 ] 580 — 20.09
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Table S3: The n—7* and ™ — 7* excitation energies of the full snapshot of ACRO in aqueous
solution (see Fig. 6 in the main text) computed at CC2/aug-cc-pVDZ level of theory, using
different approaches to describe the reference state. The TIP3P force field is used to represent
the long-range interactions. The errors with respect to the reference CC2-in-HF5,, are given,
together with the shifts with respect to the data in Tab. S1. All data are given in eV.

n—m* ="

Exc. Ene. Error Shift ‘ Exc. Ene. Error Shift
QM/TIP3P 3.95 -0.04 0.08 \ 6.29 0.49 -0.04
CC2-in-MLHF/TIP3P 4.03 0.04 0.08 6.18 0.38 -0.03
CC2-in-MLHF,,, /TIP3P 4.01 0.02 0.08 5.98 0.18 -0.07
CC2-in-MLHF3,, /TIP3P 3.99 0.00 0.07 5.94 0.14 -0.05
CC2-in-MLHF 4, /TIP3P 3.98 -0.01 0.06 5.94 0.14 -0.04
CC2-in-MLHFs5,, /TIP3P 3.96 -0.03  0.05 5.94 0.14 -0.03
CC2-in-MLHF-AB/TIP3P 4.05 0.06 0.08 6.30 0.50 -0.04

CC2-in-MLHF-AB,,,/TIP3P 4.02 0.03 0.08 6.03 0.23 -0.07
CC2-in-MLHF-ABg;,, /TIP3P 4.00 0.01  0.07 2.96 0.16 -0.05
CC2-in-MLHF-ABy, /TIP3P 3.99 0.00 0.06 2.96 0.16 -0.04
CC2-in-MLHF-ABs;,, /TIP3P 3.97 -0.02  0.05 5.96 0.16 -0.02

CC2-in-HF /TIP3P 4.02 0.03  0.06 6.16 0.36  -0.03
CC2-in-HF,,, /TIP3P 4.00 0.01  0.07 5.97 0.17  -0.06
CC2-in-HF}3,, /TIP3P 3.99 0.00 0.06 5.94 0.14 -0.03
CC2-in-HFy,, /TIP3P 3.99 0.00 0.07 2.93 0.13 -0.04
CC2-in-HF}5,, /TIP3P 3.99 0.00  0.07 5.92 0.12 -0.03
MLCC2s5¢cnT0s/ TIP3P 3.97 -0.02  0.06 5.95 0.15 -0.03
MLCC23pcnT0s/ TIP3P 3.97 -0.02  0.06 5.94 0.14 -0.03
MLCC235¢cnT0s/ TIP3P 3.97 -0.02  0.06 2.89 0.09 -0.07
CC2-in-HF 5, \ 3.99 - 0.10 \ .80 - -0.09
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Figure S4: The n—7* and m—7* excitation energies of the full snapshot of ACRO in aqueous
solution computed at the CC2/aug-cc-pVDZ level, using the MLHF (left) and MLHF-AB

(right) reference states. The FQ force field is used to represent the long-range interactions.
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Figure S5: The n — 7* and m — 7* excitation energies of the full snapshot of ACRO in
aqueous solution computed at CC2/aug-cc-pVDZ level of theory, using different approaches

to describe the reference state. The TIP3P force field is used to represent the long-range
interactions.
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Figure S6: The n—7* and m—7* excitation energies of the full snapshot of ACRO in aqueous
solution computed at the CC2/aug-cc-pVDZ level, using the MLHF (left) and MLHF-AB
(right) reference states. The TIP3P force field is used to represent the long-range interactions.
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Table S4: n — n* and m — 7* excitation energies and vacuo-to-solvent solvachromic shifts of
ACRO in vacuo and in aqueous solution. Theoretical solvatochromic shifts are calculated
with respect to the vacuo value, which is computed as an average from the structures ex-
tracted from the MD by removing the water molecules. Computed standard errors at the
68% confidence interval are also given. Experimental data are reproduced from Ref. 1.

n—m* T—T7"

Method Exc. Ene. (eV)  Shift (eV) | Exc. Ene. (eV)  Shift (eV)
<vacuo>p 3.87 £ 0.02 - 6.74 £ 0.01 -

exp (vac) 3.69 - 6.42 -
QM/TIP3P 4.11 £+ 0.02 -0.24 4+ 0.02 6.39 £+ 0.03 0.35 £+ 0.03
QM/FQ 4.26 + 0.02 -0.39 £ 0.02 6.23 = 0.03 0.51 &£ 0.03
CC2-in-MLHF3,, /FQ 4.13 £+ 0.02 -0.26 4 0.02 6.19 £+ 0.03 0.55 £+ 0.03
CC2-in-MLHF-AB;,, /FQ 4.16 £+ 0.02 -0.29 £+ 0.02 6.26 + 0.03 0.48 + 0.03
CC2-in-HF 4, /FQ 4.17 4+ 0.02 -0.30 4+ 0.02 6.21 £+ 0.03 0.53 £+ 0.03
MLCC2300n70s/FQ 4124002 -0254002| 6144003  0.60 + 0.03
oxp (wat) 3.04 20.25 5.90 0.52
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