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Figure S1 Comparison between the absorption spectra calculated with ADC(2) and
CC2 for phenol in the gas phase as well as for the 5 water molecules cluster model
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Figure S2 Comparison between the electronic structure analysis of absorption spec-
trum and density of states calculated with ADC(2) and CC2 for phenol with a
cluster model comprised of 5 water molecules
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Table S1 Excitation energies [eV], oscillator strengths and state characters of a representative geometry with excitation
energy close to the maximum of the 77t* absorption band (highlighted in bold) for cluster models with different
numbers of water molecules calculated with ADC(2). State characters are characterized by inspection of the natural
transition orbitals.

gas phase 1 water 5 waters 15 waters
state energy  osc. char energy  OscC. char. energy  OsC. char. energy  OscC. char.
1 491 0.027 ot 478  0.036 yy 4.81 0.033 s 480  0.029 *
2 545  0.001 Rydberg 5.00  0.001 CT 511 0.001 CT 558  0.002 CT+Rydberg
3 5.94 0.011 Rydberg 5.56 0.007 Rydberg 5.56 0.005 CT+Rydberg 5.83 0.079 mr*+Rydberg
4 612  0.011 mm*+Rydberg 578  0.004 Rydberg 576  0.011 CT 6.05  0.004 CT
5 6.27  0.018 Rydberg 5.88 0.058 e 587  0.023 CT+Rydberg  6.25  0.002 Rydberg
6 6.33  0.008 Rydberg 6.04 0023 7mrr*+Rydberg 599  0.042 CT+mmr* 6.37  0.017 CT

Table S2 Excitation energies [eV], oscillator strengths, and state characters of a representative geometry with low
charge-transfer state excitation energy (highlighted in bold) for cluster models with different numbers of water mo-
lecules calculated with ADC(2). State characters are characterized by inspection of the natural transition orbitals.

gas phase 1 water 5 waters 15 waters
state energy  osc. char. energy  OscC. char. energy  OscC. char. energy  OsC. char.
1 492  0.053 yy 459  0.001 CT 458  0.000 CT 449  0.000 CT
2 504  0.001 Rydberg 479  0.058 o 474  0.056 ™ 486  0.052 Uy
3 557  0.007 Rydberg 5.10 0.007 CT+Rydberg 494 0.010 CT+Rydberg 5.06 0.002 CT+Rydberg
4 586  0.065 mm*+Rydberg 541 0.001 Rydberg 530  0.007 CT+Rydberg 553  0.008 CT
5 590  0.091 mm*+Rydberg 550  0.065 r*+CT 538  0.022 CT+Rydberg  5.62  0.003 CT
6 6.32  0.014 Rydberg 575  0.014 Rydberg 5.51 0.016 CT+Rydberg 5.758  0.092 CT+mrm*




