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Multistate (MS)-CASPT2 benchmark with different active spaces

MS-CASPT2(10,9)

SO - S1 E=3.51eV; f=5.33006493E-04
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S0 > S2 E=4.04eV; f=2.48629817E-01

Figure S1. Franck-Condon transition energies, oscillator strengths and main orbital contributions

at the MS-CASPT2(10,9)/6-31G* level of theory, calculated for the ground state structure
optimized at B3LYP level.

MS-CASPT2(12,11)
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Figure S2. Franck-Condon transition energies, oscillator strengths and main orbital contributions

at the MS-CASPT2(12,11)/6-31G* level of theory, calculated for the ground state structure
optimized at B3LYP level.



MS-CASPT2(14,13)
SO > S1 E = 3,41 eV; f = 3.32497403E-04
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Figure S3. Franck-Condon transition energies, oscillator strengths and main orbital contributions
at the MS-CASPT2(14,13)/6-31G* level of theory, calculated for the ground state structure
optimized at B3LYP level.

2. Extended multistate (XMS)-CASPT2 energy pathways

The XMS-CASPT2 energy pathways are shown in Figure S4. As it can be seen, while the
photoisomerization process by irradiating S; is described almost identically at XMS- and MS-
CASPT2 levels, some differences are noted when irradiating to S, (compare Figure S4 and 4 in
the main text). Indeed, the S,/S; crossing is delayed at XMS-CASPT2 level, suggesting a longer S,
lifetime before reaching the S,/S: crossing. On the other hand, S; has a short lifetime as
described by XMS-CASPT2, since the S1/So crossing is expected at ca. 140 degrees, against the
110 degrees of the MS-CASPT2 description. In any case, the same qualitative description is
offered by both XMS- and MS-CASPT2 levels: a first S,/S; crossing followed by population of the
ground state through an early Si/So crossing, i.e. corresponding to a low-twisted structure
around the 0 dihedral angle, that should most probably result in an aborted photoisomerization
process.
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Figure S4. Photoisomerization pathway by irradiating to the S; state (left) and to the S; state
(right) at XMS-CASPT2//CASSCF(10,9) level.

3. Simulated absorption spectrum of cis-cyclocurcumin
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Figure S5. Simulated absorption spectrum of cis cyclocurcumin calculated in gas phase at TD-

DFT level from 100 snapshots extracted from a Wigner distribution using the CAM-B3LYP
functional. The spectrum of the trans isomer is also given for comparison.



4. Spin-flip TD-DFT energy pathways
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Figure S6. Photoisomerization pathway by irradiating to the S; state (left) and to the S, state
(right) at spin-flip TD-DFT//CASSCF(10,9) level.

5. 3D structures and Cartesian coordinates (in Angstrom) of the most
relevant structures along the photoreaction
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Figure S7. 3D structures of the !(n,n*) (top) and }(n,n*) (bottom) excited-state pathways.



So optimized trans-cyclocurcumin
Level of theory: B3LYP/6-311+G*
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So optimized cis-cyclocurcumin
Level of theory: B3LYP/6-311+G*
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Level of theory: MS-CASPT2//SA(4)-CASSCF(10,9)/6-31G*
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Level of theory: MS-CASPT2//SA(4)-CASSCF(10,9)/6-31G*
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