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Supplementary Figure 1: Occupied molecular orbitals of the XMS-CASPT2 active space.

Supplementary Figure 2: Virtual molecular orbitals of the XMS-CASPT2 active space.
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Supplementary Figure 3: Sample 3 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state. (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state; (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 4: Sample 4 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state. (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state; (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 5: Sample 5 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 6: Sample 6 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 7: Sample 7 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state. (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state; (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 8: Sample 8 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 9: Sample 9 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 10: Sample 10 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 11: Sample 11 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 12: Sample 12 - (A) Oscillator strengths of the two lowest excited states over the
TD-DFT dynamic, highlighting the active one. (B) Energy of the three lowest excited states over the
TD-DFT dynamic, highlighting the active one. (C) Energy of the two lowest excited states at CASPT2
level along the TD-DFT dynamic, highlighting the one with the highest overlap to the TD-DFT active
state; (D) Oscillator strengths of the two lowest excited states at CASPT2 level over the TD-DFT
dynamic, highlighting the one with the highest overlap to the TD-DFT active state. (E) Absolute value
of the wavefunction overlap of the first two CASPT2 excited states with the TD-DFT active state. (F)
Energy difference between active and ground state, computed at each level of theory. A fixed shift has
been applied to account for the TDDFT overestimation of the ππ∗ state energy. The line thickness in
(C) and (D) is proportional to the projection of the TDDFT active state onto the CASPT2 manifold
(E).
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Supplementary Figure 13: Simulated transient absorption spectrum of AcAc obtained through averaging
of 50 excited state trajectories. The signal at higher energy (dark-orange) is assigned to excited state
absorption (ESA), while the one at lower energy (blue) is assigned to stimulated emission (SE) from the
active state to the ground state. Ground state bleaching (GSB) is not included.

Supplementary Table 1: Energies of the first two excited states alongside their energy difference, com-
puted at the Franck-Condon point for different TDDFT functionals and for CASPT2, where the latter
is used as a reference for evaluating the functionals’ correctness.

Level of theory E(S1) (eV) E(S2) (eV) ∆E (S2-S1) (eV)

CAM-B3LYP 4.515 5.597 1.082

PBE0 4.385 5.563 1.178

LC-wHPBE 4.618 5.652 1.035

M06 4.342 5.573 1.230

XMS-24-
CASPT2(10,8)

4.223 4.517 0.294
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