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Table S1: Adiabatic singlet-triplet gaps (∆EST , in eV) and mean absolute errors (MAE)
(in eV) for the molecules studied here computed with the MRSF-TDDFT and SF-TDDFT
methods by using BHHLYP functional.a

MRSF-BHHLYP SF-BHHLYP EOM-SF-CCSD(dT)b Other Exp
3m-Xy 0.46 0.45 (0.21 / 2.36) 0.45 0.48i 0.42h

32,7-NQ 0.68 0.62 (0.40 / 2.46) - 0.48h 0.55h

3TMM (1A1) 0.91 1.06 (0.15 / 2.00) 0.85 0.92j 0.79f

3TMM (1B2) 0.73 0.96 (0.48 / 2.00) 0.70 0.79j -
3α,2-DHT 0.21 0.14 (0.15 / 2.25) 0.29 0.28d -
3α,4-DHT 0.15 0.16 (0.14 / 2.25) 0.25 0.29d -
1α,3-DHT −0.01 −0.02 (0.70 / 1.84) −0.06 −0.09d −0.22–−0.13i

1o-By −1.86 −1.87 (0.02 / 2.02) −1.62 −1.55c −1.66e

1m-By −0.96 −0.91 (0.08 / 2.08) −0.89 −0.69c −0.91e

11,8-NQ −0.13 -0.14(0.04 / 2.00) - −0.11g −0.03g

1p-By −0.16 −0.17 (0.02 / 2.02) −0.17 −0.16c −0.16e

MAE 0.14 0.14 0.09

a) The negative values of the gap indicate the singlet state is more stable than the triplet state. The
superscript in front of the compound name refers to the multiplicity of the ground state. The values in
parentheses (italic) for SF show spin contamination of the both states.
b) ref 46. c) CASSCF/ANO result from ref 59. d) DDCI2(2,2)/6-31G** result from ref 60. e) ref 19. f) ref
16. g) CASPT2/aug-cc-pVDZ result from ref 62. h) CASPT2/aug-cc-pVDZ result from ref 63. i)

CASPT2/6-31G* results from ref 64. j) EOM-SF-CCSD/cc-pVQZ results from ref 46.
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Figure S1: Comparison of the most important distances in the set of the molecules studied
in this work. The numbers written with normal font indicate the distances (in Å) calculated
here with MRSF-BHHLYP/cc-pVTZ, while those written with italic are taken from ref 46
(EOM-SF-CCSD/cc-pVTZ or 6-311G*) for the first seven molecules and TMM, taken from ref
58 for 1,8-NQ and from ref 59 for 2,7-NQ (CASPT2(12,12)/aug-cc-pVDZ for both). The values
are shown for the triplet as well as singlet (in parentheses) states. The carbon, hydrogen, and
oxygen atoms are shown as gray, light-blue, and red balls, respectively.
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Figure S2: 1B2 conformation of TMM. (a) Two SOMO (a2, b1) and HOMO−1 (b2) molecular
orbitals. Here, C2v labels are used. Main configurations that contribute to the 1B2 state obtained
with (b) MRSF and (c) SF. The total contribution from both configurations obtained with MRSF is
given below and that obtained with CASSCF(4,4) is given in parentheses in (b). The values from
SF are shown with italic in (c). Positive and negative phases of MO are shown with blue and red
colors, respectively. The carbon and hydrogen atoms are shown with gray and light-blue colors,
respectively.
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Figure S3: Comparison of the TMM energy paths between MRSF and XMS-CASPT2 that connect
the stationary points on the lowest energy triplet (blue) and two lowest energy singlet (black and
red). MRSF potential energy surfaces are shown as thick solid lines, while those of XMS-CASPT2
are drawn as thick dashed lines. Zero energy corresponds to the energy of the optimized 3D3h

structure. The numbers with normal and underlined fonts indicate the MRSF and XMS-CASPT2
single point energies (in eV) with respect to the D3h structure. The point with D3h symmetry is
marked as ‘D3h’. The rest of the points have C2v symmetry. The [δ, ϕ] coordinates of the PS, D3h,
PL, TL points are [0.07, 0], [0, 0], [-0.10, 0], [-0.07, 90] respectively. Projections onto the plains
are shown as thin gray solid and dashed lines for MRSF and XMS-CASPT2, respetively.
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Figure S4: Performance of MRSF-TDDFT relatively to LR-TDDFT. x axis represents a cpu time
per one iteration in Davidson algorithm in LR-TDDFT module, while y axis is a cpu time per one
iteration in Davidson algorithm in MRSF-TDDFT module. The order of data points (from left to
right) is TMM, DHT, m-Xy, NQ. The LR and MRSF calculations were done for the same first
response excited state (triplet) on six-core cpu Intel i7-8700K.
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