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1 The optimized structures and molecular orbitals at each

state of BDP-PX7Z

1.1 Ground state/ S

Figure S1: The optimized structure of BDP-PXZ ground state, viewing from each axes. The
dihedral angle § = 47°.

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO)  (c) LUMO (BDP’s LUMO)
Figure S2: Surface plots of canonical MOs at ground state stabilized structure (iso-
value=0.03).



1.2 ICT state/ S;

Figure S3: The optimized structure of BDP-PXZ 'CT state, viewing from each axes. The
dihedral angle 6 = 90°.

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO) () LUMO (BDP’s LUMO)
Figure S4: Surface plots of canonical MOs at 'CT state stabilized structure (isovalue=0.03).
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1.3 °*BDP state/ Ty,

z
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o
Figure S5: The optimized structure of BDP-PXZ 3BDP state, viewing from each axes. The
dihedral angle 6 = 46°.

o )

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO)  (c) LUMO (BDP’s LUMO)
Figure S6: Surface plots of canonical MOs at *BDP state stabilized structure (isovalue=0.03).
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1.4 3CT state/ T2’1

Figure S7: The optimized structure of BDP-PXZ 3CT state, viewing from each axes. The
dihedral angle § = 36°.

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO)  (c) LUMO (BDP’s LUMO)
Figure S8: Surface plots of canonical MOs at 3CT state stabilized structure (isovalue=0.03).
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2 The optimized structures and molecular orbitals at each

state of TMBDP-PX7Z

2.1 Ground state/ Sy

—Q ,
Figure S9: The optimized structure of TMBDP-PXZ ground state, viewing from each axes.
The dihedral angle § = 83°.

D=0

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ's HOMO)  (¢) LUMO (BDP’s LUMO)
Figure S10: Surface plots of canonical MOs at ground state stabilized structure (iso-
value=0.03).
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2.2 ICT state/ S;

o= =0

Figure S11: The optimized structure of TMBDP-PXZ CT state, viewing from each axes.
The dihedral angle 6 = 87°.

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO)  (c) LUMO (BDP’s LUMO)
Figure S12: Surface plots of canonical MOs at 'CT state stabilized structure (isovalue=0.03).
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The optimized geometry at 'CT structure in toluene solvent effect:

1CT Total Energg = -1427.964379304 Eh
5

C 1.440 -0.357407 2.581850
C 2.570345 -0.062038 3.381012
C 3.633609 0.243928 2.543418
N 3.206664 0.147470 1.242974
C 1.864154 -0.218934 1.239094
H 2.606989  -0.074831 4.467323
C 1.181573  -0.380237 0.006819
C 1.851736  -0.199718  -1.229586
C 1.416826  -0.322403 -2.570152
C 2.539537 -0.018730 -3.375481
C 3.610512 0.276085  -2.543655
H 2.566644 -0.018621  -4.462154
N 3.195042 0.164221  -1.240894
B 4.054648 0.441051  -0.000938
F 4.489093 1.795446 0.005651
F 5.217654  -0.372026 -0.011124
C -0.264695  -0.659488 0.011685
C -1.167719 0.398865  -0.014453
C -0.763337 -1.990581 0.039390
C -2.524929 0.147830 -0.009312
H -0.814317 1.428567 -0.037760
C -2.111661 -2.256930 0.045921
H -0.044233 -2.807841 0.056374
C -3.021360 -1.188002 0.021710
0 -3.376384 1.207315  -0.034594
H -2.493150 -3.277645 0.068461
N -4.365127  -1.373595 0.025520
C -4.731695 0.988958  -0.029684
C -5.263734 -0.311113 0.000602
H -4.735257  -2.324409 0.047913
C -5.569454 2.096412  -0.055458
C -6.639076  -0.498564 0.004942
C -6.941644 1.899517  -0.050740
H -5.126636 3.090700  -0.078550
C -7.474828 0.604090 -0.020597
H -7.039316  -1.512252 0.028548
H -7.607251 2.760160 -0.070527
H -8.553578 0.461261 -0.017176
C 5.005243 0.659379  -2.895846
H 5.269648 1.635746  -2.464677
H 5.729980 -0.065559  -2.498764
H 5.115477 0.711316  -3.985666
C 5.031141 0.624166 2.887733
H 5.752971 -0.094943 2.475090
H 5.290745 1.606130 2.466450
H 5.151259 0.662507 3.977068
C 0.066457 -0.708077 -3.087763
H -0.265738  -1.692389  -2.722658
H -0.719777 0.014012  -2.815931
H 0.093776 -0.761826  -4.184255
C 0.095906  -0.752740 3.104910
H -0.700955  -0.048729 2.817167
H -0.220446  -1.749303 2.758492
H 0.121782  -0.785001 4.202279
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2.3 3BDP state/ T,

Figure S13: The optimized structure of TMBDP-PXZ *BDP state, viewing from each axes.
The dihedral angle 8 = 76°.

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO)  (c) LUMO (BDP’s LUMO)
Figure S14: Surface plots of canonical MOs at *BDP state stabilized structure (iso-
value=0.03).
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2.4 3CT state/ Ty

Figure S15: The optimized structure of TMBDP-PXZ 3CT state, viewing from each axes.
The dihedral angle 6 = 47°.

(a) HOMO-1 (BDP’s HOMO) (b) HOMO (PXZ’s HOMO)  (c) LUMO (BDP’s LUMO)
Figure S16: Surface plots of canonical MOs at 3CT state stabilized structure (isovalue=0.03).
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3BDP Total Ener
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The geometry of !CT - 3BDP near MECP structure in toluene solvent effect:
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3 The potential energy curves for BDP-PXZ derivatives

with different substituent groups
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Figure S17: Potential energy curves of !CT, 3CT, and *BDP states along the dihedral angle
between BDP and PXZ moieties for BDP-PXZ derivatives with substituent groups X at C3,5
atoms on BDP moiety. The geometries were optimized with 'CT, 3CT, and 3BDP states for
each derivative under constraints for the dihedral angle 6 between BDP and PXZ moieties.
The target state is depicted with solid lines, while others with dotted lines.
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Table S1: The excitation energies for the BDP monomer and TMBDP-PXZ
dyad systems.

ICT SCT °BDP ('BDP)

BDP monomer

LC-BLYP(p = 0.15)/def2-TZVP  — - 171  (3.32)
LC-BLYP(p = 0.33)/def2-TZVP - - 159  (3.30)
EOM-CCSD? /def2-SVP - - 1T (231)
EOM-CCSD */def2-TZVP - - 172 (233)

TMBDP-PXZ dyad

LC-BLYP (i = 0.15)/def2TZVP 229 227 159  (3.10)

LC-BLYP(u = 0.33)/def2-TZVP 3.13 2.86 1.51 (3.33)

EOM-CCSD? /def2-SV(P) 228 mna. 163  (2.75)
bt-PNO-STEOM-CCSD implemented in ORCA6.5158

4 Comparison of the excitation energies of LC-BLYP and
EOM-CCSD

To assess the reliability of the excitation energies obtained with the LC-BLYP functional, we
performed the EOM-CCSD calculations for TMBDP-PXZ and TMBDP molecules for com-
parison exploiting the various acceleration techniques, back-transformation PNO, similarity
transformed EOM implemented in ORCAG6.5%510 Tt has been reported that TD-DFT fails to
reproduce the energy levels of low-lying singlet and triplet states of heterocyclic aromatic
compounds containing B and N atoms, such as BODIPY and DABNA derivatives,5''5!3 and
the coupled cluster approach gives a better description though the conventional EOM-CCSD
is often too expensive and its approximated methods such as ADC(2), CC2, and SCS-CC2
can be enough for practical purpose. TD-DFT sometimes fails to reproduce the excitation
energies of charge transfer states even with the long-range corrected functionals, in fact, LC-
BLYP with the original range separation parameter (p = 0.33) overestimates the excitation
energy of 'CT by 0.85 eV as shown in Table S1. In contrast, LC-BLYP calculations with
i = 0.15, which was adopted in this study, well reproduce the excitation energies of !CT,
3CT, and BDP-PXZ 3 states. That of BDP-PXZ 1 is significantly overestimated with both

u = 0.15and0.33, but the state is irrelevant to the mechanism analyzed in this study.
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