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1 Molecular symmetry

Table S1: Symmetry point group for the ground state geometry of the studied molecules.

molecule symmetry

1B Ca
IN D5,
1BN3a C3h
1NB3a Ca
1BN3b Dy,
1NB3b Dy,
2B Dy,
2N D5,
2BN3a Dy,
2NB3a Ca
2BN3b Ca
2NB3b Ca
2BN3c Dy,
2NB3c Dy,
2B4N3 Cap
2N4B3 Ca

2 Method assessment

mSTEOM-DLPNO-CCSD  mRI-CIS(D) mMO06-2X m CAM-B3LYP B3LYP
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Figure S1: Sy excitation energies (in eV) computed with different methods and the def2-
TZVP basis set.
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W STEOM-DLPNO-CCSD  mRI-CIS(D) mMO06-2X mCAM-B3LYP B3LYP
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Figure S2: T; excitation energies (in eV) computed with different methods and the def2-
TZVP basis set.

TaAlble S2: SE-TDDFT/6-31(d) excitation energies (eV) and energy difference (in eV), and
(5?) of the two lowest excited states (R;: root 1 and Rj: root 2).

molecule E(R;) S%(R;) E(Ry) S%(Ry) AER, g,
1B 097 090 136 125 0.39
IN .11 089 156 129 0.39
1BN3a 423 201 552 047 1.25
1NB3a 437 201 578  1.02 1.41
1BN3b 122 113 246 115 1.24
INB3b 1.08 106 131 129 0.23
2B 380 1.09 392 188 0.12
2N 425 106 431  1.90 0.06
2BN3a 219 200 249  1.04 0.30
2NB3a 1.02 135 174 268 0.72
2BN3b 196  1.09 244 235 0.49
2NB3b 095 108 110  1.39 0.15
2BN3c 393 206 412  1.04 0.19
2NB3c 211 139 229 079 0.18
2B4N3 210 198 233 111 0.23
2N4B3 111 106 125 136 0.14
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Table S3: Thermally equilibrium triplet states through the Boltzmann distribution.

molecule triplets in equilibrium

1B 1
1IN 1
1BN3a 1-2
1NB3a 1-3
1BN3b 1
1NB3b 1
2B 1-2
2N 1-3
2BN3a 1-4
2NB3a 1
2BN3b 1-2
2NB3b 1
2BN3c 1-2
2NB3c 1-3
2B4N3 1-2
2N4B3 1

Table S4: Energies of molecules 2B4N3 and 1NB3a, for CIS and CIS(D) methods.

CIS CIS(D)
molecule E(Sy) E(Ty) AEst | E(S1) E(Ti) AEsr
2B4N3 3.79 257 122 | 232 229 0.03
1NB3a 702 337 3.65 | 587 426 1.6l
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Table S5: S; and T), energies (eV) and SOCC values (cm~1), SOC,, refers to the SOCC
between S; and Tj,.

E(S1) Th T T3 T Ts Ts SOC; SOC; SOCs; SOCy SOCs SOCq

1B 080 093 202 202 331 331 608 0.03 000 000 433 433 0.04
1IN 067 109 205 205 483 537 554 000 002 003 001 000 350
1BN3a 455 353 359 390 553 554 627 003 001 000 032 032 095
1NB3a 557 386 387 390 537 554 705 119 086 049 011 086  0.03
1BN3b 092 170 212 212 222 223 327 0.03 1046 1052 0.02 0.00 0.09
1INB3b 065 075 189 190 245 310 310 0.00 000 001 0.00 0.01 0.01
2B 3.8 312 316 373 377 418 566 001 0.00 000 000 000 021
2N 415 328 328 329 352 398 531 002 001 001 000 000 0.00
2BN3a 1.02 172 172 174 182 279 279 000 000 000 013 001 0.01
2NB3a 091 123 147 147 178 3.06 307 004 000 000 003 0.00 0.00
2BN3b 1.65 211 211 225 261 261 333 003 002 000 1057 1057 0.15
2NB3b 039 045 181 181 191 191 204 001 000 000 062 061 0.00
2BN3c 405 347 348 3.67 3.67 370 4.00 000 0.00 0.03 0.00 0.89 0.00
2NB3c 227 203 208 209 270 271 381 000 014 001 079 038 0.02
2B4N3 1.84 177 177 238 249 249 263 004 001 002 068 066 0.68
2N4B3 048 054 189 190 190 19 214 000 000 000 107 1.07 0.00

Table S6: Transition energies (in eV) and SOCCs (in cm 1) of excited singlets states (Sj)
nearly degenerated to S1. SOC,, refers to the SOCC between S;, and Tj,.

INB3a(S,) 1INB3a(S;) 2B(S;) 2N(S,)

E(S,) 5.589 5596 3.873 4.152
E(Ty) 3.864 3864 3124 3282
E(T») 3.874 3874 3156  3.282
E(Ts) 3.902 3902 3727  3.286
E(Ty) 5.367 5367 3.767 3523
E(Ts) 5.541 5541 4183  3.982
E(T,) 7.053 7.053 5664 5313
SOC 0.06 0.05 0 0
SOC, 0.07 005 001  0.02
SOC; 0.04 002 002 001
SOC, 2.97 2.94 0 0
SOCs 35 3.8 0 003
SOCq 0.69 0.77 0.4 0
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