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Table S1. NTO distributions and main transition excitations of T and T states for the donor fragments
and BN-based D—A type molecules, estimated by TD-DFT at the BMK/6-31G(d, p) level.

State Excitation NTOs
E (eV) Eigenvalues Hole Electron

T: H— L (68.9%) 2.72 0.93 - ‘é Jgj ,%3!;
DMBA H-2 — L (17.4%)

T, H-2->L(545%) 3.56 0.75 ko ’

H— L (13.8%)

Ti.  H— L (54.5%) 2.57 0.91

DMBA-BN H — L+1 (16.7%)

T, H-—-L+1(24.0%) 3.28 0.76
H-2 — L (15.6%)
H — L (5.6%)

T, H-—L(66.0%)  2.93 0.85
PB[a|CZ H — L+1 (4.3%)
T, H-— L+l (66.1%) 3.52 0.83
H — L (9.7%)
T, H-oL@3.7%) 275 0.84
PB[a]CZ-BN H — L+1 (21.0%)
T,  H-— L+l (52.2%) 3.29 0.73
H — L (12.5%)
T. H-—L(809%)  2.55 0.94
PB[H|CZ
T,  H-1—-L(729%) 3.44 0.89
H — L (10.1%)
PB[JJICZ-BN T: H— L (63%) 2.44 0.93
H — L+1 (15%)
T, H1—L(65%)  3.24 0.80
H — L (6%)
T, H—L(68.7%)  2.87 0.89
H-1 — L (16.7%)
PB[c|CZ
T,  H-1—L(59.8%) 3.55 0.89
H — L (20.1%)
T, HoL@42%) 277 0.84
H — L+1 (19.9%)
PB[c]CZ-BN
T,  H—L+1(39.1%) 3.31 0.72
H — L (24.8%) ”




T.  H— L (87.1%) 2.05 0.95 % (:2'{.
PN[a]CZ i)
T, H-—L+1(48.1%) 3.29 0.70 % (ﬁ'{,
H-2 — L (23.2%) 0.25 < i
H — L+4 (5.6%) rj?{%i (}({:‘9
5 90
T. H-—L(73%) 1.98 0.95 % (A%'%.
PN[a]CZ-BN H— L+1 (12%) -' )i
T 0¥
T, H-—o L+l (44%)  3.09 0.61 :?fg lj:;ﬁ
H-2 — L (25%) 0.32 ‘% g ‘}z
T. H— L (89.4%) 1.73 0.98 %‘% w
PN[b|CZ
T, H2->L(248%) 3.10 0.54 %g'
H — L+1 (21.4%) 0.43 E
H-1— L (12.8%) oy w
H — L+4 (11.7%) ¢
T,  H-2—>L+1(83%) 1.68 0.97 o
PN[5]CZ-BN 5‘ ?’: g‘y
T,  H-1—L((36%) 2.96 0.94 ":ngé?a m
H — L+1 (14%) 2o ‘
T. H— L (87.2%) 2.06 0.95 '
PN|[c|CZ 1
T, H2->L(271%) 3.19 0.66 ’;‘*
H-1 — L (22.6%) 0.28 &p{ o
H — L+2 (18.5%) & 3
7
Ry
g
T.  H— L (79%) 2.01 0.94 oy 2
& F
PN[¢|CZ-BN % ?;
T, H—-L+l(42%)  3.05 0.62 f?y‘ ‘?"
H-2 — L (26%) 0.31
4 3




Table S2. Calculated HOMO-LUMO overlap integral (5) of the investigated molecules in So state.

Mol. p

PB[5]CZ-BN 0.6236
PB[5]CZ-BPN 0.0856
PN[5]CZ-BN 0.7550
PN[5]CZ-BPN 0.0979
PN[a]CZ-BN 0.7240
PN[a]CZ-BPN 0.1019
PN|[c]CZ-BN 0.7923
PN[c]CZ-BPN 0.1194

Table S3. Calculated absorption wavelengths (A) and energies (AE), oscillator strengths (f), and
dominant orbital excitations from TD-DFT calculation for the investigated molecules.

Mol. State A (nm) AE (eV) f Excitation
PB[/]CZ-BN S 357 3.47 0.0813 H — L (90%)
Sz 308 4.03 0.4632  H-1—L(71%); H— L+1 (8%)
T, 508 2.44 0 H — L (63%); H — L+1 (15%)
T, 382 3.24 0 H-1 — L (65%); H — L (6%)
Ts 358 3.46 0 H-3 — L (25%); H-1 — L+1 (21%)
T, 334 3.71 0 H — L+2 (32%); H — L+5 (13%)
PB[)]CZ-BPN Si 560 2.21 0.0013 H — L (96%)
Ss 497 2.49 0.0733  H— L+1 (95%)
S3 420 2.95 0.0081 H-1 — L (94%)
S4 381 3.25 0.3983  H-1 — L+1(92%)
Ss 342 3.62 0.0436 H — L+2 (87%)
Se 337 3.68 0.0014  H-2—1L(93%)
S7 314 3.95 0.0077  H-2 - L+1 (83%); H — L+2 (5%)
T, 577 2.15 0 H — L+1 (57%); H — L+2 (20%); H — L (8%)
T, 566 2.19 0 H — L (86%)
T 454 2.73 0 H-1 — L+1 (33%); H — L+1 (16%)
PN|[h]CZ-BN Si 430 2.88 0.0599 H — L (97%)
Sz 340 3.64 0.1085  H-1 — L (53%); H — L+2 (16%)
T 736 1.68 0 H — L (83%)
T, 419 2.96 0 H-1 — L (36%); H — L+1 (14%)

Ts 392 3.16 0 H-1 — L (39%); H-2 — L (30%)




PN|[5]CZ-BPN Si 656 1.89 0.0011 H — L (96%)

N} 575 2.16 0.1161 H — L+1 (94%)

Sy 417 2.98 00137  H-1— L (78%); H — L+1 (13%)

S, 415 2.99 0.0477  H— L+2 (80%); H-1 — L (13%)

Ss 386 3.22 0.4255 H-1 — L+1 (87%)

T 794 1.56 0 H — L+2 (48%); H — L+1 (39%)

T> 665 1.86 0 H — L (93%)

Ts 549 2.25 0 H — L+1 (48%); H — L+2 (36%)
PN|a]CZ-BN Si 390 3.18 0.0881 H — L (95%)

S, 340 3.65 0.0407  H— L+1 (49%); H-1 — L (28%)

T, 626 1.98 0 H — L (73%); H — L+1 (12%)

T, 402 3.09 0 H — L+1 (44%); H-2 — L (25%)

Ts 366 3.38 0 H-1 — L (35%); H — L+6 (10%)
PN|a]CZ-BPN Si 630 1.97 0.0011 H — L (96%)

N} 552 2.24 0.1422 H — L+1 (95%)

S3 435 2.85 0.0016 H-1 — L (97%)

S4 405 3.07 0.0484 H-1 — L+1 (82%)

Ss 388 3.20 0.0072 H-2 — L (89%)

Se 377 3.29 0.1484 H — L+2 (83%)

Sy 357 3.48 0.1893 H-2 — L+1 (88%)

Sg 325 3.81 0.0144 H-1 — L+2 (39%); H — L+3 (38%)

T 695 1.79 0 H — L+1 (49%); H — L+2 (35%)

T, 640 1.94 0 H — L (93%)

T, 521 2.38 0 H — L+2 (45%); H — L+1 (36%)
PN[c]CZ-BN S 382 3.24 0.0956 H — L (94%)

S, 339 3.65 00017  H — L+1 (40%); H-1 — L (40%)

T, 617 2.01 0 H — L (79%)

T. 406 3.05 0 H — L+1 (42%); H-2 — L (26%)

T; 388 3.20 0 H-1 — L (61%); H-1 — L+1 (11%)

Ts 355 3.50 0 H-2 — L+1 (20%); H — L+5 (11%)
PN|c]CZ-BPN Si 593 2.09 0.0018 H — L (96%)

S» 517 2.40 0.2311 H — L+1 (94%)

S3 436 2.85 0.0028 H-1 — L (95%)

S4 403 3.08 0.1244 H-1 — L+1 (83%)

Ss 372 3.33 0.1747 H — L+2 (85%)

Se 367 3.47 0.0062 H-2 — L (89%)

Sy 332 3.74 0.1171 H-2 — L+1 (70%); H-1 — L+2 (15%)

Ss 327 3.79 0.0361  H-3— L (73%): H-1 — L+2 (6%)

Sy 325 3.81 00791  H-1— L42 (46%); H-2 — L+1 (17%)

T 657 1.89 0 H — L+1 (43%); H — L+2 (40%)

T> 606 2.05 0 H — L (92%)

T; 514 2.41 0 H — L+2 (42%): H — L+1 (39%)




Table S4. Calculated the related orbital distributions and vertical excitation energies of LE states.

Hole Particle Eq, E3 .

PBI/ICZ %é. ‘?ﬁ&-) 3716V 2556V
%‘J 3.03eV 1.76 eV

3.38eV 2.04eV

PN[4]CZ

PN[a]CZ

3.37eV 2.06 eV

PN[c]CZ ‘ » l;

Table S5. Calculated vertical excitation energies of singlet and triplet states, energy gaps between S
and related T, states of the investigated molecules by BMK/6-31G(d, p) level (energy unit in eV).

Mol. Er, Eg, Eq Es, Es, AEq,_q, AEs_1, AEs 1, AEs 1
PB[}]CZ-BN 244 324 346 347 403 080  1.03 0.23 0.01
PB[}]CZ-BPN 215 219 273 221 249 004 006 0.02 -
PN[5]JCZ-BN 168 296 316 288 364 128 120 008 -

PN[)JCZ-BPN 156 186 226 189 216 030 033 0.03 -
PN[¢JCZ-BN 198 309 338 318 365 111 120 0.09 -
PN[«]CZ-BPN 179 194 238 197 224 015 018 0.03 -
PN[¢c]CZ-BN 201 305 320 324 365 104 123 0.19 0.04
PN[c|CZ-BPN 189 205 241 209 240 016 020 0.04 -




Table S6. Calculated adiabatic excitation energies of S; and T states and their energy gaps at BMK/6-
31G (d, p) level (energy unit in eV).

Mol. Er, s, Es, _s, AEst
PB[5]CZ-BN 2.41 3.30 0.89
PB[/]CZ-BPN 1.96 1.97 0.02
PN[b]CZ-BN 171 2.74 1.03
PN[5]CZ-BPN 1.58 1.66 0.08
PN[a]CZ-BN 1.97 2.96 0.99
PN[a]CZ-BPN 1.53 1.70 0.17
PN[c]CZ-BN 2.01 3.05 1.04
PN[c]CZ-BPN 1.62 1.85 0.23

Table S7. Calculated AEr,_, and NAC constants between T, and T states for the investigated

molecules.
Mol. PB[5]CZ-BN PN[h]CZ-BN  PN[a]CZ-BN PN|[c]CZ-BN
AET,_1, (8V) 1.04
NAC (bohr?) 2.47
Mol. PB[s]CZ-BPN  PN|[h]CZ-BPN PN[a|CZ-BPN  PN|c]CZ-BPN
AEt,_1, (€V) 0.16
NAC (bohr?) 4.13




Figure S1. HOMO and LUMO spatial distributions, energy levels, and their energy gaps of the
investigated molecules in their ground states.
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Figure S2. NTO plots for the selected singlet and triplet excited states of the investigated molecules.
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Figure S3. The TDM maps, the overlaps and distributions of electron-hole wavefunctions for the

investigated molecules.
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Figure S4. Energy diagram for the state hybridization of LE and CT state for both singlet and triplet
subspaces.
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