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Figure S1. Comparison absorption TDA TD-DFT absorption/emission energies for C1, C2 and C7 against
experiment using representative functionals.

‘ M" ;tgé!.f“3;"‘!:‘x. ... -A gu‘ ‘y’ 3 8
d "??.f."“cz _? = f 379 "“’

-2 -2.24 5 . 2,10 ; o ‘Af
7 &. - 23 EE o A 2 L W 'Y I
' ¢~ J
‘i" o' “‘3‘:“ 37 3441 29>
by N 2
> 3.12
LUMO B Jo1e | 288 |50 (210 LuMo
HOMO & HOMO
4 =54 _ K 523
3iydy oy w6 W W oo gy W b '
4".' ."J".—'. i‘ &l -6+ _——_— — - — cs :..L!
- £

— 19“4

a.‘I',j’_."‘ — ,‘»‘
H c2 -8 T T T T T T T T
A 0'*"9 2q9, 3 ’53 ¢l c2 ¢33 ¢4 C5 6 CT  C8 c7 j‘ a "
@ ¢ el .

PS '

-

i > c3 c4 C6 ‘ ‘

Setatady Lgh,a,d u*‘ a_é et
I N N - 2 0

Figure S2. HOMO and LUMO image (around) along with diagram of MO energy levels of C1-C8 at S,
geometry.
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Figure S3. Hole and electron overlap of Sy — S, transition for (a) C1 and (b) C2 at optimized S,
geometry.



Table S1. Computed OPA properties of C1-C8. Fluorescence emission wavelength (A.s); oscillator

strength (f); vertical energy (E,,); *Experimental OPA wavelength peaks in toluene.!-2

PSs Aaps (nM) f E, (ev) transition state
C1 | 469 (451) 0.8879 2.64 (2.75) | H— L (98.6 %) So— S
374 0.0000 3.31 H-2 — L (94.7 %) H-2 —» L+1 (2.5 %) So—S,
H-2 — L+5 (2.1 %)
356 (~360)* | 0.8189 | 3.49 (~3.44) | H-1 —» L (76.2 %) H— L+1 (21.2 %) Sp—S;
331 0.1087 3.75 H — L+1 (76.7 %) H-1 — L (20.3 %) Sy — S4
C2 | 459 (464) 1.2588 2.70 (2.67) | H— L (95.9 %) H-1 - L (3.0 %) Sy — S
391 0.4033 3.17 H-1 —> L (92.7 %) H—L3.4%) So— S,
H—-L+1(2.3 %)
370 0.0000 3.35 H-2 — L (94.6 %) H-2 — L+1 (2.3 %) Sp—S;
H-2 —» L+5 (2.2 %)
328 (~310)* | 0.2245 | 3.77(~3.78) | H— L+1 (95.3 %) H-1 > L (2.4 %) Sy — S4
C3 631 0.0092 1.97 H-1 — L (49.9 %) H-2 — L (47.6 %) Sy — S
520 1.2318 2.39 H — L (93.6 %) H-1 - L (4.4 %) So—S,
455 0.4088 2.72 H-2 — L (48.0 %) H-1 — L (44.1 %) So— S
H— L (5.6 %)
357 0.2400 3.47 H—-L+1(848%) H-1—-L+1(11.9%) Sy — S,
C4 491 1.6554 2.53 H — L (96.1 %) H-1 - L (2.8 %) So— Si
402 0.4059 3.08 H-1 - L (91.2 %) H — L+1 (3.6 %) So—S,
H— L (3.1 %)
377 0.0034 3.29 H-3 — L (94.9 %) So— S5
354 0.2816 3.50 H — L+1 (94.6 %) H-1 - L (3.9 %) Sy — S,
Cs 518 1.4121 2.39 H — L (96.3 %) H-1 - L (2.1 %) Sy — S
410 0.5424 3.02 H-1 — L (92.0 %) H — L+1 (3.3 %) So—S;
H— L (2.6 %)
376 0.0020 3.30 H-3 — L (94.8 %) Sp—S;
372 0.1366 3.33 H — L+1 (94.1 %) H-1 - L (3.8 %) So— S4
C6 496 0.7926 2.50 H — L (98.4 %) So— S
387 0.4590 3.20 H-1 — L (92.2 %) H— L+1 (5.1 %) So—S,
382 0.0000 3.25 H-3 — L (94.8 %) H-3 — L+1 (4.7 %) So—S;
343 0.3826 3.61 H — L+1 (89.6 %) H-1 — L (5.4%) So— S,
H— L+2 (2.5 %)
C7 | 471 (461) 1.3399 2.63(2.69) | H— L (94.6 %) H-1-L (3.1 %) So— S
388 0.6083 3.19 H-1— L (88.6 %) H— L+1 (4.5 %) So—S,
H— L (3.5 %)
371 0.0003 3.34 H-3— L (94.9 %) So—S;
344 0.1480 3.61 H — L+1 (88.8 %) H-1 — L (4.0 %) Sy — S,
C8 464 1.5000 2.67 H — L (95.4 %) H-1 - L (2.9 %) Sy — S
392 0.4725 3.17 H-1 — L (86.1 %) H— L+1 (8.1 %) So— S,
H— L (2.7 %)
366 0.0004 3.39 H-4 — L (94.4 %) H-4 — L+1 (6.6 %) Sy —S;
329 0.2156 3.77 H — L+1 (86.8 %) H-1 — L (94.4 %) So— S,
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Figure S4. (a-h) Donor (D) and acceptor (A) fragment-based analysis of excited states (S; — S;,) of C1-C8.
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Figure S5. Hole and electron distribution (top) and overlap (bottom) of S) — S, transition for (a) C3, (b)
C4 and (c) C5 at optimized S, geometry. Blue and green isosurface represent hole and electron

distributions, respectively.

Table S2. TPA absorption properties of PSs are computed by CAM-B3LYP/def2-TZVP.

So—>81 SO—>SZ So—>S3 SO—>S4

Ew | Mpa | Orpa Ew | Mrpa | Orpa Ev | Mtpa | Orpa Ew | Mrpa | Orpa

(ev) | (nm) | (GM) | (ev) | (nm) | (GM) | (ev) | (nm) | (GM) | (ev) | (nm) | (GM)
Cl|334 | 742 183 | 3.52 | 704 0 3.96 | 626 201 | 442 | 561 157
C2 334 | 742 286 | 3.54 | 700 0 3.75 | 661 381 | 446 | 556 184
C3|2.03 | 1221 0 2.90 | 855 117 | 3.23 | 768 122 | 4.17 | 595 413
C4|3.17 | 782 193 | 3.50 | 708 4 3.70 | 670 620 | 4.28 | 579 561
C5]3.04 | 816 231 3.51 | 706 3 3.65 | 679 581 | 4.14 | 599 869
Co6| 324 | 765 183 | 349 | 710 0 3.65 | 679 194 | 431 | 575 205
C7 325 | 763 206 | 3.53 | 702 0 3.69 | 672 701 | 4.15 | 598 40
C8| 322 | 770 92 3.56 | 696 2 3.63 | 683 726 | 430 | 577 258
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Figure S6. Hole and electron distribution (top) and overlap (bottom) of Sy — S, transition for (a) C6, (b)
C7 and (c) C8 at optimized S, geometry. Blue and green isosurface represent hole and electron
distributions, respectively.
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Figure S7. a) Computed absorption spectra and b) computed emission spectra of C3 — C8 by TDA TD-
DFT method using PBEO/def2-tzvp level theory in PCM (toluene).



Figure S8. The HOMO (bottom) and LUMO (top) image of (a-h) C1-C8 at optimized planar S; geometry
(HOMO-1 for C3).

Table S3. Photophysical properties of coumarin 1 — 5 in toluene in the previous report.! Fluorescence
emission quantum yield (®@gp ); florescence lifetime (7); radiative decay rate (k;); non-radiative decay rate
(k).

Compd | @ | Pro 7y (ns) T (ns) t(ns) | T(ns) | A (sT) K (s
1 0.031 0.35(99.34%) | 2.3 (0.66%) | 0.36
2 0.028 | 0.028 | 0.31(99.25%) | 1.8(0.75%) | 0.32 | 0.35 | 8.19x107 | 2.81 x 10°
3 0.026 0.34 (99.30%) | 2.3(0.70%) | 0.35
4 0.084 0.48 (96.26%) | 2.8 (3.74%) | 0.57 ) 9
5 10093 | 299 [052(97.43%) | 2.6 (2.57%) | 057 | 07 | 153X 10° | 1.60x10
Table S4. Fluorescence rate constants (k) of C1-C8 and contribution of Herzberg-Teller.
State C1 C2 C3 C4 C5 Cé6 C7 C8

ke (s)) | 4.3x10% | 6.5x10% | 2.4x10° | 6.1x10% | 5.3x10% | 2.5x10% | 6.9x10% | 5.2x108
HT (%) 12.4 7.0 80.5 -1.1 34 -3.3 2.6 -8.2
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Figure S9. Fluorescence emission spectra of (a-h) C1-C8 with contribution of Franck-Condon and

Herzberg-Teller.
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Figure S10. The HOMO (bottom) and LUMO (top) image of (a-h) C1-C8 at optimized twisted S;’
geometry.
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Figure S11. Hole and electron distribution and overlap of C1-C8 at optimized (a) S; and (b) S;’
geometry. Blue and green isosurface represent hole and electron distributions, respectively.

Table S5. Adiabatic energy (E.q) (eV) of first singlet (S; and S;’) and triplet (T,) excited states of C1-C8

PSs.
State C1 C2 C3 C4 C5 Cé6 Cc7 C8
Si 2.42 2.52 1.69 2.39 2.25 2.25 2.43 2.42
Sy’ 2.20 2.35 1.67 2.27 2.24 2.05 2.44 2.30
T, 1.81 1.85 1.31 1.53 1.49 1.75 1.82 1.78
T, 2.33 2.20 1.44 2.14 2.13 2.17 2.17 2.09
T; 2.86 2.65 1.88 2.65 2.56 2.56 2.62 2.68




Table S6. Computed excited state properties of C1-C8 at optimized T; geometry. Vertical energy (Ey)
and wavelength emission (Aepys). *Experimental results!

E (ev) Aems (NmM) Transition
C1 | 1.71 (1.79)* | 726 (690)* H—L (80.6%); H>L+1 (11.9%); H-4—L (2.7%)
C2 | 1.74 (1.61)* | 711 (770)* H—-L (81.2%); H—L+1 (13.2%); H-3—L+1 (13.2%)
C3 1.18 1043 H—L (88.0%); H-2—L (3.4%); H-3—L (3.2%); H—L+1 (2.9%)
C4 1.37 906 H—L (85.1%); H—L+1 (7.5%); H-2—L (3.9%)
Cs 1.33 929 H—L (84.7%); H—L+1 (6.6%); H-2—L (5.9%)
Co6 1.66 745 H—L (80.2%); H>L+1 (14.4%); H-4—L (2.4%)
C7 1.68 739 H—L (78.8%); H-2—L (9.0%); H-2—L+1 (7.8%)
C8 1.68 737 H—L (81.5%); H>L+1 (11.6%); H-5—L (2.2%)

Table S7. Excited state properties of C1-C8 at optimized T, geometry. Vertical energy (E,;) and
wavelength emission (Aens). *Experimental results!

Eyi(ev) | Aems (nm) Transition
C1 2.20 564 H-1-L (90.4%); H-1-L+1 (2.8%); H>L+1 (2.1%)
(2.33) (530)2
C2 2.14 578 H-1—L (87.9%); H—L+1 (4.3%); H-1-L+1 (2.8%)
(2.38)2 (520)2
C3 1.27 974 H-1-L (97.6%)
C4 2.11 587 H-1—L (84.7%); H-1—-L+1 (7.3%); H—>L+1 (2.5%)
Cs 2.10 589 H-1—-L (83.1%); H-1—-L+1 (8.8%); H—>L+1 (2.1%)
Cé 1.81 683 H-1-L (86.4%); H—L+1 (3.6%)
Cc7 2.11 587 H-1—-L (84.8%); H-1—-L+1 (5.5%); H—>L+1 (2.8%); H-2—L (2.5%)
C8 2.07 600 H-1-L (86.2%); H—L+1 (6.4%); H-1-L+1 (2.9%)




=-2.86 A Sr=0.77 a.u. t=-1.74 A Sr=0.69 a.u.

Figure S12. Hole and electron distribution and overlap of C1-C8 at optimized T; geometry. Blue and
green isosurface represent hole and electron distributions, respectively.
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Figure S13. Hole and electron distribution and overlap of C1-C8 at optimized T, geometry. Blue and
green isosurface represent hole and electron distributions, respectively.



Table S8. ISC rate constant (kjsc) at three triplet sublevels (Ms = 0, 1 and -1) and total along with
contribution of Herzberg-Teller of S; — T, transition of C1-C8.

SOC (cm™) Ms=0 Ms=1 Ms=-1 Total
kisc (s1) | HT (%) | kisc (s | HT (%) | kisc (s7) | HT (%) kisc (s)
C1 0.014 2.8 %103 35.5 5.7 x107 100.0 5.7 x107 100.0 1.13 x 108
C2 0.010 2.0x 103 85.5 6.2 x107 100.0 6.2 x107 100.0 1.24 x 108
C3 121.271 3.1x10° | 100.0 | 3.5x1010 7.5 3.6 x101° 7.7 7.42 x 1010
C4 0.000 2.1 x 102 77.0 2.6 x10° 100.0 | 2.6 x10° 100.0 5.26 x 10°
C5 0.000 4.8 x 10! 53.0 7.4 x10° 100.0 7.4 x10° 100.0 1.48 x 10°
Cé 0.010 2.0 x10° 17.9 2.6 x107 100.0 | 2.6 x107 100.0 5.16 x 107
C7 0.150 2.1 x10° | 100.0 1.8 x104 100.0 1.6 x10* 100.0 3.62 x 10*
C8 0.024 2.7 x10° 99.3 5.1 x10° 100.0 5.1 x10° 100.0 1.02 x 10°

Table S9. ISC rate constant (kisc) at three triplet sublevels (Ms = 0, 1 and -1) and total along with
contribution of Herzberg-Teller of S; — T, transition of C1-C8.

SOC (cm) Ms=0 Ms=1 Mg=-1 Total
kisc (s | HT (%) | kisc (s7) | HT (%) | kisc (") | HT (%) | hisc (s™)
C1 0.010 1.9 x10? 7.2 1.0 x107 100.0 1.0 x107 100.0 | 2.00 x 107
C2 0.024 5.6 x10? 62.4 1.5 x107 100.0 1.5 x107 100.0 | 2.90 x 107
C3 0.122 5.9 %10 | 100.0 | 9.4 x10" 4.4 9.4 x10" 4.4 1.94 x 1012
C4 0.010 9.4 x 10° 11.5 7.9 x103 100.0 | 7.9 x10° 100.0 1.58 x 10°
Cs 0.140 6.5 x 10! 51.6 1.2 x10* 100.0 1.2 x10* | 100.0 | 2.40 x 10*
Ceé 0.010 1.6 x 102 10.5 2.3 x10° 100.0 | 2.3 x10° 100.0 | 4.60 x 10°
C7 0.045 2.0x10° 100.0 | 2.2 x103 98.2 2.2 x103 98.2 6.40 x 103
C8 0.042 5.0 x10° 100.0 | 6.7 x10° 100.0 | 6.7 x10° 100.0 1.34 x 108
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