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Formulation for the calculation of the dipole moments
The transition dipole moment of absorption for the compounds were determined for CH,Cl,

through the equation®!
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where M is the refractive index of the solvent, fln) =3n/(2n" + 1) and € (V) is the molar
extinction coefficient.

The emission transition dipole moment, is calculated by means of the equation®!

@ 1
Lo = 1785.7[ 12

A OIEY

where P is the fluorescence quantum yield, 'F the fluorescence lifetime, ” the solvent
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refractive index, Sfn) =3n/2n° + 1) and r is the average cubic fluorescence frequency

expressed by:

-, fl(v)dv

Ve =
I(v)/ Vidv

The fluorescence quantum yields in CH,Cl, were 0.15, 0.45, 0.4, 0.55, 0.22 and 0.56 for 1a,
2a, 1b, 2b, 1c¢ and 2¢ respectively.
SI Lewis, J.E.; Maroncelli, M. On the (Uninteresting) Dependence of the Absorption and

Emission Transition Moments of Coumarin 153 on Solvent. Chem. Phys. Lett., 1998,

282, 197-203.



Sample Solvent Au(nm)  Aep, (NMm)

la  nHEX 373 408
TOL 386 452
THF 388 480
CHCl; 396 484
CH,.CL, 392 493
ACT 387 502
ACN 388 512

2a  n-HEX 388 425
TOL 395 468
THF 395 503
CHCl; 409 522
CH.Cl, 399 531
ACT 391 537
ACN 392 557

b  n-HEX 398 430
TOL 415 475
THF 420 520
CHCl, 428 526
CH.Cl, 426 526
ACT 423 564
ACN 424 589

2b  n-HEX 408 443
TOL 427 475
THF 424 518
CHCl, 435 541
CH.Cl, 430 538
ACT 420 565
ACN 421 598

e nHEX 379 430
TOL 395 468
THF 395 515
CHCl;, 401 515
CH,Cl, 403 519
ACT 398 555
ACN 400 580

2¢  n-HEX 405 444
TOL 413 473
THF 409 514
CHCl; 417 527
CH.Cl, 415 531
ACT 408 553
ACN 407 585

Table S1. Photophysical properties of 1a-1¢ and 2a-2¢ in various solvents.



Solvent € f(e)

n-HEX 1.89  0.186
TOL 238  0.239
CHCl, 4.81  0.359
THF 7.58  0.407
CH,Cl, 893  0.420
ACT 20.70  0.464
DMF 37.50 0.480
ACN 36.71  0.480

Table S2. Solvent parameters. €: dielectric constant, f(€) the low-frequency polarizabilities.



Sample Solvent A, 71 (ns) A, T, (ns) Aj T3 (ns) () (ns)

la n-Hex 99.1% 0.02 0.8% 0.20 0.03
TOL 99.8% 0.07 0.2% 1.30 - - 0.07

THF 24% 0.06 76% 0.17 - - 0.15

CHCl; 16% 0.06 84% 0.13 - - 0.11

CH,Cl, 33% 0.07 67% 0.20 - - 0.16

ACT 41% 0.20 59% 0.38 - - 0.31

ACN 31% 0.18 69% 0.51 - - 0.41

2a n-Hex 80% 0.78 20% 1.18 - - 0.86
TOL 100% 1.36 - - - - 1.36

THF 100% 2.54 - - - - 2.54

CHCl; 100% 2.39 - - - - 2.39

CH,CI1, 100% 3.11 - - - - 3.11

ACT 100% 3.18 - - - - 3.18

ACN 65% 2.73 35% 3.21 - - 2.88

1b n-Hex 100% 041 - - - - 0.41
TOL 31% 0.46 69% 0.93 - - 0.79

THF 12% 0.52 88% 1.96 - - 1.79

CHCl; 23% 0.42 77% 1.67 - - 1.37

CH,Cl, 13% 0.84 87% 2.11 - - 1.95

ACT 32% 091 68% 2.18 - - 1.78

ACN 31% 0.40 69% 1.48 - - 1.14

2b n-Hex 100% 1.14 - - - - 1.14
TOL 22% 0.88 78% 1.55 - - 1.40

THF 100% 2.43 - - - - 2.43

CHCl; 16% 0.40 84% 2.42 - - 2.10

CH,Cl, 100% 2.87 - - - - 2.87

ACT 13% 1.18 87% 2.72 - - 2.53

ACN 48% 0.86 52% 1.81 - - 1.35

1c n-Hex 100% 0.71 - - - - 0.71
TOL 37% 0.56 63% 1.25 - - 0.99

THF 75% 0.10 25% 2.76 - - 0.75

CHCl,4 36% 0.5 64% 2.18 1.58

CH,Cl, 16% 1.06 84% 2.98 2.68

ACT 76% 0.23 23% 0.69 1% 2.18 0.36

ACN 98% 0.30 2% 1.6 - - 0.33

2¢ n-Hex 100% 1.26 - - - - 1.26
TOL 45% 1.21 55% 1.66 - - 1.46

THF 22% 0.19 78% 2.72 2.18

CHCl; 19% 0.50 81% 2.47 - - 2.10

CH,CIl, 10% 1.26 90% 3.23 - - 3.04

ACT 47% 0.22 28% 1.82 25% 2.66 1.27

ACN 44% 0.36 55% 1.1 1% 2.83 0.80

Table S3. Fitting parameters for the ns fluorescence dynamics of the herein studied
compounds.



Wavelength (nm) A 71 (ps) A, T, (ps)

430 0.20 0.82 0.34 7.4
440 0.17 0.30
450 0.18 0.25
460 0.13 0.13
470 0.05 0.07
480 0.02 -0.01
490 -0.07 -0.05
500 -0.10 -0.12
510 -0.11 -0.15
520 -0.06 -0.1
530 -0.07 -0.18
540 -0.17 -0.19

Table S4. Fitting parameters of the FU dynamics for 2a in TOL after a global fitting analysis.

Wavelength (nm) Ay 71 (ps) A, T, (ps)
460 0.89 0.82 0.11 3.34
470 0.92 0.08
480 0.90 0.10
490 0.80 0.12
500 0.70 0.22
510 0.54 0.21
520 0.29 0.28
530 0.12 0.30
540 -0.03 0.23
550 -0.05 0.16
560 -0.29 0.17
570 -0.32 0.06
580 -0.32 0.01
590 -0.44 0.01
600 -0.71 -0.04
610 -0.44 -0.05
620 -0.40 -0.11
630 -0.23 -0.17

Table S5. Fitting parameters of the FU dynamics for 2a in ACT after a global fitting analysis.



Wavelength (nm) A T, (ps) A T, (ps)

440 0.56 1.08 0.20 7.00
450 0.31 0.34
460 0.19 0.40
470 -0.01 0.36
480 -0.04 0.27
490 -0.03 0.01
500 -0.08 -0.01
510 -0.12 -0.03
520 -0.16 -0.12
530 -0.13 -0.14
540 -0.10 -0.21
550 -0.09 -0.20
560 -0.15 -0.20
570 -0.14 -0.23

Table Sé6. Fitting parameters of the FU dynamics for 2b in TOL after a global fitting analysis.

Wavelength (nm) Ay 71 (ps) A, T, (ps)
480 0.77 0.39 0.20 1.56
490 0.72 0.25
500 0.70 0.27
510 0.46 0.60
520 0.51 0.44
530 0.21 0.7
540 0.19 0.63
550 -0.08 0.54
560 -0.29 0.32
570 -0.24 0.35
580 -0.19 0.20
590 -0.05 -0.004
600 -0.06 -0.08
610 -0.09 -0.19
620 -0.12 -0.27
630 -0.08 -0.38
640 -0.15 -0.24
650 -0.26 -0.20

Table S7. Fitting parameters of the FU dynamics for 2b in ACT after a global fitting analysis.



Wavelength (nm) A, 71 (ps) A, T, (ps)

440 0.57 0.65 0.33 5.61
450 0.27 0.38
460 0.15 0.31
470 0.04 0.19
480 -0.01 0.10
490 -0.05 -0.03
500 -0.20 -0.01
510 -0.10 -0.09
520 -0.03 -0.16
530 -0.06 -0.19
540 -0.01 -0.23
550 -0.07 -0.21
560 -0.07 -0.24
570 -0.16 -0.25

Table S8. Fitting parameters of the FU dynamics for 2¢ in TOL after a global fitting analysis.

Wavelength (nm) A 1 (ps) A, 1 (ps)
480 0.89 0.39 0.11 1.56
490 0.81 0.19
500 0.78 0.22
510 0.42 0.58
520 0.52 0.48
530 0.19 0.63
540 0.16 0.59
550 -0.08 0.54
560 -0.19 0.32
570 -0.24 0.35
580 -0.19 0.20
590 -0.05 -0.01
600 -0.06 -0.08
610 -0.04 -0.19
620 -0.02 -0.27
630 -0.04 -0.39
640 -0.05 -0.24
650 -0.07 -0.20

Table S9. Fitting parameters of the FU dynamics for 2¢ in ACT after a global fitting analysis.



Compound GS ES Difference

la 0.1043 0.0184 -0.0859
2a 0.1058 0.0349 -0.0709
1b

branch 1 0.1053 0.0580 -0.0473
branch2  0.1053 0.0580 -0.0473

2b
branch 1 0.1080 0.0651 -0.0429
branch 2  0.1080 0.0651 -0.0429

1c
branch 1 0.1125 0.1220 +0.0095
branch 2 0.1078 0.0723 -0.0355
branch 3 0.1086 0.0482 -0.0604

2¢
branch 1 0.1144 0.1273 +0.0129
branch 2 0.1096 0.0937 -0.0159
branch 3 0.1104 0.0416 -0.0688

Table S10. Bond length alternation (BLA), computed for the vinylene moieties of Confol
(Figure S8) at the PBE0/6-31G(d,p) (GS) and CAM-B3LYP/6-31G(d,p) (ES) levels of theory.



Compound Absorption: Emission:
Aaps (nm)/f Aem (Nnm)/f
(orbitals contributions)
PBEO CAM-B3LYP PBEO CAM-B3LYP
1a 357/1.05 326/1.17 376/ 1.11 363/1.22
(HOMO->LUMO) (HOMO->LUMO)
2a 402/0.93 348/1.20 538/0.07 387/1.21
(HOMO->LUMO) (HOMO->LUMO)
1b Confol 403 /1.60 351/2.24 427/1.65 377/2.27
(HOMO->LUMO) (HOMO->LUMO)
316/0.79 313/0.14
(HOMO-1->LUMO+1)  (HOMO-1->LUMO)
1b Confo2 390/1.09 344/1.67 421/1.11 373/1.66
(HOMO->LUMO) (HOMO->LUMO)
343/0.58 305/0.57
(HOMO->LUMO+1) (HOMO-1->LUMO)
(HOMO->LUMO+1)
329/0.37
(HOMO-1->LUMO)
(HOMO->LUMO+1)
2b Confol 442 /1.7 370/2.49 481/1.47 396 /2.54
(HOMO->LUMO) (HOMO->LUMO)
346 /0.51 335/0.16
(HOMO-1->LUMO+1)  (HOMO-1->LUMO)
(HOMO->LUMO+1)
2b Confo2 428 /1.34 364/1.89 471/1.15 390/1.92
(HOMO->LUMO) (HOMO->LUMO)
393/0.22 331/0.53
(HOMO-1->LUMO) (HOMO-1->LUMO)
(HOMO->LUMO+1)
371/0.30
(HOMO-1->LUMO+1)
366/0.16
(HOMO->LUMO+1)
1c Confol 416/0.43 351/1.81 504 /0.05 378 /1.90
(HOMO->LUMO) (HOMO->LUMO)
389/1.11 331/1.33
(HOMO-1->LUMO) (HOMO-2->LUMO)
(HOMO->LUMO+1)
374/0.66 308/0.34
(HOMO-2->LUMO) (HOMO-1->LUMO)
(HOMO->LUMO+1) (HOMO->LUMO)
342/0.40
(HOMO-2->LUMO+1)
(HOMO-1->LUMO+1)
1c Confo2 405/0.27 344/1.34 490/ 0.06 374 /1.38

(HOMO->LUMO)

376 /127
(HOMO-1->LUMO)
(HOMO->LUMO+1)

373 /0.80
(HOMO-1->LUMO)
(HOMO->LUMO+1)

358/0.29

(HOMO-2->LUMO+1)
(HOMO-2->LUMO)
(HOMO-1->LUMO+1)

(HOMO->LUMO)
(HOMO-1->LUMO)
329/2.09
(HOMO->LUMO+1)

306/0.29
(HOMO-2->LUMO+1)
(HOMO->LUMO)




1c Confo3 410/0.39 347/1.67 500/0.07 377/1.68
(HOMO->LUMO) (HOMO->LUMO+1)
382/0.76 329/1.70
(HOMO-1->LUMO)  (HOMO->LUMO+1)
(HOMO-2->LUMO)
371/1.19 307/0.36
(HOMO-2->LUMO)  (HOMO-1->LUMO)
(HOMO->LUMO+1) (HOMO->LUMO)
350/0.55
(HOMO-1->LUMO+1)
2¢ Confol 444/0.97 369 /2.26 536/0.06 400/2.17
(HOMO->LUMO) (HOMO->LUMO)
(HOMO-1->LUMO)
428 /0.75 353/ 1.41
(HOMO-1->LUMO)  (HOMO-2->LUMO)
(HOMO->LUMO+1)
414/0.68 322/0.14
(HOMO-2->LUMO)  (HOMO-2->LUMO)
(HOMO->LUMO+1)
380/0.42
(HOMO->LUMO+1)
(HOMO-2->LUMO)
(HOMO-1->LUMO+1)
2¢ Confo2 431/0.65 363/1.73 525/0.07 395/1.72
(HOMO->LUMO) (HOMO-1->LUMO)
(HOMO->LUMO)
(HOMO-2->LUMO+1)
418/1.33 352/2.14
(HOMO-1->LUMO)  (HOMO->LUMO+1)
(HOMO->LUMO+1)  (HOMO->LUMO+2)
410/0.76
(HOMO->LUMO+1)
(HOMO-1->LUMO)
2¢ Confo 3 437/0.87 365/2.09 535/0.07 396 /2.06

(HOMO->LUMO)
(HOMO-1->LUMO)
420/0.65
(HOMO-1->LUMO)
(HOMO->LUMO)
412/1.12
(HOMO-2->LUMO)
(HOMO->LUMO+1)
384/0.28
(HOMO-2->LUMO)
(HOMO-1->LUMO+1)

(HOMO->LUMO)
(HOMO-1->LUMO)
352/1.77
(HOMO-2->LUMO)
(HOMO->LUMO+1)

Table S11. Absorption and emission properties of 1a-c and 2a-c considering the conformers
depicted in Figure S8. f corresponds to the oscillator strength. All ground-state geometries are
obtained at the PBE0/6-31G(d,p) level of theory while the vertical absorption and emission
properties are obtained at the PBE0/6-31G(d,p) or CAM-B3LYP/6-31G(d,p) level.



Woo Wi Ap Woi o, [two states]
(D) (D) (D) (D) (GM)
2a B3LYP 4.55 18.02 13.47 8.70 158
6-31G(d)
CAM-B3LYP 4.10 13.32 9.22 9.43 87
6-31G(d,p)
2b B3LYP 3.25 7.08 3.83 12.21 25
6-31G(d)
3.25 7.30 4.05 245 1
CAM-B3LYP 3.01 5.75 2.74 14.00 17
6-31G(d,p)
3.01 5.73 2.72 3.40 1

Table S12. Computed state dipole moments, difference and transition dipole moments
relevant to vertical absorption of 2a-b considering the conformers depicted in Figure S8. 2PA
cross section computed within a two-state model using the dipole moments.! i=1 and 2

provide information relevant to the Sy-S; and S-S, transition, respectively.



i (D) Wi Wi Woi
(D) (D) (D)
1b So-S4 12.94 0.00 0.03
So-S» 0.00 3.08 0.00
2b So-S 14.00 0.00 0.10
So-S» 0.00 3.41 0.00

Table S13. Transition dipole moment components computed for the ground state geometry
(relevant to absorption) at the CAM-B3LYP/6-31G(d,p) level of theory



ST
Sample | L (@V) | a(d) [ SMGM) | s D)
1b 1.84 5.2 27 8.3
1c 1.81 5.2 43 10.3
2b 1.80 5.8 64 9.07
2¢ 2.01 5.8 86 9.27
max ST
Table S14. Data used for the correlation between —— and .a’ parameters

U abs
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Figure S1. Plot of the solvent shift of the fluorescence peak of the studied compounds as a
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Figure S2. Nanosecond fluorescence dynamics of compounds la, 1b and 1c¢ in various
solvents.
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Figure S6. The chemical structure of Coumarin 153.
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Figure S7. Relative stability of the different conformers (PBE0/6-31G(d,p)). Both electronic
energy difference (AE) and free energy difference (AG) are given. The most stable conformer
(Confol) is taken as a reference for the energy differences, and in parenthesis are given the
corresponding Boltzmann distribution, in percentages.
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Figure S10. Additional transition densities of the lowest lying excited state in the 2a-c series
relevant to one and two photon absorption. f is the oscillator strength of the electronic
transition and p is the transition dipole moment value. See the main text for details on the
computational protocol.

Additional computational details

Choice of the functional for excited-states properties:

Table S11 presents the theoretical optical properties obtained with two functionals: a global
hybrid functional, PBEO, and a range-separated hybrid functional, CAM-B3LYP, that have
been tested in this work as typical functional used for describing m-conjugated molecules
excited-states [1]. For our series of donor acceptor molecules, charge-transfer transitions are

widely present throughout the low-lying region of the spectrum, thus range-corrected



functionals like CAM-B3LYP are expected to perform better in general. More precisely, if
CAM-B3LYP has already been proven to be one of the most accurate functional for excited-
state geometry of extended m systems [2], Table S11 shows specifically in our cases that
PBEO predicts overestimated Stokes shift of the first excited-state for most of the compounds,
while CAM-B3LYP returns shifts in agreement with the experimental spectra presented in
Figure 2 (please note that the gas phase calculations are to be compared with spectra in non-
polar solvents, like n-hexane or toluene). CAM-B3LYP results are thus only discussed in the

main text of this work.

Basis set choice:

All results presented here are obtained with a relatively small 6-31G(d,p) basis set. This
choice is motivated by the need of exploring excited-state geometries (and compute excited-
state frequencies) for very large molecules at a reasonable computational cost. Increasing the
basis set size showed only little improvement of the vertical transition energies when
conducting test on the 1a/2a molecule. For instance, upgrading the 6-31G(d,p) basis set to a
6-311+G(d,p) type do not change the nature of the CAM-B3LYP first electronic transition

except for a red-shift ; 326 nm to 338 nm and 348 nm to 361 nm for 1a and 2a, respectively.
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