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Table S1. Computational results (and experimental values in parentheses) of
absorption and emission wavelength (in nm) for cyanine systems with different

functionals (a)@B97XD (b)B3LYP

(2)
Sym Asym
Absorption Emission Absorption  Emission
Cy5 506.8 (652) 588.5(675) 409.8 574.8
Cy6 390.1 531.9 438.7 663.0
Cy7 590 (750) 694.7(775) 436.5 647.2
Cy8 416.0 598.0 466.3 712.3
Cy7-trimer 489.6 588.4 446.9 603.7
Por-tetracene 925.3 1189.6 668.4 1342.1
(b)
Sym Asym
Absorption Emission Absorption Emission
Cy5 539.5 (652) 628.8(675) 490.8 600.8
Cy6 462.8 575.6 561.6 708.9
Cy7 601.4 (750) 699.4(775) 444.7 690.3
Cy8 507.6 646.9 603.2 766.4

Table S2. Optical excitation and molecular orbital contributions of cyanine
models (a) symmetric and asymmetric linear cyanines (b) symmetric and
asymmetric trimeric cyanines (¢) symmetric and asymmetric porphyrin-6, 13, 19,

26-tetracene

(a)

no. E/eV nm f Contribution weight
Absorption S; 245 506.8 2.1805 HOMO->LUMO 95%
(@Sp-opt) S, 4.16 297.7 0.0423 HOMO-1->LUMO 82%
Emission S; 211 5885 2.3071 HOMO->LUMO 95%
(@S;-opt) S, 385 321.8 0.0166 HOMO-1->LUMO 81%
S; 3.02 409.8 2.1639 HOMO->LUMO 91%
Absorption
asym-Cy5-n S, 440 2814 0.1231 HOMO-1->LUMO 53%
(@Sy-opt)
HOMO->LUMO+1 33%

sym-Cy5-c




Emission S; 216 574.8 2.4457 HOMO->LUMO 95%
(@S;opt) S, 390 317.7 0.0468 HOMO-1->LUMO 72%

S; 318 3901 26178 HOMO->LUMO 93%

Absorption 428 289.7 0 HOMO-1->LUMO 28%
(@Sp-opt) S, HOMO-1>LUMO+2  16%
HOMO->LUMO+1 38%
sym-Cy6-n
Sy 234 5319 27151 HOMO->LUMO 96%
Emission S, 3.96 3126 0 HOMO-1->LUMO 54%
(@S;-opt) HOMO->LUMO+1 17%
HOMO->LUMO+3 17%
Absorption S; 2.83 438.7 2.3539 HOMO->LUMO 85%
(@Sp-opt) S, 396 3134 0.0013 HOMO-1->LUMO 70%
asym-Cy6-c
Emission S; 1.87 663.0 2.6419 HOMO->LUMO 94%
(@S;-opt) S, 326 379.8 0.0112 HOMO-1->LUMO 83%
Absorption S; 2.08 5948 2.1143 HOMO->LUMO 94%
(@Sp-opt) S, 3.77 328.8 0.2644 HOMO-1->LUMO 80%
sym-Cy7-c
Emission S; 175 708.2 2.2379 HOMO->LUMO 95%
(@S-opt) S, 349 3551 0.2632 HOMO-1->LUMO 77%
Sy 280 443.3 2.0415 HOMO->LUMO 88%
Absorption
403 3076 0.2734 HOMO-1->LUMO 68%
(@Se-opt) S,
HOMO->LUMO+1 20%
asym-Cy7-n
S,y 1.82 679.6 22335 HOMO->LUMO 95%
Emission
3.44 3599 0.3443 HOMO-1->LUMO 75%
(@Sr-opt) S,
HOMO->LUMO+1 17%
Absorption S; 298 416.0 3.1244 HOMO->LUMO 92%
(@Sp-opt) S, 4.07 304.3 0 HOMO-1->LUMO 66%
sym-Cy8-n
Emission S; 2.07 598.0 3.1792 HOMO->LUMO 96%
(@S;-opt) S, 3.63 341.8 0 HOMO-1->LUMO 72%
S; 266 466.3 28074 HOMO->LUMO 84%
Absorption
3.83 323.8 0.0258 HOMO-1->LUMO 57%
(@S¢-opt) S,
HOMO->LUMO+1 25%
asym-Cy8-c
Sy 1.74 71228 3.0994 HOMO->LUMO 93%
Emission
3.13 396.53 0.0066 HOMO-1->LUMO 78%
(@S-opt) S,

HOMO->LUMO+1 15%

(b)

no. E/eV nm f Contribution weight

sym-Cy7-trimer Absorption S; 253 489.6 13143 HOMO->LUMO 87%




(@Sp-opt) S, 255 486.9 1.099 HOMO->LUMO+1 86%

Emission S, 211 5884 14742 HOMO->LUMO 94%

(@S;-opt) S, 260 4775 1.0403 HOMO->LUMO+1 86%

Absorption S; 2.77 4469 1.2682 HOMO->LUMO 93%

(@Sp-opt) S, 349 3551 1.1234 HOMO->LUMO+1 78%

asym-Cy7-trimer
Emission S, 205 6037 1.2613 HOMO->LUMO 94%
(@S;-opt) S, 285 4344 1.461 HOMO->LUMO+1 88%
(©
no. E/eV nm f Contribution weight
s 1.34 92527 0.0287 HOMO-1->LUMO+1 35%
Absorption 1 HOMO->LUMO 65%
(@Sq-opt) 172 720.81 0051  HOMO-1>LUMO  29%
sym-Por- 2 HOMO>LUMO+1  71%
tetracene B 1.04 11896 0.1290 HOMO-1->LUMO+1 28%
Emission 1 HOMO-LUMO 80%
(@S,-opt) 1.09 11326 0.0127 HOMO-1>LUMO  43%
? HOMO>LUMO+1  66%
1.85 668.4 0.0341 HOMO-1->LUMO 37%
Absorption S
HOMO->LUMO 60%
(@Sy-opt)
2 2.44 509.0 0.1687 HOMO->LUMO 79%
asym-
y 0.92 13421 0.0403 HOMO-1->LUMO+1 42%
Por-tetracene S

Emission HOMO->LUMO 74%
(@S,-opt) 128 9712 0.0238 HOMO-1>LUMO  44%
? HOMO>LUMO+1  62%




Table S3. Dihedral angles (D1, D2 and D3) of sym-Cy7-trimer

side view

top view
@So-opt @S-opt
D1 179.11°  177.22°
D2 16.89° 10.24°
D3 -31.44°  -20.44°

Table S4. Computational (and Experimental) results of Absorption and

Emission wavelength (in nm) in D-A compounds

5-D-A 6-D-A
D A
Absorption  Emission  Absorption Emission
NH, | NO 452.6 631.3 417.8 504.7
NMe, | NO 465.6 668.6 401.6 520.6
NPh, | NO 437.6 544.3 491.6 643.0
TPA | NO | 439.1 (542) 591.3 (603) 363.7 568.3




TPA | NT | 453.8 (503)

561.2 (579)

368.4 4711

Table SS. Optical excitation and molecular orbital contributions of donor-

acceptor models, 5-D-A and 6-D-A (D=NH,, NMe, and TPA) (a) A=NO(b) A=NT

(a)

no. E/eV nm f Contribution weight
Absorption S, 274 4526 02503  HOMO->LUMO 98%
(@So-opt) S, 3.63 3419 0 HOMOSLUMO+1  94%
5-NHrNO  phission S, 196 6313 02616 HOMO->LUMO 99%
(@S-opt) S, 090 4267 0 HOMOSLUMO+1  96%
Absorption S, 297 417.8 0.256 HOMO->LUMO 98%
(@Seopt) S, 338  366.6 0 HOMO-15LUMO  98%
6-NH»NO  prission S, 246 5047 03287  HOMO->LUMO 98%
(@S-opt) S, 300 4125 0 HOMO-15LUMO  98%
Absorption  S; 266 4656 03359  HOMO-LUMO 97%
(@Se-opt) S, 356 3486  0.0001 HOMOLUMO+l  89%
5-NMe,-NO
Emission S, 185 6686 03209 HOMO->LUMO 98%
(@S-opt) S, 275 4502 0 HOMOSLUMO+1  96%
Absorption  S;  3.09 4016 0.1778  HOMO-LUMO 98%
(@Se-opt) S, 334 3706 00042 HOMO-1>LUMO  98%
6-NMe,-NO
Emission S, 238 5206 02385  HOMO-LUMO 98%
(@S-opt) S, 277 4469  0.0057 HOMO-1>LUMO  98%
Absorption g 58> 4390 13174  HOMO-LUMO 70%
(@Sy-opt)
’ . 346 3578 0  HOMO—ISLUMO  173%
5-TPA-NO
Emission ¢ 570 5913 15035 HOMO->LUMO 87%
(@S,-opt)
' . 310 3994 0  HOMO—I1SLUMO  73%
S, 312 3972 11699 HOMO-25LUMO  19%
Absorption
HOMO-LUMO 74%
6-TPA-NO  (@Sy-0pt)
S, 38 3237 00011 HOMO-1SLUMO  73%
Emission S, 218 5683 12155  HOMO-LUMO 90%




(@S-opt) S, 342 3622 00034 HOMO-ISLUMO  84%
S, 252 4916 05679  HOMO-LUMO 93%
Absorption
HOMO-1>LUMO  44%
(@Sy-opt) S, 338 3664  0.00
HOMO->LUMO+1  51%
5-Nph,-NO
S, 193 6430 0.655  HOMO->LUMO 95%
Emission
HOMO-1>LUMO  31%
(@S-opt) S, 299 4152 0.00
HOMO->LUMO+1  64%
Absorption ¢ 583 4376  0.00 HOMO->LUMO 92%
(@Sy-opt)
’ S, 288 4308 00994 HOMO—1>LUMO  92%
6- Nph,-NO
Emission ¢ 598 5443 00355 HOMO-LUMO 96%
(@S,-opt)
! S, 247 5020 00538 HOMO—I>LUMO  96%
(b)
no. E/eV nm f Contribution weight
Absorption S, 267 4648  0.1856 HOMO->LUMO 98%
(@Sy-opt) S, 338 3671 0 HOMO->LUMO+1 95%
5-NH,-NT
Emission S, 189 6566 02015 HOMO->LUMO 98%
(@S;-opt) S, 265 4680 0 HOMO->LUMO+1 97%
Absorption S,  2.80 4427  0.4195 HOMO->LUMO 97%
(@Sy-opt) S, 332 3728 0 HOMO-1>LUMO 96%
6-NH,-NT
Emission S, 234 5286  0.5499 HOMO->LUMO 98%
(@S:-opt) S, 299 4140 0 HOMO-1>LUMO 96%
S, 353 3513 0298 HOMO-LUMO 96%
Absorption
S, 354 3505 00012 HOMO-2>LUMO+1  17%
(@S-opt)
5-NMe,-NT HOMO-1>LUMO 76%
Emission S, 184 6719 02624 HOMO-LUMO 98%
(@S:-opt) S, 260 4772 0 HOMO->LUMO+1 96%
Absorption S,  2.89 4282  0.3091 HOMO->LUMO 97%
6-NMe,NT  (@So-opt) S, 329 3771  0.0061 HOMO-1>LUMO 97%
Emission S, 228 5427 04176 HOMO->LUMO 98%




(@S;-opt) S, 2.84 436.3 0.0097 HOMO-1->LUMO 97%
Absorption g 573 4538 0.9992 HOMO->LUMO 84%
(@Se-opt) S, 3.20 387.2 0 HOMO-1->LUMO 88%
S TPANT S 221 5612 11952 HOMO->LUMO 86%
Emission —_—
(@S1-0p0) S, 3.17 391.1 0 HOMO-1->LUMO 57%
1-0p
HOMO->LUMO+1 28%
S 3.36 368.4 0.1698 HOMO-2=>LUMO 38%
Absorption
HOMO->LUMO 57%
(@Sy-opt)
S, 3.57 346.8 0.0018 HOMO-1->LUMO 84%
6-TPA-NT
S: 2.63 471.1 0.2472 HOMO->LUMO 82%
Emission
S, 3.26 380.6 0.1115 HOMO-2=>LUMO 33%
(@S-opt)
HOMO-1=>LUMO 48%
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Figure S1. Frontier molecular orbitals and transition density of symmetric

and asymmetric cyanine systems (m=2)



asym-Cy7-trimer

Figure S2. Frontier molecular orbitals of symmetric and asymmetric Cy7-

trimer
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Figure S3. Frontier molecular orbitals and transition density of symmetric

and asymmetric Por-tetracene



(a) HOMO LUMO __ Transition Density

(b) Hole Electron Transition Density
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Figure S4. NTO analysis and transition density of (a) 5-NMe,-NT and NMe,-NT

(b) 5-TPA-NT and 6-TPA-NT



