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NMR spectra and MS data 
4-(anthracen-9-yl)-2,6-dichloropyridine 2-1: 

 

 

Figure S 2: 13C-NMR of 4-(anthracen-9-yl)-2,6-dichloropyridine 2-1 in CDCl3. 

 

Figure S 1: 1H-NMR of 4-(anthracen-9-yl)-2,6-dichloropyridine 2-1 in CDCl3. 
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2,6-dichloro-4-(pyren-1-yl)pyridine 2-2: 

 

 

 

 

 

 

 

Figure S 4: 1H-NMR of 2,6-dichloro-4-(pyren-1-yl)pyridine 2-2 in CDCl3. 

MeCN+H+

m/z
314 316 318 320 322 324 326 328 330 332 334 336 338 340 342 344 346 348 350 352 354 356 358 360 362 364 366 368 370 372 374 376 378 380 382

%

0

100

PD-79-ESI-pos+H+ 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
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Figure S 3: ESI-MS of 4-(anthracen-9-yl)-2,6-dichloropyridine 2-1 in MeCN. 
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Figure S 5: 13C-NMR of 2,6-dichloro-4-(pyren-1-yl)pyridine 2-2 in CDCl3. 

MeCN+H+

m/z
341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373

%

0

100

PD-100-ESI-pos+H+ 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
1.82e5348.0432

345.1333
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344.1247341.2744 343.1476 347.0372

350.0405
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Figure S 6: ESI-MS of 2,6-dichloro-4-(pyren-1-yl)pyridine 2-2 in MeCN. 
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4-(anthracen-9-yl)-2,6-di(1H-imidazol-1-yl)pyridine 3-1: 

 

 

 

Figure S 7: 1H-NMR of 4-(anthracen-9-yl)-2,6-di(1H-imidazol-1-yl)pyridine 3-1 in d6-DMSO. 

Figure S 8: 13C-NMR of 4-(anthracen-9-yl)-2,6-di(1H-imidazol-1-yl)pyridine 3-1 in d6-DMSO. 
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2,6-di(1H-imidazol-1-yl)-4-(pyren-1-yl)pyridine 3-2: 

 

MeOH

m/z
380 382 384 386 388 390 392 394 396 398 400 402 404 406 408 410 412 414 416 418 420 422 424 426 428 430 432 434 436 438 440

%

0

100

PD-90-ESI-pos 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
7.51e6388.1558

384.1941381.2959
388.0879
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400.1553391.1639 393.3047 398.1849395.2841 402.1706 403.1729
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418.1638 425.2147422.1960
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439.9130

Figure S 9: ESI-MS of 4-(anthracen-9-yl)-2,6-di(1H-imidazol-1-yl)pyridine 3-1 in MeOH. 

Figure S 10: 1H-NMR of 2,6-di(1H-imidazol-1-yl)-4-(pyren-1-yl)pyridine 3-2 in CDCl3. 
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MeCN+H+

m/z
260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570

%

0

100

PD-101-ESI-pos+H+ 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
1.29e7412.1664
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Figure S 12: ESI-MS of 2,6-di(1H-imidazol-1-yl)-4-(pyren-1-yl)pyridine 3-2 in MeCN. 

Figure S 11: 13C-NMR of 2,6-di(1H-imidazol-1-yl)-4-(pyren-1-yl)pyridine 3-2 in CDCl3. 



 

8 
 

1,1‘-(4-(anthracen-9-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L1](PF6)2: 

 

 

 

 

 

Figure S 13: 1H-NMR of 1,1‘-(4-(anthracen-9-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L1](PF6)2 d6-DMSO. 

Figure S 14: 13C-NMR of 1,1‘-(4-(anthracen-9-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L1](PF6)2 d6-DMSO. 
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1,1‘-(4-(pyren-1-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L2](PF6)2: 

 

 

MeOH

m/z
200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 405 410

%

0

100

PD-93-ESI-pos 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
1.86e6208.5984

201.5905
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384.1944

301.1420
209.6014

281.1736
244.1168232.0770210.1031

215.6060225.6113 273.1685261.1244
247.9137

282.1775
292.1330

383.1182

365.1760333.1477311.1654
330.1493 351.1608

338.1469 355.0707 381.3361

402.1721

385.1978

395.2773

403.1746

404.1800

Figure S 15: ESI-MS of 1,1‘-(4-(anthracen-9-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L1](PF6)2 in MeOH. 

Figure S 16: 1H-NMR of 1,1‘-(4-(pyren-1-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L2](PF6)2 in d6-acetone. 
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Figure S 17:  13C-NMR of 1,1‘-(4-(pyren-1-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L2](PF6)2 in d6-acetone. 

MeCN

m/z
170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630

%

0

100

PD-111-ESI-pos 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
7.92e6220.5985

213.5891179.5705 197.9226

221.0997

586.1599

221.6006

320.6290223.5756
256.1162

260.6170
280.6234 296.1373 470.1976403.1570359.1420327.6364

375.1601 389.1767
440.1869

426.1711
497.2095

560.2128519.2964 553.8869
581.9166

587.1628

588.1654
622.9589608.9445

Figure S 18: ESI-MS of 1,1‘-(4-(pyren-1-yl)pyridine-2,6-diyl)bis(3-methyl-1H-imidazol-3-ium) [H2-L2](PF6)2 in MeCN. 
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[Fe(bim-ant)2](PF6)2 [C1](PF6)2: 

 

 

 

Figure S 19: 1H-NMR of [Fe(bim-ant)2](PF6)2 [C1](PF6)2 in d6-acetone. 

Figure S 20:  31C-NMR of [Fe(bim-ant)2](PF6)2 [C1](PF6)2  in d6-acetone. 
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[Fe(bim-pyr)2](PF6)2 [C2](PF6)2: 

 

 

 

 

MeCN

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800

%

0

100

PD-96-ESI-pos 1 (0.052) AM2 (Ar,20000.0,0.00,0.00); ABS 1: TOF MS ES+ 
9.44e6443.1478

442.1498
373.2146

351.1614
319.4469

320.4491
369.6291

379.1559
434.1982

403.1323

443.6491

444.1504

444.6519

609.2339459.1416 471.6582
487.6609 506.2217

558.1610
521.3818

577.5142
610.2358

663.2219635.7066 668.7478 777.1899725.2231 747.3248 800.3440

Figure S 21: ESI-MS of [Fe(bim-ant)2](PF6)2 [C1](PF6)2 in MeCN. 

Figure S 22: 1H-NMR of [Fe(bim-pyr)2](PF6)2 [C2](PF6)2  d6-acetone. 
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Figure S 23: 13C-NMR of [Fe(bim-pyr)2](PF6)2 [C2](PF6)2 in d6-acetone. 

Figure S 24: Observed isotope pattern for [Fe(bim-pyr)2](PF6)2 [C2](PF6)2  in MeCN (top) and calculated isotope pattern for 
C58H42FeN10

2+ (bottom). Intensities are given in relation to the most intensive signal. 
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Computational Chemistry 
 

Table S 1:  Optimal range-separation parameters for LC-BLYP calculations as obtained using the protocol described in 
literature.1 

compound α ω, Bohr-1 

[C0]2+ 0.00 0.15 

anthracene 0.50 0.12 

pyrene 0.40 0.15 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S 25: Absorption spectra of [C1]2+ (panel A) and [C2]2+ (panel B) modeled with Frenkel exciton approach compared with 

experiment. The spectra of [C0]2+, anthracene, and pyrene computed with LC-BLYP/def2-TZVP and LC-BLYP/6-31G(d) 
are shown in panel C. The assignment in the upper parts of panels A) and B) corresponds to the larger basis set. 
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Table S 2: Assignment of absorption spectrum of [C0]2+. 

LC-BLYP/6-31G(d) LC-BLYP/def2-TZVP 

state 
number E, ev 

wavelength, 
nm osc.str. 

% 
MC 

% 
LC 

% 
MLCT 

% 
LMCT 

% 
LLCT 

state 
number E, ev 

wavelength, 
nm osc.str. 

% 
MC 

% 
LC 

% 
MLCT 

% 
LMCT 

% 
LLCT 

1 2,634 470,711 0,003 6,4 20,1 55,1 3,9 14,6 1 2,691 460,74 0,002 5,9 21,3 53,8 3,9 15,2 

2 2,635 470,532 0,003 6,4 20,1 55,1 3,9 14,6 2 2,692 460,569 0,002 5,9 21,3 53,8 3,9 15,2 

3 2,867 432,456 0 7,6 7,1 68,2 2,4 14,6 3 2,848 435,341 0 7,1 7,9 67,2 2,5 15,3 

4 2,924 424,026 0 10,2 7,1 64,8 3,9 14 4 2,911 425,92 0 8,9 7,9 64,7 3,5 14,9 

5 3,057 405,578 0,04 4,7 18,1 65,5 1,6 10,2 5 3,031 409,057 0,072 5,1 18,5 64,7 1,9 9,7 

6 3,074 403,335 0 6,9 18,3 60,3 3,4 11,1 6 3,05 406,509 0 6,3 19,4 59 3,4 11,9 

7 3,272 378,928 0,283 2,7 18,9 63,5 1 14 7 3,205 386,849 0,017 6,8 18,3 64 2,6 8,3 

8 3,292 376,626 0,015 9,6 16,9 62,9 3,4 7,3 8 3,207 386,608 0,017 6,6 18,5 64,1 2,5 8,3 

9 3,295 376,283 0,016 9,3 17,1 63,2 3,2 7,2 9 3,236 383,143 0,253 1,6 20,6 61,4 0,7 15,8 

10 3,393 365,415 0,001 5,6 8,4 69,5 1,8 14,7 10 3,32 373,449 0,001 3,5 9 70,2 1,2 16,1 

11 3,394 365,307 0,001 5,7 8,4 69,4 1,8 14,6 11 3,321 373,337 0,001 3,5 9,1 70,2 1,2 16,1 

12 3,546 349,648 0,003 43,5 5,3 31,3 14,1 5,9 12 3,554 348,861 0,002 45,1 5,2 28,4 15,8 5,5 

13 3,547 349,549 0,003 43,2 5,3 31,6 14 5,9 13 3,554 348,861 0,002 45,1 5,2 28,4 15,8 5,5 

14 3,727 332,668 0 3,3 18,1 61,5 2,4 14,7 14 3,651 339,592 0 3,1 19 60,4 2,2 15,2 

15 3,798 326,449 0 37,3 7,1 23,6 24,4 7,6 15 3,876 319,879 0 35,2 8,1 23,8 24,6 8,4 

16 4,209 294,572 0 36,6 8 27,8 20 7,7 16 4,293 288,808 0 36,5 8,2 26,3 21,2 7,9 

17 4,365 284,044 0,007 1 51,1 15,4 7,9 24,6 17 4,338 285,812 0,043 0,5 59,1 6,4 8,5 25,5 

18 4,365 284,044 0,006 1,1 50,6 16,1 7,8 24,5 18 4,339 285,746 0,043 0,5 59 6,7 8,4 25,4 

19 4,421 280,446 0,148 3,2 31,4 40,7 4,5 20,2 19 4,423 280,319 0,116 0,3 28,4 51,7 1,1 18,5 

20 4,423 280,319 0,144 3,4 30,3 42,1 4,4 19,8 20 4,426 280,129 0,113 0,3 28,2 52 1 18,5 

21 4,519 274,364 0,023 0,3 71 5,8 9,2 13,7 21 4,48 276,753 0,022 0,2 67,6 9,7 8,2 14,3 

22 4,546 272,735 0 3,7 23,3 61,9 2,2 8,9 22 4,495 275,829 0 0,2 22,9 66,1 0,5 10,3 

23 4,56 271,897 0,025 4,1 22,5 62,1 2,2 9,1 23 4,505 275,217 0,025 0,3 27,3 60 1,5 11 

24 4,573 271,124 0 4,6 7,6 70,7 1,6 15,6 24 4,531 273,638 0 0,2 9,1 73,4 0,1 17,1 

25 4,575 271,006 0 4,6 7,6 70,4 1,6 15,7 25 4,532 273,577 0 0,3 9,1 73,2 0,2 17,2 
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26 4,614 268,715 0 0,8 71,4 7,8 8,3 11,7 26 4,569 271,362 0,009 20,9 11,7 50 7,5 9,9 

27 4,638 267,325 0,012 23,3 10,9 48,7 8 9,1 27 4,57 271,302 0,009 20,8 12 49,6 7,6 10 

28 4,638 267,325 0,012 23,4 10,8 48,6 8 9,2 28 4,572 271,184 0 0,6 72,2 6,3 8,3 12,6 

29 4,703 263,63 0 0,6 20,4 4 9,6 65,4 29 4,672 265,379 0 0,8 22,2 4,4 9 63,7 

30 4,737 261,738 0 0,5 19,3 4,2 9,6 66,4 30 4,7 263,798 0 0,5 21,3 4,8 8,9 64,4 

31 4,801 258,249 0,069 1,4 67,4 2,6 8,1 20,6 31 4,732 262,014 0,036 1,1 67,4 2,3 7,5 21,7 

32 4,801 258,249 0,07 1,4 67,4 2,5 8,2 20,6 32 4,732 262,014 0,036 1,1 67,3 2,3 7,5 21,8 

33 4,973 249,317 0,005 19,2 16,7 39,2 10,4 14,4 33 4,907 252,67 0,015 21 19,3 32 11,7 16 

34 4,974 249,267 0,005 19,5 16,5 39,3 10,4 14,3 34 4,909 252,567 0,015 21,2 19,3 31,9 11,7 15,9 

35 5,009 247,525 0,275 0,4 47 5 9,6 38 35 4,911 252,464 0,345 0,1 49,3 6,7 8,6 35,3 

36 5,012 247,377 0,005 4 35,5 19,4 4 37 36 4,925 251,747 0 4,1 41,1 16,9 3,5 34,3 

37 5,024 246,786 0,081 5,4 56,6 13,5 7,5 17 37 4,933 251,338 0 9,7 18,1 47,2 7 18 

38 5,025 246,737 0,081 5,4 56,6 13,4 7,5 17,1 38 4,943 250,83 0,093 8 49,3 16,7 8,1 17,8 

39 5,145 240,982 0 5,2 37,4 30,6 5,9 20,9 39 4,944 250,779 0,094 7,8 49,5 16,5 8 18,1 

40 5,187 239,031 0,008 0,2 18,8 4,1 4,8 72,2 40 5,05 245,515 0 6 36,5 31 7,1 19,3 
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Table S 3: Assignment of absorption spectra of [C1]2+ and [C2]2+ computed with LC-BLYP/6-31G(d). 

[C1]2+ [C2]2+ 

state 
number E, ev 

wavelength, 
nm osc.str. 

% 
MC 

% 
LC 

% 
MLCT 

% 
LMCT 

% 
LLCT 

state 
number E, ev 

wavelength, 
nm osc.str. 

% 
MC 

% 
LC 

% 
MLCT 

% 
LMCT 

% 
LLCT 

1 2,604 476,134 0,002 6,3 20,4 54,8 3,8 14,7 1 2,577 481,122 0,002 6 20,7 54,8 3,7 14,8 

2 2,609 475,221 0,002 6,3 20,4 54,8 3,9 14,6 2 2,586 479,448 0,002 6,2 20,6 54,7 3,8 14,7 

3 2,839 436,721 0,001 7,5 7,2 67,8 2,5 15 3 2,802 442,488 0,006 7,3 7,3 67,4 2,5 15,5 

4 2,898 427,83 0 9,9 7,1 64,6 3,8 14,5 4 2,863 433,06 0 9,4 7,2 64,6 3,6 15,1 

5 2,973 417,037 0,456 4,7 33,6 52,3 2,4 7 5 2,896 428,126 1,016 5,1 32,1 53,4 2,8 6,7 

6 3,027 409,598 0,001 6,3 24,1 55,8 3,5 10,4 6 2,995 413,974 0 6,2 24,6 55,7 3,5 10 

7 3,116 397,899 0,465 0 53,3 35,9 0,9 10 7 3,146 394,104 0,677 0 31,4 53,4 0,5 14,7 

8 3,173 390,751 0,01 0,4 90,2 5,4 2 1,9 8 3,228 384,093 0,015 7,4 20,6 62 2,9 7,1 

9 3,245 382,081 0,015 7,4 19,7 63 2,8 7,2 9 3,234 383,38 0,013 6,3 21,5 62,7 2,5 7,1 

10 3,248 381,728 0,013 7,1 19,6 63,5 2,7 7,2 10 3,318 373,674 0,005 0,7 82,8 9,6 3,3 3,6 

11 3,285 377,428 0,028 2,3 50,3 38,3 1,3 7,8 11 3,343 370,88 0,001 5,7 8,1 68,6 1,9 15,8 

12 3,351 369,995 0 5,7 7,9 69 1,9 15,5 12 3,345 370,658 0 5,6 7,9 68,6 1,8 16,1 

13 3,354 369,664 0,001 5,4 8 69,4 1,8 15,4 13 3,426 361,895 0,292 1,7 70,5 20,8 2,8 4,2 

14 3,446 359,795 0,011 0,1 90,7 0,9 5,7 2,6 14 3,531 351,133 0,002 45,4 5,2 28,7 15,2 5,5 

15 3,463 358,028 0,017 0,1 90,5 1,3 5,5 2,5 15 3,537 350,538 0,003 43,8 5,9 29,6 14,8 5,8 

16 3,539 350,34 0,002 44,8 5,4 29,5 14,8 5,6 16 3,653 339,406 0 0,8 76,3 17,3 1,2 4,4 

17 3,542 350,043 0,002 45 5,3 29,4 14,8 5,5 17 3,669 337,926 0,036 0,3 96,7 1,8 0,7 0,5 

18 3,69 336,003 0 3,2 19,8 60,2 2,4 14,4 18 3,702 334,914 0,001 2,1 46,1 40,2 1,7 9,9 

19 3,768 329,048 0,001 0,1 96,8 1,2 1,5 0,4 19 3,8 326,277 0 37,1 7,2 23,3 24,4 7,9 

20 3,773 328,612 0,001 0,1 96,4 1,6 1,4 0,5 20 3,971 312,227 0,046 0,1 88,9 5,6 3,3 2,2 

21 3,8 326,277 0 37,3 7,1 23,3 24,5 7,8 21 3,972 312,148 0,066 0,1 88,7 5,7 3,3 2,2 

22 3,926 315,805 0,012 0,1 81,5 13,4 1 4 22 4,091 303,068 0,049 1,7 25,7 54,9 1,2 16,5 

23 3,931 315,404 0,01 0,1 77,6 16,6 0,9 4,8 23 4,113 301,447 0,044 1,8 26,1 54,6 1,2 16,3 
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24 3,955 313,49 0,003 0,2 47,6 40,1 0,4 11,7 24 4,161 297,97 0,011 0,5 85,3 8,8 2,7 2,6 

25 3,96 313,094 0,005 0,1 51,4 37,1 0,4 10,9 25 4,162 297,898 0,004 0,5 85,2 8,9 2,7 2,7 

26 4,117 301,154 0,003 0,3 26,9 65 0,1 7,7 26 4,207 294,712 0 35,9 8,1 28,3 19,8 7,9 

27 4,118 301,081 0 0,3 26,7 65 0,1 7,8 27 4,26 291,045 0,195 1,8 44,3 39,5 2,9 11,5 

28 4,203 294,992 0 36 8,1 28,2 19,9 7,9 28 4,262 290,908 0,024 1,8 43 42,1 2,6 10,6 

29 4,306 287,936 0,017 0,7 57,4 9,3 8,1 24,5 29 4,283 289,482 0,046 0,8 59 15,7 5,9 18,7 

30 4,315 287,335 0,016 0,7 57,1 9,4 8,2 24,6 30 4,287 289,212 0,033 0,7 60,4 13,3 6,4 19,2 

31 4,332 286,208 0 0,9 7,7 71,1 0,3 19,9 31 4,325 286,671 0,012 2,7 10,7 66,5 1,1 19 

32 4,34 285,68 0 0,7 7,7 70,9 0,3 20,4 32 4,333 286,142 0 3 8,7 68,1 1,2 18,9 

33 4,388 282,555 0,086 3,3 28,2 46,5 3,5 18,5 33 4,346 285,286 0,003 0,1 94,6 2 1,5 1,8 

34 4,404 281,529 0,104 3,4 27,1 48,2 3,4 18 34 4,346 285,286 0,003 0,1 94,6 1,9 1,5 1,8 

35 4,47 277,372 0,033 0,2 73,7 3,3 9,2 13,6 35 4,413 280,954 0,457 0,1 92,2 4 2,1 1,6 

36 4,515 274,607 0 3 28,8 55,9 2,8 9,5 36 4,417 280,7 0,012 0,1 93,3 3 2,1 1,5 

37 4,531 273,638 0,036 3,8 21,2 63,9 1,9 9,2 37 4,435 279,561 0,011 0,2 75,9 2,9 8,5 12,4 

38 4,535 273,396 0 0,1 5,1 1,3 8,9 84,7 38 4,445 278,932 0,043 0,1 94,7 2,6 1,5 1,2 

39 4,548 272,615 0 0,1 5,1 1,6 9 84,2 39 4,445 278,932 0,044 0,1 94,9 2,5 1,5 1,1 

40 4,558 272,017 0 1,2 65,7 14,3 7,3 11,4 40 4,504 275,278 0 0,3 76,2 4,1 8,2 11,1 
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Table S 4: Assignment of absorption spectra of [C1]2+ and [C2]2+ computed with Frenkel exciton approach. 

[C1]2+ based on LC-BLYP/6-31G(d) [C1]2+ based on LC-BLYP/def2-TZVP [C2]2+ based on LC-BLYP/6-31G(d) [C2]2+ based on LC-BLYP/def2-TZVP 

State 
number 

wavelength, 
nm 

osc.str. 
% 

[C0]2+ 
% 

ant1 
% 

ant2 
wavelength, 

nm 
osc.str. 

% 
[C0]2+ 

% 
ant1 

% 
ant1 

wavelength, 
nm 

osc.str. 
% 

[C0]2+ 
% 

pyr1 
% 

pyr1 
wavelength, 

nm 
osc.str. 

% 
[C0]2+ 

% 
pyr1 

% 
pyr1 

1 470,73 0,003 1 0 0 460,77 0,0021 1 0 0 470,73 0,0031 1 0 0 460,77 0,0022 1 0 0 

2 470,5 0,0027 1 0 0 460,59 0,0019 1 0 0 470,5 0,0028 1 0 0 460,59 0,002 1 0 0 

3 432,47 0 1 0 0 435,33 0 1 0 0 432,47 0 1 0 0 435,33 0 1 0 0 

4 424,08 0 1 0 0 425,93 0 1 0 0 424,08 0 1 0 0 425,93 0 1 0 0 

5 405,61 0,0473 1 0 0 409,25 0,0865 1 0 0 405,58 0,0462 1 0 0 409,18 0,084 1 0 0 

6 403,36 0 1 0 0 406,54 0 1 0 0 403,36 0 1 0 0 406,54 0 1 0 0 

7 379,6 0,3285 0,99 0,01 0 386,83 0,0163 1 0 0 379,3 0,3212 1 0 0 386,83 0,0176 1 0 0 

8 376,59 0,0149 1 0 0 386,64 0,0158 1 0 0 376,59 0,0156 1 0 0 386,63 0,0163 1 0 0 

9 376,35 0,0144 1 0 0 383,82 0,3013 0,99 0,01 0 376,34 0,0149 1 0 0 383,47 0,2916 1 0 0 

10 365,43 0,0013 1 0 0 373,48 0,0005 1 0 0 365,43 0,0013 1 0 0 373,48 0,0005 1 0 0 

11 365,36 0,0012 1 0 0 373,39 0,0006 1 0 0 365,36 0,0013 1 0 0 373,39 0,0006 1 0 0 

12 349,64 0,0022 1 0 0 349,58 0,1171 0 0 1 349,64 0,0024 1 0 0 348,91 0,0017 1 0 0 

13 349,55 0,0026 1 0 0 349,14 0,0751 0,02 0,98 0 349,55 0,0027 1 0 0 348,86 0,0019 1 0 0 

14 336,19 0,134 0 0 1 348,91 0,0015 1 0 0 332,69 0 1 0 0 339,61 0 1 0 0 

15 335,87 0,0914 0,01 0,99 0 348,86 0,0019 1 0 0 326,41 0 1 0 0 319,89 0 1 0 0 

16 332,69 0 1 0 0 339,61 0 1 0 0 305,75 0,0101 0 0,4 0,6 313,9 0,0276 0 0,33 0,67 

17 326,41 0 1 0 0 319,89 0 1 0 0 305,63 0,9157 0 0,6 0,4 313,8 0,8957 0 0,66 0,33 

18 294,56 0 1 0 0 297,75 0,0001 0 1 0 300,11 0,0001 0 0,42 0,58 307,08 0 0 0,47 0,53 

19 290,43 0 0 0,59 0,41 297,75 0 0 0 1 300,1 0,0013 0 0,58 0,42 307,06 0,004 0 0,53 0,47 

20 290,41 0,0013 0 0,41 0,59 288,78 0 1 0 0 294,56 0 1 0 0 288,78 0 1 0 0 

21 284,06 0,0058 1 0 0 285,88 0,0336 1 0 0 284,06 0,0071 1 0 0 285,84 0,0428 1 0 0 

22 284,03 0,0062 1 0 0 285,77 0,042 1 0 0 284,03 0,0061 1 0 0 285,77 0,0419 1 0 0 

23 280,52 0,1124 1 0 0 280,35 0,0906 1 0 0 280,48 0,1439 1 0 0 280,32 0,1137 1 0 0 

24 280,42 0,1452 1 0 0 280,2 0,1036 1 0 0 280,34 0,144 1 0 0 280,12 0,1102 1 0 0 
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25 274,37 0,0234 1 0 0 276,73 0,0226 1 0 0 274,38 0,0261 1 0 0 276,74 0,026 1 0 0 

26 272,74 0 1 0 0 275,83 0 1 0 0 272,74 0 1 0 0 275,83 0 1 0 0 

27 271,89 0,0251 1 0 0 275,25 0,0256 1 0 0 271,89 0,0281 1 0 0 275,25 0,0292 1 0 0 

28 271,12 0,0001 1 0 0 273,64 0 1 0 0 271,12 0,0001 1 0 0 273,64 0 1 0 0 

29 270,98 0 1 0 0 273,56 0 1 0 0 270,98 0 1 0 0 273,56 0 1 0 0 

30 268,73 0 1 0 0 271,34 0,0082 1 0 0 268,73 0 1 0 0 271,34 0,0089 1 0 0 

31 267,33 0,0114 1 0 0 271,31 0,0064 1 0 0 267,33 0,0122 1 0 0 271,3 0,0083 1 0 0 

32 267,32 0,0095 1 0 0 271,21 0 1 0 0 267,31 0,0117 1 0 0 271,21 0,0001 1 0 0 

33 263,61 0 1 0 0 265,4 0 1 0 0 263,61 0 1 0 0 265,4 0 1 0 0 

34 261,75 0 1 0 0 263,78 0 1 0 0 261,75 0 1 0 0 263,78 0 1 0 0 

35 258,31 0,0435 1 0 0 262,08 0,0201 1 0 0 258,25 0,064 1 0 0 262,04 0,0324 1 0 0 

36 258,23 0,0711 1 0 0 262,02 0,0368 1 0 0 258,23 0,0703 1 0 0 262,02 0,0368 1 0 0 

37 249,32 0,0036 1 0 0 252,7 0,0097 1 0 0 249,31 0,0049 1 0 0 261,77 0 0 0,61 0,39 

38 249,27 0,0045 1 0 0 252,59 0,0136 1 0 0 249,27 0,0051 1 0 0 261,77 0 0 0,39 0,61 

39 247,55 0,2896 1 0 0 252,53 0,3689 1 0 0 248,91 0 0 0,96 0,04 252,94 0,569 0,94 0,06 0 

40 247,4 0,0024 1 0 0 251,76 0,0001 1 0 0 248,91 0 0 0,04 0,96 252,67 0,0282 1 0 0 
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Electrochemistry  
 

Reversibility of the oxidation of the complexes between 0.3 V and 0.4 V assigned to the oxidation of 

Fe2+ to Fe3+ has been tested by the criterion of Nicholson2 and the Randles-Sevcik-equation.3 

Electrochemical data of [C0]2+  

Table S 5: Electrochemical data for the reversible oxidation of [C0]2+ at E1/2 = 0.34 V vs. Fc/Fc+. 

scan 
rate 

[mV/s] 50 100 200 400 600 800 1000 

Ecat [V] 0.30 0.30 0.29 0.30 0.29 0.29 0.29 

Ean [V] 0.38 0.38 0.39 0.39 0.40 0.39 0.39 

E1/2 [V] 0.34 0.34 0.34 0.34 0.34 0.34 0.34 

ΔE [V] 0.08 0.08 0.10 0.10 0.10 0.10 0.10 

Ian [µA] 1.06 1.41 1.82 2.31 2.64 2.89 3.09 

|Icat| [µA] 1.01 1.33 1.72 2.22 2.58 2.86 3.08 

|Ian/Icat| [-] 1.05 1.05 1.06 1.04 1.02 1.01 1.00 

 

 

Figure S 26: Cyclic voltammograms of the reversible oxidation of [C0]2+ at E1/2 = 0.34 V vs. FcH/FcH+ recorded at different 
scan rates confirming the diagnostic criterion of Nicholson. 
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Electrochemical data of [C1]2+  

 

Figure S 27: Linear dependence of forward current peaks Ian  and Icat versus the square root of the scan rate for the 
reversible oxidation of [C0]2+ at E1/2 = 0.34 V vs. FcH/FcH+. 
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Figure S 28: Cyclic voltammograms of the reversible oxidation of [C1]2+ at E1/2 = 0.38 V vs. FcH/FcH+ recorded at different 
scan rates confirming the diagnostic criterion of Nicholson. 
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Table S 6: Electrochemical data for the reversible oxidation of [C1]2+  at E1/2 = 0.38 V vs. FcH/FcH+. 

scan 
rate 

[mV/s] 50 100 200 400 600 800 1000 

Ecat [V] 0.35 0.34 0.34 0.34 0.34 0.34 0.33 

Ean [V] 0.42 0.42 0.42 0.42 0.43 0.43 0.43 

E1/2 [V] 0.38 0.38 0.38 0.38 0.38 0.39 0.38 

ΔE [V] 0.07 0.08 0.08 0.09 0.09 0.10 0.10 

Ian [µA] 0.80 1.09 1.52 2.08 2.47 2.78 3.04 

|Icat| [µA] 0.86 1.18 1.60 2.18 2.58 2.90 3.16 

|Ian/Icat| [-] 0.93 1.08 1.05 1.05 1.05 1.04 1.04 
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Figure S 29: Linear dependence of forward current peaks Ian and Icat versus the square root of the scan rate for the 
reversible oxidation of [C1]2+ at E1/2 = 0.38 V vs. FcH/FcH+. 
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Electrochemical data of [C2]2+  

 

Table S 7:Electrochemical data for the reversible oxidation of [C2]2+ at E1/2 = 0.34 V vs. FcH/FcH+. 

scan 
rate 

[mV/s] 50 100 200 400 600 800 1000 

Ecat [V] 0.31 0.31 0.31 0.31 0.30 0.31 0.31 

Ean [V] 0.37 0.38 0.37 0.37 0.37 0.38 0.38 

E1/2 [V] 0.34 0.35 0.34 0.34 0.34 0.34 0.34 

ΔE [V] 0.06 0.07 0.07 0.07 0.07 0.07 0.08 

Ian [µA] 0.76 1.08 1.53 2.16 2.63 3.04 3.40 

|Icat| [µA] 0.79 1.11 1.57 2.20 2.67 3.09 3.44 

|Ian/Icat| [-] 0.96 0.97 0.98 0.98 0.99 0.98 0.99 

 

 

Figure S 30: Cyclic voltammograms of the reversible oxidation of [C2]2+  at E1/2 = 0.34 V vs. FcH/FcH+ recorded at 
different scan rates confirming the diagnostic criterion of Nicholson. 
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Figure S 31: Linear dependence of forward current peaks Ian and Icat versus the square root of the scan rate for the 
reversible oxidation of [C2]2+ at E1/2 = 0.34 V vs. FcH/FcH+. 
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Cyclic voltammetry of [H2-L0]2+, [H2-L1]2+ and [H2-L2]2+ 

Cyclic voltammetry of [H2-L0]2+ shows the first irreversible reduction peak at -2.0 V. No oxidation is 

observed. The first peaks of the irreversible reduction of [H2-L1]2+ (-1.8 V) and [H2-L2]2+ (-1.8 V) are at 

more anodic potentials, in line with the interpretation of [H2-L1]2+ and [H2-L2]2+ as better π-acceptors 

than [H2-L0]2+. Irreversible oxidation occurs at 1.2 V ([H2-L1]2+) and 1.0 V ([H2-L2]2+) assigned to 

oxidation of the organic chromophores. 

 

 

 

 

 

 

 

 

 

 

Figure S 32: Cyclic voltammograms of Ligands [H2-L0]2+-[H2-L2]2+ vs. FcH/FcH+ with 100 mV/s scan rate. 
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Cyclic voltammetry of anthracene and pyrene 

Irreversible oxidation occurs at 0.9 V for both compounds, anthracene and pyrene, assigned to the 

oxidation of the organic chromophores, confirming the interpretation of the irreversible oxidation in 

[H2-L1]2+, [H2-L2]2+, [C1]2+ and [C2]2+ corresponding to the  oxidation of the organic chromophores.

Figure S 33: Cyclic voltammograms of anthracene and pyrene vs. FcH/FcH+ with 100 mV/s scan rate. 
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Spectroelectrochemistry 

Spectroelectrochemical data of [C1]2+ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S 34: Changes in the UV/Vis/NIR spectra of [C1]2+ a) during oxidation (red → purple), b) during re-reduction (purple 

→ red), c) during reduction (red → purple) and d) during re-oxidation (purple → red) in MeCN/[n-Bu4N][PF6]. 
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Spectroelectrochemical data of [C2]2+ 

 

 

Ground state absorption spectra Agr and absorption spectra of the oxidized states Aox and reduced 

states Ared were used to approximate the excited-state differential spectra ΔAex
sim using the following 

equation4: 

∆𝐴𝑒𝑥
𝑠𝑖𝑚 = (𝐴𝑜𝑥 +  𝐴𝑟𝑒𝑑) ∙ 𝜂 −  2 ∙ 𝐴𝑔𝑟 ∙ (1 −  𝜂) 

 

 

 

Figure S 35: Changes in the UV/Vis/NIR spectra of [C2]2+ a) during oxidation (red → purple), b) during re-reduction (purple 

→ red), c) during reduction (red → purple) and d) during re-oxidation (purple → red) in MeCN/[n-Bu4N][PF6]. 
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Luminescence Properties 
 

Fluorescence quantum yields are determined with sample solutions exhibiting an optical density of 

less than 0.1 at the excitation wavelengths. As standard coumarin 153 in ethanol is applied for 

excitation wavelengths greater than 380 nm and quinine bisulfate in 0.05 M H2SO4 for shorter 

excitation wavelengths. For coumarin 153 a quantum yield of 53 % and for quinine bisulfate of 52 % is 

assumed based on the literature.5,6 The area under the emission spectra recorded for different 

excitation wavelengths is plotted against the absorbance at the respective excitation wavelength. The 

slope of the resulting curve is used to calculate the quantum yield according to the following equation: 

 

𝜙𝑆𝑎𝑚𝑝𝑙𝑒 =  𝛷𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (
𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡𝑆𝑎𝑚𝑝𝑙𝑒

𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑
) (

𝜂𝑆𝑎𝑚𝑝𝑙𝑒
2

𝜂𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑
2 ) 

 

 

Figure S 36: Absorption (black) and normalized excitation (red) spectrum of [H2-L1]2+. Excitation spectrum showing the 
intensity of the emission at λem = 535 nm as function of the excitation wavelength. 
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Figure S 37: Absorption (black) and normalized excitation (red) spectrum of [H2-L2]2+. Excitation spectrum showing the 
intensity of the emission at λem = 530 nm as function of the excitation wavelength. 

Figure S 38: Absorption (black) and normalized excitation (red) spectrum of [C1]2+. Excitation spectrum showing the 
intensity of the emission at λem = 535 nm as function of the excitation wavelength. 
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Excitation spectra at λEm = 535 nm reproduce only chromophore part of the spectra in [H2-L1]2+, [H2-

L2]2+, [C1]2+ and [C2]2+. For [C1]2+ and [C2]2+ the MLCT band in the range of 450 – 500 nm is not 

reproduced, confirming the assignment of the luminescence to singlet states of the organic 

chromophores. The MLCT states are not involved in the emission. 

 

 

Figure S 39: Absorption (black) and normalized excitation (red) spectrum of [C2]2+. Excitation spectrum showing the 
intensity of the emission at λem = 530 nm as function of the excitation wavelength. 
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Singlet Oxygen Experiments 

 

Figure S 40: DPBF consumption as function of irradiation time (λir = 480 nm) in air equilibrated MeOH. Inset: time dependent 
emission spectra of the system with [Ru(bpy)3]2+ as PS, showing the decrease of emission intensity in presence of a long-lived 
triplet state. 

Black squares represent the consumption of DPBF after irradiation with λir = 480 nm. [Ru(bpy)3]2+ 

sensitizes 1O2 with a quantum yield of 0.86.7 In none of the probed iron complexes [C0]2+-[C2]2+ reactive 
1O2 was detected after irradiation with λir = 480 nm. 

 

DPBF is not photostable after irradiation with λir = 346 nm, therefore the consumption of pure DPBF 

without further photosensitizer is taken as reference. None of the compounds [H2-L1]2+, [H2-L2]2+, 

[C1]2+ and [C2]2+ show a significant difference in the slope of DPBF consumption in comparison to pure 

DPBF. This leads to the interpretation, that no long-lived triplet state is populated in [H2-L1]2+, [H2-

L2]2+, [C1]2+ and [C2]2+ after excitation with λir = 346 nm. 

 

Figure S 41: DPBF consumption as function of irradiation time (λir = 346 nm) in air equilibrated MeOH. 
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