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Materials. Tris(dibenzylideneacetone)dipalladium (Pd2(dba)3), palladium(II) acetate (Pd(OAc)2), 

bis(triphenylphosphine)palladium(II) chloride (Pd(PPh3)2Cl2), tris(1,1-dimethylethyl)phosphine (P(t-

Bu)3), methyl thiophene-3-carboxylate, tricyclohexylphosphinetetrafluroborate (PCy3·HBF4), 

trimethylacetic acid (PivOH), Amberlyst 15, n-butyllithium (n-BuLi), chlorotrimethylstannane 

(Me3SnCl), N-bromosuccinimide (NBS), potassium carbonate (K2CO3), cesium carbonate (Cs2CO3), 

potassium hydroxide (KOH), anhydrous toluene (PhMe), anhydrous tetrahydrofuran (THF), and 

phosphoric acid were purchased from Sigma-Aldrich. 3-Bromo-1-(2-hexyldecyl)-10-(4-((2-

hexyldecyl)oxy)phenyl)-1H-phenanthro[1,10,9,8-cdefg]carbazole (1),S1 (4-hexylphenyl)magnesium 

bromide,S2 butyl 4-(benzo[c][1,2,5]thiadiazol-4-yl)benzoate,S3 and butyl 4-((7-

bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)benzoateS4 were prepared according to the protocols 

described in the corresponding literatures. Other chemicals were purchased and used without further 

purification. The synthetic routes to C296 and C298 are illustrated in Scheme S1 and the preparation 

details are described as follows.
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Scheme S1. Synthetic routes to C296 and C298. Reagents and conditions: (i) methyl thiophene-3-

carboxylate, Pd(OAc)2, PCy3·HBF4, PivOH, K2CO3, toluene, reflux, 24 h; (ii) (4-

hexylphenyl)magnesium bromide, THF, reflux, 6 h; (iii) Amberlyst 15, toluene, reflux, 6 h; (iv) n-BuLi, 

THF, 78 °C, 0.5 h; Sn(CH3)3Cl, R.T., overnight; then butyl 4-(7-bromobenzo[c][1,2,5]thiadiazol-4-

yl)benzoate, Pd(PPh3)2Cl2, toluene, reflux, 6 h; (v) KOH, THF/H2O (3/1, v/v), reflux, overnight; 

hydrochloric acid; (vi) n-BuLi, THF, 78 °C, 0.5 h; Sn(CH3)3Cl, R.T., overnight; then 4-((7-

bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)benzoate, Pd2(dba)3, P(t-Bu)3, CsF, dioxane, reflux, 6 h; 

(vii) KOH, THF/H2O (3/1, v/v), reflux, overnight; phosphoric acid.

2-(1-(2-Hexyldecyl)-10-(4-((2-hexyldecyl)oxy)phenyl)-1H-phenanthro[1,10,9,8-cdefg]carbazol-3-

yl)thiophene-3-carboxylate (2)
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In a dried Schlenk tube were dissolved 1 (1.77 g, 2.00 mmol), methyl thiophene-3-carboxylate (0.34 g, 

2.40 mmol), K2CO3 (0.41 g, 3.00 mmol), Pd(OAc)2 (33 mg, 0.12 mmol), PCy3.HBF4 (88 mg, 0.24 

mmol), and PivOH (61 mg, 0.60 mmol) in toluene (20 mL) in a nitrogen-filled glovebox. The reaction 

mixture was stirred under reflux for 24 h. The mixture was extracted three times with chloroform 

before the organic phase was washed with water and dried over anhydrous sodium sulfate. After 

solvent removal under reduced pressure, the crude product was purified by column chromatography 

(toluene/petroleum ether 6090 °C, 1/5, v/v) on silica gel to yield a yellow oil as the desired product 2 

(1.23 g, 65% yield). 1H NMR (400 MHz, CDCl3) δ: 8.68 (s, 1H), 8.15 (s, 1H), 7.797.75 (m, 2H), 

7.747.70 (m, 2H), 7.64 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 5.4 Hz, 1H), 7.12 (d, J = 8.6 Hz, 2H), 4.55 (d, 

J = 7.3 Hz, 2H), 3.97 (d, J = 5.6 Hz, 2H), 3.40 (s, 3H), 2.312.29 (m, 1H), 1.891.85 (m, 1H), 

1.581.51 (m, 2H), 1.481.46 (m, 2H), 1.421.26 (m, 32H), 1.191.17 (m, 12H), 0.940.89 (m, 6H), 

0.840.78 (m, 6H). 13C NMR (100 MHz, CDCl3) δ: 164.16, 159.07, 150.30, 134.26, 131.48, 130.72, 

129.74, 124.73, 124.46, 121.00, 116.73, 114.69, 71.29, 51.59, 50.28, 40.08, 38.31, 32.16, 30.16, 29.86, 

29.47, 26.59, 22.93, 22.92, 22.82, 14.35, 14.29, 14.25. HR-MS (MALDI-TOF) m/z Calcd. for 

(C64H83NO3S): 945.60937. Found: 946.60712 ([M+]). Anal. Calcd. for C64H83NO3S: C, 81.22%; H, 

8.84%; N, 1.48%. Found: C, 81.23%; H, 8.85%; N, 1.45%.

11-(2-Hexyldecyl)-13-(4-((2-hexyldecyl)oxy)phenyl)-6,6-bis(4-hexylphenyl)-6,11-

dihydrothieno[3',2':8,9]chryseno[10,11,12,1-bcdefg]carbazole (3)
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To a dried Schlenk tube with 2 (945 mg, 1.00 mmol) in THF (10 mL) was added  (4-

hexylphenyl)magnesium bromide (2.50 mL, 2 M in THF, 5.00 mmol) in one portion via syringe. The 

mixture was slowly warmed up and stirred under reflux for 6 h. Water was slowly added to terminate 

the reaction and the mixture was poured into cold 1 M hydrochloric acid aqueous solution. The mixture 

was extracted three times with chloroform before the organic phase was washed with water and dried 
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over anhydrous sodium sulfate. After solvent removal under reduced pressure, the residue tertiary 

alcohol was used in the next reaction directly. In a dried Schlenk tube were added the above tertiary 

alcohol and Amberlyst 15 (0.50 g) in 20 mL toluene, which was refluxed for 6 h. After filtering the 

solid catalyst, the filtrate was washed with water and dried over anhydrous sodium sulfate. After 

solvent removal under reduced pressure, the crude product was purified by column chromatography 

(toluene/petroleum ether 6090 °C, 1/10, v/v) on silica gel to yield an orange oil as the desired product 

3 (1.05 g, 86% yield). 1H NMR (400 MHz, THF-d8) δ: 8.60 (d, J = 2.6 Hz, 1H), 8.58 (d, J = 3.4 Hz, 

1H), 8.07 (d, J = 8.2 Hz, 1H), 8.01 (s, 1H), 7.75 (s, 1H), 7.70‒7.63 (m, 2H), 7.59 (d, J = 8.3 Hz, 2H), 

7.22‒7.20 (m, 5H), 7.09 (d, J = 8.4 Hz, 2H), 7.05‒7.03 (m, 4H), 6.89 (d, J = 5.2 Hz, 1H), 4.65 (d, J = 

7.0 Hz, 2H), 3.98 (d, J = 5.3 Hz, 2H), 2.56‒2.52 (m, 4H), 2.37 (br, 1H), 1.87 (br, 1H), 1.59‒1.54 (m, 

6H), 1.50‒1.43 (m, 12H), 1.36‒1.30 (m, 33H), 1.23‒1.19 (m, 17H), 0.93‒0.91 (m, 6H), 0.89‒0.85 (m, 

6H), 0.80‒0.78 (m, 6H). 13C NMR (100 MHz, THF-d8) δ: 160.02, 147.32, 145.04, 142.22, 141.57, 

138.44, 137.77, 135.31, 133.83, 133.53, 132.16, 131.64, 131.48, 130.71, 129.41, 129.35, 128.74, 

127.92, 126.91, 125.86, 125.46, 125.08, 124.92, 123.98, 123.17, 122.81, 121.55, 118.35, 118.09, 

115.35, 115.09, 106.97, 71.70, 59.23, 50.58, 40.94, 39.36, 36.51, 33.07, 33.05, 32.99, 32.96, 32.86, 

32.75, 32.64, 31.24, 31.10, 30.91, 30.78, 30.69, 30.51, 30.42, 30.28, 28.05, 28.03, 27.51, 27.48, 23.78, 

23.75, 23.69, 23.67, 23.64, 14.66, 14.65, 14.63, 14.61, 14.59. HR-MS (MALDI-TOF) m/z Calcd. for 

(C87H113NOS): 1219.85429. Found: 1220.85173 ([M+]). Anal. Calcd. for C87H113NOS: C, 85.59%; H, 

9.33%; N, 1.15%. Found: C, 85.61%, H, 9.39%; N, 1.16%.

4-(7-(11-(2-Hexyldecyl)-13-(4-((2-hexyldecyl)oxy)phenyl)-6,6-bis(4-hexylphenyl)-6,11-

dihydrothieno[3',2':8,9]chryseno[10,11,12,1-bcdefg]carbazol-8-yl)benzo[c][1,2,5]thiadiazol-4-

yl)benzoic acid (C296)
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In a flame-dried three-neck round-bottom flask was dissolved 3 (610 mg, 0.50 mmol) in THF (10 mL) 

and cooled to −78 °C using a dry ice/acetone cold bath. Under argon, n-BuLi (0.38 mL, 1.6 M in 

hexanes, 0.60 mmol) was added dropwise, and the reaction mixture was stirred for 0.5 h at 78 oC. 
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After trimethylstannyl chloride (119 mg, 0.60 mmol) was added in one portion via syringe, the mixture 

was slowly warmed up and stirred at room temperature for 2 h. Water was slowly added to terminate 

the reaction and the mixture was extracted three times with diethyl ether before the organic phase was 

washed with water and dried over anhydrous sodium sulfate. After solvent removal under reduced 

pressure, the crude product 11-(2-hexyldecyl)-13-(4-((2-hexyldecyl)oxy)phenyl)-6,6-bis(4-hexylphenyl)-

8-(trimethylstannyl)-6,11-dihydrothieno[3',2':8,9]chryseno[10,11,12,1-bcdefg]carbazole was used to 

the further reaction without purification. In a dried Schlenk tube were dissolved 11-(2-hexyldecyl)-13-

(4-((2-hexyldecyl)oxy)phenyl)-6,6-bis(4-hexylphenyl)-8-(trimethylstannyl)-6,11-

dihydrothieno[3',2':8,9]chryseno[10,11,12,1-bcdefg]carbazole and butyl 4-(7-

bromobenzo[c][1,2,5]thiadiazol-4-yl)benzoate (294 mg, 0.75 mmol), and Pd(PPh3)2Cl2 (22 mg, 0.03 

mmol) in toluene (10 mL). The reaction mixture was stirred under reflux for 6 h. Water was added and 

the mixture was extracted three times with chloroform before the organic phase was washed with water 

and dried over anhydrous sodium sulfate. After solvent removal under reduced pressure, the crude 

product was purified by column chromatography (toluene/petroleum ether 6090 °C, 2/1, v/v) on silica 

gel to yield a black powder as the desired butyl ester. In a three-neck round-bottom flask were 

dissolved butyl ester (643 mg, 0.42 mmol) and KOH (235 mg, 4.20 mmol) in a solvent mixture of 

THF/H2O (8 mL, 3/1, v/v). The reaction mixture was refluxed overnight and then cooled to room 

temperature. Chloroform was added before the organic phase was washed with 0.1 M hydrochloric acid 

and deionized water in turn and then dried over anhydrous sodium sulfate. After solvent removal under 

reduced pressure, the crude product was purified by column chromatography (chloroform/methanol, 

10/1, v/v) on silica gel to yield a black solid as the desired product C296 (612 mg, 82% yield). M. p. 

122‒123 °C. 1H NMR (400 MHz, THF-d8) δ: 8.65 (d, J = 8.0 Hz, 1H), 8.64 (d, J = 7.2 Hz, 1H), 

8.13‒8.12 (m, 3H), 8.09 (d, J = 8.2 Hz, 1H), 7.99 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 6.6 Hz, 2H), 

7.73‒7.69 (m, 1H), 7.55‒7.51 (m, 5H), 7.47 (d, J = 7.5 Hz, 1H), 7.41 (d, J = 8.2 Hz, 2H), 7.33 (s, 1H), 

7.22 (d, J = 8.2 Hz, 4H), 7.04 (d, J = 8.3 Hz, 2H), 3.98 (d, J = 5.0 Hz, 2H), 3.86 (br, 2H), 2.61 (t, J = 

7.4 Hz, 4H), 2.05‒2.03 (m, 1H), 1.88‒1.87 (m, 1H), 1.64‒1.60 (m, 6H), 1.52‒1.47 (m, 6H), 1.38‒1.26 

(m, 30H), 1.14 (br, 20H), 0.95‒0.91 (m, 6H), 0.85‒0.83 (m, 6H), 0.79‒0.75 (m, 6H). 13C NMR (100 

MHz, THF-d8) δ: 175.83, 167.70, 159.92, 154.21, 153.24, 147.74, 145.75, 142.07, 142.03, 141.84, 

140.22, 138.44, 137.12, 135.07, 133.70, 133.38, 132.34, 132.21, 131.34, 131.16, 131.02, 130.68, 

130.63, 129.90, 129.49, 129.23, 129.04, 128.11, 127.51, 126.18, 125.74, 125.37, 124.70, 123.97, 
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122.84, 121.60, 118.43, 117.74, 115.28, 114.77, 107.51, 71.73, 59.21, 50.22, 40.42, 39.37, 36.60, 36.40, 

33.09, 33.07, 33.02, 32.99, 32.90, 32.84, 32.66, 32.59, 31.27, 31.06, 30.93, 30.89, 30.87, 30.80, 30.72, 

30.64, 30.53, 30.45, 30.33, 28.19, 28.08, 28.05, 27.32, 27.29, 26.59, 23.80, 23.77, 23.70, 23.64, 14.72, 

14.70, 14.65, 14.63, 14.60. HR-MS (MALDI-TOF) m/z Calcd. for (C100H119N3O3S2): 1473.86929. 

Found: 1473.86526 ([M+]). Anal. Calcd. for C100H119N3O3S2: C, 81.42%; H, 8.13%; N, 2.85%; Found: 

C, 81.46%; H, 8.16%; N, 2.81%.

4-(7-((11-(2-Hexyldecyl)-13-(4-((2-hexyldecyl)oxy)phenyl)-6,6-bis(4-hexylphenyl)-6,11-

dihydrothieno[3',2':8,9]chryseno[10,11,12,1-bcdefg]carbazol-8-yl)ethynyl)benzo[c][1,2,5]thiadiazol-

4-yl)benzoic acid (C298)
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11-(2-Hexyldecyl)-13-(4-((2-hexyldecyl)oxy)phenyl)-6,6-bis(4-hexylphenyl)-8-(trimethylstannyl)-

6,11-dihydrothieno[3',2':8,9]chryseno[10,11,12,1-bcdefg]carbazole prepared as above from 3 (610 mg, 

0.50 mmol), butyl 4-((7-bromobenzo[c][1,2,5]thiadiazol-4-yl)ethynyl)benzoate (311 mg, 0.75 mmol), 

and Pd(PPh3)2Cl2 (22 mg, 0.03 mmol) were dissolved in toluene (10 mL) in a dried round bottom. The 

reaction mixture was refluxed under argon for 6 h and cooled to room temperature. The mixture was 

extracted three times with chloroform. The organic phase was combined, washed with water, and dried 

over anhydrous sodium sulfate. After solvent removal under reduced pressure, the residue was purified 

by column chromatography (toluene/petroleum ether 6090 °C, 2/1, v/v) on silica gel to yield a black 

powder as the desired butyl ester. In a two-neck round bottom were dissolved the butyl ester (591 mg, 

0.38 mmol) and KOH (225 mg, 4.10 mmol) in a mixed solvent of THF/H2O (8 mL, 3/1, v/v). The 

reaction mixture was refluxed overnight and then cooled to room temperature. Chloroform was added 

to extract the mixture. The organic phase was combined, and washed with 0.1 M phosphoric acid and 

deionized water in turn. After the organic phase was dried over anhydrous sodium sulfate, the solvent 

was removed under reduced pressure. The residue was purified by column chromatography 

(chloroform/methanol, 10/1, v/v) on silica gel to yield a black solid as the desired product C298 (570 

mg, 76% yield). M. p. 154‒156 C. 1H NMR (400 MHz, THF-d8) δ: 8.65 (d, J = 7.9 Hz, 2H), 
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8.12‒8.04 (m, 4H), 7.77‒7.65 (m, 6H), 7.62 (s, 1H), 7.54‒7.38 (m, 7H), 7.17‒7.13 (m, 4H), 7.08 (d, J 

= 8.5 Hz, 2H), 8.09 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.80 (d, J = 6.6 Hz, 2H), 7.74‒7.70 

(m, 1H), 4.44-4.43 (m, 2H), 4.00‒3.99 (m, 2H), 2.59‒2.56 (m, 4H), 2.31-2.28 (m, 1H), 1.88‒1.85 (m, 

1H), 1.64‒1.56 (m, 6H), 1.51‒1.43 (m, 6H), 1.37‒1.27 (m, 38H), 1.22‒1.16 (m, 14H), 0.94‒0.90 (m, 

6H), 0.87‒0.83 (m, 6H), 0.78‒0.75 (m, 6H). 13C NMR (100 MHz, THF-d8) δ: 167.16, 160.04, 156.15, 

152.59, 147.46, 146.11, 141.86, 141.82, 140.95, 138.84, 136.64, 135.16, 134.08, 133.99, 133.55, 

132.79, 132.49, 132.19, 131.95, 131.38, 130.93, 130.87, 130.75, 129.53, 129.34, 128.96, 128.84, 

128.41, 126.14, 125.81, 125.53, 125.34, 125.02, 124.78, 123.96, 122.88, 121.72, 118.84, 117.94, 

115.33, 115.04, 107.70, 96.20, 89.59, 71.72, 59.11, 40.75 39.37, 36.55, 33.08, 33.07, 33.00, 32.97, 

32.85, 32.65, 31.25, 31.11, 30.92, 30.80, 30.69, 30.52, 30.45, 30.31, 28.06, 28.04, 27.42, 23.78, 23.76, 

23.71, 23.65, 14.65, 14.64, 14.59, 14.57. HR-MS (MALDI-TOF) m/z Calcd. for (C102H119N3O3S2): 

1497.86929. Found: 1497.86555 ([M+]). Anal. Calcd. for C102H119N3O3S2: C, 81.72%; H, 8.00%; N, 

2.80%; Found: C, 81.77%; H, 8.04%; N, 2.71%.

Notes and references
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Table S1 Theoretical and experimental absorption maxima, transition assignments, energy levels, and energy gaps

Dye Solvent

B3LYP
HE

[eV]

CV
HE

[eV]

B3LYP
LE

[eV]

CV
LE

[eV]

B3LYP
L HE 

[eV]

CV
L/HE

[eV]

B3LYP
L 1 HE  

[eV]

B3LYP
L/HE 

[eV]
 [nm]TD-MPW1K

ABS,MAX Transition

C296 PhMe 4.89 / 2.89 / 2.00 / 2.77 2.97 568 HL (88.7%); HL+1 (4.8%); H1L (6.5%)

C298 PhMe 4.91 / 3.03 / 1.88 / 2.76 2.78 603 HL (89.5%); HL+1 (3.3%); H1L (7.2%)

C296 THF 4.96 4.97 2.93 3.22 2.03 1.75 2.77 3.00 517 HL (74.4%); HL+1 (13.8%); H1L (11.8%)

C298 THF 4.97 4.98 3.08 3.44 1.89 1.54 2.76 2.79 595 HL (89.6%); HL+1 (3.3%); H1L (7.2%)

H and L stand for HOMO and LUMO. Theoretical energy levels and energy gaps ( , , , , and ) were obtained from DFT calculation B3LYP
HE B3LYP

LE B3LYP
L HE  B3LYP

L 1 HE   B3LYP
L/HE 

of dye molecules in PhMe or THF at the B3LYP/6-311G(d,p) level. Theoretical absorption maxima ( ) were obtained from TD-DFT calculations at the TD-TD-MPW1K
ABS,MAX

MPW1K/6-311G(d,p) level for dye molecules in PhMe or THF. The experimental HOMO and LUMO energy levels (  and ) vs vacuum and LUMO/HOMO energy CV
HE CV

LE

gaps ( ) were estimated from cyclic voltammograms presented in Fig. 2a.CV
L HE 
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Fig. S1 (a,b) Optimized molecular geometries and contour plots of HOMOs and LUMOs of electron-

donor (compound 3), BTBA, and BTEBA in PhMe (a) and THF (b). The large aliphatic chains were 

replaced with ethyl to improve the computational efficiency. The isodensity value is fixed at 0.03. 

LUMO and HOMO energy levels are also given in panels a and b. (c,d) Theoretical LUMO energy 

levels (values above color bars), HOMO energy levels (values under color bars), and LUMO/HOMO 

energy gaps ( ) of dye molecules in PhMe (c) and THF (d) as well as their electron-donor L/HE

(compound 3) and electron-accpetors (BTBA and BTEBA).
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Fig. S2 Optimized molecular geometries and contour plots of the  transition related vert
1 0S S

molecular orbitals of C296 and C298 in PhMe. The large aliphatic chains were replaced with ethyl to 

improve the computational efficiency. The isodensity value is fixed at 0.03.
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Fig. S3 Optimized molecular geometries and contour plots of the  transition related vert
1 0S S

molecular orbitals of C296 and C298 in THF. The large aliphatic chains were replaced with ethyl to 

improve the computational efficiency. The isodensity value is fixed at 0.03.
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Fig. S4 (ad) Optimized geometries in PhMe of the  states: (a) C296; (b) C298, and the  states: eq
1S 0S

(c) C296; (d) C298. The large aliphatic chains were replaced with ethyl to improve the computational 

efficiency. Selected dihedral angles are shown near a molecular skeleton, and are evidently distinct at 

the  and  states for C296 and C298. Aromatic units are filled with different colors for clarity of 0S eq
1S

presentation. (e) Bonds 1, 2, and 3 of the benzo[c][1,2,5]thiadiazole (BT) unit. (f,g) Bond length 

alternations in the BT unit of dyes in PhMe at the  and  states: (f) C296; (g) C298.0S eq
1S
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Fig. S5 (ad) Optimized geometries in THF of the  states: (a) C296; (b) C298, and the  states: (c) eq
1S 0S

C296; (d) C298. The large aliphatic chains were replaced with ethyl to improve the computational 

efficiency. Selected dihedral angles are shown near a molecular skeleton, and are evidently distinct at 

the  and  states for C296 and C298. Aromatic units are filled with different colors for clarity of 0S eq
1S

presentation. (e) Bonds 1, 2, and 3 of the benzo[c][1,2,5]thiadiazole (BT) unit. (f,g) Bond length 

alternations in the BT unit of dyes in THF at the  and  states: (f) C296; (g) C298.0S eq
1S
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Fig. S6 Normalized fluorescence traces (blue dots) probed at different wavelengths for C296 in PhMe 

(50 M). The red solid lines are fittings via eqn.:
 

. Excitation wavelength: FL
1

exp( ) IRF


  
n

i i
i

I A t

530 nm.
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Table S2 Time constants and amplitudes used to fit fluorescence traces of C296 in PhMe

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 

.i i i i
1 1

/  ( 0)
n n

i i
A A A 

 

  
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Fig. S7 Normalized fluorescence traces (blue dots) probed at different wavelengths for C298 in PhMe 

(50 M). The red solid lines are fittings via eqn.:
 

. Excitation wavelength: FL
1

exp( ) IRF
n

i i
i

I A t 


  

530 nm.
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Table S3 Time constants and amplitudes used to fit fluorescence traces of C298 in PhMe

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

      



    

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 

.i i i i
1 1

/  ( 0)
n n

i i
A A A 

 

  
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Fig. S8 Normalized fluorescence traces (blue dots) probed at different wavelengths for C296 in THF 

(50 M). The red solid lines are fittings via eqn.:
 

. Excitation wavelength: FL
1

exp( ) IRF


  
n

i i
i

I A t

530 nm.
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Table S4 Time constants and amplitudes used to fit fluorescence traces of C296 in THF

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

    



      

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 

.i i i i
1 1

/  ( 0)
n n

i i
A A A 

 
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Fig. S9 Normalized fluorescence traces (blue dots) probed at different wavelengths for C298 in THF 

(50 M). The red solid lines are fittings via eqn.:
 

. Excitation wavelength: FL
1

exp( ) IRF


  
n

i i
i

I A t

530 nm.
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Table S5 Time constants and amplitudes used to fit fluorescence traces of C298 in THF

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 

.i i i i
1 1

/  ( 0)
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Fig. S10 Normalized kinetic traces (blue dots) at a series of fluorescence wavelengths for the C296-

grafted titania film in contact with a Co-bpy redox electrolyte. The red solid lines are fittings via eqn.:
 

. Excitation wavelength: 530 nm.FL
1

exp( ) IRF


  
n
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Table S6 Time constants and amplitudes used to fit fluorescence traces of the C296-grafted titania film 

in contact with a Co-bpy redox electrolyte

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 
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Fig. S11 Normalized kinetic traces (blue dots) at a series of fluorescence wavelengths for the C296-

grafted alumina film in contact with a Co-bpy redox electrolyte. The red solid lines are fittings via eqn.:
 

. Excitation wavelength: 530 nm.FL
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Table S7 Time constants and amplitudes used to fit fluorescence traces of the C296-grafted alumina 

film in contact with a Co-bpy redox electrolyte

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 
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Fig. S12 Normalized kinetic traces (blue dots) at a series of fluorescence wavelengths for the C298-

grafted titania film in contact with a Co-bpy redox electrolyte. The red solid lines are fittings via eqn.:
 

. Excitation wavelength: 530 nm.FL
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Table S8 Time constants and amplitudes used to fit fluorescence traces of the C298-grafted titania film 

in contact with a Co-bpy redox electrolyte

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 
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Fig. S13 Normalized kinetic traces (blue dots) at a series of fluorescence wavelengths for the C298-

grafted alumina film in contact with a Co-bpy redox electrolyte. The red solid lines are fittings via eqn.:
 

. Excitation wavelength: 530 nm.FL
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Table S9 Time constants and amplitudes used to fit fluorescence traces of the C298-grafted alumina 

film in contact with a Co-bpy redox electrolyte

 [nm]  [ps]1 1A  [ps]2 2A  [ps]3 3A  [ps]4 4A  [ps]5 5A  [ps]

           

           

           

           

           

           

           

           

           

           

           

           

The average lifetime ( ) at a certain fluorescence wavelength was calculated with eqn.: 

.i i i i
1 1

/  ( 0)
n n

i i
A A A 

 

  
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Fig. S14 ATR-FTIR spectra of thin films with dyes C296 and C298. A strong vibrational peak of 

carboxylic acid (COOH) at 1686±3 cm−1 was identified for C296 and C298 deposited on quartz. The 

absence of COOH signal for dyed titania films eliminated the possibility of physical adsorption of dye 

molecules on the surface of titania. The saturated aliphatic chains were clearly identified for their CH 

stretch modes in the 28003000 cm1 region. Sharp peaks at 2853±3 and 2923±2 cm1 were ascribed to 

the symmetric and asymmetric CH2 stretch vibrations. In addition, the corresponding CH3 peaks 

were probed at 2953±2 cm1. The triple bond for dye C298 was not influenced during the dye 

adsorption process by looking at the characteristic peak at 2195 cm1.
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Fig. S15 Transmittance spectra and photos of transparent DSSCs with C296 and C298.
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Fig. S16 Plots of normalized external quantum efficiency (EQE) as a function of wavelength ( ) of 

the fresh cells with C296 and C298.
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Table S10 Photovoltaic parameters of fresh cells without or with scattering layer measured under the 

AM1.5G conditions.

Device Scattering layer
SCJ

[mA cm−2]

OCV

[mV]

FF

[%]

PCE

[%]

C296 without 16.87 811 73.7 10.1

C296 with 18.16 798 76.0 11.0

C298 without 16.84 819 74.9 10.3

C298 with 19.23 832 73.9 11.8
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Fig. S17 Plots of charges ( ) extracted from dye-grafted titania films as a function of open-circuit CEQ

photovoltage ( ) for the fresh cells with C296 and C298.OCV
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Fig. S18 (a) Plots of electron diffusion coefficient ( ) as a function of density of states (DOS). (b) nD

Plots of electron lifetime ( ) as a function of DOS. The data were derived from impedance spectra. n

Note that  is equal to .nL n nD 
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Fig. S19 1H NMR (400 MHz) spectrum of compound 2 in THF-d8.
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Fig. S20 13C NMR (100 MHz) spectrum of compound 2 in THF-d8.
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Fig. S21 High resolution mass spectrum (MALDI-TOF) of compound 2.
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Fig. S22 ATR-FTIR spectrum of compound 2.
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Fig. S23 UV-Vis absorption spectrum of compound 2 (10 M) in THF.
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Fig. S24 1H NMR (400 MHz) spectrum of compound 3 in THF-d8.
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Fig. S25 13C NMR (100 MHz) spectrum of compound 3 in THF-d8.
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Fig. S26 High resolution mass spectrum (MALDI-TOF) of compound 3.
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Fig. S27 ATR-FTIR spectrum of compound 3.
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Fig. S28 UV-Vis absorption spectrum of compound 3 (10 M) in THF.
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Fig. S29 1H NMR (400 MHz) spectrum of C296 in THF-d8.
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Fig. S30 13C NMR (100 MHz) spectrum of C296 in THF-d8.
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Fig. S31 High resolution mass spectrum (MALDI-TOF) of C296.
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Fig. S32 ATR-FTIR spectrum of C296.
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Fig. S33 UV-Vis absorption spectrum of C296 (10 M) in THF.
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Fig. S34 1H NMR (400 MHz) spectrum of C298 in THF-d8.
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Fig. S35 13C NMR (100 MHz) spectrum of C298 in THF-d8.



 S53 / S55

Fig. S36 High resolution mass spectrum (MALDI-TOF) of C298.
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Fig. S37 ATR-FTIR spectrum of C298.
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Fig. S38 UV-Vis absorption spectrum of C298 (10 M) in THF.


