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Measurements. *H NMR and *C NMR spectra of samples were recorded on a Bruker Avance 400

instrument (400 MHz) using tetramethylsilane as the internal standard. Matrix-assisted laser
desorption/ionization time of Flight mass spectrometry (MALDITOF-MS) was performed on Bruker
Autoflex Il instrument. UV-vis absorption spectra of the dyes in a chloroform solution and on
dye-soaked TiO, films were obtained on a Perkin-Elmer Lambda 25 spectrometer. The
photoluminescence (PL) spectra were measured by using Perkin-Elmer LS-50 luminescence
spectrometer. Cyclic voltammetry (CV) experiments were carried out on an electrochemical
workstation (CHI660A, Chenhua, Shanghai) by using a conventional three-electrode system, which
is composed of a Pt working electrode, a Pt wire counter electrode, an Ag/AgCl reference electrode
in a saturated KCI solution. 0.1 M tetrabutylammonium hexafluorophosphate(TBAPFg) in CHCl;
was used as the supporting electrolyte. The photocurrent density-voltage (J-V) curves were obtained
by recording the generated photocurrent upon applying an external potential bias to the cell using a
Keithley model 2400 digital source meter under standard global AM 1.5G illumination condition
(100 mW cm™) using a Si solar cell as a reference. The action spectrum of monochromatic incident
photo-to-current conversion efficiency (IPCE) was recorded on a DC Power Meter (Model 2931-C
equipped with a 300W xenon arc lamp, Newport Co.) under irradiation with a motorized
monochromator (Oriel). The electrochemical impedance spectroscopy (EIS) was conducted on a
CHIG60E electrochemical workstation, which was performed in complete darkness with a forward

bias of —0.70 V and a frequency region at 0.01-100 KHz, respectively.

Fabrication Procedure for DSSCs. The DSSCs were fabricated on the basis of a previously

reported procedure.’ Before the deposition of the TiO, paste, fluorine-doped SnO. conducting glass
(FTO, 2.2 mm thickness, 7-8 Q/[1) were cleaned and immersed in a solution of TiCl4 (40 mM) at
70 <C for 30 min, then washed with water and ethanol. The photoanodes (thickness 16 mm; area 0.25
cm?) were prepared using the screen printing technique containing a 12 um layer of mesoporous TiO2
(18NR-T, Dyesol) and a 4 um scatter layer (18NR-AO, Dyesol). The TiO,-coated FTO glass was
calcined under airflow at 325 <C for 5 min, 375 <C for 5 min, 450 <C for 15 min, and 500 <C for 1h.
After cooling to room temperature, they were treated with TiCls (40 mM) solution at 70 <C for 30 min

again, and then annealed at 500 <C for 30 min. After cooling again, the obtained TiOz2films were
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immersed in a dye solution (0.3 mM in CH,Cl,/C;HsOH = 1:1 mix solvents) and maintained in the
dark for 16 h at room temperature. The sensitized electrodes were washed with CH,Cl, and dried in air.
The Pt counter electrode was prepared by spreading a 10 mM solution of H2PtCls in isopropyl alcohol
onto the FTO glass (2.2 mm thickness, 7-8 /1) with a small hole to allow the injection of the liquid
electrolyte under vacuum, followed by heating at 400 <C for 30 min. The dye-covered TiOz electrode
and Pt-counter electrode were assembled into a sandwich type cell and sealed with a hot-melt gasket
of 25 um thickness made of the ionomer Surlyn 1702 (DuPont). The electrolyte is composed of 0.6 M
dimethylpropyl imidazolium iodide, 0.1 M lithium iodide, 0.03 M iodine, 0.5 M tert-butylpyridine in

acetonitrile/3-methoxypropionitrile (1:1, v/v). The effective area of the DSSCs is ca. 0.2823 cm?.

Detailed synthetic procedures for the dyes C1-C3.

All the starting chemicals were purchased from Chem Greatwall and Alfa Aesar, and used
without any further purification. Tetrahydrofuran (THF) was distilled from a blue solution of sodium
and diphenylmethanone prior to use. The materials 4,7-dibromobenzo[c][1,2,5]thiadiazole (6),
4,7-dibromo-5,6-difluorobenzo[c][1,2,5]thiadiazole (7) and 4,7-dibromo-[1,2,5]thiadiazolo[3,4-c]-
pyridine (8) were purchased from Chemical Greatwall. 9-octyl-2,7-bis(4,4,5,5-tetramethyl-
1,3,2-dioxaboro-lan-2-yl)-9H-carbazole (1), ethyl 2-bromothiophene-3-carboxylate (2),* ethyl
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-benzoate (5)* were synthesized according to the

previous reported literatures.

Synthesis of Compound 3. In a dried 250 mL three-neck round-bottom flask,
9-octyl-2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazole 1 (2.71 g, 5.1
mmol), ethyl 2-bromothiophene -3-carboxylate 2 (3.6 g, 15.3 mmol), anhydrous K,CO3(13.8
g, 100 mmol), Aliquant 336 (2 drops), and Pd(PPh3),Cl, (0.4 g, 0.57 mmol) were dissolved in
deoxygenated toluene/H,O (150 mL, 2:1, v/v). The reaction mixture was refluxed at 90 <C for
24 h and then extracted with dichloromethane. The collected organic layer was dried over
anhydrous MgSO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel using a mixture solvent (petroleum
ether/ethyl acetate, v/v = 20/1) as the eluent and then recrystallized by petroleum ether to give

a light yellow product (2.25 g, 75%). *H NMR (400 MHz, CDCls), J (ppm): 8.08 (d, 2H),
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7.54 (dd, 4H), 7.36 (dd, 2H), 7.27 (s, 1H), 7.24 (s, 1H), 4.29 (t, 2H), 4.19 (q, 4H), 1.84-1.90
(m, 2H), 1.22-1.39 (m, 10H), 1.13 (t, 6H), 0.83 (t, 3H); *C NMR (100 MHz, CDCls), &
(ppm): 163.59, 151.79, 140.60, 131.04, 130.08, 128.41, 124.02, 122.76, 121.29, 119.87,
110.26, 60.49, 43.29, 31.81, 29.38, 29.19, 29.06, 27.31, 22.62, 14.11, 14.07; MS
(MADI-TOF): m/z [M]" calcd for (C34H37N0O4S;): 587.216; found: 587.182.

Synthesis of Compound 4 (DTCC). To a stirred solution of 1-bromo-4-(octyloxy)benzene (4.85 g,
17 mmol) in dry THF (100 mL) was added dropwise a 2.5 M solution of n-butyllithium in hexane (6
mL, 15 mmol ) at —78 <T under a nitrogen atmosphere. After being stirred at —78 <C for 2 h,
compound 2 (1.0 g, 1.7 mmol) in dry THF (15 mL) was then added to the mixture by syringe. The
mixture was stirred for 30 min at —78 <C and then refluxed at 70 <C overnight. After cooling to room
temperature, the mixture was extracted with dichloromethane. The collected organic layer was dried
over anhydrous MgSO,. After removal of the solvent under reduced pressure, the brown crude
product was obtained and then used in the next step without further purification. To a stirred solution
of the brown crude product mentioned above was added 120 mL of acetic acid dropwise 1.0 mL of
concentrated H,SQO,. The reaction mixture was stirred at 85 <T for 4 h under a nitrogen atmosphere.
After cooling to room temperature, the mixture was extracted with dichloromethane. The collected
organic layer was dried over anhydrous MgSO,. After removal of the solvent under reduced pressure,
the residue was purified by column chromatography on silica gel using a mixture solvent as the
eluent (petroleum ether/ethyl acetate, v/v = 20/1) to give a pale yellow solid (1.59 g, 73%). *H NMR
(400 MHz, CDCl3), 5 (ppm): 7.80 (s, 2H), 7.37 (s, 2H), 7.28 (d, 2H), 7.18 (d, 8H), 7.01 (d, 2H), 6.74
(d, 8H), 4.32 (t, 2H), 3.88 (t, 8H), 1.92 (t, 2H), 1.69-1.76 (m, 12H), 1.26-1.47 (m, 46H), 0.85-0.88
(m, 15H); 3C NMR (100 MHz, CDCl3),  (ppm): 157.87, 156.93, 145.84, 141.45, 140.67, 137.66,
135.04, 129.04, 127.53, 123.17, 121.28, 117.66, 114.16, 99.43, 67.93, 61.53, 43.43, 31.91, 31.85,
29.47, 29.39, 29.36, 29.26, 29.08, 27.38, 26.11, 22.68, 14.13; MS (MADI-TOF): m/z [M]" calcd for
(CgsH109NO4S,): 1283.780; found: 1284.368.

Synthesis of Compound 9. In a 250 mL three-necked round-bottom flask, ethyl
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (3.0 g, 10.86 mmol), 4,7-dibromobenzo|c]-
[1,2,5]thiadiazole ( 3.3 g, 11.23 mmol), anhydrous K,CO3(11.0 g, 79.7 mmol), Ag336 (1 drop), and

Pd(PPh3),Cl, (0.4 g, 0.57 mmol) were dissolved in deoxygenated THF/H,O (150 mL, 2:1, v/v). The
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reaction mixture was refluxed at 90 <C for 0.5 h and then extracted with dichloromethane. The
collected organic layer was dried over anhydrous MgSO,. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on silica gel using a mixture
solvent (petroleum ether/ethyl acetate, v/v = 20/1) as the eluent, and then recrystallized by petroleum
ether and dichloromethane to give a luminous yellow product (2.75 g, 70%). *H NMR (400 MHz,
CDCls), 6 (ppm): 8.21 (dd, 2H), 7.95-7.99 (m, 3H), 7.64 (d, 1H), 4.43 (g, 2H), 1.43 (t, 3H); *C
NMR (100 MHz, CDCls), ¢ (ppm): 166.29, 153.92, 152.93, 140.85, 132.89, 132.22, 130.54, 129.92,
129.15, 128.75, 114.23, 61.19, 14.41.

Synthesis of Compound 10. In a 100 mL three-necked round-bottom flask, ethyl
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-benzoate (0.84 g, 3.03 mmol), 4,7-dibromo-5,6-
difluorobenzo[c][1,2,5]thiadiazole (1.0 g, 3.03 mmol), anhydrous K,COj3 (4.15 g, 30.0 mmol), Aq336
(1 drop), and Pd(PPh3).Cl, (0.15 g, 0.21 mmol) were dissolved in deoxygenated toluene /H,O (45
mL, 2:1, v/v). The reaction mixture was refluxed at 90 <C for 0.5 h and then extracted with
dichloromethane. The collected organic layer was dried over anhydrous MgSO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on silica gel
using a mixture solvent (petroleum ether/dichloromethane, v/iv = 5/1) as the eluent, and then
recrystallized by ethyl alcohol and dichloromethane to give a ivory white product (0.87 g, 72%). *H
NMR (400 MHz, CDCls), § (ppm): 8.23 (dd, 2H), 7.85 (dd, 2H), 4.44 (q, 2H), 1.43 (t, 3H); *C NMR
(100 MHz, CDCl3), ¢ (ppm): 165.99, 153.49, 153.29, 151.52, 151.33, 150.92, 149.95, 149.07, 148.99,
148.74, 133.92, 131.22, 130.43, 129.69, 118.50, 118.36, 99.33, 99.11, 61.25, 14.34.

Synthesis of Compound 11. In a 100 mL three-necked round-bottom flask, ethyl
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-benzoate (0.92 g, 3.32 mmol), 4,7-dibromo-[1,2,5]-
thiadiazolo[3,4-c]pyridine (1.0 g, 3.4 mmol), anhydrous K,CO3(11.0 g, 79.7 mmol), Aq336 (1 drop),
and Pd(PPh3),Cl, (0.15 g, 0.21 mmol) were dissolved in deoxygenated THF /H,0 (120 mL, 2:1, v/v).
The reaction mixture was refluxed at 90 <C for 0.5 h and then extracted with dichloromethane. The
collected organic layer was dried over anhydrous MgSQ,. After removal of the solvent under reduced
pressure, the residue was purified by column chromatography on silica gel using a mixture solvent
(petroleum ether/ethyl acetate, v/v = 20/1) as the eluent, and then recrystallized by petroleum ether

and dichloromethane to give a bright yellow product (0.82 g, 68%). *H NMR (400 MHz, CDCls), 6
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(ppm): 8.87 (s, 1H), 8.67 (d, 2H), 8.24 (d, 2H), 4.44 (g, 2H), 1.44 (t, 3H); **C NMR (100 MHz,
CDCl3), J (ppm): 166.15, 156.71, 151.37, 149.36, 145.74, 139.79, 132.20, 129.78, 129.74, 110.71,
100.00, 61.28, 14.36.

Synthesis of Compound 12. In a 100 mL three-necked round-bottom flask, compound 4 (1.22 g,
0.94 mmol), compound 9 (0.34 g, 0.93 mmol), Cesium Carbonate (0.73 g, 2.24 mmol), PivOH (0.06
g, 0.59 mmol), tris(2-methoxyphenyl)phosphine (0.34 g, 0.96 mmol), Palladium acetate (0.12 g,
0.53 mmol) were stirred in toluene (50 mL) at 110 <C for 4 h under a nitrogen atmosphere. After
cooling to room temperature, the mixture was extracted with dichloromethane. The collected organic
layer was dried over anhydrous MgSO,. After removal of the solvent under reduced pressure, the
residue was purified by column chromatography on silica gel using a mixture solvent (petroleum
ether/ethyl acetate, v/iv = 20/1) as the eluent, and then recrystallized by ethyl alcohol and
dichloromethane to give a deep red product (0.56 g, 38%). 'H NMR (400 MHz, CDCls), § (ppm):
8.20 (d, 2H), 8.09 (s, 1H), 8.05 (d, 1H), 7.95 (d, 1H), 7.84 (d, 1H), 7.76 (d, 1H), 7.46 (s, 1H), 7.38 (s,
1H), 7.28-7.30 (m, 8H), 7.19 (d, 3H), 7.01 (d, 1H), 6.77 (dd, 8H), 4.43 (g, 2H), 4.32 (t, 2H),
3.87-3.90 (m, 8H), 1.93 (t, 3H), 1.69-1.76 (m, 9H), 1.25-1.45 (m, 48H), 0.84-0.89 (m, 18H); **C
NMR (100 MHz, CDCls), § (ppm): 166.42, 158.01, 157.89, 156.98, 153.75, 152.45, 145.78, 144.10,
141.57, 141.43, 140.85, 140.75, 137.65, 137.46, 130.75, 129.95, 129.80, 129.17, 129.05, 129.01,
127.91, 114.28, 114.16, 99.85, 99.45, 67.97, 62.01, 61.53, 61.06, 43.36, 31.92, 31.83, 29.51, 29.38,
29.36, 29.25, 26.10, 22.67, 14.41, 14.15, 14.11; MS (MADI-TOF): m/z [M]® calcd for
(C101H119N306S3): 1565.826; found: 1566.414.

Synthesis of Compound 13. In a 100 mL three-necked round-bottom flask, compound 4 (1.0 g, 0.78
mmol), compound 9 (0.31 g, 0.79 mmol), Cesium Carbonate (0.6 g, 1.84 mmol), PivOH (0.04 g,
0.39 mmol), tris(2-methoxyphenyl)phosphine (0.28 g, 0.79 mmol), Palladium acetate (0.09 g, 0.4
mmol) were stirred in toluene (60 mL) at 110 <C for 4 h under a nitrogen atmosphere. After cooling
to room temperature, the mixture was extracted with dichloromethane. The collected organic layer
was dried over anhydrous MgSO,. After removal of the solvent under reduced pressure, the residue
was purified by column chromatography on silica gel using a mixture solvent (petroleum ether/ethyl
acetate, v/v = 20/1) as the eluent, and then recrystallized by ethyl alcohol and dichloromethane to

give a deep red product (0.51 g, 43%). *H NMR (400 MHz, CDCls), J (ppm): 8.30 (s, 1H), 8.23 (d,
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2H), 7.91 (d, 2H), 7.85 (d, 2H), 7.51 (s, 1H), 7.39 (s, 1H), 7.29-7.31 (m, 6H), 7.19 (d, 3H), 7.01 (d,
1H), 6.77 (dd, 8H), 4.44 (g, 2H), 4.34 (t, 2H), 3.87-3.91 (m, 8H), 1.94 (t, 3H), 1.71-1.75 (m, 9H),
1.25-1.45 (m, 51H), 0.84-0.89 (m, 15H); *C NMR (100 MHz, CDCls),  (ppm): 166.17, 158.03,
157.90, 157.05, 146.02, 141.39, 140.94, 140.72, 137.61, 137.36, 135.49, 134.25, 130.70, 130.60,
129.59, 129.13, 129.05, 127.80, 122.38, 121.08, 117.76, 114.28, 114.17, 100.18, 99.47, 67.96, 62.00,
61.53, 61.19, 43.39, 31.93, 31.84, 29.74, 29.52, 29.39, 29.36, 29.26, 26.11, 22.68, 14.39, 14.12; MS
(MADI-TOF): m/z [M]" calcd for (C10:H117F2N306Ss): 1601.807; found: 1602.335.

Synthesis of Compound 14. In a 100 mL three-necked round-bottom flask, compound 4 (1.0 g, 0.78
mmol), compound 9 (0.28 g, 0.79 mmol), Cesium Carbonate (0.6 g, 1.84 mmol), PivOH (0.05 g,
0.49 mmol), tris(2-methoxyphenyl)phosphine (0.28 g, 0.79 mmol), Palladium acetate (0.1 g, 0.45
mmol) were stirred in toluene (60 mL) at 110 <T for 4 h under a nitrogen atmosphere. After cooling
to room temperature, the mixture was extracted with dichloromethane. The collected organic layer
was dried over anhydrous MgSO,. After removal of the solvent under reduced pressure, the residue
was purified by column chromatography on silica gel using a mixture solvent (petroleum ether/
dichloromethane, v/iv = 2/1) as the eluent, and then recrystallized by ethyl alcohol and
dichloromethane to give a deep purple product (0.45 g, 37%). *H NMR (400 MHz, CDCls), ¢ (ppm):
9.01 (s, 1H), 8.72 (d, 2H), 8.23 (d, 2H), 8.18 (s, 1H), 7.84 (d, 2H), 7.44 (s, 1H), 7.36 (s, 1H),
7.28-7.30 (m, 6H), 7.19 (d, 3H), 7.01 (d, 1H), 6.78 (dd, 8H), 4.44 (q, 2H), 4.29 (t, 2H), 3.87-3.91 (m,
8H), 1.90-1.92 (m, 2H), 1.69-1.76 (m, 8H), 1.26-1.46 (m, 53H), 0.84-0.88 (m, 15H); *C NMR
(100 MHz, CDCls),  (ppm): 166.38, 158.08, 157.92, 157.66, 156.89, 154.61, 149.40, 145.91, 145.75,
141.47, 140.83, 140.62, 138.70, 137.70, 137.36, 134.23, 131.44, 129.66, 129.48, 129.19, 129.09,
122.44, 120.97, 114.30, 114.15, 100.01, 99.49, 67.98, 67.94, 62.00, 61.51, 61.20, 43.16, 31.97, 31.86,
29.57, 29.41, 29.38, 29.28, 27.39, 26.13, 22.70, 14.42, 14.15; MS (MADI-TOF): m/z [M]" calcd for
(C100H118N406S3): 1566.821; found: 1567.336.

Synthesis of C1. In a 100 mL three-necked round-bottom flask, compound 12 (0.39 g, 0.25 mmol)
and KOH (0.28 g, 5.0 mmol) were dissolved in a mixed solvent of THF/H,O (60 mL, 3/1, v/v) under
a nitrogen atmosphere. The reaction mixture was refluxed at 80 <C for 12 h and then extracted with
dichloromethane. The collected organic layer was washed with brine over three times, and then dried

over anhydrous MgSO,. After removal of the solvent under reduced pressure, the residue was
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purified by column chromatography on silica gel using a mixture solvent (chloroform/methanol=10/1,
v/v) as the eluent to give a deep red product (0.28 g, 73%). *H NMR (400 MHz, CDCls), § (ppm):
8.23 (d, 2H), 8.06 (d, 2H), 7.90 (d, 1H), 7.84 (d, 2H), 7.72 (d, 1H), 7.32 (d, 8H), 7.21 (d, 4H), 7.00 (d,
1H), 6.79 (dd, 8H), 4.16 (br, 2H), 3.87-3.91 (m, 8H), 1.85 (br, 3H), 1.70-1.76 (m, 9H), 1.26-1.41 (m,
48H), 0.84-0.88 (m, 15H); **C NMR (100 MHz, CDCls), 6 (ppm): 171.61, 158.09, 157.92, 153.50,
152.19, 149.81, 145.76, 144.94, 143.35, 141.64, 140.56, 137.84, 137.70, 134.67, 130.30, 129.29,
129.15, 128.83, 127.80, 122.94, 121.76, 120.90, 117.20, 114.32, 114.18, 103.00, 99.84, 99.42, 68.01,
61.88, 61.46, 42.96, 31.87, 29.43, 29.39, 29.28, 29.25, 26.15, 26.11, 22.70, 22.66, 14.13, 14.10; MS
(MADI-TOF): m/z [M]" calcd for (Cg9H115N306S3): 1537.795; found: 1538.413.

Synthesis of C2. In a 100 mL three-necked round-bottom flask, compound 13 (0.44 g, 0.27 mmol)
and KOH (0.3 g, 5.4 mmol) were dissolved in a mixed solvent of THF/H,0 (60 mL, 3/1, v/v) under a
nitrogen atmosphere. The reaction mixture was refluxed at 80 <C for 12 h and then extracted with
dichloromethane. The collected organic layer was washed with brine over three times, and then dried
over anhydrous MgSO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel using a mixture solvent (chloroform/methanol=10/1,
v/v) as the eluent to give a deep red product (0.39 g, 91%). *H NMR (400 MHz, CDCls), § (ppm):
8.31 (s, 1H), 8.28 (d, 2H), 7.95 (d, 2H), 7.85 (d, 2H), 7.52 (s, 1H), 7.39 (s, 1H), 7.29-7.31 (m, 6H),
7.19 (d, 3H), 7.01 (d, 1H), 6.78 (dd, 8H), 4.34 (br, 2H), 3.89 (br, 8H), 1.94 (br, 3H), 1.69-1.75 (m,
9H), 1.26-1.43 (m, 48H), 0.84-0.89 (m, 15H); *C NMR (100 MHz, CDCls), 5 (ppm): 171.18,
158.04, 157.89, 156.89, 145.83, 141.47, 140.79, 140.52, 137.70, 137.47, 135.42, 134.15, 130.62,
130.05, 129.16, 129.06, 122.97, 120.84, 117.48, 114.26, 114.12, 106.55, 100.17, 99.41, 67.97, 67.94,
61.88, 61.44, 31.93, 31.81, 29.70, 29.55, 29.37, 29.35, 29.26, 29.23, 29.10, 29.00, 27.36, 26.08,
24.74, 22.65, 22.64, 14.11, 14.09, 14.08; MS (MADI-TOF): m/z [M]" calcd for (CgoH113F2N306S3):
1573.776; found: 1574.311.

Synthesis of C3. In a 100 mL three-necked round-bottom flask, compound 14 (0.33 g, 0.21 mmol)
and KOH (0.24 g, 4.2 mmol) were dissolved in a mixed solvent of THF/H,O (60 mL, 3/1, v/v) under
a nitrogen atmosphere. The reaction mixture was refluxed at 80 <C for 12 h and then extracted with
dichloromethane. The collected organic layer was washed with brine over three times, and then dried

over anhydrous MgSO,. After removal of the solvent under reduced pressure, the residue was
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purified by column chromatography on silica gel using a mixture solvent (chloroform/methanol=10/1,
v/v) as the eluent, and then recrystallized by acetone and dichloromethane to give a deep purple
product (0.27 g, 84%). *H NMR (400 MHz, CD,Cl), 6 (ppm): 8.72 (s, 1H), 8.56 (d, 2H), 8.06 (d,
2H), 7.96 (s, 1H), 7.90 (d, 2H), 7.43 (d, 4H), 7.27 (d, 4H), 7.21 (s, 1H), 6.99 (s,1H), 6.90 (d, 4H),
6.81 (d, 6H), 3.92 (br, 8H), 3.46 (br, 2H), 1.72-1.74 (m, 9H), 1.22-1.42 (m, 51H), 0.83-0.87 (m,
15H); 3C NMR (100 MHz, CD,Cl,), § (ppm): 158.25, 158.06, 156.63, 156.20, 153.29, 148.77,
145.45, 141.66, 140.43, 140.26, 137.80, 137.57, 129.80, 129.23, 129.06, 122.59, 121.96, 121.65,
120.45, 116.78, 114.27, 114.06, 100.00, 99.43, 68.09, 68.03, 61.72, 61.33, 31.98, 31.84, 31.82, 29.65,
29.40, 29.36, 29.32, 29.26, 29.25, 28.76, 27.24, 26.06, 22.69, 22.67, 22.65, 13.90, 13.88, 13.86; MS
(MADI-TOF): m/z [M]" calcd for (CogH114N40sSs): 1538.790; found: 1539.198.
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Figure S1. UV-vis absorption spectra and the corresponding molar extinction coefficient (¢) of the

dyes C1-C3 in CHCl5 solution (107> M).

S9



-
o

T
(]

-

o -
©o o

0.8f

0.6}

N

0.2}

o
o

e
'S

o
[\
Normalized PL intensity (a.u.)

0.0

o
=)

Normalized Absorbance (a.u.)

400 500 600 700 800
Wavelength (nm)

Figure S2. Normalized UV-vis absorption spectra and normalized PL spectra of the dyes C1-C3.

—FclFc’

Current (a.u.)

0.2 00 02 04 06 0.8 1.0 1.2 14
Potential vs. Ag/AgClI (V)

Figure S3. The CV curve of Fc/Fc'in CHCI3 solution.

S10



0

e I

£8°0

$8°0 .
T | ) sy,
eIl o LT
TN .

. . i
g Lee| YA
= c ol el
zE1-5 820} = 867
6e't— | 0 PDV el

-
oL . @)
sg1f FTL\ |LT w0 oLe e 67'cr—
88°L wN.h\ =_F 50’} I =
gl L84 . ™
sely 0 iy
€L [ uoz) 2 L 2
R.& ol S
181 2 orog—
o
£6'2 ‘ m
3 wn
L — /8 o S
- L 41
nn.L ) — M O
g € E
9L’y = L Qs
s e wi] &5
1y .\. 2 - 02| a0 %
6T ~ L 41 o
< )
x
9z 0l—
o pd
-] [Te] H
~ I i 1861
62 12k~
: 9Lz —
20'8~ L <t v
05~ M nz %) ¥ 821~
= ® yoer/
vzL 0N | 0 S
(o]
9z’ o © 2 09 0L —
il > @ ~ LL
SE'L & I |
ses > >.35 120 .
LEL T ————— . 6L1SL—
52 %O — G0’} ™
€5t L wzk 't

. o
¥s'2 be) . N~
et O n kY 65 €0L—
se't _

108 -
m___.mv. —- LT

90 80 70 60 50 40 30 20 10
S11

5 (ppm)
Figure S5. *C NMR spectrum of compound 3 in CDCl;

110

71

N
C8H17
130

COOC,H5 C,H;00C
PaYa®

150

170



00—

e
wm.nw
[:1: 3%

og
(45
re

er
mhy
00 L
_.a._n%.
LVL

6L

aT L
8Tl
6T L
LE L

0gLi—

eL9
SL'97

0072~
L’

FAYAN
612
92’ Ly

—

6z'L"

1871

08'L-

L A
Fseor
FELZL
Fore = ZLZ
[ 20z
e
~
_ se8 m.
[=%
a
Fuz o = L0'8
F sz
£0C
@
~

wz

oL's
[41 XA
GE'8
- W0'T

|

ST

Lo'e

25 1.5 0.5

3.5

6 (ppm)
'H NMR spectrum of compound 4 in CDCl;

6.5 5.5 4.5

7.5

Figure S6.

EVrl—

BO'EZ
_._..uw./v
8E'LT

80°6Z
9z'62
9E'6¢
6E°6Z
A T4
SE'LE
LE'LE

EVEr—

E5'L9—

£6L0—

EV 66—

IR
90 LH—
8T 1~
LVET~
£6 221

:SNFM

yoseL—
99 ZE1—
1900~
svipL
YESH~

£6 951~
18 151"

10

90 80 70 60 50 40 30 20

A

130

150

0

110

6 (ppm)
Figure S7. *C NMR spectrum of compound 4 in CDCl;

S12



D =NO O oM~ (=3
NN aAaaaaRg o === R =
REFIEIISN O A$ S o) <
Vo e
SR 28554 2g
od o oo o3 L ~~
N A — A Vol

by
4

-
~

000~ Y p-or

g g
8.20 8.10 8.00 7.90 7.80 7.70 7.60
5 (ppm)

L J
=y I |
D Mo ™~ ©
Q@S S ]
bl s B (] o~

.

0.5

o ]

8.5 7.5 6.5 5.5 4.5 3.5 2.5 1

8 (ppm)
Figure S8. 'H NMR spectrum of compound 9 in CDCls
TN TR T i i
IS\
N N
\ /
000~ YL y-br
o -
170 150 130 110 90 80 70 60 50 40 30 20 10

% (ppm)

Figure S9. 3C NMR spectrum of compound 9 in CDCl;
513



00 0—

vy
9%
Fi:3
68
ST
8Tt
6T I
gL

f4 25
£V
SYL
85k
69}
LLL
£LV
YLV
9Lk
£ L

Fi:3
8y
68
06

LE
(4

oy
48
W
El g

L9

mh.mw
81'9%
ew.w__H

00°L~
10°2"

1 AN
0Tl
aQz

8z'L
62'L
0L
mn&_
a2’/

SULy
-
€81~
ves/
6L
962~
vo'8
908~
60'8”
618
128"

F 1o

Faee
* 608
Fu

F 801

| ss0
Eoog't
F oot

Fa
bz

* 02

7.8

8.0

8.2

Fszar |

L'k |

(45
60°8

WLt

80°)
6670
9g’l
00°)
8’1

L

€02

0.5

5.5 4.5 3.5 2.5

6.5

8.5

1.5

7.5

5 (ppm)
Figure S10. H NMR spectrum of compound 12 in CDCl;

90’1y
£5 EW
1029

16'29—

m—..mmv.
of ¥if
8TviLL
L6 L2}
L0621
G0 621
LV BZL
0g 6Z1L
66 621
GL0EL
av LEL
9 LEL
S0Vl
410
EVIVL
LELIYL
L1 4
wh.mv_.J./r

st est
S& mm_.W
a6 um_../-

69 .51
—_“..wm_.v

v oalL—

90 80 70 60 50 40 30 20 10 O

130

150

170

5 (ppm)
13C NMR spectrum of compound 12 in CDCl;

110

Figure S11.

S14



0ror—

80
98’0
180
880
9l
8T FW

6z

::.\

Iy L9y

el 8.9~

Sl aw.md..

or1{ 28'9

gl
669,
002"
0TLy
[V A
h: Iy

wey LT

6a'g~p £€°L

06°g

16°¢

oy
b2y
el
€82
vw.hw
68—
162/
08~

sr'9n 1087

8.9

o] 2z

s5o] Y28

002

0zt

'

9Tt

gL

517

[y

£r o

ens

ver

68t

16'L

g

108

s

vZ'g

—

[AR

00’k

06°¢

g

WL

0671

00°L

e

90T

7.5 73 74 6.9 6.7
5 (ppm)

7.7

8.1

8.3

LE761

I 108y
08’8
06C

IJM 8c'g
S6°1

F 208
00l
06'¢
'8
Lol
06°L
00l

90°c

6.5 3.5 45 3.5 2.5 1.5 0.5
6 (ppm)
'"H NMR spectrum of dye C1 in CDCls

7.5

8.5

Figure S12.

ok'vlk

112
A
GL'9Z:

5262
82’62
6262
£¥'6Z
18°1E

96 ZF—

919~
29’10+

L0'80—

66

em.mmw
a0
ETH
0z'Ll
060z}
arz
ezl

gLz
£9821
51621

6T 621
0g 081"
LOVEL~
0L L5l
¥gi51
95 0vLT

o
SEEN
re vl
uh.mw—.\
Lg'6¥l
61281
05 g5k
<6 451

607851

LoLi—

90 80 70 60 50 40 30 20 10 O

B3C NMR spectrum of dye C1 in CDCls

—
£ 0
o —
o [%2]
S
1=}

o

—

-

™
—
(92)]
e £
A=
LL

[=]

Tyl

—

170



- NN DD
NNNNNNNN

mmmmmmmm

R e
OSQ
N N
\
BrCOOC2H5
F F

—0.00

=
251 mm——

L
T oo T
2 3 &
8.5 6.5 5.5 4.5 3.5 25 1.5
% (ppm)
Figure S14. *H NMR spectrum of compound 10 in CDCls
TESEESES U U i i
OS\
N N
s p—~)-coocite
F F
| |
140 120 100 80 60 40 20

5 (ppm)
Figure S15. *C NMR spectrum of compound 10 in CDCls
S16



||

008

'L

Foee

sLL
00°L~
0L
8bLy

155y 0L

ag L:TAAN

88 6L

68 621

_Nm 1Ly

z¢ 6€'L

,&W 1g'L-

se

¥

ey

sy

ov
8Ly
1 A
062
z62/

v

9

8

08

002

i e~

sl vze’

oz gog-

9z 2

6T L

6T L

LEL

mnhun

113

S8 2

T8

vze>

ocs’

Foeo
I 260
00’k

'z
WL

8.0 7.8 7.6 7.4 7.2 7.0 6.8

8.2

5 (ppm)

N |

€261

vLLS

006
SI'T

90°8

90T
9z°¢

00'8
o'
9e°¢
0g'9
16°0
00l
16°)
4 A
10°e
10l

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

6 (ppm)
'H NMR spectrum of compound 13 in CDCls

Figure S16.

FA )
322

I _..wm./
9T’ 6¢

9£°6T:
GE'6T;
66T

YL6T:
e
£6°LE

BEEP—

611
£5°19
00" N@l\
96°19—

P66,
207
sTrLL
Ly
80121
82
08 121
SO'6Z1
162}
65 621
09 0gk
020}
STPEL
6V SEI:
o Ig)
19281

zrovl
¥6 0¥l
6E Ll
NE.:\.
S0 ISk~
06 ISl
£0'851

L1991 —

0

10

90 80 70 60 50 40 30 20

o (ppm)
3C NMR spectrum of compound 13 in CDCl;

150 130 110

170

Figure S17.

S17



000— r
v__...wd_r
L'9 . L
Ve m.....wv —y 08| oy
/i ©
Wm 089 91'GlL |
68 r
9Tl 002 s
Fos L
8ZT1—= g0z’ ~ —v \
LFL £2'8r |
e¥ L .
/£ 8VI . .
Mwﬂ 0L Feze n E L0'6 |
. s -
4 i 7 Foeo wer
srif L N
veid 6L/ Fosr &
[A* 0 Fan m.
o2
~o L
«Q
¥8'2~ wel ™ E
g8'L F
6L [
MmM @m.hv | ez o 008 |
[--]
veb— 1zz
(3] L
178 o
62s- Fess
E ook
L'/ L
<
[--]
73 |
L
8s
08
00z r
0L .
8L L Fo.w [
0z L 0e’} |
MMM A
YT 6E9 [
mm.hw\. 6LL L
132 e
[1: 42 202
96 L A
iz 6671 |
i v

0.5

3.5

5.5

6.5

1.5

2.5

pm)

5
(p

4
(4]

7.5

8.5

'H NMR spectrum of dye C2 in CDCl;

Figure S18.

80°VL
quw.
1N
Po°ZZ
$9°ZZ
rove—
80°92
un.hm.\.
00'62
01'62
£T'6Z
9Z'6Z
SE'6Z
LE°6Z
5562
0L'62
18Le
£6°LE
LN
8819~

V619
hm.huv.

L E6~
2V ooL~"

mmw_:l
wnn)

vwoup*

162zl

90'6Z1
91’6zl
coogl
Z90EL

mp.vnp./.

SV SEI~C
FA i3
0Lzl

Z5ovl
6L0vL
I¥ivi
£EShL
mw.wm—/.

68 151
vo.um—W-

8V LL—

0

10

90 80 70 60 50 40 30 20

5 (ppm)
3C NMR spectrum of dye C2 in CDCls

150 130 110

170

Figure S19.

S18



5 (ppm)
Figure S21. *C NMR spectrum of compound 11 in CDCls
519

U 7 133 T T
.S,
N N
\ 7
ge 2 iﬁ B
8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5
% (ppm)
Figure S20. *H NMR spectrum of compound 11 in CDCls
TN TR T i i
.S,
N N
\ 3
160 140 120 100 80 60 40 20 0



NSNH, H,
(a) Br— COOC,Hs

H1 H2 H3 Hy Hz Hj m

- I BRUKER

ppm Qurrent Data Parameters
— = = NAME  caoqunf ang- NCE
EXPND 17082803
PROCNO 1
+7.2
F2 - Acqui sition Parameters
— Dato_ 20170028
Ti me 18. 51
| NSTRUM spect
PROBID  2116098_0482 (
7.4 PROG noesygpphpp
) 2048
SCLVENT
NS 3
oS
S 3355705 He
7.6 FI ORES 3.277055 He
AQ 03051520 sec
RG 113
ow 149,000 usec
o 6.50 usec
297
7.8 ] 0.00013627 sec
D1 200000000 sec
o8 30000001 sec
D11 0. 030000 sec
D12 00002000 sec
D16 0.00020000 sec
8.0 N0 0.00029800 sec
TOav
SFO1 400. 1320795 Me
NUCT H
P1 10. usec
- P2 20,00 usec
H3— ‘- 8.2 P17 2500. 00 usec
e PL 16. 000000¢ v
. PLWO 1.77779996 V
. GPNAM 1] SVBQ10. 1
@21 40.00 %
- 8 4 P16 1000 usec

F1 - Acquisition parameters
™

SFO1 400. 1321 M
Fl ORES 26.216442 He

8.6 W 8386 ppn
H2 . - FnMCDE States- TPPI
— ] A sestbig e
‘ si 1024

F2
8.8 S 400.1300079 Mz

2 58 2

m— ¢ F o

1 PC 1.00
9.0 E1 - Processing paramters

M2 Stat es- TPPI
T T T T T T T T T T T o 400. 1300079 Mz

9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 76 7.4 ppm s

S.
NN H, Hs

(b) H1 H2 Hs Br—g\__’iS—gi}—cooczu5

0 W
0

Current Data Parameters
Al — —_— —— PPmM NAE  caoqunf ang- NCE
BN 17062808
1
7.2 F2 - Acquisition Parameters
to_ 20170929
Ti ne 17.11
| NST] spect
2116008_0482 (
AU noesygpphpp
7.4 ™ 2048
SQLVENT
NS 3
oS i
sw 3378378 e
FI ORES 3290198 te
7.6 AQ 031040 sec
RG 64
ow 148,000 usec
e 6,50 usec
TE 296
o 0.00013527 sec
7.8 D1 0000000 sec
o8 0. 80000001 sec
Di1 03000000 sec
D12 0.00002000 sec
D16 0. 000200
N 0.00029600 sec
8.0 Toav
sF01 400, 1320655 Mt
NUCT 1
Pi 10.00 usec
P 20100 usec
P17 2500, 00 usec
H3 — ] 8.2 AL 16. 00000000 V
= WO 1.77779996 V
GNM 1] SMBQIO, 1
@21 40
P16 1000, 00 usec
8.4 F1 - Acquisition parameters
ol 4001321 M
FI ORES 26393581 He
sw 8.443 pprr
86 FrMCoE States-TPR
HZ— - F2 - Processing parameters
— s 1024
s 400, 1300079 M
ss8 =3
8.8 ) 0
B g 1
PC 1.00
F1 - Processing paramters
s 1024
9.0 2 Stat es- TPPI
T T T : - . | r . . L3 400, 1300079 M
vow siNe
9.0 8.8 8.6 8.4 8.2 8.0 7.8 76 7.4 7.2 ppm > — 2
@ 0

Figure S22. '"H-"H Nuclear Overhauser Effect spectroscopy data for compound 11 with mixing times of 0.3
seconds (a) and 0.8 seconds (b), no cross correlation peaks can be observed between the PT (H;) and phenyl group

(H, and H3) protons, indicating that the proposed regioregular structure of compound 11 is right.

S20



oy o0—

69
L9
619
(3:4
00’
(AU
12
0T L
aT L
T s
6CL
0gL
un.h\.
LA
£gl
_,w.hv.
-1
Nﬂm./.
e

Wrg
£L8
Lo6—

m.‘..ﬁ
129
E..&
189

00°2~,
0L
8LL

8.%

* -
8Tl
62°L
0L
9L
il

£8'L
8L

818
FrA
vz'g’/

[FA:2N
€L'8”

06—

118

Y

16°)

[ 90Z

.2

k|

Fowz|

- 00°L[

7.8 7

& (ppm)

84

9.0

ov'slL

hezes
g
802

—} 828

=¥

=5 ™

e R - Rl 4
Ne= “v G0

00°L

-
(=] o.M —
™~

6.5 5.5 4.5 35 2.5 1.5 0.5
6 (ppm)
'H NMR spectrum of compound 14 in CDCls

7.5

8.5

Figure S23.

Sivl

(187
)
8T°6C

8E'6C
Hr6e

1562
98'lE
L6'1E

9 ErY—

0z'L9
1519
oc.wu\

¥6'L9
um.___.uvu

L

6 66,
bR
s P
16021
ez
60621
61 62}
87 62
9962
YrIEL
£ZVEL
og L6
0L LE1
0L 8El
29 ol
£8 051
T
Skl
e
oF 6~

LI ¥SL~
68951~
99 C1
Z6 51
80851
8£90L—

0

10

90 80 70 60 50 40 30 20

S (ppm)
Figure S24. *C NMR spectrum of compound 14 in CDCl;

150 130 110

170

S21



wror—

£8°0
mu.oW
80
24N
=
-
£5'1—
2
vl

areE—

L6E
mm.mv

85—

08’9
[4: 3]
689
L6'Y
660

_.N.FW
uﬂ.___.v
8Tl
(A
EVi
8l
193
96°2-7

mqm%
90’8

95'8—
ele—

089,
z89-
6897
169’
6679’

Wi
LI
8z’
LI
svL’

88°Ly
162~
96°L-
50'8-
908’/

958

(750

||L3.m_‘
vELS
wo”m ﬂ._ hc-m
[ es0
an o
~a
- 0 €L'e
L eso
[ 3 828
ﬁv 0
b
__/
—
909
18°¢
1z’L
€60
G2t
€0y
Z6°L
€60
SL'e

e
00°L

3.5 2.5 1.5 0.5

4.5

5 (ppm)
'H NMR spectrum of dye C3 in CD,Cl,

7.5 6.5 5.5

8.5

Figure S25.

98°El,

98°EL
06°€L-
S9'ZE-,
1972

BO'ZT

90927
A
9.8z

1

ST'6Z-)
9762
A TA
9E°6Z
o6z
SO'6Z
e

€819~
e
€080

ma.wuv

|

EF'66-._
0000}

0PI
2TV
TR
SYOZL-
SO IZLA|
96 1Zh-

741
£T6ZL,
08621~
16 11
08 461

9Z 0¥~

£V OrL—
99 brL-"
S¥SHL—

LL8r

Al J. .ill.]‘ I

Z6'ESh~_
0Z 951 ~_
£9'951 m
90'861 |
[:r4: 8

Vst pdngpter' vl

o
o
-
o
I3
!
(@)
e 0
¥ 0
c
o =
rs) ™
(@)
0 e
>
© S
Y
S
—
2
ll\ps
o @
(=7 nd
>
Z
O
et
o
1 -
- ©
N
wn
[«B]
-
g B
- LL
o
Te]
-



]

Intens [a.u

Intens [a.u.]

X10
x10%
1.2 4 312 o
N £ B
] =038
1.0 4 N 06! g
oo} 2 <
0.2 i 3 §
0.8 - B z
00 Sge “ser  ses 580 o0 5ot
N~ miz
™
N
0.6 4 < 3
[<2] 0
g COOC,H; C,H;00C
] & I8
- S N s
E g CgHyz
0.2 - q§
n
0.0 1 v T v T v T v T v T v T v T v T v
500 600 700 800 900 1000 1100 1200 1300 m/Z
Figure S27. MS (MADI-TOF) spectrum of compound 3
4
X10 4
x10
1.0 < 51.04 8
go.s- é §
0 E S My S
0.8 - S 0.4 g .
N g a
- 0.24 &
RNAVAVAWIW
06 A 1283 1284 1285 1286 1287 m/21288
0.4 - Hir
0.2 - o
(3]
~
N
3
0'0 ] ] v 4 ] ] v ]
900 1200 1500 1800 2100 m/Z
Figure S28. MS (MADI-TOF) spectrum of compound 4

S23



Intens [a.u.]

xX10 |

Intens [a.u.]

x10%
3 4 .
5, 5 <
» ™ ©
= £ 3 8 3
< £} & N
. N 8
[{=} - ©
g : :
o
- 8 8
S S
1' 2 =
wn o
X 5
0 . k —
1566 1568 1570 miz
<
0
“©
-—
~
({=]
-—
[ee]
o
<
™
<
(]
-

900

1
1200

Figure S29.

1 v 1 . bl ] bl ] ¥ T T T T
1500 1800 2100 2400 2700 3000 M/Z

MS (MADI-TOF) spectrum of compound 12

2.5+

2.0 -

1.5 -

1.0 -

0.5

0.0

x10°
@
T25 8
L © N
n = - o
™ g20{ < 2,
@ £ 3 a
N 15 1 3
54 2
3 ¢
- 1.0 N
© 0
e 3 3
05 wn o«
b3 ©
: g
0.0 A=

1601 1602 1603 1604 1605 1606 1607
m/Z

1 - 1 -
900 1200

Figure S30.

1 " 1 " 1 " 1 " 1 " 1 "
1500 1800 2100 2400 2700 3000 M/Z
MS (MADI-TOF) spectrum of compound 13

S24



X
S

Intens [a.u.]

Intens [a.u.]

w

X107
5 = ERN 8
© g“ % 8
™ £ s 8
« 3 S N b
~ o 2
4 - o 2] N
3 1566 1568 1570 - 1672
2 -
1
0 ] v ] v ] v ] v ] v ] v ] v ] v
900 1200 1500 1800 2100 2400 2700 3000 m/Z
Figure S31. MS (MADI-TOF) spectrum of compound 14
3
X10 ; ;
xX10
3 0 - '; 3.0 g
o w25 8 g o
< g 5 1 &
0 £ 20 0 3
2.5 - B 15 N 3
1.04 g [
2.0 - oo N
1537 1538 1539 1540 1541 n;l/.;42
1.5 -
1.0 - <
©
™
)
<
0.5 4 ©
0.0

1 v 1 v 1 v 1 v 1 v 1 v 1 v 1 v
900 1200 1500 1800 2100 2400 2700 3000 M/Z
Figure S32. MS (MADI-TOF) spectrum of dye C1

S25



3
xX10 ,

— x10°
=- 3.5= 53'5' E
.é. Z 3.0 § E .
» - €25 5 N E
ch 30 - ; 2.04 E -
= S ;
2.5 - = " ;A
A
0.0 A
2 0 1573 1574 1575 1576 1577 n:1'15278
1.5 -
1.0
n
N~
N
0.5 4 2
©
0.0 T v T v T 'l T v T v T v T v T v
900 1200 1500 1800 2100 2400 2700 3000 M/Z
Figure S33. MS (MADI-TOF) spectrum of dye C2
3
X10
x10°
— 5 - 5 51 o
> i g
© 24 2 §
T 0 K3 2 o
") o = o 2
c - 34 ®
(] : S
£ 41 f?; I 8
| ) A g
AUAVAWAW.
3 - 1538 1539 1540 1541 1542 n11/5243
2 4
14 >
<
<t
[{=}
0 ] v ] v ] l' ] v ] v ] v ] v ] v
900 1200 1500 1800 2100 2400 2700 3000 M/Z

Figure S34. MS (MADI-TOF) spectrum of dye C3
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