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1. Materials and reagents.

All chemicals and solvents used in this work were of reagent grade and were obtained from J&K
Scientific, Adamas Reagent Co Ltd and so on. Tetrahydrofuran was dried by sodium under argon
atmosphere before use. (4-formylphenyl)boronic acid (4) and 4,4-dioctyl-4H-cyclopenta[2,1-b:3,4-
b'ldithiophene (6) were purchased from Derthon Co Ltd. 4-bromo-7-(4-(p-tolyl)-1,2,3,3a,4,8b-
hexahydrocyclopenta[b]indol-7-yl)benzo[c][1,2,5]oxadiazole (1),5! butyl 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzoate (2)5? were synthesized according to the previous literature.
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Scheme 1 Synthetic route for sensitizers WS-66, WS-67, WS-68 and WS-69.

2. Synthesis

Synthesis of compound 3. The compound 1 (300 mg, 0.67 mmol), 2 (260 mg, 0.85 mmol) were
mixed with 2 M K,CO5 (15 mL) and Pd (PPh3), (100 mg) in THF (40 mL), the reaction mixture was
heated to 80 °C and stirred for 8 h. After completion of the reaction, the organics were evaporated
and the residue was dissolved in CH,Cl, and washed with brine, dried over anhydrous Na,SO,,
evaporated to remove the solvent. The crude product was then purified by column chromatography
on silica gel (petroleum ether : CH,Cl, =3 : 1) to afford a red oil 3 (203 mg, 55.7%). '"H NMR (400
MHz, CDCls, J, ppm): 8.16 (d, /= 8.6 Hz, 2 H), 8.08 (d, /= 8.6 Hz, 2 H), 7.84 (s, 1 H), 7.78 (dd,
Ji1=84Hz, J,=19Hz,1H),7.65(d,J=7.4Hz 1 H),7.53(,J=74Hz, 1 H),7.21(d,J=28.7
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Hz, 2 H), 7.17 (d, J= 8.6 Hz, 2 H), 6.95 (d, /= 8.4 Hz, 1 H), 4.85 (m, 1 H), 4.36 (t, J= 6.6 Hz, 2
H), 3.88 (m, 1 H), 2.34 (s, 3 H), 2.13-2.06 (m, 1 H), 1.96-1.90 (m, 2 H), 1.81-1.74 (m, 3 H), 1.71-1.64
(m, 1 H), 1.61-1.55 (m, 1 H), 1.54-1.48 (m, 2 H), 1.00 (t, J = 7.4 Hz, 3 H). *C NMR (100 MHz,
CDCLy, 8, ppm): 166.34, 149.41, 149.35, 149.16, 139.76, 135.76, 132.22, 130.26, 130.05, 129.97,
129.90, 128.38, 127.95, 127.21, 125.28, 124.92, 124.71, 120.67, 107.41, 69.38, 65.01, 45.30, 35.33,
33.60, 30.82, 24.42, 20.88, 19.33, 13.83. HRMS-ESI (m/z): [M + H]* Caled. for (C3sH3N;03),
544.2600, found: 544.2601.

Synthesis of WS-66. Under argon, compound 3 (203 mg, 0.37 mmol) and KOH (500 mg, 8.91
mmol) were dissolved in MeOH (10 mL), H,O (10 mL) and THF (40 mL). The solution was heated
to 70°C and stirred for 2 h. The organics were evaporated and the residue was dissolved in CH,Cl,
and washed with brine, dried over anhydrous Na,SO,, evaporated to remove the solvent. The crude
product was then purified by column chromatography on silica gel (CH,CI, : MeOH =10 : 1) to
afford a red solid WS-66 (137 mg, 75.9%).'H NMR (400 MHz, THF-ds, J, ppm): 8.10 (d, J = 8.4
Hz, 2 H), 8.04 (d, /= 8.5 Hz,2 H), 7.85 (s, 1 H), 7.78 (d, J= 7.7 Hz, 2 H), 7.62 (d, /= 7.4 Hz, 1
H),7.13 (d,J=28.4 Hz,2 H), 7.06 (d, /= 8.3 Hz, 2 H), 6.84 (d, /= 8.5 Hz, 1 H), 4.82 (m, 1 H), 3.81
(m, 1 H), 1.96 (s, 3 H), 1.80-1.82 (m, 1 H), 1.69-1.72 (m, 2 H), 1.57-1.66 (m, 1 H), 1.53-1.55 (m, 1
H), 1.41-1.47 (m, 1 H). 3C NMR (100 MHz, THF-ds, J, ppm): 164.58, 147.46, 147.44, 147.30,
137.95, 133.73, 129.96, 128.27, 128.05, 127.74, 127.65, 127.61, 126.44, 125.84, 123.49, 123.01,
122.85,122.77, 122.64, 118.66, 105.16, 67.37, 52.04, 33.33, 31.52,27.80, 18.05. HRMS-ESI (m/z):
[M + H]J* Calcd. for (C3;H6N;03), 488.1974, found: 488.1978.

Synthesis of compound 5. The compound 5 was synthesized in a similar manner to that for
compound 3 (192 mg, 64.6%). 'H NMR (400 MHz, CDCls, 4, ppm): 10.07 (s, 1 H), 8.20 (d, J=8.0
Hz, 2 H), 8.00 (d, /= 8.1 Hz, 2 H), 7.86 (s, 1 H), 7.80 (d, /J=8.4 Hz, 1 H), 7.71 (d, J=7.4 Hz, 1
H), 7.56 (d, J=7.4 Hz, 1 H), 7.22 (d, J=8.3 Hz, 2 H), 7.18 (d, /= 8.3 Hz, 2 H), 6.96 (d, J = 8.4
Hz, 1 H), 4.88 (t,J=7.0 Hz, 1 H), 3.90 (t, /= 8.5 Hz, 1 H), 2.35 (s, 3 H), 2.15-2.05 (m, 1 H), 1.94
(m, 2 H), 1.84-1.75 (m, 1 H), 1.68 (s, 1 H), 1.59-1.54 (m, 1 H). 3C NMR (100 MHz, CDCls, 4,
ppm): 191.75, 149.59, 149.35, 149.09, 141.36, 139.56, 135.89, 135.81, 132.36, 130.68, 130.41,
130.20, 129.92, 128.56, 128.49, 125.15, 124.75, 124.56, 124.47, 120.77, 107.40, 69.42, 45.28,
35.35, 33.60, 24.41, 20.88. HRMS-ESI (m/z): [M + H]* Caled. for (C;5,H,6N30,), 472.2025, found:
472.2029.

Synthesis of WS-67. Under argon, compound 5 (192 mg, 0.41 mmol) and cyanoacetic acid (100
mg, 1.18 mmol) were dissolved in acetonitrile (30 mL) and refluxed for 8 h. Then the solvent was
removed under reduced pressure. The residue was dissolved in CH,Cl, and washed with brine, dried
over anhydrous Na,SO,, evaporated to remove the solvent and purified by column chromatography
on silica gel (CH,Cl, : MeOH = 10 : 1) to afford a red solid WS-67 (152 mg, 68.8%). 'H NMR (400
MHz, DMSO-dg, d, ppm): 8.22 (d, /= 6.9 Hz, 2 H), 8.07 (m, 3 H), 8.01 (d, /= 7.0 Hz, 1 H), 7.92
(s, 1 H), 7.86 (m, 2 H), 7.25 (m, 2 H), 7.22 (m, 2 H), 6.95 (d, /= 8.4 Hz, 1 H), 4.95 (m, 1 H), 3.91
(m, 1 H), 2.30 (s, 3 H), 2.09 (s, 1 H), 1.77-1.84 (s ,3 H), 1.42 (s, 1 H), 1.28 (s, 1 H). 3C NMR (100
MHz, DMSO-dg, J, ppm):163.81, 148.78, 148.65, 148.48, 147.46, 139.03, 136.96, 135.51, 133.04,
131.34, 130.70, 129.91, 129.79, 128.48, 128.27, 128.15, 126.17, 124.29, 124.06, 123.55, 120.05,
118.80, 112.68, 106.78, 68.41,43.40,34.89,32.94,22.04,21.71. HRMS-ESI (m/z): [M + H]* Calcd.

S3



for (Cs34H,7N403), 539.2083, found: 539.2081.

Synthesis of compound 7. Under argon, to a solution of compound 6 (900 mg, 2.23 mmol) in dry
THF (20 mL) was added n-BuLi (1.12 mL, 2.69 mmol) dropwise at -78 °C. The resulting solution
was stirred for 1 h before adding B(OCH3;); (0.38 mL, 3.35 mmol). The stirring was maintained at
-78 °C for another 3 h for next Suzuki reaction without any purification. Under argon, the previous
prepared mixture was reacted with compound 1 (995 mg, 2.23 mmol) with 2 M K,CO5 (15 mL) and
Pd(PPh;)4 (100 mg) in THF (40 mL) for 6 h. After cooling to the room temperature, the organics
solvent were evaporated and the residue was dissolved in CH,Cl, and washed with brine for two
times, dried over anhydrous Na,SQOy,, evaporated to remove the solvent. The crude product was then
purified by column chromatography on silica gel (petroleum ether : CH,Cl, = 4 : 1) to afford a
purple solid 7 (926 mg, 54.2%).'H NMR (400 MHz, CDCls, J, ppm): 8.01 (s, 1 H), 7.86 (s, 1 H),
7.79 (d,J=8.4Hz, 1 H),7.59 (d,/J=7.5Hz, 1 H), 7.49 (d,J= 7.5 Hz, 1 H), 7.24 (m, 1 H), 7.23 (d,
J=5.9Hz 2 H),7.18 (d, /= 8.4 Hz, 2 H), 6.98 (m, 2 H), 4.88 (m, 1 H), 3.93 (m, 1 H), 2.35 (s, 3
H), 2.09 (m, 1 H), 1.98 (m, 2 H), 1.91 (m, 4 H), 1.80 (m, 1 H), 1.69 (m, 1 H) 1.60 (m, 1 H), 1.19
(m, 20 H), 0.99 (m, 4 H), 0.82 (m, 6 H). 3C NMR (100 MHz, CDCls, d, ppm):159.50, 159.21,
149.21, 148.99, 148.22, 139.83, 138.27, 137.79, 136.33, 135.72, 132.04, 129.88, 127.97, 127.45,
126.08, 125.80, 125.23, 125.01, 124.48, 122.99, 121.80, 121.37, 120.54, 107.51, 69.37, 53.97,
45.36, 37.78, 35.29, 33.65, 31.83, 30.03, 29.36, 29.28, 24.58, 24.44, 22.64, 20.87, 14.10. HRMS-
ESI (m/z): [M + H]* Calcd. for (C49Hs7N;0S;), 768.4201, found: 768.4205.

Synthesis of compound 8. Compound 7 (526 mg, 0.68 mmol) was dissolved in dry THF (30 mL) at
the temperature of 0 °C. NBS (145 mg, 0.81 mmol) was also dissolved in dry THF (10 mL) and
added dropwise. The mixture was allowed to warm to room temperature and keep stirring for 5 h.
The solvent was evaporated and the residue was kept for next Suzuki reaction without purification.

Synthesis of compound 9. The compound 9 was synthesized in a similar manner to that for
compound 3 (157 mg, 53.6%). 'H NMR (400 MHz, CDCl;, J, ppm): 8.05 (s, 1 H), 8.03 (d, J=3.2
Hz,2 H), 7.87 (s, 1 H), 7.79 (dd, J, =8.4 Hz, J, = 1.7 Hz, 1 H), 7.68 (d,J=8.4 Hz, 2 H), 7.61 (d, J
=7.5Hz, 1 H),7.50 (d,J=7.5Hz, 1 H), 7.33 (s, 1 H), 7.23 (d, /= 8.6 Hz, 2 H), 7.19 (d, /= 8.5
Hz,2 H), 6.98 (d,/=8.4 Hz, 1 H), 4.88 (m, 1 H), 4.34 (t,J= 6.6 Hz, 2 H) 3.93 (m, 1 H), 2.36 (s, 3
H), 2.11 (m, 1 H), 1.94-1.97 (m, 6 H), 1.78 (m, 2 H), 1.69 (m, 1 H) 1.50 (m, 2 H), 1.25 (m, 5 H),
1.16-1.21 (m, 20 H), 1.00 (m, 4 H), 0.80 (m, 6 H). 3C NMR (100 MHz, CDCls, J, ppm): 166.37,
160.07, 159.83, 149.19, 149.10, 148.18, 144.07, 139.79, 139.44, 139.26, 137.50, 135.74, 132.13,
130.31, 129.88, 128.67, 128.03, 127.76, 125.70, 125.28, 125.15, 124.67, 124.50, 122.78, 121.12,
120.60, 119.07, 107.50, 69.40, 64.89, 54.47, 45.35, 37.83, 35.29, 33.64, 31.80, 30.82, 30.01, 29.71,
29.34, 29.27, 24.61, 24.43, 22.61, 20.85, 19.32, 14.06, 13.82. HRMS-ESI (m/z): [M + H]* Calcd.
for (C¢oH70N305S;), 944.4859, found: 944.4858.

Synthesis of compound WS-68. The WS-68 was synthesized in a similar manner to that for WS-66
(91 mg, 89.6 %). 'H NMR (400 MHz, THF-ds, J, ppm): 10.74 (s, 1 H), 8.00 (s, 1 H), 7.91 (d, J =
8.2Hz,2 H), 7.86 (s, 1 H), 7.78 (d, /J=8.4 Hz, 1 H), 7.66 (d, J=8.1 Hz, 2 H), 7.63 (s, 1 H), 7.56
(d,J=7.5Hz, 1 H),7.50 (s, 1 H), 7.14 (d, J=8.3 Hz, 2 H), 7.07 (d, /= 7.8 Hz, 2 H), 6.85 (d, J =
8.4 Hz, 1 H), 4.82 (m, 1 H), 3.82 (m, 1 H), 2.21 (s, 3 H), 2.02 (m, 1 H), 1.93 (m, 4 H), 1.83 (m, 2
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H), 1.71 (m, 1 H), 1.55 (m, 1 H), 1.44 (m, 1 H), 1.07-1.18 (m, 20 H), 0.97 (m, 4 H), 0.69 (m, 6 H).
13C NMR (100 MHz, THF-ds, 6, ppm): 166.18, 160.10, 159.51, 149.03, 149.00, 148.11, 144.45,
139.89, 139.52, 138.95, 137.72, 137.16, 135.58, 131.71, 130.26, 129.59, 129.25, 127.97, 127.65,
125.53, 125.44, 125.15, 124.34, 124.29, 122.40, 120.74, 120.41, 119.32, 107.10, 69.20, 54.36,
45.31,37.78,35.17, 33.41, 31.79, 30.01, 29.67, 29.26, 22.49, 19.90, 13.39. HRMS-ESI (m/z): [M +
HJ* Caled. for (CsgHgaN305S,), 888.4233, found: 888.4230.

Synthesis of compound 10. The compound 10 was synthesized in a similar manner to that for
compound 3 (162 m, 68.8%). 'H NMR (400 MHz, CDCls, 6, ppm): 9.99 (s, 1 H), 8.02 (s, 1 H), 7.89
(m, 3 H), 7.78 (m, 3 H), 7.62 (d,/=7.0 Hz, 1 H), 7.51 (d,J=7.4 Hz, 1 H), 7.38 (s, 1 H), 7.23 (d, J
= 8.0 Hz, 2 H), 7.19 (d, /= 8.4 Hz, 2 H), 6.99 (d, J= 8.6 Hz, 1 H), 4.89 (m, 1 H), 3.93 (m, 1 H),
2.36 (s, 3 H), 2.11 (m, 1 H), 1.96 (m, 6 H), 1.81 (m, 1 H), 1.69 (m, 1 H) 1.59 (m, 1 H), 1.13-1.16
(m, 20 H), 1.04 (m, 4 H), 0.80-0.82 (m, 6 H). 3C NMR (100 MHz, CDCl;, J, ppm): 191.31, 160.14,
149.19, 149.15, 148.17, 143.52, 140.89, 139.88, 139.76, 138.39, 137.30, 135.76, 134.66, 132.17,
130.58, 129.89, 128.06, 127.93, 125.65, 125.44, 125.14, 125.10, 124.51, 122.72, 121.01, 120.63,
119.67, 107.50, 69.41, 54.51, 45.34, 37.83, 35.30, 33.63, 31.80, 30.00, 29.33, 29.27, 24.61, 24.42,
22.61, 20.86, 14.06. HRMS-ESI (m/z): [M + H]J* Caled. for (Cs¢HeaN30,S5), 872.4283, found:
872.4276.

Synthesis of compound WS-69. The WS-69 was synthesized in a similar manner to that for WS-67
(115 mg, 65.9%). '"H NMR (400 MHz, THF-ds, J, ppm): 8.12 (s, 1 H), 8.00 (s, 2 H), 7.98 (s, 1 H),
7.86 (s, 1 H), 7.76 (m, 3 H), 7.66 (d, J=7.4 Hz, 1 H), 7.57 (d, /= 6.7 Hz, 2 H), 7.14 (d, J= 8.0 Hz,
2H),7.07(d,J=8.0Hz,2 H), 6.85 (d, /J=8.4 Hz, 1 H), 4.83 (m, 1 H), 3.82 (m, 1 H), 2.21 (s, 3 H),
2.00-2.02 (m, 2 H), 1.93-1.96 (m, 4 H), 1.83 (m, 2 H), 1.68-1.72 (m, 1 H) 1.40-1.46 (m, 1 H), 1.07-
1.18 (m, 20 H), 0.98 (m, 4 H), 0.68-0.71 (m, 6 H). 3C NMR (100 MHz, THF-ds, J, ppm): 161.27,
158.43, 158.09, 150.63, 147.18, 146.23, 142.22, 138.12, 137.97, 137.42, 136.23, 135.76, 133.77,
129.91, 129.78, 128.63, 127.75, 127.62, 126.14, 125.86, 123.83, 123.72, 123.21, 123.06, 122.43,
120.45, 118.72, 118.57, 118.10, 113.88, 105.21, 100.73, 67.34, 52.52, 43.42, 35.86, 33.31, 31.52,
29.90, 28.10, 27.77, 27.39, 27.36, 20.61, 11.53. HRMS-ESI (m/z): [M + H]" Calcd. for
(CsoHg3N4058S,), 939.4342, found: 939.4346.

3. DSSCs fabrications

The working electrode composed of the TiO, nanoparticle (8 ym nanocrystalline and 8 um scattering
layer) was prepared and modified following the reported procedure.3® A screen-printed double
layers of TiOz particles were used as the photoelectrode (8 um transparent + 8 um scattering).
A 8 um thick film of 13 nm TiO, particles were first printed on the FTO conducting glass, then
kept in a clean box for 10 minutes and dried at 125 °C for 6 min. Afterwards, it was coated by
a 8 um thick second layer of 400 nm light-scattering anatase particles. Finally, the electrodes
coated with the TiO, pastes were gradually sintered in a muffle furnace at 275 °C for 5 min, at
325 °C for 5 min, at 375 °C for 5 min, at 450 °C for 15 min and at 500 °C for 15 min,
respectively. Furthermore, these films were immersed into a 40 mM aqueous TiCl, solution at
75 °C for 30 min, washed with water and ethanol, and then heated again at 450 °C for 30 min.
Then the photoanodes were immersed into a solution of 0.3 mM dyes WS-66, WS-67, WS-68 and
WS-69 in a mixture of chloroform and ethanol (volume ratio of 4 : 1) at 25 °C for 12 h without any
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coadsorbent. For consensitized DSSCs, a dye solution of 0.3 mM WS-5 was prepared in a mixture
of chloroform and ethanol (volume ratio of 1 : 1). The photoanodes were first dipped in the solution
of WS-68/WS-69 for 12 h, then dipped in the solution of WS-5 for 2 h at 25 °C, indicated as WS-68
(12 h) + WS-5 (2 h) and WS-69 (12 h) + WS-5 (2 h), respectively. Then the reversed coadsorption
sequence was conducted, the photoanodes were first dipped in WS-5 solution for 2 h, then dipped
in WS-68/WS-69 solution for 12 h at 25 °C, indicated as WS-5 (2 h) + WS-68 (12 h) and WS-5 (2
h) + WS-69 (12 h), respectively. The counter electrode was prepared by coating with a drop of
H,PtCls (0.02 M in 2-propanol solution) solution on an FTO plate and heating at 500 °C for 30 min.
A hole (diameter of 0.8 mm) was then drilled on the counter electrode. The dye-adsorbed TiO,
electrode and Pt-counter electrode were sandwiched by a thick hot-melt gasket (25 um, Surlyn 1702
(DuPont)) and sealed together by pressing them under heat. A drop of electrolyte solution was put
on the hole in the back of the counter electrode, and introduced into the cell via vacuum
backfilling. Finally, the hole was sealed using a UV-melt gum and a cover glass. The cell area
was controlled to be 0.12 cm? for photovoltaic performance measurements. The electrolyte used in
this work contains 0.6 M of DPMII, 0.05 M of I, 0.1 M of Lil, and 0.5 M of TBP in acetonitrile.

4. Measurement equipment and apparatus

'H NMR (400 MHz) and '3C NMR (100 MHz) spectra were obtained by employing a Bruker AM
400 spectrometer. HR-MS measurements were performed using a Waters LCT Premier XE
spectrometer. The UV-vis absorption spectra were recorded using a CARY 100 spectrophotometer.
Photovoltaic measurements were performed by employing an AM 1.5 solar simulator equipped with
a 300 W xenon lamp (model no. 91160, Oriel). The power of the simulated light was calibrated to
100 mW cm using a Newport Oriel PV reference cell system (model 91150 V). Photocurrent
density-voltage (I-V) curves were obtained by illuminating the cells through the FTO substrate from
the photoanode side under standard AM 1.5 conditions with a model 2400 source meter (Keithley
Instruments, Inc. USA). The photocurrent action spectra were measured with Newport-74125
system (Newport Instruments). The intensity of the monochromic light was calibrated by a reference
silicon cell (Newport-71640). Electrochemical impedance spectroscopy (EIS) for DSSCs was
performed using a two-electrode system under dark with electrochemical workstation (Zahner
IM6e). The spectra were scanned in a frequency range of 0.1 Hz - 100 kHz under a series of applied
bias potential with a magnitude of the alternative signal of 10 mV and characterized using Z-View

software.
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5. Light harvesting efficiency of dyes WS-66, WS-67, WS-68 and WS-69
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Fig. S1 Light harvesting efficiency of dyes WS-66, WS-67, WS-68 and WS-69 on transparent 8
um TiO; film.
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6. Computational details

We employed density functional theory (DFT) calculations to optimize the ground state geometries
of the dye sensitizer molecules, using the hybrid B3LYP functional and the 6-31G (d) basis set. At
the optimized geometries, time-dependent (TD) DFT calculations were also carried out, using the
range-separated CAM-B3LYP functional and the 6-311+G (d, p) basis set. In TDDFT calculations,
solvent effects of CH,Cl, were taken into account by the polarizable continuum model. All

calculations were carried out using the Gaussian09 program package.

wWs-68 WS-69

Fig. S2 Molecular structures of dyes WS-66, WS-67, WS-68 and WS-69.

Table S1 Energy levels (in eV) of frontier molecular orbitals.

Compound E(HOMO) E(LUMO) Gap
WS-66 -5.13 -2.50 2.63
WS-67 -5.22 -2.86 2.36
WS-68 -4.84 -2.55 2.29
WS-69 -4.94 -2.83 2.12
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Table S2 Computed excitation energy absorption wavelength, oscillator strength and molecular

orbital composition for the lowest excited state.

Compound Excited state Excitation Oscillator MO composition
energy strength

WS-66 S 2.69 eV, 460 0.991 H— L (82%)
nm H-1- L (13%)

WS-67 S 2.56 eV, 484 1.367 H— L (69%)
nm H-1- L (13%)
H- L+1 (11%)

WS-68 S 2.23 eV, 555 1.696 H— L (89%)

nm

S, 3.03 eV, 409 0.276 H-1- L (41%)
nm H - L+1 (38%)

WS-69 Sy 2.16 eV, 574 2.302 H— L (72%)
nm H - L+1 (13%)
S, 2.71 eV, 457 0.312 H - L+1 (53%)
nm H-1- L (24%)

Table S3 Dihedral angles between aromatic rings.

Compound a B y 6
WS-66 25.2° 28.6° 0.1° -
WS-67 25.3° 27.3° 2.2° -
WS-68 25.0° 1.4° 20.4° 0.1°
WS-69 24.6° 1.7° 10.6° 0.3°

7. Molecular structures of dye WS-5

CN

AN

N N

\
\@ NP
N\'

COOH

WS-5
Fig. S3 Molecular structures of dye WS-5.

8. Optical and electrochemical data for dyes WS-5
Table S4 Optical and electrochemical data for dyes WS-5 from previous literature.S3

Dye Amax & Amax 0N T10, HOMO Eyo LUMO
[nm]?  [Mlcem ]2 [nm]® [VI*(vs NHE)  [eV]¢ [V]¢(vs NHE)
WS-5 494 19800 446 0.85 2.06 -1.21
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9. Adsorption amount of individual dye and cosensitization
Table S5 Adsorption amount of individual dye (WS-5, WS-68 and WS-69) and the cosensitization
of WS-68/WS-69 with WS-5 on 16 um TiO, films.

Device Dye Adsorption Adsorption percentage in percentage in
time amount (107  individual dye  cosensitization
mol cm?) adsorption
Individual dye =~ WS-68 12h 1.60 -
adsorption WS-69 12h 2.18 -
WS-5 2h 1.20 -
Cosensitization WS-5 2h 0.71 59.17% 47.97%
(WS-5+WS- WS-68 12h 0.77 48.13% 52.03%
68/WS-69) WS-5 2h 0.11 9.17% 4.89%
WS-69 12h 2.14 98.17% 95.11%
Cosensitization ~ WS-68 12h 0.82 51.25% 48.24%
(WS-68/WS- WS-5 2h 0.88 73.33% 51.76%
69+WS-5) WS-69 12h 1.87 85.78% 70.83%
WS-5 2h 0.77 64.17% 29.17%

10. Evolutions of DSSCs based on single WS-69 under visible-light soaking
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700+
600

0.81
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0.57

o, o

.—0/_‘_\-0-—__'_‘___.___'

0 100

200

300

400 500

Time (h)
Fig. S4 Evolutions of photovoltaic performance parameters for the DSSCs based on single WS-69
under visible-light soaking.
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11. 'H, 3C NMR and HR-MS of intermediates and tarteted sensitizers
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Fig. S5 '"H NMR of compound 3 recorded in CDCl;,
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Fig. S6 3C NMR of compound 3 recorded in CDCl;,
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for I-FIT = 2
Monoisotopic Mass, Even Electron lons
10 formula(e) evaluated with 1 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-35 H:050 N:03 0:03
WH-ZHU ECUST institute of Fine Chem 18-Dec-2015
19:41:46
210 (0.149) Cm (8:11) 1: TOF MS ES+
1.20e+004
1GD— 5442601
4
|
]
ﬁ 5452673
240.9882 471.1081 546.2701 1087.5197
381.2983
qunfm\|m.|<|n|uu‘Jmpmpm“h O T T [T T [T PO [T E O O [ Ve [P n [ o [ prrr e preeeperrepet. mMiz
350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Minimum: -1.5
Maximum: 300.0 50.0 100.0
Mass Calc. Mass mDa PEM DBE i-FIT i-FIT (Norm) Formula
544.2601  544.2600 0.1 0.2 20.5 15.2 0.0 ©35 H32 N3 03

Fig. S7 High resolution mass spectrometer (HR-MS) of compound 3.
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Fig. S8 'H NMR of WS-66 recorded in THF-dg,
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Fig. S9 3C NMR of WS-66 recorded in THF-dg,
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
56 formula(e) evaluated with 4 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-40 H: 040 N 03 0:0-3
WH-ZHU ECUST institute of Fine Chem 17-May-2016
21.04:14
ZW-ZWW-E6 & (0.275) Cm (3:6) 1: TOF M5 ES+
9.05e+003
-~ 4881978
% 439.1861
4432373
+ 3182990 L
1 F042586 348.0710 |444.2426 517.3448 S57.0449
4 S 413.2707 : | 581.3724 625.3972
T % A R RALAIRLAAS LLAat RRALA IAR LA LAAAS Lkt A a ARl
300 320 340 360 380 400 420 440 480 430 500 520 40 560 580 600 620
Minimum: -1.5
Meximum: 300.0 50.0 100.0
Maas Calc. Mass mDa EEM DBE i-FIT i-FIT (Norm) Formula
488.1978  488.1974 0.4 0.8 20.5 16.8 0.0 C31 H26 N3 O3

Fig. S10 High resolution mass spectrometer (HR-MS) of WS-66.
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Fig. S12 3C NMR of compound 5 recorded in CDCl;,
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Elemental Composition Report

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for I-FIT = 2

Monoisotopic Mass, Even Electron lons
8 formula(e) evaluated with 1 results within limits (up to 1 closest results for each mass)
Elements Used:

Page 1

C:0-31 H:0-50 N:0-3 0:0-2
WH-ZHU ECUST institute of Fine Chem 18-Dec-2015
132:46
118 (0.200) Cm (18:19) 1: TOF MS ES+
4.21e+003
10 472.2029
W 473.2055
AT 518.2422
328.2826 504.2205517.2303
I 350.2630 3602945 526, |8355
I | { | [ | i
JALAAREREAA! KA ELAAARAL LAY U R LA AR RS L] L W el (LA LA R LA A UL AU A ST Al LA Lk Lk ikt W AB B bAdd ki) b L4
330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 20
Minimum: Z1..5
Maximum: 300.0 50.0 100.0
Mass Calc. Mass mDa PEM DEE i-FIT i-FIT (Norm) Formula
472.2028 472.2025 0.4 0.8 20.5 7.4 0.0 €31 H26 N3 02

Fig. S13 High resolution mass spectrometer (HR-MS) of compound 5.
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Fig. S14 '"H NMR of WS-67 recorded in THF-dg,
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Fig. S15 3C NMR of WS-67 recorded in THF-dg,

Elemental Composition Report

Single Mass Analysis

Tolerance = 50.0 PPM [ DEBE: min =-1.5 max=100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

50 formula(e) evaluated with 6 results within limits (up to 1 closest results for each mass)
Elements Used:

C:0-40 H:0-40 N:D4 ©:03

WH-ZHU ECUST insfitute of Fine Chem

ZW-ZWW-BT 7 (0.299) Cm (5:8)
539 2081

557.0401

381.2852 413.2666 537.2418 I

384.3076

437.iT arn 4651037 493.3128

VBGG 350 400 420 440 480 480 500 520 540 560
Minimum: k.5
Maximuam: 300.0 50.0 100.0
Ma33 Calc. Mass mDa PEM DBE i-FIT
539.2081 5359.2083 -0.2 —0.4 23.5 39.1 o

-0 Cc34

Page 1

17-May-2016
21:44:27

1: TOF MS ES+
3.43e+003

551.3683 £25.3932

8195216, | g4q.3533

i rrrrrrrr;rrrrrrl—rv-plﬁ miz
&40 660 830

669.4185

|
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H27 N4 03

Fig. S16 High resolution mass spectrometer (HR-MS) of WS-67.
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Fig. S18 3C NMR of compound 7 recorded in CDCl;,
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 1000.0 mDa / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =2

Monoisotopic Mass, Even Electron lons

15 formula(e) evaluated with 1 results within limits {up to 1 best isotopic matches for each mass)
Elements Used:

C:0-49 H:0-59 N:0-3 0:01 S:0-2

WH-ZHU ECUST institute of Fine Chem 18-Mar-2015
20:10:58
ZWH-ZWW-2 32 (0.290) Cm (29:38) 1: TOF MS ES+
3.80e+003
1 T68.4025
T67.3970
769.4078
770.4058
519.4400 663.4714 795.5458
- L miz
M BAGRE LAARY LAARY LRAd LARAY LAss) RALA ALAY LA bAda) LAA LAAM LAREY LAAA) LAAS BAALRALAD LEda) LAt tanh) LARE) LARL) LA RALLY LALH LSRN LAAS) AL LARM) LabA) ARSI ERLA LML LAaR) LAl
620 630 640 650 660 670 BHO 690 OO 710 720 730 740 750 TG0 F/0 0 7BO 7H0
Minimum: =1.5
Maximum: 1000.0 50.0 100.0
Mass Calc. Mass mDa PEM DEE i-FIT i-FIT (Norm) Formula
768.4025 T68.4021 0.4 0.5 22.5 12.1 0.0 49 H58 N3 0O 52

Fig. S19 High resolution mass spectrometer (HR-MS) of compound 7.

W

T T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm

sivilisal LT Tkl

Fig. S20 '"H NMR of compound 9 recorded in CDCl;,
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Fig. S21 3C NMR of compound 9 recorded in CDCl;,
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min = -1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
37 formula(e) evaluated with 1 results within limits (up to 1 closest results for each mass)
Elements Used:
C:060 H:0-100 N:0-3 0O:0-3 S5:0-2
WH-ZHU ECUST institute of Fine Chem 23-0ct-2015
21:55:14

ZWH-ZWW-1 107 (0.751) Cm (107:121) 1: TOF MS ES+

G4a48SE 3.11e+004
100+ (

i 9454535

gl

| 45 4326

i _947.4932 1068.5663

Y miz
T T T T I T T T T T T T T T T T T T T T T
a0 970 930 990 1000 1010 1020 1030 1040 1050 1060 1070

Minimums: ol B
Maximum: 300.0 50.0 100.0
Mass Calc. Mass mDa PEM DBE i-FIT i-FIT (Norm) Formula
944.4853  944.4858 -0.1 -0.1 27.5 30.7 0.0 Ceé0 H70 N3 03 S2

Fig. S22 High resolution mass spectrometer (HR-MS) of compound 9.
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Fig. S24 3C NMR of WS-68 recorded in THF-dg,
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electran lons
29 formula(e) evaluated with 1 results within limits (up to 1 closest results for each mass)
Elements Used:
C:0-56 H:062 N:0-3 0:03 $S:0-2
WH-ZHU ECUST institute of Fine Chem 13-Jul-2016
20:51:55
ZW-ZWW-1 46 (0.371) Cm (42:48) 1: TOF MS ES+
1.18e+004
16 887.4131
888.4230
o 8/89.4288
890.4333
;m 5887 7955198 gps oas ﬁ/sm 43:32 910.5782 936.7320 9647595 930_160%2
U770 780 790 800 610 820 B30 840 830 860 870 880 8SD GO0 910 920 930 940 950 @ 960 970  GBO
Minimum: ol b
Maximum: 300.0 50.0 100.0
Mass Calc. Mass mDa PPM DBE i-FIT i-FIT (Norm) Formula
888.4230  888.4233 -0.3 -0.3 27.5 22.1 0.0 c56 H62 N3 03 S2

Fig. S25 High resolution mass spectrometer (HR-MS) of WS-68.
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Fig. S26 '"H NMR of compound 10 recorded in CDCl;,
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Fig. S27 3C NMR of compound 10 recorded in CDCl;,

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM ! DBE: min = -1.5, max = 100.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 2
Monoisotopic Mass, Even Electron lons
23 formula(e) evaluated with 5 results within limits (up to 1 closest results for each mass)
Elemeanis Used:
C:060 H:0-65 N:D-3 0O:0-2 5:0-2
WH-ZHU ECUST institute of Fine Chem 15-Jun-2015
22:31:53
ZW-ZWW-B-CHO 218 (1.442) Cm (213:220) 1: TOF MS ES+
2.89e+002
100— 872.4276
87-'1.4‘4% 734352
%] 882.4230
i 821.5852
1 ;%_Da.a:aa ‘ 827.5270 530.5447 849 B4E1 865.5938 893.6525
[
G.'...‘....l....‘.... ....‘....,....‘....,....,....,..\.,....,....,..u...\.,..\.,....;..‘l. mfz
8200 840 880
Minimum: 1.5
Maximum: 300.0 50.0 100.0
Mass Calec. Mass mDa PFM DBE i-FIT i-FIT (Norm) Formula
BE72.4276 B72.4283 -0.7 -0.8 27.5 B.8 0.0 C56 HeZ N3 Q2 S2

Fig. S28 High resolution mass spectrometer (HR-MS) of compound 10.
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Fig. S30 3C NMR of WS-69 recorded in THF-dg,
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

33 formula(e) evaluated with 1 results within limits (up to 1 closest results for each mass)
Elements Used:

C:060 H:0-65 N:0-4 0:0-3 S:0-2

WH-ZHU ECUST institute of Fine Chem 15-Jun-2015
22:37:33
ZW-ZWW-B-ZHONG 26 (0.249) Cm (24:28) 1: TOF MS ES+
1.53e+003

10 939.4346

938.4249 | 940.4369
N

941.4352
806.6187 936.7234 || 1000 5887
R R AR R RS E R R R R R R R R R R R RN R R R R R R ST e B S e B S 11174
880 0 96! 950 1000
Minimum: =lh
Maximum: 300.0 50.0 100.0
Mass Calc. Mass mDa PEM DBE i-FIT i-FIT (Norm) Formula
939.434¢ 939.4342 0.4 0.4 30.5 10.9 0.0 C59 He3 N4 03 82

Fig. S31 High resolution mass spectrometer (HR-MS) of WS-69.
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