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Results obtained from UV-visible absorption spectra in DMF 

solvent and cyclic voltammograms (CVs) of TTDA and PTDA (not 

shown here), including the oxidized potential (Eox) vs. Ag/AgCl, 

the onset wavelength of the absorption spectra (λonset), the 

energy gaps (Eg), and the energy levels of LUMO and HOMO vs. 

vacuum energy (Evac) of TTDA and PTDA. 

 

photosensitizers Eox/V λonset/nm HOMO/eV Eg/eV LUMO/eV

TTDA 0.94 446 -5.64 2.78 -2.86 

PTDA 0.70 505 -5.40 2.46 -2.94 

 

 

 

 

 

 

 

 



Supplementary Material 2 

 

 

The emission of TTDA and PTDA on TiO2 films is not detected.  

The reasons for complete fluorescence quenching are mainly 

due to aggregation of photosensitzers and energy transfer or 

electron injection into TiO2.  Because the photosensitizer 

aggregates have fluorescence (Supplementary Material 2, 

Figure 1), even stronger than those in solution (Figure 1, 

right curves), while TiO2 only absorbs the light no larger than 

400 nm.  Therefore, the fluorescence quenching is due to the 

electron injection. 

 

 

 

 

 

 

 

Figure 1  The fluorescence spectra of TTDA and PTDA 

spin-coating films.  

 



Supplementary Material 3 

TTDA and PTDA were synthesized as below.  All reagents was 

commercially available and used without further purification 

unless otherwise stated.  

1. Synthesis of TTDA. 

Firstly, 3’ -amyl-2, 2’: 5’, 2’’ –terthiophene (compound 

1) was synthesized.  To a solution of 2- bromothiophene (3.68 

g, 22.54 mmol) and Mg turning (0.649 g, 27.05 mmol) in anhydrous 

ether (10 mL) under nitrogen, the corresponding Grignard 

reagent was prepared and added slowly to a mixture of 2, 

5-dibromo-3-amylthiophene (2.42 g, 7.79 mmoL) and Ni(dppp)Cl2 

(20.9 mg, 0.038 mmol) in anhydrous ether (15 mL) at 0°C.  Then 

the reaction mixture was refluxed for 24 h under nitrogen.  

Then the reaction mixture was cooled to room temperature and 

is hydrolyzed with cold 0.5 N of HCl and extracted several 

times with diethyl ether.  The organic phases were combined, 

washed with saturated NaHCO3 solution and water and dried over 

anhydrous sodium sulfate.  The mixture was then purified by 

chromatograph on silica-gel using petroleum ether as eluent 

to afford a Kelly oil; yield: 1.48 g (60%). 1HNMR (CDCl3, ppm) 

δ 7.47 (d, 1H, J=5 Hz), 7.37 (d, 1H, J=5 Hz), 7.32 (d, 1H, 

J=3 Hz), 7.29 (d, 1H, J=3 Hz), 7.23 (t, 1H, J=4 Hz), 7.18 (m, 



2H), 2.89 (t, 2H, J=8 Hz), 1.83 (m, 2H), 1.52 (m, 4H), 1.07 

(t, 3H, J=7 Hz); MS (EI): 318 (M).  Then, TTDA was synthesized.  

To a solution of compound 1 (318 mg, 1.0 mmol) in 20 mL of 

dry diethyl ether under nitrogen, 138µL of n-butyllithium (2.5 

M, Aldrich) was added at room temperature.  The mixture was 

stirred for 30 min and then cooled to –78°C and treated with 

an excess of dry ice.  The reaction mixture was slowly warmed 

to room temperature and hydrolyzed.  The formed lithium salt 

was extracted for several times with diethyl ether.  The 

aqueous solution was then acidified with 2N of HCl for 

precipitating the desired dicarboxylic acid.  The crude 

products were filtered and washed with water, yield: 0.223g 

(55%).  1HNMR (DMSO, ppm) δ 7.73(d, 1H, J=4Hz), 7.69 (d, 1H, 

J=4Hz), 7.49 (s, 1H), 7.42 (d, 1H, J=4Hz), 2.76 (t, 2H, J=8Hz), 

1.65 (m, 2H), 1.33 (m, 4H), 0.88 (t, 3H, J=7Hz); MS (EI): 406 

(M). 

2. Synthesis of PTDA.   

Firstly, 3’ -amyl-2, 2’: 5’, 2’’: 5’’, 2’’’: 5’’’, 

2’’’’–pentathiophene (compound 2) was synthesized.  To a 

solution of 2- bromothiophene (1.99 g, 12.21 mmol) and Mg 

turning (0.35 g, 14.65 mmol) in anhydrous ether (10 mL) under 

nitrogen, the corresponding Grignard reagent was prepared and 



added slowly to a mixture of 2, 5’’-dibromo-3’-amyl-5, 2’: 

5’, 2’’–terthiophene (2.0 g, 4.22 mmoL) and Ni(dppp)Cl2 (11.55 

mg, 0.021 mmol) in anhydrous ether (15 mL) at 0°C.  Then the 

reaction mixture was refluxed for 24 h under nitrogen.  After 

the reaction mixture was cooled to room temperature, the 

solution was hydrolyzed with cold 0.5 N HCl and extracted 

several times with diethyl ether.  The organic phases were 

combined, washed successively with saturated NaHCO3 solution 

and water, dried over anhydrous sodium sulfate.  The mixture 

was then purified by chromatograph on silica-gel using 

petroleum ether as eluent to afford yellow solid; yield: 1.08 

g (53%).  1HNMR (CDCl3, ppm) δ7.23 (m, 2H), 7.19 (m, 2H), 7.13 

(d, 1H, J=4 Hz), 7.07 (m, 2H), 7.03 (m, 4H), 2.76 (t, 2H, J=8 

Hz), 1.69 (m, 2H), 1.40 (m, 4H), 0.92 (t, 3H, J=7 Hz); MS (EI): 

482(M).  Then, PTDA was synthesized.  To a solution of 

compound 2 (1.45 g, 3.0 mmol) in 20 mL of dry diethyl ether 

under nitrogen, 2.4 mL of n-butyllithium (2.5 M, Aldrich) was 

added at room temperature.  The mixture was stirred for 30 min 

and then cooled to –78°C and treated with an excess of dry ice 

(solid CO2).  The reaction mixture was slowly warmed to room 

temperature and hydrolyzed with a large quantity of water.  

The formed lithium salt was extracted for several times with 



diethyl ether.  The aqueous solution was then acidified with 

2N HCl in order to precipitate the desired dicarboxylic acid.  

The products as brown solid was filtered and washed with water, 

yield: 1.03 g (60%).  1HNMR (DMSO, ppm) δ7.67 (m, 2H), 7.49 (m, 

2H), 7.37 (m, 3H), 7.15 (m, 2H), 2.76 (t, 2H, J=8 Hz), 1.65 

(m, 2H), 1.35 (m, 4H), 0.88 (t, 3H, J=8Hz); MS (TOF): 570.5 

(M). 

 

 


