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SUPPORTING INFORMATION  

-Synthesis of  5-Ethyl-5””-(undec-10-enyl)-2,2’:5’,2”:5”,2’’’:5’’’,2””-quinquethiophene (3)  

- Fluorescence decay measurements 

- Complete references  Fluorescence decay measurements 

 

  



Thiophene, 2-bromothiophene, n-Buli (2.5M solution in hexane), iodine, trimethyltin chloride, 

sodium carbonate were purchased from Acros Organics, 11-bromoundec-1-ene, 2-ethylthiophene, 

bis(triphenylphosphine)palladium(II) dichloride, [1,3-bis(diphenylphosphino)propane]nickel(II) 

chloride, N-bromosuccinimide, 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, Aliquat 336 

were purchased from Aldrich, magnesium turnings were purchased from Merck, and 

tetrakis(triphenylphosphine)palladium(0) was purchased from Strem Chemicals. 5-

Trimethylstannyl-2,2’-bithiophene1 was synthesized according to literature procedure. All 

reactions were carried out under inert argon atmosphere using dry organic solvents. 

 

2-(Undec-10-enyl)thiophene (1) n-BuLi (23.8 mL of 2.5M solution in hexane, 59.42 mmol) was 

added dropwise to a solution of thiophene (5 g, 59.42 mmol) in THF (40 mL) at -78 oC under 

argon. The solution was stirred at -78 oC for 2h, then warmed to room temperature, and kept for 30 

minutes. The solution was cooled to -78 oC again and 11-bromoundec-1-ene (13.86 g, 59.42 

mmol) was added in one portion. The solution was allowed to warm to room temperature and then 

stirred for 22 h before being poured into water. The product was extracted twice with diethyl ether. 

The combined organic solutions were subsequently washed with brine and dried over magnesium 

sulfate, filtered and the solvent was removed by rotary evaporation to give 12 g of raw product, 

which was purified by distillation in high vacuum (0.2 mBar, 80 oC) to give 8.1 g (57.9 % yield) of 

pure product as a colorless oil. 1H NMR (400 MHz, CDCl3, ppm): δ 7.10 (d, J=5.1 Hz, 1H), 6.91 

(t, J=4.1 Hz, 1H), 6.77 (d, J=3.0 Hz, 1H), 5.76-5.86 (m, 1H), 4.99 (d, J=17.1 Hz, 1H), 4.93 (d, 



J=10.1 Hz, 1H), 2.82 (t, J=7.5 Hz, 2H), 2.03 (q, J=6.9 Hz, 2H), 1.63-1.70 (m, 2H), 1.28-1.37 (m, 

12H). 

 

2-Iodo-5-(undec-10-enyl)thiophene (2) n-BuLi (17.8 mL of 2.5M solution in hexane, 44.41 

mmol) was added dropwise to a solution of (1) (7 g, 29.60 mmol) in THF (80 mL) at -78 oC under 

argon. The solution was stirred at -78 oC for 2h, then warmed to room temperature, and kept for 30 

minutes. The solution was cooled to -78 oC again and iodine (13.52 g, 53.29 mmol) in 40 mL of 

THF was added in one portion. The solution was allowed to warm to room temperature and then 

stirred overnight before being quenched with saturated Na2S2O3 solution. The product was 

extracted twice with diethyl ether. The combined organic solutions were subsequently washed with 

brine and dried over magnesium sulfate, filtered and the solvent was removed by rotary 

evaporation to give 11 g of raw product, which was purified by flash chromatography (silica gel, 

n-hexane) to give 9.8 g (91.4 % yield) of pure product as a yellowish oil. 1H NMR (400 MHz, 

CDCl3, ppm): δ 7.03 (d, J=3.4 Hz, 1H), 6.46 (d, J=3.0 Hz, 1H), 5.76-5.86 (m, 1H), 4.99 (d, J=17.1 

Hz, 1H), 4.93 (d, J=10.1 Hz, 1H), 2.79 (t, J=7.5 Hz, 2H), 2.02 (q, J=6.9 Hz, 2H), 1.59-1.66 (m, 

2H), 1.27-1.38 (m, 12H). 

 

5-(Undec-10-enyl)-2,2’:5’,2’’-terthiophene (4) A mixture of 5-trimethylstannyl-2,2’-bithiophene 

(3.54 g, 10.76 mmol) and iodo derivative (2) (3 g, 8.28 mmol) in anhydrous THF (20 mL) was 

degassed with argon for 10 min before addition of bis(triphenylphosphine)palladium(II) dichloride 

(290 mg, 0.41 mmol). The reaction mixture was refluxed for 18 h under argon atmosphere, cooled 

to room temperature, filtered through a plug of Celite, and the filtrate was concentrated to dryness 

in vacuo. The product was then recrystallized twice from n-hexane. Yellow crystals 1.1 g (33.2 % 

yield). 1H NMR (400 MHz, CDCl3, ppm): δ 7.15-7.23 (m, 2H), 6.97-7.08 (m, 4H), 6.66-6.70 (m, 

1H), 5.76-5.86 (m, 1H) 4.99 (d, J=17.1 Hz, 1H), 4.93 (d, J=10.1 Hz, 1H), 2.79 (t, J=7.5 Hz, 2H), 

2.06 (q, J=6.9 Hz, 2H), 1.64-1.71 (m, 2H), 1.29-1.37 (m, 12H). 

 

5-Bromo-5’-(undec-10-enyl)-2,2’:5’,2’’-terthiophene (5) A 100 mL flask was charged with (1 g, 

2.49 mmol) of  5-(Undec-10-enyl)-2,2’:5’,2’’-terthiophene (4) and 40 mL of CHCl3 and cooled in 

an ice-water bath. Then, NBS (0.46 g, 2.62 mmol) was added in several portions and the mixture 

was stirred for 2h in the dark. The solution was poured into ice and extracted subsequently with 



CHCl3. The organic phase was washed with brine, dried over magnesium sulfate, and the solvent 

was removed under pressure. The product was then recrystallized from n-hexane to offer 1.1 g of 

the product as a yellow solid (91.9 % yield): 1H NMR (400 MHz, CDCl3, ppm): δ 6.95-6.98 (m, 

4H), 6.88 (d, J=2.9 Hz, 1H), 6.69 (d, J=3.6 Hz, 1H), 5.76-5.86 (m, 1H), 4.99 (d, J=17.1 Hz, 1H), 

4.93 (d, J=9.9 Hz, 1H), 2.77 (t, J=5.3 Hz, 2H), 2.05 (q, J=6.9 Hz, 2H), 1.64-1.71 (m, 2H), 1.24-

1.40 (m, 12H). 

 

2-Bromo-5-ethylthiophene (6) NBS (17.45 g, 98.04 mmol) was added in one portion to a stirred 

solution of 2-ethylthiophene (10 g, 89.13 mmol) in glacial AcOH (35 mL). The mixture was stirred 

for 2h at 45 oC and then cooled to room temperature. The reaction was quenched with cold water 

(200 mL), and the mixture was extracted with CH2Cl2, the organic phase was washed with brine 

(2×100 mL), dried over magnesium sulfate, filtered and the solvent was removed in vacuo to 

afford 16 g of raw product, which was purified by flash chromatography (silica gel, n-hexane) to 

give 15.2 g (89.2 % yield) of title compound as a colorless oil. 1H NMR (400 MHz, CDCl3, ppm): 

δ 6.84 (d, J=3.64 Hz, 1H), 6.54 (d, J=3.57 Hz, 1H), 2.78 (q, J=7.50 Hz, 2H), 1.28 (t, J=7.5 Hz, 

3H); 13C NMR (CDCl3): δ= 149.2, 129.5, 123.8, 108.7, 23.8, 15.9. 

 

5-Ethyl-2,2'-bithiophene (7) To a suspension of magnesium turnings (iodine etched) (3.81 g, 157 

mmol) in anhydrous diethyl ether (100 mL) a solution of 2-bromothiophene (12.79 g, 78.49 mmol) 

in 30 mL of anhydrous diethyl ether was added drop wise at such a rate that the solvent boiled 

gently. On the complete addition the solution was refluxed for 1h, then cooled to room temperature 

and the resultant Grignard reagent was added drop wise to a mixture of 2-bromo-5-ethylthiophene 

(6) (10 g, 52.33 mmol), [1,3-bis(diphenylphosphino)propane]nickel(II) chloride (283 mg, 0.52 

mmol) and dry diethyl ether (100 mL) maintained at 0 oC. The reaction mixture was stirred for 12h 

at room temperature, cooled to -15 oC, quenched with 1M aqueous solution of HCl and extracted 

with diethyl ether (2×100 mL). The combined organic layers were washed with brine (2×200 mL), 

dried over magnesium sulfate, filtered and the solvent was removed in vacuo to afford 12 g of raw 

product, which was purified by column chromatography (silica gel, n-hexane) to give 7.8 g (76.7 

% yield) of title compound as a colorless oil. 1H NMR (400 MHz, CDCl3, ppm): δ 7.16 (d, J=5.1 

Hz, 1H), 7.10 (d, J=3.5 Hz, 1H), 6.98-7.00 (m, two overlapping signals, 2H), 6.70 (d, J=3.5 Hz, 

1H), 2.84 (q, J=7.5 Hz, 2H), 1.32 (t, J=7.5 Hz, 3H). 



 

2-(5'-Ethyl-2,2'-bithiophen-5-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (8) To a solution of 

(7) (5 g, 25.73 mmol) in THF (100 mL) in a flame-dried 250 mL flask at -78 oC was added 

dropwise n-BuLi (15.4 mL of 2.5M solution in hexane, 38.59 mmol). The mixture was stirred at -

78 oC for 2h, then warmed to room temperature, and kept for 30 min. The solution was cooled to -

78 oC again and 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (9.4 mL, 46.31 mmol) was 

added in one portion. The solution was allowed to warm to room temperature and then stirred 

overnight before being poured into water. The product was extracted twice with diethyl ether. The 

combined organic solutions were subsequently washed with brine and dried over magnesium 

sulfate, filtered and the solvent was removed by rotary evaporation to give 6.5 g (86.2 % yield) of 

product as white crystals. The product was used in the next step without purification. 1H NMR 

(400 MHz, CDCl3, ppm): δ 7.50 (d, J=3.7 Hz, 1H), 7.16 (d, J=3.7 Hz, 1H), 7.05 (d, J=3.7 Hz, 1H), 

6.70 (d, J=3.7 Hz, 1H), 2.80 (q, J=7.5 Hz, 2H), 1.30-1.35 (m, overlapping peaks with maximum at 

1.35 ppm, 15H). 

 

5-Ethyl-5””-(undec-10-enyl)-2,2’:5’,2”:5”,2’’’:5’’’,2””-quinquethiophene (3) A mixture of 2-

(5'-ethyl-2,2'-bithiophen-5-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (8) (1 g, 3.12 mmol), 5-

bromo-5’-(undec-10-enyl)-2,2’:5’,2’’-terthiophene (5) (1 g, 2.08 mmol), two drops of Aliquat 336 

and toluene (8 mL) were degassed with argon before tetrakis(triphenylphosphine)palladium(0) 

(120 mg, 0.1 mmol) and 2M aqueous Na2CO3 solution (5 mL), which had been deaerated for 2h, 

were added under argon. The mixture was stirred vigorously and heated at reflux for 18h before 

cooling down to room temperature. The reaction mixture was added dropwise to methanol/water 

(20:1, 600 mL) to precipitate crude product which was filtered, washed with water, methanol and 

cold acetone. The product was purified by column chromatography (silica, CHCl3/n-hexane, 1:4) 

and remaining orange solid was recrystallized twice from toluene to give 0.55 g (44.5% yield) of 

the title compound as orange crystals. 1H NMR (400 MHz, CDCl3, ppm): δ 7.03-7.07 (m, 4H), 

6.96-7.01 (m, 4H), 6.99 (d, J=7.7 Hz, 2H), 5.75-5.86 (m, 1H), 4.99 (d, J=17.0 Hz, 1H), 4.93 (d, 

J=9.5 Hz, 1H), 2.73-2.87 (m, 4H), 2.04 (q, J=6.7 Hz, 2H), 1.63-1.72 (m, 2H), 1.25-1.42 (m, 15H).  

 

(1) Parab K.; Venkatasubbaiah K.; Jakle F.; J. Am. Chem. Soc, 2006, 128, 12879-12885. 
  



Fluorescence decay measurements  

Fluorescence lifetime fro the monolayer on quartz Substartes were measured at room temperature 

using the single photon counting method. Figure S1, left shows the fluorescence decay for a 

substarted expose for 10 min. to the 5T solution when monitred at a photon energy of 2.53 eV 

following a 50 ps wide excitation pulse at t=0 with 3.1 eV photons. The decay is approximately 

exponential with a lifetime close to 1 ns. This lifetime is comparable to the lifetiem observed for 

solutions of the 5T molecule. Figure S1, right shows the fluorescnec decay for the complete 

monolayre obtained by exposing for 24hr to the solution containing the 5T molecule, monitoring 

the fluorescnce at 2.07 eV using the 3.1 eV excitation pulse. The initial decay of the complete 

monolayer occurs with a higher decay reat than for the subsartes expode for 10 min. The initial fast 

decay is followed a slower decay process with decay constant 0.5 ns-1 ; this multiexponential 

nature indicates heterogeneity in the population of excited state species emitting the fluorescence. 
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Figure S1 Decay of the fluorescence from (left) quartz subsrate exposed for 10 min monitored at 

2.53 eV, (right) substrate exposed for 24 hr monitored at 2.07 eV.   
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