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Preparation of highly pure quaterthiophene and role of impurities on its photoluminescence properties.
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Experimental section

General methods:  all solvents used are Lab Scan analytical reagents or Lab Scan solvents for HPLC; reagents were purchased by Fluka and Aldrich: 2,2’ bithiophene, 97% Aldrich; N-bromosuccinimide, 97% Fluka; dichlorobis(triphenyphosphine)nickel(II), 98% Aldrich; tetrabutylammonium iodide, 99% Fluka; zinc, 99,5% Fluka; activated carbon decolourizing Aldrich. Thin layer chromatography (TLC) was carried out on Alugram RP 18 W/UV and on plastic plates Polygram Sil G/UV254 from Macherey Nagel. Developed plates were dried and examined under UV lamp at 254 and/or 365 nm. Column chromatography under pressure was performed on glass column packed with RP18 silica gel (mesh 40-63 m, Merck); dry column chromatography was performed on glass column with silica gel 60 (0,063-0,200 mm, Merck). 1H NMR spectra were recorded on Oxford AS400. Differential scanning calorimetry analyses were performed on Mettler Toledo apparatus.

UV/Vis spectra were recorded on Perkin Elmer Lambda 900 spectrometer with a spectral range from 190 to 800 nm. Photoluminescence (PL) spectra were recorded on double monochromator apparatus with a Xenon lamp equipped with a liquid N2 cooled CCD detector.

All 4T films were grown on silica substrates 1 mm thick; OMBD films were grown with an initial chamber pressure of 2*10-9 mbar .

GC-MS method: GC Varian 3400 coupled by a heated transfer line to a ThermoFinnigan TSQ700 Mass Spectrometer equipped with EI source. Sample injection (splitless): compounds are dissolved in CHCl3 (spectroscopic grade) at 0.1 mg/ml conc. Injection 2 L. GC conditions: Capillary Column: Supelco MDN-5S, length 15 m, 0.25 mm. ID. Carrier gas: He, 1ml /min. T. inj.= 250 °C; Ramp: 200 °C. 1min., to 300 °C in 15 min. (6.7 C/min.), 300 °C. 10 min.; Transfer line: 250 °C. MS conditions: EI source: T. 150 °C, filament 400 uAmp, 70 eV. Dynode –15V, Electromultiplier set: 1500, Gain 8.  SIM acquisition mode: m/z= 330,406, 408, 410, 530; scan time 0.5 sec.

-bromo-bithiophene: To a DMF solution (50 ml) of 2.2’ bithiophene (72 mmol, 12 g) cooled at –20 °C, N-bromo-succinimmide (72 mmol, 12,8 g) were added in 15 min and the resulting solution is stirred at –20°C and in the dark for 4 h. The reaction is quenched with water and extracted with hexane (3 x 150 ml). The organic layer dried over Na2SO4, the solvent removed under reduced pressure affording 14,8 g of crude ivory product constituted by a mixture of bromothiophene, dibromothiophene and unreacted bithiophene. The mixture reaction is sensitive to air and to light: in fact it changes in colour from ivory to dark green on standing probably due to the formation of oxidised by-products. The mixture is purified by flash column chromatography over RP18 silanized silica gel, using as eluent a solution of acetonitrile/water 3:2 with an elution flow of 2 ml/min. The bromothiophene was recuperated as pale yellow solid and represents about 70% of the total product charged in the column. The bromobithiophene has been further purified by bulb to bulb distillation at 140 °C with a pressure of 0,1 torr affording a white solid. The pure monobromobithiophene remains white for days (Tmp=34°C).

Crystallization of 4T: 0.1 g of crude 4T were suspended in 10 ml of toluene and refluxed for 5 min. affording a clear yellow solution. 4T crystallizes as golden-yellow leaves on cooling at room temperature. The rtlc analysis at 365 nm shows that only one impurity was removed, whereas the others were not eliminated after a further crystallization.

Treatment of crude 4T with charcoal: 50 mg of crude 4T in toluene (10 ml) at room temperature and weighed amounts ((10 mg) of purified decolourizing charcoal were added. After each addition, the solution was examined by rtlc (eluent: acetonitrile/methylene chloride 95:5). The -phenyl-quaterthiophene was completely adsorbed on charcoal after two additions. The charcoal was removed by filtration and the solvent under reduced pressure affording 40 mg of yellow solid (80% of recovering of starting material).

Purification by column chromatography over silica gel/charcoal stationary phase: a glass chromatographic column ((=15 mm, length 300 mm) fitted at the bottom with a cotton plug, was charged with a slurry of a 1:20 mixture (9.3 g) of activated charcoal and silica gel (gravimetric grade from Merck) in toluene. After allowing the stationary phase to settle down, the solvent above the top of absorbent was drained off leaving about 1 mm of eluent. The column was charged with crude 4T (30 mg dissolved in minimum amount of toluene) and eluted with toluene collecting 5-7 ml fractions. The rtlc analysis of collected yellow fractions shows practically the presence of only 4T (no fluorescence of contaminants were detected at 365 nm). After removal of the solvent via rotary evaporation, 21 mg (71%) of pure golden-yellow 4T was obtained. The 4T was further purified by sublimation at 140 °C and 0.1 torr.

Synthesis of -bromo-quaterthiophene: equimolar quantity of quaterthiophene and N-bromosuccinimide were dissolved in 14 ml of 1:1 mixture of chloroform/acetic acid. The reaction mixture was stirred for 12h at room temperature in the dark. The reaction is quenched by adding water and extracted with chloroform. The crude product is purified by a gravitational column chromatography with a solution of hexane/chloroform 95:5, but the fractions obtained are a mixture of components. The fraction containing 4T and Br-4T was used to make a cast film for studying optical properties.







