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ABSTRACT: A study of the spectroscopy and photophysics of thiophene-fluorene oligomers as well as
the respective molecules incorporated in polyesters are reported. The same oligomers having carbonyl
groups at both ends of the molecules have also been studied. These molecules provide a better correlation
with their corresponding polyesters. The first absorption band of each derivative can be assigned to the
S1 r S0 electronic transition computed from ZINDO/S calculations performed on the optimized geometries
(HF/6-31G*). This transition corresponds mainly to the promotion of an electron from the HOMO to the
LUMO and is strongly allowed and polarized along the long axis of the molecular frame. The insertion
of alkyl lateral chains at the 3-position of the thiophene rings caused a torsion of the backbone of the
oligomers, which induces a blue shift of the absorption band. From fluorescence data, it is observed that
a more planar conformation is favored in the relaxed excited states. The increase of the oligomer chain
or the addition of carbonyl groups at both ends of the molecules induces a red shift of the spectra due to
an increase in the electronic delocalization along the molecular frame. It was shown by HF/6-31G* ab
initio calculations that the length of the oligomer chain and/or the presence of carbonyl groups do not
significantly influence the ground state molecular conformation. In the polyesters, thiophene-fluorene
units have about the same spectral positions as those of the corresponding esters indicating that the
oligomers are well isolated in the polyester chain. Fluorescence quantum yields and lifetimes of methyl-
substituted derivatives are smaller than those of the unsubstituted molecules. Similarly, these photo-
physical parameters are smaller for the polyesters compared to those of the respective esters. In these
systems, the photophysical properties are mainly governed by nonradiative processes. However the
luminescence of the polyesters remains relatively intense making them suitable for LED materials.

1. Introduction

Conjugated polymers and oligomers have been inves-
tigated intensively in the past few decades because of
their unusual electrical and optical properties, making
them applicable to electronic and photonic devices such
as field-effect transistors1,2 and light-emitting diodes
(LED).3-10 Among these materials, oligothiophenes are
of special interest. Indeed, by increasing the repeat units
in the molecules and/or by adding side chains on
thiophene rings, oligothiophenes permit color tuning.11-19

The incorporation of thiophene derivatives with differ-
ent ring numbers in polyesters presents an interesting
alternative to tunable light-emitting materials. Re-
cently, blue-light emitting materials derived from oligo-
thiophenes incorporated in polyesters have been ob-
tained and characterized.20-22 Unfortunately, these
materials have weak fluorescence quantum yields put-
ting some limitations on their use in optical devices.

Fully conjugated polyfluorenes have been studied
recently for LED applications23-26 because fluorene
derivatives are highly fluorescent compounds27-30 with
facile functionalization at the C-9 position permitting
to control the polymer solubility by adding alkyl chains.
However, some of these fully conjugated polymers form
excimers which may limit their utilization in optical
devices. The incorporation of fluorene derivatives in

polyesters might solve this problem. These polyesters
are particularly interesting since they combine the good
mechanical properties and processability of high mo-
lecular weight polymers to the electrical and optical
properties of the oligomers. Along these lines, we have
recently shown that a terfluorene incorporated in a
polyester does not show any formation of excimers
whereas its optical properties are very close to that of
the isolated molecule.29 Moreover the luminescence
intensity of the polyester remains quite intense thus
showing promising optical features for LED applica-
tions. From these encouraging results, we have decided
to develop a new class of tunable emissive polyesters
derived from thiophene-fluorene and phenylene-fluo-
rene oligomers. Therefore, we report herein the optical
properties and photophysics of 2,7-bis(2-thienyl)-9,9-
dioctylfluorene (TFT), 2,7-bis(3-methylthien-2-yl)-9,9-
dioctylfluorene (MTFMT), and 2,7-bis(2,2′-bithien-5-yl)-
9,9-dioctylfluorene (BTFBT) in solution as well as
incorporated in a polyester. The results are discussed
in terms of both the steric hindrance between adjacent
rings and the conjugation length. To correlate the
spectroscopic and photophysics of the polyesters with
those of the respective oligomers, fluorene-thiophene
oligomers substituted at both ends of the molecule by
carbonyl groups are also investigated. It is shown that
the optical properties of the polyesters are very close to
those of the respective esters. On the other hand, the
fluorescence quantum yield of the polyesters are smaller
than those of the respective esters but their lumines-
cence remains relatively intense. Molecular structures
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of the compounds investigated in this paper are dis-
played in Figures 1 and 2.

2. Experimental Section
2.1. Materials. Chloroform was purchased from A & C

American Chemicals Ltd (spectrograde) and used as received.
Prior to use, the solvent was checked for spurious emission in
the region of interest and found to be satisfactory. Diisopro-
pylamine (Aldrich) was dried and distilled over NaOH pellets.
THF (Aldrich) was dried over sodium and benzophenone as
drying indicator. Tetrakis (triphenylphosphine)palladium(0)
was synthesized following the procedure reported in the
literature.31

2.2. Synthesis and Characterization. 2,7-Bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-9,9-dioctylfluorene (1),
5-bromo-2,2′-bithiophene (2), and 2-bromo-3-methylthiophene
(3) were synthesized following the procedures reported in the
literature.24,32-35 2-Bromothiophene (4) was obtained from
Aldrich and used without purification.

5-Bromo-(2,2′-bithiophene)-5′-carboxylic acid (5). To a
solution of 2.27 g of diisopropylamine (22.4 mmol, Aldrich) in

anhydrous THF (2 mL) was added dropwise 8.16 mL (20.41
mmol) of n-butyllithium (2.5 M in hexaness, Aldrich), at -78
°C. The mixture was stirred at -78 °C for 20 min and at 0 °C
for 20 min and cooled again at -78 °C. Compound 2 (5.0 g,
20.4 mmol) in anhydrous THF (200 mL) was added dropwise
to the lithium diisopropylamine (LDA) solution and stirred for
30 min at -78 °C. Dry CO2 (generated by warming dry ice
and passing through drying tube) was added to the mixture.
Dry CO2 was bubbled for 30 min at -78 °C, followed by 2 h at
room temperature. The mixture was poured into 50 mL of an
aqueous 10% HCl solution. The organic layer was washed
three times with water and dried over magnesium sulfate. The
solvent was removed and the residue was purified by recrys-
tallization in ethanol to provide 3.42 g (56%) of the title product
as a yellow solid. Mp: 239-240 °C.

1H NMR (300 MHz, DMSO-d6), δ (ppm): 13.30 (s, 1H); 7.65
(d, 1H, J ) 3.7 Hz); 7.31 (m, 2H); 7.25 (d, 1H, J ) 3.7 Hz).

13C NMR (75 MHz, DMSO-d6), δ (ppm): 162.56; 141.44;
137.17; 134.18; 133.23; 131.88; 126.42; 125.08; 112.17.

HRMS: calculated for C9H5BrO2S2, 287.8914; found,
287.8910.

5-Bromo(methyl 2,2′-bithiophene-5′-carboxylate) (6).
To a solution of 0.87 g of diisopropylamine (8.6 mmol, Aldrich)
in anhydrous THF (2 mL) was added dropwise 3.26 mL (8.2
mmol) of n-butyllithium (2.5 M in hexaness, Aldrich), at -78
°C. The mixture was stirred at - 78 °C for 20 min, warmed to
0 °C for 20 min and cooled again at -78 °C. Compound 2 (2.0
g, 8.2 mmol) in anhydrous THF (80 mL) was added dropwise
to the lithium diisopropylamine (LDA) solution and stirred for
30 min at -78 °C. Methyl chloroformate (1.26 mL, 16.3 mmol,
Aldrich) was added to the mixture. The solution was warmed
to room temperature and was kept under stirring for the night.
The mixture was poured into water and extracted with diethyl
ether. The organic extracts were washed with brine and dried
over magnesium sulfate. The solvent was removed and the
residue was purified by column chromatography (silica gel,
20% diethyl ether in hexanes) to provide 1.43 g (58%) of the
title product as a red solid. Mp: 88-90 °C.

1H NMR (300 MHz, CDCl3), δ (ppm): 7.67 (d, 1H, J ) 4.4
Hz); 7.07 (d, 1H, J ) 3.7 Hz); 7.02 (dd, 2H, J ) 1.5 and 2.9
Hz); 3.89 (s, 3H).

13C NMR (75 MHz, CDCl3), δ (ppm): 162.36; 142.98; 137.77;
134.22; 131.80; 130.97; 125.33; 124.13; 113.00; 52.28.

HRMS: calculated for C10H7BrO2S2, 301.9071; found,
301.9073.

2-Bromo-3-methylthiophene-5-carboxylic Acid (7). To
a solution of 4.20 g of diisopropylamine (41.5 mmol, Aldrich)
in anhydrous THF (4 mL) was added dropwise 15.82 mL (39.5
mmol) of n-butyllithium (2.5 M in hexanes, Aldrich), at -78
°C. The mixture was stirred at -78 °C for 20 min, warmed to
0 °C for 20 min, and cooled again at -78 °C. Compound (3)
(7.0 g, 39.5 mmol) in anhydrous THF (350 mL) was added
dropwise to the lithium diisopropylamine (LDA) solution and
stirred for 30 min at -78 °C. Dry CO2 (generated by warming
dry ice and passing through drying tube was introduced. Dry
CO2 was bubbled for 30 min at -78 °C, followed by 2 h at room
temperature. The mixture was poured into 50 mL of an
aqueous 1 M NaOH solution. The aqueous layer was washed
three times with diethyl ether. The desired product was
precipitated by neutralizing the water phase with 30% HCl
and collect by filtration. The filtrate was washed several times
with water and dried by vacuum to provide 6.21 g (71%) of
the title product as a red-brown solid. Mp: 192-193 °C.

1H NMR (300 MHz, CDCl3), δ (ppm): 7.56 (s, 1H); 2.23 (s,
3H); 11.00 (s, 1H)

13C NMR (75 MHz, CDCl3),: δ (ppm): 162.20; 139.76;
135.94; 134.15; 117.30; 15.17.

HRMS: calculated for C6H5BrO2S, 219.9194; found, 219.9198.
2-Bromo(methyl 3-methylthiophene-5-carboxylate) (8).

Following the procedure used for the synthesis of compound
6, a red solid was obtained after purification by column
chromatography (silica gel, 7% ethyl acetate in hexanes). Mp:
34-35 °C. (Yield: 65%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.45 (s, 1H); 3.84 (s,
3H); 2.18 (s, 3H).

Figure 1. Molecular structure of the thiophene-fluorene-
thiophene derivatives.

Figure 2. Molecular structure of the bithiophene-fluorene-
bithiophene derivatives.
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13C NMR (75 MHz, CDCl3), δ (ppm): 161.40; 138.13; 134.55;
131.95; 117.34; 51.87; 14.87.

HRMS: calculated for C7H7BrO2S, 233.9350; found, 233.9346.
2-Bromothiophene-5-carboxylic Acid (9). Following the

procedure used for the synthesis of compound 7, a yellow solid
was obtained. Mp: 129-130 °C. (Yield: 72%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 11.54 (s, 1H); 7.64 (d,
1H, J ) 3.7 Hz); 7.11 (d, 1H, J ) 4.4 Hz).

13C NMR (75 MHz, CDCl3), δ (ppm): 161.97; 136.50; 134.81;
132.38; 120.05.

HRMS: calculated for C5H3BrO2S, 205.9037; found, 205.9041.
2-Bromo(methyl thiophene-5-carboxylate) (10). Fol-

lowing the procedure used for the synthesis of compound (6),
a white solid was obtained after purification by column
chromatography (silica gel, 20% diethyl ether in hexanes).
Mp: ) 53-55 °C (yield: 68%).

1H NMR (300 MHz, CDCl3), δ (ppm): 7.52 (d, 1H, J ) 3.7
Hz); 7.04 (d, 2H, J ) 4.4 Hz); 3.85 (s, 3H).

13C NMR (75 MHz, CDCl3), δ (ppm): 161.29; 134.47; 133.47;
130.70; 120.03; 52.08.

HRMS: calculated for C6H5BrO2S, 219.9194; found, 219.9198.
Trimers. Trimers were obtained by using procedures to

those reported by Beaupré et al.36 Compound 1 (1 equiv), a
monobrominated aromatic compound (3 equiv), and 0.5-1%
M of (PPh3)4Pd(0) were added to an aqueous mixture of THF/2
M K2CO3 (1.5/1). The mixture was poured into water and
extracted with chloroform. The organic extracts were washed
with brine and dried over magnesium sulfate.

2,7-Bis(2-thienyl)-9,9-dioctylfluorene (TFT) (11). Com-
pounds 1 and 4 were used to give the title material as a green
oil after purification by preparative plate (silica gel, 3% ethyl
acetate in hexanes as eluent). (Yield: 67%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.70 (m, 2H); 7.60 (m,
4H); 7.40 (dd, 2H, J ) 0,7 and 2.6 Hz); 7.31(d, 2H, J ) 4.8
Hz); 7.13 (m, 2H); 2.03 (m, 4H); 1.13 (m, 20 H); 0.81 (t, 6H, J
) 6.6 Hz); 0.71 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 151.57; 145.03; 140.09;
133.17; 127.91; 124.86; 124.34; 122.76; 120.03; 119.97; 55.15;
40.27; 31.66; 29.86; 29.06; 29.03; 23.64; 22.45; 13.92

HRMS: calculated for C37H46S2, 554.30408; found, 554.30290.
2,7-Bis(thien-2-yl-5-carboxylic acid)-9,9-dioctylfluo-

rene (TFTA) (12). Compounds 1 and 9 were used to give the
title material as a yellow solid after purification by column
chromatography (silica gel, 10% ethyl acetate in hexanes as
eluent). Mp: 263-264 °C. (Yield: 63%.)

1H NMR (300 MHz, DMSO-d6), δ (ppm): 7.90 (d, 2H, J )
7.7 Hz); 7.84 (s, 2H); 7.75 (m, 4H); 7.67 (d, 2H, J ) 4.1 Hz);
2.06 (m, 4H); 1.00 (m, 20 H); 0.71 (t, 6H, J ) 6.6 Hz); 0.52 (m,
4H).

13C NMR (75 MHz, DMSO-d6), δ (ppm): 162.79; 151.70;
150.37; 140.69; 134.36; 132.90; 132.12; 125.08; 124.50; 120.92;
120.16; 55.16; 31.14; 29.01; 28.42; 28.38; 23.23; 22.01; 13.81.

HRMS: calculated for C39H46O4S2, 642.2837; found, 642.2833.
2,7-Bis(methyl thien-2-yl-5-carboxylate)-9,9-dioctyl-

fluorene (TFTE) (13). Compounds 1 and 10 were used to give
the title material as a yellow solid after purification by column
chromatography (silica gel, 10% ethyl acetate in hexanes as
eluent). Mp: 93-95 °C. (Yield: 69%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.80 (d, 2H, J ) 4.1
Hz); 7.73 (d, 2H, J ) 7.7 Hz); 7.64 (d, 2H, J ) 8.1 Hz); 7.60
(m, 2H); 7.37 (d, 2H, J ) 4.0 Hz); 3.93 (s, 6H); 2.01 (m, 4H);
1.12 (m, 20H); 0.78 (t, 6H, J ) 7.0 Hz); 0.66 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 162.68; 152.09; 151.87;
141.17; 134.49; 132.63; 131.72; 125.40; 123.54; 120.58; 120.49;
55.49; 52.18; 40.27; 31.78; 29.91; 29.17; 29.14; 23.78; 22.60;
14.05.

HRMS: calculated for C41H50O4S2, 670.31506; found,
670.31270.

2,7-Bis(2,2′-bithien-5-yl)-9,9-dioctylfluorene (BTFBT)
(14). Compounds 1 and 2 were used to give the title material
as a yellow oil after purification by preparative plate (silica
gel, 10% ethyl acetate in hexanes as eluent). (Yield: 27%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.69 (d, 2H, J ) 8.1
Hz); 7.62 (d, 2H, J ) 1.5 Hz); 7.58 (d, 2H, J ) 2.2 Hz); 7.31 (d,
2H, J ) 4.4 Hz); 7.23 (s, 2H); 7.24 (d, 2H, J ) 4.4 Hz); 7.20 (d,

2H, J ) 4.4 Hz); 7.05 (dd, 2H, J ) 4.4 and 1.5 Hz); 2.04 (m,
4H); 1.14 (m, 20H); 0.81 (t, 6H, J ) 6.6 Hz); 0.71 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 151.28; 143.76; 140.19;
137.42; 136.33; 132.85; 127.75; 124.53; 124.21; 123.42; 123.27;
120.03; 119.70; 55.20; 40.25; 31.66; 29.84; 29.06; 29.03; 23.63;
22.46; 13.91.

HRMS calculated for C45H50S4, 718.27720; found, 718.27277.
2,7-Bis(2,2′-bithien-5-yl-5′-carboxylic acid)-9,9-dioctyl-

fluorene (BTFBTA) (15). Compounds 1 and 5 were used to
give the title material as a yellow solid after purification by
recrystallization in ethanol. Mp: 258-260 °C. (Yield: 72%.)

1H NMR (300 MHz, DMSO-d6), δ (ppm): 13.22 (s, 2H); 7.87
(d, 2H, J ) 8.1 Hz); 7.79(s, 2H); 7.69 (m, 6H); 7.57 (d, 2H, J )
3.7 Hz); 7.43 (d, 2H, J ) 3.7 Hz); 2.09 (m, 4H); 1.07 (m, 20 H);
0.72 (t, 6H, J ) 6.6 Hz); 0.55 (m, 4H).

13C NMR (75 MHz, DMSO-d6), δ (ppm): 162.63; 151.55;
144.58; 142.79; 140.17; 134.43; 134.31; 132.57; 132.14; 127.05;
124.98; 124.58; 124.40; 120.71; 119.53; 55.07; 39.60; 39.04;
31.21; 29.07; 28.47; 23.27; 22.04; 13.84.

HRMS: calculated for C45H50O4S4, 718.2795; found, 718.2790.
2,7-Bis(methyl 2,2′-bithien-5-yl-5′carboxylate)-9,9-di-

octylfluorene (BTFBTE) (16). Compounds 1 and 6 were
used to give the title material as a yellow solid after purifica-
tion by column chromatography (silica gel, 20% diethyl ether
in hexanes as eluent). Mp: 129-131 °C. (Yield: 74%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.70 (m, 4H); 7.60 (dd,
2H, J ) 1.4 and 7.6 Hz); 7.55(m, 2H); 7.31 (dd, 4H, J ) 3.7
and 7.7 Hz); 7.19 (d, 2H, J ) 4.0 Hz); 2.03 (m, 4H); 1.13 (m,
20 H); 0.79 (t, 6H, J ) 6.6 Hz); 0.69 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 162.48; 151.95; 145.73;
144.31; 135.25; 134.37; 132.71; 131.17; 126.24; 124.92; 123.90;
123.67; 120.41; 119.93; 55.42; 52.21; 40.35; 31.84; 29.98; 29.23;
29.20; 23.84; 22.64; 14.10.

HRMS: calculated for C49H54O4S4, 834.2905; found, 834.2925.
2,7-Bis(3-methylthien-2-yl)-9,9-dioctylfluorene (MT-

FMT) (17). Compounds 1 and 3 were used to give the title
material as a green oil after purification by preparative plate
(silica gel, 3% ethyl acetate in hexanes as eluent). (Yield: 36%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.75 (d, 2H, J ) 7.4
Hz); 7.48 (d, 2H, J ) 1.5 Hz); 7.45 (s, 2H); 7.24 (d, 2H, J ) 2.9
Hz); 6.98 (d, 2H, J ) 5.2 Hz); 2.40 (s, 6H); 2.01 (m, 4H); 1.20
(m, 20H); 0.83 (t, 6H, J ) 7.4 Hz); 0.77 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 151.08; 139.61; 138.47;
133.33; 132.87; 131.03; 127.75; 123.31; 122.98; 119.55; 55.03;
40.13; 31.58; 29.83; 29.03 (2C); 23.70; 22.41; 14.93; 13.88.

HRMS: calculated for C39H50S2, 582.3354; found, 582.3357.
2,7-Bis(3-methylthien-2-yl-5-carboxylic acid)-9,9-di-

octylfluorene (MTFMTA) (18). Compounds 1 and 7 were
used to give the title material as a yellow solid after purifica-
tion by recrystallization in ethanol. Mp: 218-220 °C. (Yield:
54%.)

1H NMR (300 MHz, DMSO-d6), δ (ppm): 13.05 (s, 1H); 7.93
(d, 2H, J ) 8.1 Hz); 7.65 (s, 2H); 7.60 (s, 2H); 7.50 (dd, 2H, J
) 8.1 and 1.5); 2.53 (m, 4H); 1.07 (m, 20H); 0.74 (t, 6H, J )
6.6 Hz); 0.58 (m, 4H).

13C NMR (75 MHz, DMSO-d6), δ (ppm): 162.86; 151.10;
144.55; 136.84; 134.01; 132.35; 131.48; 127.69; 123.05; 120.52;
54.99; 31.12; 29.10; 28.47; 28.44; 23.35; 22.01; 14.80; 13.78.

HRMS: calculated for C41H50O4S2, 670.3150; found, 670.3162.
2,7-Bis(methyl 3-methylthien-2-yl-5-carboxylate)-9,9-

dioctylfluorene (MTFMTE) (19). Compounds 1 and 8 were
used to give the title material as a brown oil after purification
by column chromatography (silica gel, 10% ethyl acetate in
hexanes as eluent). (Yield: 68%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.76 (d, 2H, J ) 7.7
Hz); 7.67 (s, 2H); 7.47 (d, 4H, J ) 10.3); 3.91 (s, 6H); 2.37 (s,
6H); 2.00 (m, 4H); 1.14 (m, 20H); 0.80 (t, 6H, J ) 6.6 Hz); 0.70
(m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 162.82; 151.58; 146.17;
140.51; 137.26; 134.03; 132.77; 130.07; 127.99; 123.47; 120.14;
52.13; 40.21; 31.75; 30.01; 29.94; 29.19; 29.16; 23.87; 22.60;
15.22; 14.05.

HRMS: calculated for C43H54O4S2, 698.3464; found, 698.3477.
2,7-Bis(thien-2-yl-5-carbonyl chloride)-9,9-dioctylfluo-

rene (TFTAC) (20). To a solution of 0.6 g of compound 12
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(0.9 mmol) in benzene (5 mL) to reflux was added dropwise
2.05 mL (28.0 mmol) of thionyl chloride (Aldrich). The mixture
was stirred to reflux for 24 h. The excess of thionyl chloride
and benzene was distilled and the crude product was purified
by recrystallization in hexanes. Mp: 112-113 °C. (Yield: 81%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.98 (d, 2H, J ) 3.7
Hz); 7.78 (d, 2H, J ) 8.1 Hz); 7.69 (d, 2H, J ) 8.1 Hz); 7.63 (s,
2H); 7.46 (d, 2H, J ) 3.7 Hz); 2.05 (m, 4H); 1.15 (m, 20H);
0.78 (t, 6H, J ) 6.6 Hz); 0.66 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 159.35; 157.33; 152.43;
141.97; 139.07; 134.96; 132.10; 125.81; 124.43; 121.00; 120.73;
55.71; 40.20; 31.77; 29.86; 29.16 (2C); 23.80; 22.62; 14.06.

HRMS: calculated for C39H44Cl2O2S2, 678.2160; found,
678.2164.

2,7-Bis(2,2′-bithien-5-yl-5′-carbonyl chloride)-9,9-di-
octylfluorene (BTFBTAC) (21). Following the procedure
used for the synthesis of compound 20 (using compound 15),
an orange oil was obtained after purification by flash chro-
matography (silica gel, in chloroform). (Yield: 47%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.90 (d, 2H, J ) 4.4
Hz); 7.72 (d, 2H, J ) 8.1 Hz); 7.62 (d, 2H, J ) 6.6 Hz); 7.56 (s,
2H); 7.39 (d, 2H, J ) 3.7 Hz); 7.37 (d, 2H, J ) 3.7 Hz); 7.25 (d,
2H, J ) 3,0 Hz); 2.04 (m, 4H); 1.16 (m, 20H); 0.79 (t, 6H, J )
3.7 Hz); 0.69 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 158.87; 151.89; 149.58;
147.29; 140.73; 138.89; 136.93; 134.02; 132.28; 127.45; 124.90;
124.08; 123.94; 120.36; 119.90; 55.30; 40.13; 34.96; 31.64;
29.77; 29.02; 23.63; 22.44; 13.91.

HRMS: calculated for C47H48Cl2O2S4, 842.1914; found,
842.1933.

2,7-Bis(3-methylthien-2-yl-5-carbonyl chloride)-9,9-
dioctylfluorene (MTFMTAC) (22). Following the procedure
used for the synthesis of compound 20 (using compound 18),
a green oil was obtained after purification by flash chroma-
tography (silica gel, in chloroform). (Yield: 41%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.82 (m, 4H); 7.48 (m,
4H); 2.40 (s, 6H); 2.02 (m, 4H); 1.17 (m, 20H); 0.80 (t, 6H, J )
6.6 Hz); 0.70 (m, 4H).

13C NMR (75 MHz, CDCl3), δ (ppm): 159.38; 152.18; 151.90;
141.44; 135.32; 132.19; 128.10; 123.51; 123.42; 120.58; 55.61;
40.14; 31.77; 29.89; 29.19; 29.16; 23.90; 22.62; 15.29; 14.08.

HRMS: calculated for C41H48Cl2O2S2, 706.2473; found,
706.2484.

Poly(1,6-hexane-2,7-bis(thien-2-yl-5-dicarboxylate)-
9,9-dioctylfluorene) (TFTPE) (23). In a 5 mL flask were
mixed 0.3241 g (0.46 mmol) of compound 20 and 0.0562 g (0.46
mmol) of 1,6-hexanesdiol (Aldrich) under nitrogen at 125 °C
for 4 h. The temperature was raised to 160 °C and the flask
was put under reduced pressure to evacuate HCl formed
during the condensation reaction. The crude product was
precipitated in methanol at 0 °C, washed with acetone, and
then dried under reduced pressure for 24 h. (Yield: 24%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.71 (d, 2H, J ) 4.4
Hz); 7.63 (d, 2H, J ) 8.1 Hz); 7.55 (m, 4H); 7.28 (d, 2H, J )
3.7 Hz); 4.28 (t, 4H, J ) 6.6 Hz); 1.95 (m, 4H); 1.75 (m, 4H);
1.48 (m, 4H); 1.07 (m, 20H); 0.70 (t, 6H, J ) 6.6 Hz); 0.60 (m,
4H).

Mn: 12000. Mw: 44000.
Poly(1,6-hexane-2,7-bis(2,2′-bithien-5-yl-5′-dicarbox-

ylate)-9,9-dioctylfluorene) (BTFBTPE) (24). The same
procedure used for the synthesis of compound 23 has been
followed (using monomer 21). (Yield: 21%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.71 (m, 4H); 7.55 (m,
4H); 7.28 (m, 4H); 7.17 (d, 2H, J ) 2.9 Hz); 4.32 (m, 4H); 2.03
(m, 4H); 1.81 (m, 4H); 1.54 (m, 4H); 1.06 (m, 20 H); 0.87 (m,
6H); 0.77 (m, 4H).

Mn: 6000. Mw: 13000.
Poly(1,6-hexane-2,7-bis(3-methylthien-2-yl-5-dicarbox-

ylate)-9,9-dioctylfluorene) (MTFMTPE) (25). The same
procedure used for the synthesis of compound 23 has been
followed (using monomer 22). (Yield: 23%.)

1H NMR (300 MHz, CDCl3), δ (ppm): 7.67 (d, 2H, J ) 7.4
Hz); 7.58 (s, 2H); 7.39 (m, 4H); 4.25 (t, 4H, J ) 6.6 Hz); 2.29
(s, 6H); 1.93 (m, 4H); 1.72 (m, 4H); 1.46 (m, 4H); 1.09 (m, 20H);
0.72 (t, 6H, J ) 6.6 Hz); 0.62 (m, 4H).

Mn: 8000. Mw: 14000.
2.3. Instrumentation. Number-average (Mn) and weight-

average (Mw) molecular weights were determined by size
exclusion chromatography (SEC) with HPLC pump using a
Waters UV-visible detector. The calibration curve was made
with a series of monodispersed polystyrene standards in
tetrahydrofuran (HPLC grade, Aldrich). Absorption spectra
were recorded on a Varian Cary 1 Bio UV/vis spectrophotom-
eter at room temperature using 1 cm quartz cells and solute
concentrations of (1-3) × 10-5 M. It has been verified that
the Beer-Lambert law is well-respected in the region of the
concentrations used. Fluorescence spectra corrected for the
emission detection were recorded on a Spex Fluorolog-2
spectrophotometer with a F2T11 special configuration. Excita-
tion and emission band-passes used were 2.6 and 1.9 nm,
respectively. Each solution was excited near the absorption
wavelength maximum using a 1 cm path length quartz cell.
Solution concentrations used were (1-3) × 10-6 M, giving
absorbances always less than 0.1 to avoid any inner-filter
effects. For all molecules, a study of the concentration (C) effect
has been done on the fluorescence intensity (IF), and all
measurements have been performed in the linear region of the
IF vs C curve. All corrected fluorescence excitation spectra were
found to be equivalent to their respective absorption spectra.
Quantum yields of fluorescence were determined in argon-
saturated solutions of the substrates at 298 K against an-
thracene in ethanol (φf ) 0.27) as a standard.37

Fluorescence lifetimes were measured on a multiplexed
time-correlated single photon counting fluorimeter (Edinburgh
Instruments, model 299T) at 298 K. Details on the instrument
have been published elsewhere.38 The instrument incorporates
an all-metal coaxial hydrogen flashlamp. Reconvolution analy-
sis was performed by fitting over all the fluorescence decay
including the rising edge. The kinetic interpretation of the
goodness-of-fit was assessed using plots of weighted residuals,
reduced ø2 values, and Durbin-Watson (DW) parameters.

2.4. Calculation methodology. Ab initio calculations were
performed on a Pentium III (450 Mz) personal computer with
128 Mb RAM using the Gaussian 98W program, version 5.2.39

The geometries were optimized at the HF level with the 6-31G*
basis set. The Berny analytical gradient method was used for
the optimizations. The requested HF convergence on the
density matrix was 10-8, and the threshold values for the
maximum force and the maximum displacement were 0.00045
and 0.0018 au, respectively.

The ZINDO/S method including configuration interaction
(CI) as employed in the HYPERCHEM package (version 5.01)
was used to calculate the singlet-singlet electronic transition
energies of the optimized conformers. ZINDO/S is a modified
INDO method parametrized to reproduce UV/visible spectro-
scopic transitions.40,41 The electron-repulsion integrals were
evaluated using the Mataga-Nishimoto formula. All singly
excited configurations involving the 20 highest occupied and
the 20 lowest unoccupied orbitals (CI ) 20/20) were included
in the energy calculation.

3. Results and Discussion

3.1. Optical Properties. The absorption and fluo-
rescence spectra of the thiophene-fluorene co-oligomers
as well as their corresponding polyesters have been
recorded in chloroform at room temperature and are
shown in Figures 3-5. Their spectral data are reported
in Table 1.

The first absorption band of TFT is centered at 354
nm and does not show any resolvable vibronic fine
structure suggesting that this molecule is relatively
flexible in its ground state. In contrast, the fluorescence
spectrum of TFT shows four vibronic peaks, indicating
that the molecule is more rigid in its first relaxed excited
state. In agreement with this statement, one can see
that the fluorescence spectrum of TFT is much sharper
than its absorption band suggesting the existence of a
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narrower distribution of conformers in the excited state
(see Figure 3 and Table 1).

The addition of carbonyl groups at both ends of TFT
provokes a large red-shift of the absorption and fluo-
rescence bands in TFTE. Two effects might be respon-
sible for this behavior: (1) an increase in the conjugation
length due to the addition of two double bonds to the
molecular frame and (2) a decrease in the twisting
between thiophene and fluorene rings caused by induc-
tive effects of the substituents. To distinguish between
these two effects, HF/6-31G* ab initio calculations have

been performed on both molecules. To reduce the time
scale of the calculations, the octyl chains at the 9-posi-
tion of the fluorene ring have been replaced by ethyl
groups. We have shown recently that the presence of
alkyl chains in the 9-position does not significantly
affect the equilibrium geometry of fluorene derivatives.30

The dihedral angles between adjacent rings are sum-
marized in Table 2. One can see that torsional angles
of TFT and TFTE are very similar, ruling out effect 2
above. One can then conclude that an increase in the
conjugation length is solely responsible for the spectral

Table 1. Spectroscopic Parameters of Thiophene-Fluorene Co-oligomers and Their Corresponding Polyesters in
Chloroform at Room Temperature (298 K)

molecule
λA

a

(nm)
νA

b

(cm-1)
εc (M-1

cm-1)
fwhmA

d

(cm-1)
λF

e

(nm)
νF

f

(cm-1)
fwhmF

g

(cm-1)

TFT 354 28 200 49 600 4200 386 25 900 2600
TFTE 378 26 500 66 100 3700 419 23 900 2900
TFTPE 379 26 400 4300 421 23 800 3900
MTFMT 337 29 700 43 900 4800 386 25 900 3100
MTFMTE 354 28 200 54 100 4500 419 23 900 3100
MTFMTPE 356 28 100 4700 423 23 600 3900
BTFBT 399 25 100 82 000 4200 445 22 500 2500
BTFBTE 418 23 900 109 000 4300 472 21 200 2900
BTFBTPE 414 24 200 4900 479 20 900 3800

a Absorption wavelengths taken at the maximum of the absorption band. b Absorption wavenumbers taken at the maximum of the
absorption band. c Absorption coefficient at the maximum of the absorption band. d Full width at half-maximum (fwhm) of the absorption
band. e Fluorescence wavelengths at the maximum of the first vibronic fluorescence peak (0-0 band). f Fluorescence wavenumbers at the
maximum of the first vibronic fluorescence peak (0-0 band). g Full width at half-maximum (fwhm) of the fluorescence band.

Figure 3. Absorption (-) and fluorescence (‚‚‚) spectra of TFT and TFTE as well as their corresponding polyester (TFTPE) in
chloroform. The fluorescence intensities have been normalized relative to the first absorption band of each compound.
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shifts observed in TFTE without any important confor-
mational changes.

Table 1 and Figure 3 show that the absorption and
fluorescence band maxima of TFTPE are very close to
those obtained for TFTE. It thus seems that the
thiophene-fluorene-thiophene units are well isolated
in the polyester chain. However, judging by the band-
widths of these spectra, a wider distribution of conform-
ers seems to exist for the chromophore incorporated in
the polyester in its ground and excited states.

The addition of methyl groups in the 3-position of each
thiophene ring to form the MTFMT molecule induces
an important blue shift of the band (17 nm) compared
to TFT whereas its absorption coefficient is reduced.
This shows that the steric hindrance between the
methyl groups and the phenyl rings creates a twisting

between thiophene and phenyl rings causing a reduction
in the electronic conjugation along the molecular frame.
This is confirmed by HF/6-31G* ab initio calculations.
Indeed, Table 2 shows that MTFMT is more twisted
than TFT. Moreover, the absorption band of MTFMT
is much wider than that of TFT confirming the existence
of a wider conformer distribution for MTFMT in its
ground state. In other words, the MTFMT torsional
potential surface should be flatter near the global
minimum compared to that of TFT as reported recently
for 2-(3,4-dimethylthiophene)-2′-fluorene vs 2-thiophene-
2′-fluorene.42

In contrast to the absorption data, the fluorescence
spectra of TFT and MTFMT appear at the same energy.
It thus seems that, in the relaxed S1 excited state,
electronic delocalization is favored in such a way that
the steric hindrance causes by the alkyl chains is much
reduced. Such a behavior has also been observed
recently for fluorene-thiophene dyads.30 Moreover, the
fluorescence spectra of both molecules are structured
and are sharper than their respective absorption spectra
(see Figures 3 and 4). This indicates that the fluorene-
thiophene rotational energy barriers are much larger
in the excited-state such that a narrower distribution
of conformers, characterized by more rigid planar
conformations of the molecules, should exist.

Figure 4. Absorption (-) and fluorescence (‚‚‚) spectra of MTFMT and MTFMTE as well as their corresponding polyester
(MTFMTPE) in chloroform. The fluorescence intensities have been normalized relative to the first absorption band of each
compound.

Table 2. Dihedral Angles of Thiophene-Fluorene
Co-oligomers As Obtained by HF/6-31G* ab Initio

Calculations

molecule R (deg) θ (deg) φ (deg) â (deg)

TFT 141.0 141.0
TFTE 141.6 141.6
MTFMT 125.4 125.4
MTFMTE 126.9 126.9
BTFBT 149.0 141.8 141.8 149.0
BTFBTE 152.0 141.7 141.7 152.0
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The effect of adding ester groups on the spectral
properties of MTFMT is the same as that observed for
TFT. Both absorption and fluorescence bands are red-
shifted showing a better electronic conjugation which
should improve the molecular rigidity in the ground and
excited states (see Figure 4 and Table 1). According to
HF/6-31G* ab initio calculations reported in Table 2,
we believe that the molecular conformation of MTFMTE
should be similar to that of MTFMT.

Judging by the spectral positions of MTFMT and
MTFMTPE, the triad units seem well isolated in the
polyester chain. However, as observed above for TFTPE,
the absorption and fluorescence bandwidths of the
polyester are larger than that of MTFMTE. This sug-
gests that the incorporation of the triad unit in the
polyester chain increases the number of conformers
present in the polymer.

Compared to the absorption and fluorescence spectra
of TFT, the optical transitions of BTFBT are red shifted
due to the increase of the conjugation length (see Figure
5 and Table 1). Moreover one can see in Table 2 that
the torsional angles between thiophene and fluorene
rings of both molecules are very close. This clearly
indicates that increasing the conjugation length does
not improve the molecular planarity of thiophene-
fluorene oligomers. Accordingly, the absorption and

fluorescence bandwidths of TFT and BTFBT are very
similar.

As shown above for TFT and MTFMT, the addition
of ester groups to BTFBT induces a red shift in the
absorption and fluorescence spectra of BTFBTE. More-
over, Table 2 shows that this substitutional effect does
not significantly affect the dihedral angles between
fluorene and thiophene rings. However HF/6-31G* ab
initio calculations indicate that the bithiophene units
are slightly more planar in the case of BTFBTE. It is
worth pointing out that the observed red shift is less
than that observed for the TFT/TFTE couple. The
reason for this behavior might be explained by the fact
that the initial electronic conjugation is longer for
BTFBT compared to that of TFT, thus diminishing the
effect of the ester groups at both ends of the molecule.

Finally, judging by the spectral positions of BTFBT
and BTFBTPE, no interaction between oligomer units
seems to exist in the polyester chain. But, as observed
for TFTPE and MTFMTPE, the distribution of conform-
ers seems to be affected when the oligomers are incor-
porated in a polyester chain.

3.2. Electronic Excitations. The nature and the
energy of the HOMO and LUMO of these thiophene-
fluorene co-oligomers, which are mainly involved in the
first singlet-singlet electronic excitation (see below),

Figure 5. Absorption (-) and fluorescence (‚‚‚) spectra of BTFBT and BTFBTE as well as their corresponding polyester (BTFBTPE)
in chloroform. The fluorescence intensities have been normalized relative to the first absorption band of each compound.
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have been investigated at the HF/6-31G* level. Both
molecular orbitals of each derivative are delocalized
along the long molecular axis and involve mainly pz (out
of plane axis) atomic orbitals (figure not shown). The
nature of the molecular orbitals remains unchanged
along the oligomers investigated. As observed recently
for fluorene-thiophene dyads, the HOMO of each
derivative possesses an antibonding character between
fluorene and thiophene rings, which may explain the
nonplanarity observed for these derivatives in their
ground electronic state.30 On the other hand, the LUMO
of all the derivatives shows a bonding character between
adjacent rings. This implies that the promotion of an
electron from the HOMO to the LUMO is indeed
improving the molecular planarity of these derivatives
as suggested above from the fluorescence spectra.

The energies of the HOMO and LUMO are given in
Table 3. One can see that both HOMO and LUMO of
the ester derivatives are stabilized compared to the
corresponding molecules without carbonyl groups. How-
ever, the LUMO is more stabilized than the HOMO by
the addition of ester groups to the molecular frame.
Consequently, the HOMO-LUMO energy gaps are
smaller for the ester derivatives (see Table 3). On the
other hand, the addition of a methyl group in the
3-position of the thiophene rings slightly stabilized the
HOMO and destabilized the LUMO orbitals. The overall
result is an increase in the HOMO-LUMO energy gaps
for the methylated derivatives. This is well explained
by the nature of the molecular orbitals. Indeed, the
presence of the methyl groups induces a torsion in the
molecule which should reduce the electronic conjugation
over the whole molecule (see above). Thus, the HOMO
which shows inter-ring antibonding character are sta-
bilized whereas the LUMO is destabilized due to the
strong bonding character involved between adjacent
rings.

The reverse is true for the molecular orbitals of
BTFBT compared to that of TFT. Indeed, the increase
in the conjugation length destabilized the HOMO of
BTFBT compared to that of TFT showing the antibond-
ing character of the HOMO in these oligomers. On the
other hand, the LUMO of BTFBT is stabilized compared
to that of TFT in agreement with the bonding character
of the LUMOs of both molecules.

The ZINDO/S semiempirical method has been used
to obtain the nature and the energy of the first 10
singlet-singlet electronic transitions in the oligomers.
The ππ* overlap weighting factor has been ajusted to
1.548 in order to reproduce the S1 origin of fluorene
(33779 cm-1) measured in a supersonic jet.43 Optimized
geometries (HF/6-31G*) have been used in the calcula-
tions. All electronic transitions are of the ππ* type and
involve both fluorene and thiophene rings. In other
words, no localized electronic transitions on one par-
ticular ring are calculated among the first 10 singlet-

singlet transitions. Excitation to the S1 state corre-
sponds mainly to the promotion of an electron from the
HOMO to the LUMO. The oscillator strength (f) and the
transition dipole moment along the long axis of the
molecule (x) of the S1 r S0 electronic transition are
large, indicating that this transition is strongly allowed.
The S1 r S0 electronic excitation properties are sum-
marized in Table 4. It is observed that the excitation
energies of the first electronic transition follow the
relative values of the HOMO-LUMO energy gaps
computed in Table 3. However, the first electronic
transition is much lower in energy compared to the com-
puted HOMO-LUMO gap because of the configuration
interaction (CI ) 20/20) employed in the ZINDO/S
calculations and also due to the fact that no scaling
energy gap was used in Table 3.44

The S1 r S0 excitation energy of TFT is computed at
30030 cm-1 and should correspond to the first absorp-
tion band of this molecule measured at 28 200 cm-1 and
having a large absorption coefficient (49 600 M-1 cm-1).
An energy decrease of 1685 cm-1 is computed for the
S1 state of TFTE compared to that of TFT. This is in
very good agreement with the red shift observed for the
absorption band of TFTE compared to that of TFT (1700
cm-1, see Table 1). Moreover one can see in Table 4 that
the oscillator strength (f) of the S1 r S0 transition of
TFTE is higher than that of TFT in agreement with the
increase in the conjugation length for TFTE suggested
in the previous section. A similar correlation has been
found for the absorption coefficients of both molecules
(see Table 1).

The S1 r S0 electronic transition of MTFMT is
compiled at 31 104 cm-1, which is higher in energy by
1074 cm-1 compared to that of TFT. A similar blue shift
has been observed experimentally for the absorption
band of MTFMT compared to that of TFT (1500 cm-1,
see Table 1). The reason for this behavior involves a
decrease in the electronic conjugation along the long
molecular axis caused by the steric effects induced by
the presence of the methyl groups. Similar results have
been observed recently for the first absorption band of
2-(9,9-dioctylfluorene-2-yl)thiophene vs 2-(9,9-dioctyl-
fluoren-2-yl)3-methylthiophene.30 As a consequence of
the steric effects, f and ε values for the first singlet-
singlet transition of MTFMT are smaller than that of
TFT.

The first electronic transition of MTFMTE is red-
shifted by 1744 cm-1 compared to that of MTFMT.
These results are in fair agreement with the optical
properties of both molecules, where a red shift of 1500
cm-1 is observed for the first absorption band of TFTME
compared to that of MTFMT (see Table 1). Moreover,
Table 1 also shows that the absorption coefficient for
the S1 r S0 electronic transition of MTFMTE is larger

Table 3. HOMO, LUMO, and HOMO-LUMO Energy Gap
of Thiophene-Fluorene Co-oligomers as Obtained from

HF/6-31G* ab Initio Calculations

molecule
HOMO

(eV)
LUMO

(eV)
HOMO-LUMO

(eV)

TFT -7.240 2.089 9.33
TFTE -7.532 1.519 9.05
MTFMT -7.386 2.315 9.70
MTFMTE -7.638 1.816 9.45
BTFBT -7.109 1.803 8.91
BTFBTE -7.261 1.503 8.76

Table 4. First Singlet-Singlet Electronic Transition Data
Obtained by the ZINDO/S Semiempirical Method for the

Thiophene-Fluorene Co-oligomers at the HF/6-31G*
Optimized Geometry

transition dipole moment (D)
molecule

energy
(cm-1) f Xa Y Z

TFT 30 030 1.37 9.83 0.55 0.034
TFTE 28 345 1.81 11.6 0.73 0.16
MTFMT 31 104 1.06 8.53 0.22 0.13
MTFMTE 29 360 1.49 -10.4 -0.51 0.19
BTFBT 27 352 2.26 -13.2 -0.067 0.77
BTFBTE 26 205 2.19 -13.3 0.26 -0.38

a X is the long molecular axis.
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than that of MTFMT in agreement with the computed
f values of both molecules (see Table 4).

The first electronic transition of BTFBT is computed
at 27 352 cm-1 and should correspond to the absorption
band measured at 25 100 cm-1. Compared to TFT, a red-
shift of 2678 cm-1 is calculated for the S1 r S0 transition
of BTFBT. This is in fair agreement with experimental
results, where a red-shift of 3100 cm-1 has been
measured for the first absorption band of BTFBT
compared to that of TFT. Finally, the addition of
carbonyl groups to BTFBT induces a red-shift for the
first electronic transition of BTFBTE, but to a lesser
extent than that computed for TFTE (see Table 4). A
similar behavior has been observed experimentally (see
Table 1).

3.3. Molecular Photophysics. The fluorescence
quantum yields (φF) and lifetimes (τF) as well as the
radiative (kF ) φF /τF) and nonradiative (knr ) kF(1 -
φF)/φF)) decay rate constants of all the compounds are
reported in Table 5. For all fluorescence decay profiles,
a single-exponential fit gives acceptable statistics pa-
rameters (ø2 < 1.3 and DW ≈ 1.7).

Table 5 shows that φF and particularly τF of MTFMT
are smaller than those of TFT, giving rise to a higher
value of knr. Judging by the fluorescence bandwidth of
MTFMT, which is larger than that of TFT, more
conformers seem present in the MTFMT relaxed S1
excited state. Thus, for MTFMT, the increase in knr may
involve an increase in the molecular flexibility. It is also
worth noting that the fluorescence quantum yield of
MTFMT remains high because its radiative decay
constant is larger than that of TFT. The inductive effects
of the methyl groups may be responsible for this
behavior.

One can see in Table 5 that a higher value of knr is
observed for BTFBT compared to that of TFT while the
kF values of both molecules are very close. For oligo-
thiophenes, it is well established that the main deacti-
vation pathway of the S1 state involves an intersystem
crossing process due to the presence of heavy sulfur
atoms.45,46 Accordingly, the intersystem crossing prob-
ability of BTFBT, which possesses two additional sulfur
atoms, should increase and contribute to reduce the
luminescence intensity.

It is also shown in Table 5 that ester derivatives
possess fluorescence quantum yields which are smaller
than those of the corresponding unsubstituted mol-
ecules. A decrease of the kF values of the ester deriva-
tives is mainly responsible for this behavior. This
suggests that the ester derivatives would be more

twisted in the relaxed S1 state compared to the mol-
ecules without carbonyl groups. Along these lines, it is
observed that the fluorescence bandwidths of TFTE and
BTFBTE are larger than that of TFT and BTFBT. This
shows that relaxed excited states do not necessarily
behave like ground states or Franck-Condon excited
states.

Finally, the fluorescence quantum yield and lifetime
of the polyesters are reduced compared to that of the
ester derivatives (see Table 5). An increase in the
nonradiative decay constant is mainly responsible for
this behavior. According to the fluorescence spectra
reported above, the emission bandwidths of the polyes-
ters are much larger than that of the isolated esters.
Thus, we believe that the adjacent rings of the TFT
units are more flexible when incorporated in a polyester
chain, which should contribute to increase the non-
radiative decay constant. However the emission of the
polymers remains quite intense. Preliminary photo-
luminesncence measurements in the solid state have
revealed a slight red shift of the emission spectrum
when compared to the solution measurements but with
no excimer formation. All these results indicate that
these polyesters represent interesting materials for LED
applications which, as shown with previous photolumi-
nescent polyesters,47 could even lead to polarized emis-
sion.

4. Concluding Remarks

The first absorption band of each derivative can be
assigned to the calculated S1 r S0 electronic transition.
Excitation to the S1 state corresponds mainly to the
promotion of an electron from the HOMO to the LUMO.
The HOMO possesses an antibonding character between
neighboring rings which should contribute to the non-
planarity observed for these derivatives in their ground
states. On the other hand, the LUMO shows bonding
character between adjacent rings in agreement with
more planar S1 excited state. The energy of the S1 r S0
electronic transition follows the HOMO-LUMO energy
gap of each derivative. The overall shape of the absorp-
tion and fluorescence spectra suggests that a smaller
distribution of conformers seems to be present in the
S1 state compared to that found in the ground state.

The insertion of methyl groups at the 3-position of
each thiophene rings creates a twisting of the molecules
which caused a blue-shift of the absorption band as well
as a decrease of its absorption coefficient and an
increase of its absorption bandwidth. Optimized geom-
etries obtained from HF/6-31G* ab initio calculations
are in good agreement with these experimental results.
On the other hand, the fluorescence of both molecules
(TFT and MTFMT) appears at the same wavelength.
This strongly suggests that, after excitation, the first
excited singlet state of MTFMT relaxes to a more planar
conformation similar to that found for the unsubstituted
molecule.

Addition of ester groups at both ends of the thiophene-
fluorene oligomers induces a red-shift of the absorption
and fluorescence bands. With the help of ab initio
calculations, this behavior has been interpreted in terms
of an increase of the conjugation length without any
significant conformational changes. The spectral prop-
erties of the polymers are very close to those of their
ester derivatives, showing that the triad units are well
isolated in the polyester chain and that their molecular
conformations remain about the same. However, judging

Table 5. Photophysical Properties of
Thiophene-Fluorene Co-oligomers as well as Their
Corresponding Polyesters in Chloroform at Room

Temperature (298 K)

molecule φF

τF
(ns)

10-8kF
a

(s-1)
10-8knr

b

(s-1)

TFT 0.75 0.96 7.8 2.6
TFTE 0.67 1.00 6.7 3.3
TFTPE 0.46 0.80 5.8 6.8
MTFMT 0.64 0.59 10.8 6.1
MTFMTE 0.47 0.81 5.8 6.5
MTFMTPE 0.36 0.56 6.4 11.4
BTFBT 0.45 0.59 7.6 9.3
BTFBTE 0.36 0.71 5.1 9.0
BTFBTPE 0.20 0.42 4.8 19.0
a kF ) φF/τF (radiative fluorescence decay rate constant). b knr

) kF (1 - φF)/φF (nonradiative fluorescence decay rate constant).
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by their respective absorption and fluorescence band-
widths, the distribution of the conformers seems wider
for the polyesters in their S0 and S1 electronic states.

Fluorescence quantum yield and lifetime of methyl-
substituted derivatives are smaller than those of the
unsubstituted molecules giving rise to a higher non-
radiative decay rate constant for the former compounds.
These results are interpreted in terms of an increase of
the molecular flexibility for the methyl-substituted
derivatives. Fluorescence quantum yield and lifetime of
BTFBT are smaller than those of TFT giving rise to a
higher nonradiative decay constant for the former
molecule. On the basis of recent published papers in the
literature on bithiophene derivatives, an enhancement
of the intersystem crossing process caused by additional
sulfur atoms in BTFBT might explain this behavior. On
the other hand, the photophysics of the ester derivatives
are mainly governed by smaller radiative properties
giving rise to smaller fluorescence quantum yields.
Finally, the fluorescence quantum yields of the polymers
are smaller than the corresponding ester derivatives but
the emission of the polyesters remains relatively in-
tense. Thus, we believe that these polyesters may be
used to develop organic blue light-emitting diodes.
However it is important to mention here that TFTPE
and MTFMTPE polyesters emit at about the same
wavelength. To decrease the fluorescence wavelength
of the polyesters, substituents creating more steric
effects should be added to the thiophene-fluorene
derivatives.
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G. Chem. Phys. Lett. 2000, 316, 101.
(30) Belletête, M.; Beaupré, S.; Bouchard, J.; Blondin, P.; Leclerc,

M.; Durocher, G. J. Phys. Chem. B. 2000, 104, 9118.
(31) Coulson, D. R. Inorg. Synth. 1972, XIII, 121.
(32) Ranger, M.; Leclerc, M. J. Chem. Soc., Chem. Commun. 1997,

1597.
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