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Introduction

The synthesis and properties of conjugated polymers have attracted
significant interest over the past twenty years. Polythiophenes are one of the
most thoroughly investigated conjugated polymers. While unsubstituted
polythiophene is insoluble and not easily processable the incorporation of
flexible alkyl or alkoxy substituents at the 3 or 4 position of the thiophene ring
imparts good solubility in common organic solvents such as THF, toluene,
CHClI3, or NMP. The incorporation of 3-alkyl substituents results in a loss of
symmetry along the polymer backbone. The polymer units are typically
described as diads.* The three possible diads are 2,5’ substitution or head-to-
tail (HT), 2,2” substitution or head-to-head (HH), and 5,5” substitution or tail-
to-tail (TT) (Figure 1). The preparation of regioregular polythiophenes with
very high ratios of HT substitution has been described by two research
groups.? However, the most widely utilized method for the preparation of
poly(3-alkylthiophene)s, oxidative coupling polymerization of 3-
alkylthiophenes with iron(l11) chloride, results in the preparation of polymers
with only 70 -90 % HT substitution> We have been investigating the
preparation of poly(3-alkylthiophene)s by oxidative polymerization under
various experimental conditions. Our variables include solvent,
concentration, and stoichiometric ratio of oxidant to monomer.

R R R
/N s ms /N s
s\ ) s W/ s
R

> / \
R
HT substitution

R
HH substitution TT substitution

Figure 1. Substitution patterns of poly(3-alkylthiophene)s
Experimental

General Comments. All NMR spectra were recorded on a JEOL GSX
400 MHz NMR spectrometer. Molecular weights were determined by GPC
(GPC; Agilent Technology series 1100 HPLC; Detector: Differential
Refractometer G1362A; Pump: Isocratic 1310A; Software: Chemstation;
Column: Plgel 10° A) with THF as eluting solvent and polystyrene standards.

Preparation of regiorandom poly(3-alkylthiophene)s. Poly(3-
alkylthiophene)s were synthesized from the corresponding 3-alkylthiophene
via oxidative polymerization with FeCl; (Scheme 1). The reaction conditions
were varied as described below.
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Scheme 1. Synthesis of poly(3-alkylthiophene)s

R

Results and Discussion

The standard reaction conditions for oxidative polymerization of 3-
alkylthiophenes utilize 4-5 molar equivalents of FeCl; and dry deoxygenated
chloroform.* We have been investigating the dependence of the molecular
weight and regioregularity of poly(3-alkylthiophene)s produced under these
standard condition when compared to alternative conditions such as reduced
oxidant ratio, solvent, and 3-alkylthiophene concentration. Polymerizations
were carried out in CHCI; and CH,Cl,. The conditions of the solvent were

varied from dry degassed, degassed but not dried, and reactions open to the
atmosphere with HPLC grade solvents (Fischer). All reactions were allowed
to stir for approximately 18 h. The results of our preliminary investigations
are summarized in Table 1.

Table 1. Effect of Reaction Conditions on the Molecular weight of
Poly(3-alkylthiophene)s

Solvent | Conditions | Conc.? oxid? | M, PDI° | Vield
CHCl, Dry/Degas 0.075 M 5:1 7,800 3.0 85 %
CHCI, Open 0.075 M 5:1 18,000 | 2.3 85 %
CH,ClI, Dry/Degas 0.19M 5:1 5,800 4.6 66 %
CH.Cl, Dry/Degas 0.19M 2.2:1 12,000 | 35 80 %
CH,ClI, Degas 023 M 2.05:1 11,000 | 3.2 7%

@ Concentration of 3-alkylthiophene. ® Ratio of FeCl; to 3-alkylthiophene.
Molecular weights as determined by GPC.

The polymer molecular weight and yield is only slightly dependent upon
the reaction conditions. The standard reaction conditions for oxidative
polymerization of 3-alkylthiophenes include anhydrous degassed conditions.
However, conducting the reactions on the bench-top exposed to atmospheric
oxygen and water vapor provides a slight increase in the molecular weight but
little change in the yield of poly(3-alkylthiophene)s. Changing the solvent
from CHCI; to CH.CI, results in a slight decrease in the molecular weight
along with a broadening of the molecular weight distribution. Reduction of
the concentration of FeCl; from a large excess to a slight excess, two
equivalents of oxidant are required per equivalent of 3-alkylthiophene,
provides an increase in the molecular weights and yields suggesting little need
for a large excess of oxidant. In all cases the polymer molecular weight
distribution is not symmetrical with a higher concentration of high molecular
weight species (Figure 2). When polymerizations are conducted in the
presence of wet solvents the GPC trace indicates that the high molecular
weight fraction of poly(3-alkylthiophene)s has a narrower molecular weight
distribution as evidenced by a sharper peak.
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Figure 2. GPC trace of poly(3-alkylthiophene) generated.

Conclusions

The effect of reaction conditions on the iron (llI) chloride oxidative
polymerization was monitored. The structure of poly(3-alkylthiophene)s
prepared in CHCI; and CH,Cl; is similar suggesting the variation of solvent
does not alter the reaction. Decreasing the oxidant to 3-alkylthiophene ratio
also has only a small effect on the structure of the poly(3-alkylthiophene).
The data suggests the polymerization reaction is not highly dependent upon
experimental conditions.
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