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INTRODUCTION

Extensive studies have been done both fundamentally
and practicaily on conducting polymers [ike polythiophene
(PT). Once positively doped, PT is relatively stable in
air, due in part to the resonance effect of the sulfur
which acts to stabilize a carbonium ion on the polymer
chain (Yang & Chien,1995). The drastic changes in
electrical, optical and magnetic properties upon doping
(Castillon, 2000) have attracted much attention from
both theoretical and practical physicists.

In the undoped state, polythiophene is an insulator with
a band gap of about 2.0 eV (Castillon, 2000) and can
be used as heterojunction together with pelypyrrole
(PPy). Their combination exhibits excellent rectifying
characteristics (Castillon, 2000). PT stable films can
be prepared by either an electrochemical, or a chemical
method (Roncalia, 1992).

Like polypyrrole, the neutral polythiophene as observed
in the infrared (IR) and a Carbon" NMR spectrum
has shown that g—a’ carbon linkages predominate
{Roncalia, 1992; Yurtsener, 1999).Thus, the commonly
accepted structure of PT is a linear chain of monomers
bonded by a@—a’ carbons.

This paper investigates the most probable carbon

coupling during polymerization. The thermodynamical
probabilities of linking a and £ carbons in dimers
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through pentamers of polythiophenes were determined
employing ab initio method.

METHODOLOGY

All semi-empirical calculations were carried out using
HYPERCHEM program running in Windows NT for
initializations. The output files were then fed to BABEL
software running in turbo Linux for conversion as input
files to General Atomic and Molecular Electronic
Structure System (GAMESS) suite of programs. Semi-
empirical and ab initio calculations were running at
SUN sparc station and Beowulf cluster at physics,
MSU-IIT.

Fig. 1 summarizes the methods and approaches
employed in this study. Geometry optimizations were
done at the Restricted Hartree-Fock (RHF) level of
theory using PM3, STO and 3-21G.

RESULTS

Geometries for thiophene monomer, dimers, trimers,
tetramers and pentamers have been optimized at
Hartree-Fock level using STO-3G and 3-21G basis sets.
Some of the different types of coupling from dimer up
to pentamer are shown in Fig 2. As observed, pure
a—a’ linkages showed a planar conformation and linear
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Fig. 1. Schematic diagram employed in this study. Fig. 2. Optimized geometry structure of (a} aot-linear; {b)
af-planar (c) fB-kink dimers, trimers, tetramers, pentamers.
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Fig. 3. Plot of the relative energy vs coupling sequence of dimer, trimer, and tetramer
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chains, a—f" bondings showed slightly linear but purely
planar and #—f" couplings showed a kink structure.
Asshown in Fig. 3, the coupling involving linear a—a’
structures manitested the lowest energy structure and
linkages involving a-f£" and -4 in ali oligomers
showed a higher energy structure. However, some of
the structures were almost energetically degenerate to
the lowest energy. for example ca—aff, fo—aa —aa
and aa-aa—afi—oa

It turned out that the ground state of the resulting
oligomers depends mainly on the number of @ or
type terminating monomers but not on haw they were
ordered. For example, it one of the monomers was
connected to the central one by its « carbon and the
others through their # carbons, the other possible
combinations were almosl energetically degenerate.

CONCLUSIONS

The addition of a thiophenc to a polythiophene backbone
can be achieved in a large number of ways depending
on the posttion along the chain as well as the orientation
of the monomer. The relative energies of the possible
structures can then be predicted by counting the types
of thiophene rings. Finally, it was observed that a—a’
coupling has the lowest final energy among the
thiophene oligomers; thus it is the most stable coupling.
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