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Abstract

The bipolarons appear to be the main entity for charge collection in conducting polymers. But their existence is
challenged by the Coulomb repuision. We study the stability of a bipolaron (BP) as a function of the strength of the long
range Coulomb interaction U/ with and without impurities for both weak and strong electron—phonon coupling (@ ). We find
that in a free state the BP is stable only for small values of U for the weak coupling limit but stays stable until relatively
large U in the strong coupling case. Being bound to a dopant, the bipolaron becomes stable in a wide range of U. Free BPs
near the metal-polymer contact also are stabilized due to a screening by image charges. These results are important for
charge injection at polymer—metal interfaces in the context of organic light-emitting diodes. © 1998 Elsevier Science B.V.

1. Introduction

There is a considerable general interest in under-
standing the effects of real space pairing of electrons,
In non-metallic materials these pairs are frequently
referred to as bipolarons (BP). While the existence of
bipolarons has not been fully proven yet, their mani-
festation has been conjectured in a number of differ-
ent materials. Conducting polymers provide the most
convincing evidence for bipolarons from optical and
magnetic data (see Refs. [1,2] and references therein).
The BPs in conducting polymers are supposed to be
the main form of the charge collection thus provid-
ing the scenery for contact and/or doping effects.
Thus, the bipolarons are likely to play an important
role in determining the charge injection and transport
properties of electronic devices (e.g. light-emitting
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diodes) based on conducting polymers (see, for ex-
ample, Ref. [3]). The main challenge to the existence
of bipolarons comes from the long-range Coulomb
repulsion which can decouple them into a pair of
polarons.

We report a systematic study of Coulomb effect
for isolated bipolarons in the bulk polymer, near a
metal contact, as well as for the bipolaron—impurity
complexes. We have determined the parameter
regime where bipolarons exist as stable or metastable
particles. The stability region is quite large if the
bipolaron forms a bound state with a dopant or if it
is localized in the vicinity of a metal surface, due to
Coulomb screening. Our study confirms that the
bipolarons or their ‘liquid’ state or a superstructure
[4] indeed provide the main form of charge storage
under doping or near the metal contacts. Their ability
to carry current is limited to a restricted region of
material parameters. The results can be applied to
calculations of optical and tunneling features related
to the existence of bipolarons. Our results are impor-






