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Abstract 
 

Most quasi one-dimensional conductors at low temperatures go over into an insulating state via a 
symmetry breaking transition. The theory of this state, which is characterized by periodic lattice 
deformations, in other words by charge-density waves (CD W), can be constructed on the basis of the 
Peierls model. Interest in this model has especially increased in connection with the study of doped 
polymers, and of the CDW motion. 
The stationary states of charge and spin carriers in a Peierls insulator differ substantially from those of 
ordinary semiconductors. The reason lies in the strong self-trapping effect, which leads to self-
localization of the electrons at a depth on the order of the width of the forbidden band. The result is 
the creation of solitons with the features of intermediate-radius tight-binding polarons, but having 
anomalous quantum numbers. Their classification depends on the band filling and symmetry breaking. 
For systems of the trans-polyacetylene type produced from a metal with half-filled band as a result of 
lattice dimerization, the majority carriers are solitons of the domain-wall type, having either a charge 
±e or a spin 1/2. For systems with non-integer number of electrons per unit celI in the metallic phase, 
only spin uncharged solitons remain. In systems without a metallic phase whatever, such as polymers, 
spinless bipolarons with charge ± 2e can exist. Self-localization of thermally activated electrons, the 
carriers, can be suppressed only by strong coupling between the chains, but the extrinsic carriers form 
in this case, too, deeply localized clusters.  The weak coupling between the chains does not alter the 
internal structure of the soliton, but exerts a strong influence on statistical properties of their 
ensembles. In the three-dimensionally ordered phase, the solitons are bound into pairs, and when the 
temperature is raised they are organized into flat domain walls. 
When the electron density changes, or when they become redistributed among different chains or 
bands, periodic superstructures of the soliton-lattices type are produced. Excitations of the type of 
envelope solitons also exist against the background of these lattices; they carry a bound single-
electron state, have a spin 1/2, but a non-integer electric charge. One-dimensional models are 
theoretically investigated by solving exactly a self-consistency equation based on the mathematical 
theory of finite-band potentials. The results explain a number of general and detailed properties of 
quasi one-dimensional electronic materials as they were on agenda in 1980’s.  
The literature update to 2000’s can be found in short reviews  
http://arxiv.org/abs/0709.2296v1 and http://arxiv.org/abs/0908.4249 and on the web site  
http://lptms.u-psud.fr/membres/brazov/ 
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