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Polymeric electronic devices have aroused increasing interest because of their potential low-cost applications, easy processing, possibility of modifications of their chemical structures and good compatibility with a variety of substrates. Many electrical and optical devices based on polymers can be mentioned: fuel cells, gas sensors, field-effect transistors, optical memories, information displays, hole-burning memories, lasers, etc.

Saturated polymers are usually insulators; they are viewed as uninteresting electroactive materials. However, their side chains can thus be modified and photochromic media, photoconductors, semiconductors and ionic conductors can be prepared. Saturated polymers can also serve as matrices for electroactive low-molecular-weight materials, like, e.g., in photorefractive memory disks. These systems seem to offer good prospects in preparation of photo/electro active inks suitable for screen and inkjet printing cold technologies. 

From the point of view of photo/electro-responding polymers, conjugated (both ( and () polymers play the most important role. (-Bonding in which the orbitals of consecutive carbon atoms along the backbone overlap, leads to electron delocalization. Similarly, in (-conjugated polymers, like polysilylenes the electron delocalization is perfect if the ratio of the resonance integrals between two sp3 orbitals located on the same silicon atom and between two sp3 orbitals located on adjacent silicon atoms are the same. (-Conjugated polymers seem to be charge transporting materials offeering good prospects, and photoconductors and substrates for the alignment of liquid crystals. The extensive (- and (-delocalized electron systems is a good background for semiconductivity and high molecular polarizability, which is responsible for second- and third-order non-linear optical effects. Conjugated polymers are frequently rendered conducting through the so-called “doping”. Depending on the chemical nature of the polymer, this reaction may be reductive, oxidative or acid-base. The charge neutrality is maintained by the introduction of counter-ions. One can mention antistatics, electromagnetic shielding, gas sensors, anticorrosion coatings, and many electronic devices for plastic electronics. Electrical conductivity results from the existence of charge carriers and the ability of those carriers to move. In principle, broad (-electron bandwiths can lead to relatively high carrier mobilities. However, chemical impurities and morphological inhomogeneities can lead to the formation of localized gap states for charge carriers and therefore to a mobility decrease. In this respect, dipolar species, which can form a special type of localized states based on electrostatic electron-dipole interactions, play an important role. 

A common feature of electronic band structure diagrams for semiconducting polymers is the presence of the energy gap between the highest occupied state and the lowest unoccupied state and electron levels within them. There is an excitonic level as the origin of the lowest optical transition, and soliton, polaron and bipolaron ionized levels. Polarons and bipolarons arise from the theoretical treatments that include the effects of electron-phonon coupling and deformation of a linear chain. The optical excitation leads to a luminescence, phosphorescence or the formation of charge-transfer (CT) states. The CT states can dissociate under the influence of external electric field and free charge carriers are generated. In the presence of acceptors, the photoinduced charge transfer from the polymer to acceptor molecule is accelerated and the charge separation approaches unity. This process is important for the fabrication of photoelectrical detectors and solar cells. Another important application of conjugated polymers at present is electroluminescence – light emission under the electric field challenged injection and transport of positive and negative charges. The light generation is based on the process of de-excitation of the singlet exciton state created during the recombination of charges. This effect is very important for the fabrication of light-emitting diodes and display applications.

Some of the electronic processes occurring in macroscopic electronic systems result directly from properties of constituent macromolecules. Thus, one may envisage the possibility of construction of devices based on the formation of individual macromolecules. The conjugated macromolecule can be used as “molecular wire”, which can transfer excitation, charge or information along the chain, and its use for connection of active elements of molecular electronic devices can be envisaged. The wires, combined with electro- or photoactive molecular side segments, can perform logical functions. This can be demonstrated on a molecular switch consisting of a polymer chain with chemically attached photochromic side groups. 

