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of Electroluminescent Polymer LEDs

William R. Childs Literature Seminar February 8, 2001

The information revolution has made utilization of electronic devices a daily
necessity. This interaction requires an interface which usually takes the form of a visual
display. Light emitting diodes (LEDs) are currently leading the revolution in visual
display technology by providing efficient, high resolution color displays, and through
integration into the well-developed field of liquid crystal displays." Unlike their
inorganic counterparts, interest in the development of polymer LEDs began recently
with Friend et al.’s discovery of a green-emitting polymer in 1990.'? Subsequently,
development in the field of polymer LEDs has attracted intense industrial and academic
interest due to the commercial application of these devices and the scientific
understanding required to develop their potential.’

A fundamental challenge associated with polymer LEDs is understanding the
intermolecular interactions which control the polymer’s light emitting properties.
Polyfluorenes are one of the most promising polymers in this field,'® but, more
importantly, they are ideally suited for the systematic study of these intermolecular
effects due to their stability and ease of synthetic variability.*
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Polyfluorenes

In solution and thin films, polyfluorenes have been observed to form aggregates due to
poor solubility.*® These aggregates are problematic as they cause luminescence
quenching and the appearance of bathochromically shifted peaks. Another detrimental
interaction is the formation of excimers, which occur due to p-stacking when the p-orbital
of an excited chain overlaps with the p-orbital of an adjacent molecule in organized thin
films. This results is the occurrence of red-shifted peaks and usually a loss of primary
luminescence. Excimer formation is dependent upon the length and structure of the
polymer’s substituents, since they determine the glass transition temperature and the
degree of intermolecular communication between the individual chains.® According to
these observations, the disorder between chains needs to be maximized by raising the
glass transition temperature and increasing insulation while simultaneously retaining
solubility.” In addition, the molecular weight of the polymers, which was often
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overlooked, has been shown to have drastic effect upon fluorescent emission which
implies it plays a powerful role in the intermolecular organization of these films.®

One of the applications for which polymer LEDs are being developed is the back-
lighting of liquid crystal displays.” If the anisotropic light emitting properties of these
polymers can be harnessed, they will provide polarized light which should greatly
improve efficiency in these devices. Since polyfluorenes already possess nematic liquid
crystalline properties, researchers have developed alignment techniques which make use
of the polymer’s inherent intermolecular interactions by pre-aligning the substrate.'®
Subsequent annealing yields an anisotropic monodomain in the resulting thin film. These
films have successfully produced linearly polarized electroluminesence as seen in the
spectrum below:
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Polarized Electroluminescence from Poly(9,9-dioctylfluorene)
_) light recorded parallel to film alignment
_ ) light recorded perpendicular to film alignment

In addition, the introduction of enantiomercially pure branched side chains has produced
a helical “rigid-rod” structure which produces circularly polarized electroluminesence."
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