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1. Introduction

Organic light emitting diodes (OLED) and organic solar cells (OSC)

based on polymeric materials are considered to exhibit a great

potential for the development of novel solar power and energy-efficient

display und lighting technologies. However, the actual technology still

suffers from lower efficiency due to basic physical limitation: OLED

materials are able to convert only 25% of all exited states into light

emission. Three forth of the theoretical potential are ultimately lost by

non-radiative processes along with the generation of heat, which

adversely affects the organic material. One solution to overcome this

limitation is the incorporation of appropriate metal complexes which,

by the use of strong spin-orbit coupling, allow for the utilization of

both singlet and triplet excited states to achieve nearly 100% internal

quantum efficiency. However, this addition of organometallic triplet

emitters will most probably result in undesired phase separation,

aggregation and crystallization, which in turn can harm the device

performance. Therefore, the design of a suitable host system with

covalently bonded phosphorescent chromophores has been

regarded as the viable solution to address these issues.

2. Methods

cynora GmbH, founded in 2003 as a spin-off of the RWTH Aachen has

gained large experience in the development of catalytic processes and

the synthesis and optimization of polymeric materials. Besides

extensive studies in the field of organometallic catalysis for the

preparation of chiral alcohols and amines as building blocks for the

pharmaceutical industry, cynora acquired excellent knowledge in the

field of cross-coupling reactions, which are essential for the construction

and functionalization of optoelectronic polymers and immobilization of

transition metal complexes onto polymers. Within the last years, cynora

could develop a recent field of research for the synthesis of ladder-

type poly(para-phenylene)s LPPPs using novel technologies for

cross-coupling reactions. Therefore, the utilization of this synthetic

knowledge renders an efficient large-scale production of custom-

designed polymers at low costs possible.

3. Results

In this context, cynora focuses on the research of novel semiconducting

polymers, which, due to their intrinsic photophysical properties, are

supposed to be used as white polymer light-emitting diodes (WPLEDs).

For this purpose, stabilized metal nanoparticles are chemically attached

onto modified LPPPs to result in novel composites which feature a

pronounced photoluminescence with emission maximum between 450

and 500 nm. Furthermore, an additional low-energy emission band which

leads to an overall white color impression can be integrated. Single-layer

test devices fabricated with different polymer compounds demonstrate a low

turn-on voltage of 4-5 V and efficient electro-luminescence with power

efficiency of 1 lm/W at 100 cd/m2 luminance density.

Morphology studies using focused ion beam technique revealed a

uniform dispersion of various metal nanoparticles in different

polymers. Those composites can introduce an additional degree of freedom

as measured by the shift and modification of the emission spectra.

4. Conclusion

In conclusion, cynora technologies provide the synthesis of novel

optoelectronic materials on a multi-gram scale. These photoactive

polymers are commercially available for
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thin-film testing purposes and the

development of printing technologies. In

the future, the challenge will be, besides

further efficiency improvements, the cost-

effective processability and operational

stability of OLED devices. The development

of novel solution-processable emitting

compounds will help on a bright future of

OLEDs in display and lighting applications.

Thus, the strong spin-orbit coupling of palladium nanoparticles show

great promise for efficiency improvements of phosphorescent OLEDs.

For this purpose, these polymer nanoparticle composites are analyzed in

terms of their energetic interaction between fluorescent,

phosphorescent and plasmonic excited states. Time-resolved spectros-

copy measurements demonstrate the appearance of a constant intense

emission band within the time scale of the experiment and therefore clearly

reveal the existence of long-lived phosphorescence.

SEM micrograph of a single layer PLED. Homogenous dispersion of various metal nanoparticles 

Emission spectra of phosphorescent com-

posites for different relative mass ratios 

Time-resolved emission spectroscopy of 

phosphorescent composites

Substantial performance enhancement can be achieved through

synthesizing new optoelectronic organic materials by way of rational

design of the photoactive chemical structure.
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