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Chemiluminescence spectral evolution in metallocene polyolefin films under a cold helium plasma at low temperature

teaching and research institutions in France or abroad, or from public or private research centers.  

Cold plasma surface treatments are increasingly being used as a non-polluting method for surface transformations. It is well known that the interaction of a cold plasma discharge with a polymer induces a number of processes such as the formation of new chemical groups, crosslinking, formation of short chains and electrons and ion implantation which modify the properties on the surface in a way that under conventional conditions would require high temperatures. These modifications can be considered as degradation or, when done in a controlled fashion, as a means to achieve additional surface properties, being classical examples adhesion, optical reflection, permeability and biocompatibility 1 .

Previous investigations on Plasma Induced Luminescence (PIL) on polyolefins led to identify three spectral components in the PIL spectra recorded in time intervals from 1s to several min after the application of the plasma, each having different excitation mechanism and thus different decay kinetics 2,3,4 . In the typical results shown in the figure below, the fastest component is due to the decay of photoluminescence excited by the UV of the plasma (with spectrum -1-peak close to 430 nm), the second is dominated by the production of carbonyl groups (conspicuous in spectrum -2-and responsible of the shift to near 400 nm), and the third, with the slowest kinetics, is due to charge recombination at the most conjugated chromophores which are preferentially charged by the plasma (long wavelength shift up to about 470 nm in spectrum -3-). These previous works were done on commercial polymers, remaining hence the doubt as to whether traces of catalysts, antioxidants or other additives could contribute to PIL.

In this work, PIL is investigated on a sequence of laboratory-synthesised metallocene polypropylenes, polyethylenes and ethylene-propylene copolymers films at -130°C. All polymers have been thoroughly studied in order to characterise all defective structures in the chain and the semicrystalline morphology. The PIL spectral features of these (co)polymers conform to those obtained previously on commercial polyolefins, thereby discarding potential contributions from additives and residues in the later since synthesis techniques are completely different. While the origin of photoluminescence is relatively clear, the existence of a chemiluminescence -CLemission contained in PIL implies the formation of carbonylcontaining species in the fresh material. The understanding of the features of such emission requires a greater knowledge of the polymers structure. The first results of this study are presented and analysed with the purpose of understanding the existing link between chain ends, chromophores, configurational and compositional defects and the semicrystalline morphology of polymers, on the one hand, and the shape of the CL spectrum issued from cold plasma interaction on the other hand.

Typical PIL spectra obtained consecutively after plasma discharge switch-off.