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RECENT PROGRESS IN POLYMER/PLASTICS TECHNOLOGY

Smart/Functional Polymers-Semiconducting polymer films have real potential as solid- 

state laser materials.  Secondary laser emission was recently achieved via optical pumping. The more useful electrical stimulation awaits the development of more robust conjugated materials.   Advances in information technology include new polymer-based photonic systems with large               

increases in storage capacity relative to compact disks.    

· B. Schwartz and A. Heeger at U. Cal., Santa Barbara reported inducing thin films of selected conjugated polymers to emit light when stimulated by an optical laser. Moreover, the emitted light exhibited characteristics of laser light. The polymers were derivatives of poly(p-phenylenevinylene), poly(p-phenylene), and polyfluorene. Absorption losses due to chain interactions which heretofore had overwhelmed stimulated emission in thin films were minimized by changing the chain architecture, e.g., the arrangement of the chains or attaching different side groups. Recently they reported laser action from solid films of poly(2-methoxy, 5-(2’-ethyl-hexoxy)-1,4-phenylene-vinylene). Titania particles were employed to multiple scatter emitted photons in the polymer medium such that gain exceeds loss above a critical excitation threshold.  This is reportedly the first demonstration of lasing with a semi-conducting polymer in the solid state as the active medium. The next step in developing a plastic laser is to learn how to pump photons out of polymers by electrical stimulation. To withstand high currents and carry that much charge without degradation it will require high performance conjugated polymeric materials possibly based on conjugated polyimide derivatives. Polymer-based lasers would have considerable advantages including: low cost of polymer, easy to process into desired shapes, or to deposit on to varied surfaces, flexibility, mechanical robustness, and easily tuned color.  Many of these capabilities cannot be matched by conventional laser materials such as gallium arsenide, organic dyes, or gas mixtures.  This work represents the first steps toward producing solid state laser diodes which remains an important milestone for polymer optoelectronic devices.  (PMSE, 75, 451, 1996).      

· Prof. P. Prasad and coworkers at SUNY Buffalo have developed polymer-based photonic materials that can store one trillion bytes of data per cc which is 1000 times more than can fit on a compact disk.  These materials allow data to be stored into the depth of a disk.  The technology involves laser encoding of information in a polymeric medium containing dye molecules that have a special nonlinear optical (NLO) property, i.e., two-photon absorption.     When the dye molecule-a stilbene derivative (4-[N-(2-hydroxyethyl)-N-methyl)aminophenyl]     -4’-(6-hydroxyhexylsulfonyl)stilbene) (APSS)-is irradiated with light of sufficiently high intensity, it absorbs two photons of light simultaneously.  Then the dye molecule emits a photon of higher energy. With certain NLO materials (e.g., APSS) one can irradiate with more deeply penetrating lower energy IR light and produce higher energy light in the visible thus addressing a larger volume. In this technology the writing beam photobleaches spots (0.5 x 0.5 x 0.8 um = a data bit) in the storage medium so that those spots when later illuminated with a reading beam will emit either no light or less light than the surrounding medium. The APSS dye molecules here are thought to be photoisomerized to a non-fluorescent form. By varying the intensity of the writing laser the extent of photobleaching can be varied to get a gray scale, i.e., any shade between light and dark.  Thus one can store information in analog as well as digital form. Using a poly(hydroxyethyl methacrylate) transparent plastic medium and a confocal laser scanning microscope, Prasad and his team probed into the plastic medium writing data permanently and then read it back many times. Twenty-two frames of a movie (bugs bunny) were stored 5 um apart in stacks extending 250 um into the polymer as if the polymer block was a stack of CDs and a different image was stored on each disk.  Other techniques under development include the holographic approach involving photorefractive polymers, and expansion of the magnetic storage medium, which of course is currently the accepted and predominantly used technique.  Prasad’s method is also applied to photodynamic cancer therapy (e.g., providing deeper selective irradiation), and confocal laser scanning microscopy in which a laser illuminated subject  (e.g., polymers, multilayer coatings, biological tissue) is rapidly scanned to view thicker samples in three dimensions to study microfractures, interfaces, and other structures. (C&EN, Sept. 23, 1996, p. 68)
Biopolymers-The 20th IUPAC Symposium on the Chemistry of Natural Products was held in Chicago on Sept. 16-20, 1996. The meeting was attended by 600 researchers from various disciplines including six Nobel Laureates and some of the brightest names in chemistry. The presentations illustrated the importance of physical methods for structure determination, the great strides made in synthesis, and discoveries anticipated at the interface of disciplines such as those offered by the powerful methods of molecular biology.

· The symposium reflected intense interest in oligonucleotides, from how DNA helices are unzipped, to exploring the organic chemistry of nucleic acids, understanding their behavior, discovering new properties, and designing new molecules that recognize new sequences.    Richard Roberts, winner of the 1993 Nobel Prize in Medicine and a director of research at      New England BioLabs, in Beverly, Mass is studying the phenomenon of ‘base flipping’ in     oligonucleotides.  Roberts’ interest in restriction enzymes, workhorses of the biotech industry helped in the discovery of split genes for which he received the prize.  Restriction enenzymes are always accompanied by a DNA methyltransferase that adds a methyl group to a specific sequence.  The restriction enzyme recognizes and cuts the same sequence if it is not already methylated.  Roberts’ research has revealed that some DNA methyltransferases flip their target base 180 degrees out of the helix, positioning the base in a pocket in the enzyme where the chemistry takes place.  Others have found that this phenomenon called ‘base flipping’ allows DNA repair enzymes to remove errant bases.  Roberts proposed that ‘base flipping’ is a more widespread mechanism and that it could be the common first step in unzipping a DNA helix, which both DNA and RNA polymerases need to do before they can function.  How this first step occurs is not yet known, and ‘base flipping’ could be the key. 

· The role of DNA as the keeper of genetic information is inescapable, even as chemists treat DNA with the same principles and techniques as any other organic molecule. Research about events that can damage the genetic code, leading to carcinogenesis was described at the Chicago meeting.  As an example, Prof. J. Barton of Cal. Tech. is finding that the DNA double helix is a good medium for electron transfer reactions over relatively long distances. Her team showed that charges (e.g., radicals) migrating through the pie stack of the DNA helix can cause oxidative damage at remote sites, however structural perturbations to the pie stack of base pairs may protect sequences from damage by interrupting the path. Oxidative chemistry mediated by DNA base pairs may also be the basis for an assay of the integrity of the DNA stack. Such an assay could be useful in probing how proteins change DNA structure and in searching for enzymes that cause ‘base flipping’. Barton also found that long-range charge migration can promote repair of a common photochemical lesion in DNA - the thymine dimer - where a cyclobutyl ring forms between two thymine bases.
· The ability to recognize specific sequences in DNA has tremendous potential application in biology and medicine. Cal. Tech. Prof. Peter Dervan and coworkers have developed what looks like a general nonbiological approach to DNA recognition based on pyrrole-imidazole polyamides. In at least one case, the polyamides have been shown to permeate cells and inhibit the transcription of specific genes. This could be the basis for designing molecules that can be used to control gene-specific regulation in-vivo. (For more about Dervan’s work see PEL Plastics Update, Jan.-Feb., 1996, p.2).

Catalysis-New metallocene and Ziegler-Natta catalysts are revolutionalizing the polyolefins industry.  By combining traditional catalysts with metallocenes novel materials with outstanding properties are being made. Combinatorial techniques could facilitate further progress.
· Dr. P. Galli of Montell, Netherlands discussed various ways to exploit the new Ziegler Natta and metallocene catalysis. Reactor granule technologies with new super-active Ziegler-Natta catalysts were reported to yield polyolefin based materials in spherical form with controlled morphology. Metallocene catalysts can be integrated with these new Ziegler-Natta catalysts to obtain novel catalytic systems and materials in the same granule. For example, the versatility of polyolefins can be increased in comparison with more expensive engineering materials-by combining the higher engineering performance provided by mono-disperse systems obtained with metallocene catalysts with better processibility provided by a polydisperse distribution obtained via these multi-site Ziegler-Natta catalysts. Also, the combination of polar Ziegler-Natta catalyzed resins (e.g., Hivalloy) with metallocene-catalyzed polymers having a tailored rheology could provide novel products with new and interesting applications. Recent progress in combinatorial methods should prove useful in the search for new catalyst systems. (Antec’96, Vol. II, p. 1620).

Alloys & Blends-Successful reactive compatibilization of important blends including PBT/PPO, and PA6/PC were demonstrated using reactive polystyrene and SMA respectively.

· D. Kim and coworkers at SungKyunKwan U. in S. Korea have demonstrated compatibility enhancement and toughening of poly(butylene terephthalate) (PBT)/poly(phenylene oxide) (PPO) blends using a reactive styrenic compatibilizer.  Factors affecting the morphology and mechanical properties in these blends with a reactive compatibilizer, and Kraton G 1651 poly(styrene-b-(ethylene-co-butylene)-b-styrene) (SEBS), as an impact modifier were investigated in attempts to obtain toughened blends.  Three different materials were used as the reactive compatibilizer containing a functional group that can react with the COOH end groups of PBT and had a main chain consisting of polystyrene (PS) that is known to be miscible with PPO. They are poly[(ethylene-co-glycidyl methacrylate)-g-polystyrene] (Modiper A4101), RPS 1005 reactive polystyrene (RPS), and poly(styrene-co-glycidyl methacrylate) (SGMA). Among them, RPS containing oxazoline groups was the most effective compatibilizer in terms of morphological control and improvements of the mechanical properties. The impact strength of the ternary blends without an impact modifier was not increased significantly by the compatibilizer. However, when SEBS is added the impact strength and elongation were improved to a great extent.  The mixing protocol also plays an important role in improving the mechanical properties.  (Pollimo, 20, 611, 1996).   

· H-K Choi and coworkers at The National Institute of Technology & Quality in Kwachon S. Korea have investigated the mechanical properties and phase morphology of blends of polyamide-6 (PA-6) and polycarbonate (PC) containing various amounts of styrene-maleic anhydride copolymer (SMA). The content of PA-6 was fixed at 75% by weight to limit the number of variables in the examination of morphology and to ensure the continuous polyamide phase. PA-6/PC blends (75/25) without SMA copolymer as a compatibilizer exhibited poor mechanical properties.  Scanning electron microscope (SEM) photographs of the blends compatibilized with SMA copolymer revealed that PC particles were finely and uniformly dispersed in the PA-6 matrix, and the spherical PC particles in the compatibilized blends were much smaller than those of uncompatibilized blends.  Mechanical properties of all of the blends containing SMA copolymer were enhanced, which represents an improvement of interfacial adhesion.  In particular, the optimum SMA content for the best mechanical properties were found to be in the vicinity of 10phr. (Korea Polym. J., 4, 45, 1996).           

Selected patents follow in two key polymer/plastics application areas including molded polyolefin/polyamide blends protected with an alloy skin for automotive use, and syndiotactic polystyrene/PPE-MA/PA 66 blends with higher heat, impact resistance, and appearance for  engineering applications.
· “Polyolefin-Polyamide Alloy Injection Moldings Protected With A Polymer Alloy Skin”, A. Kato (Nissan Motor), JP 08,127,039, May 21, 1996.  The title moldings have a core containing a polyolefin-polyamide alloy and a skin layer of low molecular weight polyolefins or/and low molecular weight polyamides which have a molecular weight range between 2000-10,000 for improving resistance to gasoline, Ca chloride salt, and water. (Chem. Abs. 125: 144561f).    

· “Syndiotactic Polystyrene Resin Compositions Containing Compatibilizers”, H. Fukui et. al. (Idemitsu Kosan Co.), JP 08,143,729, June 4, 1996.  The title compositions contain (a) syndiotactic styrene polymers 1-60, (b) thermoplastics that contain polar reactive groups     40-95, optionally elastomers that have parts compatible with (a) and reactive with (b), and     compatibilizing agents that are miscible with (a) and reactive with (b) 0.1-10%, and the compositions have viscosity (300C, 1000 sec-1) that is higher than that of (b).  The compositions have good hardness and heat, impact, and water resistance, and good appearance. A composition contained syndiotactic polystyrene, maleated polyphenylene ether, and polyamide 66.  (Chem. Abs. 125: 169685n).            

Polymer Modification-Grafting is an important route to the chemical modification of polymers because of easy access to reactive groups and the broad range of possible comonomers which allows for considerable tuning of polymer properties.  As a result grafted poly-mers have a variety of applications including compatibilizers, coatings, surface modifiers, and adhesives.

· M. Klapper and coworkers at the Max-Planck -Institut fur Polymerforschung in Mainz have demonstrated a straightforward method to synthesize new comb-type polymers with a poly(ether ether ketone ketone) (PEEKK) backbone. Using anionic deactivation, the superior properties of a high performance polymer (PEEKK) are combined with those of commodity polymers-polystyrene and polyisoprene-which are grafted on to the (PEEKK) backbone to achieve a targeted price/performance goal. The high reactivity of the backbone carbonyl groups and the smooth grafting via nucleophilic attack provide random graft copolymers with a well-defined structure, which can be characterized in a straightforward way. The structure and properties of the graft copolymers can be controlled by the stoichiometry of the components, e.g., with a small amount of PEEKK in the graft copolymer the Tg of the modified polyisoprene can be increased. (Macromolecules, 29, 5805, 1996).   
