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The role of polymer (plastics) composites and coatings in industrial applications is rapidly growing due to their strength, light-weight, chemical stability and tailor-ability. One of the barriers to further applications is a lack of understanding of the molecular arrangement at the interface between different polymers of a composite. Currently the properties of polymeric materials at the molecular level can be predicted to a reasonable degree of success, using computer based molecular simulations. Applying quantum-chemical methods to polymeric systems poses a major challenge as sizes of the molecular systems modeled are memory and computer time intensive. Computer clusters and parallel computing can meet these needs, speeding up the simulations which would otherwise require a long time on a single computer. 

Our research interest is to employ computational quantum chemistry to improve the properties of biodegradable polymers such as Starch based plastic composites. The non-biodegradability of most plastics has caused many environmental problems associated with its disposal. As only a minor portion of plastics is recyclable, most end in municipal burial sites. Hence, to reduce dependence on landfills, there has been an increased interest in the production and use of biodegradable polymers. Starch is a potential biodegradable plastic because of its natural abundance and low cost1. However, low mechanical strength and low water resistance limit wide applications of starch. To overcome these shortcomings, blending of starch with co-polymers having sufficient mechanical strength and high water resistance is widely practiced industrially2. To be used as a component in the composite with starch, the co-polymer must be compatible with starch and amenable to easy processing. Given the huge number of co-polymers available, the choice of a potential co-polymer is an enormous task. The experimental design and synthesis of Starch based plastic composites are thus a time consuming and expensive procedure. Computer simulations can be used to study the compatibility between starch and other co-polymers thus saving experimental time and costs. Our research is aimed at studying the molecular interactions of starch with three specific co-polymers namely - polypropylene carbonate, poly-lactic acid and poly-caprolactone. The computations would provide the binding energies and activation energies required for their co-polymerization. Spectroscopic properties needed for their experimental identification and characterization will also be computed. These computations will enable us to choose the best co-polymer which is compatible with starch and hence can be used in the composite. 

We propose to obtain the above results by performing quantum mechanical calculations (QM) for both geometry optimization and vibrational frequency calculations. GAUSSIAN3 is an electronic structure program which computes energies, spectroscopic properties, predicts molecular structures and does a host of complex chemical calculations. In addition to significant computer power requirements, the computational cost of these QM methods scales exponentially with the size of the system. The molecular systems we would be dealing with consist of approximately 500 atoms. Each calculation job may take several days or even weeks on a single processor to produce a final result. This, it is evident that the computational power requirements are enormous and demands optimal use of a computer cluster. 

In order to perform these calculations, we propose to design an optimal multi-computer architecture. The system would consist of one server (front) node, and several client nodes connected via Ethernet or Giganet. The operating system Linux will be installed on the cluster along with the modeling program GAUSSIAN and other relevant software. The cluster would perform computations efficiently, including parallel processing, and thus enable us to meet our research goals. 
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