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MULTI-POLYMERIC PARAMETERS EVALUATION OF FAST SOL-GEL PROCESS BY TRIPLE-DETECTOR GEL PERMEATION CHROMATOGRAPHY
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The sol-gel method is a process for preparing silica-like materials at low temperatures (25°C – 80°C). Recently we presented a novel fast sol-gel method to prepare crack-free sol-gel samples without shrinkage which are promising materials for preparation of optical elements such as waveguides and submicron structured replicas and can also be used as an optical bonding material1-3. In order to use the fast sol-gel material (FSG) for specific applications there is a need for quality control of the manufacturing method. In this work we present the use of Viscotek’s advanced multi-detector gel permeation/size exclusion chromatography (GPC/SEC) system, TDAmaxTM, to investigate various molecular and solution properties of the fast sol-gel manufacturing process. Dynamic light scattering (DLS) and GPC/SEC are commonly used methods for characterization of macromolecules4,5. DLS characterizes the hydrodynamic size and particle distribution of the polymer chains in a given solvent, while the multi-detector GPC/SEC provides more detailed information on molecular weight, molecular weight distribution, molecular size and density, structure and conformation. In this work we have developed a method for evaluation of the preparation manufacturing processes of fast sol-gel (FSG) in situ. The evaluation includes parallel measurements of the refractive index, light scattering and solution viscosity of the sample to determine molecular weight moments, molecular weight distribution, hydrodynamic size and refractive index increment (dn/dc). Such multi-parameter evaluation distinguishes between states of polymerization, different species of sol-gel (content and structure), specifically, aggregate formation and degree of branching. Due to low refractive index increment of silicone polymers, a Solvent Enhanced Light Scattering (SELSTM) technique was employed to obtain optimum signal/noise for both light scattering and refractive index detectors. The advanced GPC/SEC technique proposed in this project enabled the discovery of various types of FSG polymers. First, a highly branched group with relatively low molecular weight values (about 2x104 g/mole) and smaller particles size (around Rh=1.5 nm). Second, a highly branched group with higher molecular weights (about 1.5x106 g/mole) and larger particles size (Rh=10 nm). And third, a low branched group with lower molecular weight values (about 1.5x104 g/mole) and large particles size (Rh=15 nm). 
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