Organic-Inorganic Hybrid NLO Materials with Different

Chromophore Bonding Directions
Kwang-Sup Lee, Tae-Dong Kim
Department of Polymer Science & Engineering, Hannam University, Taejon 306-791, Korea 

Yu Hong Min, Choon Sup Yoon
Department of Physics, KAIST, Taejon 305-701, Korea
Organic-inorganic hybrid materials, which possess large second-order nonlinear optical (NLO) effect, were prepared and their linear and nonlinear optical properties, thermal stabilities, and poling efficiency were investigated. The measured values of NLO coefficient strongly depend on poling conditions such as a poling temperature, a poling time and a heating rate. The resulting films heated at 200oC exhibited d33 = 50-58 pm V-1 in maker-fringe measurement. It was found that the thermal stabilities of the films were greatly enhanced as a poling time increased and a poling temperature became higher.

Second-order NLO materials are currently interested to a large number of research groups as they can be used for a number of photonic applications, for example, doubled-frequency laser sources, electro-optic modulation, optical signal processing, optical interconnects, etc [1].    

Most NLO chromophores have generally not been found to be good photonic media due to thermal relaxation, large absorption and high optical losses. Inorganic glasses, however, are excellent photonic media because of their high optical quality and extremely low optical losses. Therefore, combining inorganic glass and organic photo-functional molecules is one of the best ways to develop optical materials with large optical nonlinearity and low losses. In addition to this, the use of highly cross-linked silica matrix can be remarkably reduced the thermal relaxation of the molecular dipoles [2-4]. 

Taking advantages of these, we have recently developed three different azosulfone dye/silica glass hybrid materials. They are characterized as vertical (V), parallel (P), and vertical-parallel (VP) systems, depending on bonding direction between the chromophores and the silica matrix (Scheme 1). 

The thermal properties of the organic-inorganic hybrid materials were examined by differential scanning calorimeter (DSC) and thermogravimetric analysis (TGA). We could not observe clearly the glass transition temperature of SIAZO-2V, SIAZO-2P, and SIAZO-VP1. The TGA data under a nitrogen atmosphere exhibits the initial decomposition temperature at 223, 235, and 252oC for SIAZO-2V, SIAZO-2P, and SIAZO-VP1, respectively. The order parameters ( = 1-A1/A0, A0 and A1 are the absorbances of the film before and after corona poling) of chromophores in these hybrid films are used to characterize the poling efficiency. Under the conditions of a 5 kV poling voltage applied to the corona needle at 200oC for 1 hr, the order parameter values for SIAZO-2V, SIAZO-2P, and SIAZO-VP1 were estimated to be 0.31, 0.25, and 0.24, respectively. The second-order NLO properties of the poled films were characterized by second harmonic generation (SHG) at 1064 nm fundamental wavelength, with a Y-cut quartz crystal (d11 = 0.5 pm V-1) as the reference. We obtained d33 values of 58, 50, and 53 pm V-1 for SIAZO-2V, SIAZO-2P, and SIAZO-VP1, respectively. The SHG coefficient (d33) of SIAZO-2V calculated from the angular dependence of the SHG intensity was about 58-60 pm V-1 for 1hr and 5 hrs at 160oC and for 1 hr at 200oC. However d33 of the SIAZO-2V poled for 5 hrs at 200oC reduced to 15.4 pm V-1 due to thermal breaking of the azo-dye.

Scheme 1. Synthetic routes for organic-inorganic hybrid materials.
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To the thermal stability studies, temperature dependent SHG experiments were carried out in-situ by monitoring the SHG signal while heating at a rate of 2oC min-1. SIAZO-VP1, which has higher cross-linking sites, showed better stability than SIAZO-2V and SIAZO-2P. Fig. 1 shows that the SHG signal remained stable for SIAZO-VP1 until reaching 90oC, where the SHG signal starts to decay rapidly. It completely disappeared as the temperature went above 200oC. These results are understandable because the thermal relaxation of oriented dipoles is related to the free volume in the silica bond. In addition, it was found that the thermal stabilities of the films were greatly enhanced as a poling time increased and a poling temperature became higher.

Fig.1. Thermal stability of NLO activities for three organic-inorganic hybrids.
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