Sol-gel tantalum pentoxide thin films with tunable refractive index for optical sensing applications
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Ta2O5 is a multifunctional material that is broadly applied in electronics and photonics. One of the properties that makes it suitable for photonic applications is its high refractive index value. This allows its modulation in broad range in order to tailor the film’s refractive index to fit particular applications needs. 

Present study aims at developping thin films of sol-gel Ta2O5 with tunable refractive index that are used as an active medium for VOCs (Volatile Organic Compound) detection. In order to tune the refractive index, mesoporosity is introduced through soft templating approach where series of co-polymers (Pluronics) are utilized as a structuring agent. Thin films are prepared by spin-coating method using tantalum sol synthesized from TaCl5 as a precursor and ethanol as solvents. The high temperature annealing (320°C) finalizes the tantalum oxide lattice formation and decomposes the template being used. The morphology of the films has been studied by Transmission Electron Microscopy (TEM) and the amorphous status of the films has been confirmed by Selected Area Electron Diffraction (SAED). Optical parameters of the films have been calculated by non-destructive UV-VIS reflectance measurements and non-linear curve fitting method. The porosity evaluation is done by Bruggeman effective medium approximation. The films have been exposed to acetone vapors as a commonly studied VOC. The reaction of the film due to vapors’ exposure is recorded as a change in the reflection spectra of the film. The adsorbed acetone quantity has been estimated. The response time of the films due to vapors’ exposure has been discussed.  Computer-aided modeling of smart structures such as Ta2O5 -Bragg stack has been done based on the film having the highest reaction in order to increase the response of the sensing media.
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