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Vapor responsive Bragg stacks are prepared using alternating spin-coating of dense and porous niobium pentoxide (Nb2O5) thin films with quarter-wavelength optical thickness. The difference in refractive index (optical contrast) is achieved by generating porosity in one of the stack’s building blocks. Purposely, soft-templating method is used where micellar solution of triblock copolymer (Pluronic) is utilized as an organic template. After annealing at moderate temperatures (320 oC) the template destroys and the residuals evaporate leaving empty pores in the film. When stacks are exposed to vapors a condensation in the pores take place, the refractive index of the film increases resulting in shift of the band gap of the stack thus enabling optical sensing of vapors.
The surface morphology and structure of single films are studied by Transmission Electron Microscopy (TEM) and Selected Area Electron Diffraction (SAED), respectively, while optical characterization is performed by combination of ellipsometric and reflectance measurements. Sensing behavior and selectivity of the stacks are tested by transmittance and reflectance measurements prior to and after exposure to different volatile organic compounds (VOCs) and humidity. Color coordinates are calculated from measured spectra in order to verify the possibility of color sensing of vapors. 

Further, an incorporation of “defect” layer (layer with non-quarter-wavelength optical thickness) in the multilayered structures is simulated theoretically and realized experimentally aiming at improvement of the optical response of the stacks. The potential of all niobia stacks as chemical vapor sensors with optical read-out is demonstrated and discussed.
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