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2. Abstract 

This doctoral dissertaƟon focuses on the development of hybrid luminescent layers 

uƟlizing the sol-gel method, xanthene dyes, and lanthanide compounds as acƟvators. The 

research aimed to produce materials with precisely tuned opƟcal and physicochemical 

properƟes, such as thermal stability and resistance to degradaƟon, making them parƟcularly 

suitable for advanced photonic applicaƟons, including chemical sensors, opƟcal waveguides, 

and other hybrid devices. 

The results demonstrated the effecƟveness of opƟmizing the synthesis process and 

chemical modificaƟons in adjusƟng the opƟcal parameters of xanthene dyes, such as 

fluorescein, rhodamine 6G, and rhodamine 19. An innovaƟve approach was developed 

involving the in situ synthesis of nanoparƟcles within the sol-gel matrix, simplifying the 

technological process and enhancing the final properƟes of the materials. The obtained hybrid 

layers retained their luminescent properƟes even aŌer thermal treatment at temperatures up 

to 300°C. Furthermore, funcƟonalizaƟon of organic dyes allowed precise tuning of emission 

and absorpƟon wavelengths. 

Tests on etching and layer integraƟon into photonic structures, such as opƟcal 

waveguides, revealed their high quality and uniformity. An addiƟonal achievement was the 

patent applicaƟon for an innovaƟve technology to produce photonic layers doped with 

nanoparƟcles, emphasizing the pracƟcal potenƟal of the research findings. 

This study demonstrates the feasibility of combining thermal stability with high opƟcal 

quality in hybrid luminescent materials. It opens new perspecƟves for designing funcƟonal 

layers for applicaƟons in modern photonics and optoelectronics, represenƟng a significant 

contribuƟon to the advancement of hybrid opƟcal material technologies. 
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