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Hydrothermal Synthesis of TiO; Thin Films Using Titanium isopropoxide as a
Precursor: Effects of Temperature and CTAB Surfactant on the Structural
Properties of Photoanodes

Abstract

With the growing demand for clean energy sources, dye-sensitized solar cells (DSSCs) have attracted considerable
attention as one of the most promising photovoltaic technologies owing to their low cost and simple fabrication process.
In this study, TiO; thin films were synthesized by the hydrothermal method using titanium isopropoxide (TTIP) as the
precursor. The effects of synthesis temperature (100, 115, and 130 °C) and CTAB surfactant concentration (3, 6, and
13.5 mM) on the structural, morphological, and optical properties of the samples were systematically investigated. X-
ray diffraction (XRD) analysis confirmed that all samples exhibited the rutile phase, while increasing the synthesis
temperature promoted crystallite growth and slightly improved the crystalline quality. In addition, increasing the CTAB
surfactant concentration facilitated crystal growth, resulting in a gradual increase in crystallite size. Field-emission
scanning electron microscopy (FESEM) images revealed a morphological evolution from spherical particles to flower-
like architectures composed of nanorods with increasing synthesis temperature. Furthermore, increasing the CTAB
surfactant concentration led to a gradual increase in the diameter and length of the nanorods, as well as the overall size
of the flower-like structures. UV—Vis analysis showed a reduction in the optical band gap and enhanced light absorption
under specific synthesis conditions, demonstrating that both the synthesis temperature and the CTAB surfactant
concentration significantly influence the optical properties of TiO; thin films.

Keywords: titanium dioxide; hydrothermal; nanostructure; titanium isopropoxide; thin film
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