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Abstract

In this study, the aim is to study and prepare multifunctional films applied for
energy saving glasses via photochromic and thermochromic properties of the films. For
photochromic films, TiO, incorporated with AgCl films were synthesized to enhance
photochromic and self-cleaning properties by using sol-gel method. The effect of
temperature synthesis and doping agent such as CuCl and Br on E coli disinfection,
photocatalytic degradation of methylene blue, self-cleaning and photochromic properties
were investigated. In study, photochromic films were synthesized using high and low
temperature routes via sol-gel and dip coating methods. Prepared films having 2 layers, the
first one was TiO,-AgCl and the top one was TiO, doped with Cu2+ (0, 1, 3 and 5 mol%) were
calcined at 400 °C holding for 2 hours at a heating rate of 10 °C/min. The synthesized films
were characterized by XRD, SEM, AFM and UV-Vis and determined the self-cleaning property
by means of super hydrophilic surface which water droplet contact angles approaching to
zero degree) and the color changes were ascribed photochromic according to different
intensities of light such as UV light. The bright films were darkened and reversed to bright
films with decreased intensities of light due to the reverse mechanism of AgCl (bright) to Ago
(dark tint). The results show that at 400°C synthesis, an anatase (TiO,), AgCl and CuO phases
were formed. CuO doping can enhance photochromic and self-cleaning properties. The TiO,-
10%molAgCl film doped with CuO of 5 %mol exhibits a good self-cleaning property with
contact angle of about 6.4° and a moderate photochromic effect. The sensitivity of color
change improved 91 % and the transmission of visible light was about 54%, while UV light at
wavelength 300 nm and 350 nm were blocked. However, the reverse of color, it took a long

time even though keeping in a dark box due to CuO formed instead of CuCl.

Low temperature films preparation were considered by using sol-gel process
and coating on soda lime slide glasses by dip-coating process. TiO, sol was mixed with 0.15 g
chitosan and refluxed by the microwave assisted method with 180W and it was around 80°C
for 1 h. The experimental results show that AgCl-doped film with 10 %mol exhibits a good
photochromic property. The films were improved by CuCl doped with dosage of 3, 5 and 7
%mol and Br doped with dosage of 0.5, 1, 3, 5 and 7 %mol. The results show that synthesis
temperature of 80 °C, an anatase amorphous phase was formed. In addition to AgCl, CuCl
phase was formed at this temperature. By studying the low temperature films preparation, it

was found that TiO, films doped with AgCl 10 %mol and CuCl 5 %mol show a good self-
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cleaning with contact angle about 6° and the films were changing the color under UV
exposure for about 10 min. The film will reverse color when keep in dark condition for 4 h.
Furthermore, the synthesized films have disinfection effect and photocatalytic property as

well.

For thermochromic materials, the monoclinic VO, was synthesized in powder
and film forms by means of chemical and hydrothermal processes. The effect of doping
agents such as MoOs;, WO; and TiO, on thermochromic property of vanadium dioxide in
terms of the transition temperature reduction was investigated. From the first synthesizing
method, the pure VO, (M) was obtained using microwave-assisted for 30 minutes and
calcination with certain amount of oxalic acid at 700 °C for 1 hour in nitrogen atmosphere.
The transition temperature of as-prepared VO, was at 67 °C and that of 12 at% Mo-doped
VO, was 43 °C. However, VO, co-doped with Mo and W was found in rutile phase at room
temperature that has no thermochromic effect at the service temperature near 35-40 °C.
This is due to the effect of W doping. For preparation of VO, (M) via hydrothermal process
was performed at 180 °C using 0.3 mole of formic acid for 48 and 4 hours before submitted
to calcination with certain amount of oxalic acid at 700 °C for 1 hour in nitrogen
atmosphere. It was found that pure monoclinic phase of VO, was formed at the absence
and presence of W doping. Tungsten doped about 0.25 wt% can reduce the transition
temperature of VO, from 67 °C be about 50 and 47.4 °C when the hydrothermal time were
48 and 4 hours, respectively. Photochromic films were performed by coating the synthesized
W-doped VO, powders in conjunction with TiO,. It was seen that contact angle of water

droplet on the film was 62° which indicates self-cleaning effect moderately.



