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Abstract. The self-cleaning and photocatalytic properties of TiO, films are crucial for
coating of optical elements that operate in harsh environmental conditions. During our
research, the optimal chemical composition of the sol-gel mixture and conditions for spin-
coating of TiO, films were selected. Ellipsometry studies showed that before calcination at
450 °C, the TiO, film on glass had a thickness of 247 nm and was quite porous with
significant roughness. After calcination, the thickness of the TiO, film decreased to 89 nm.
It became significantly denser. Further modification of TiO, films was performed using
femtosecond laser pulses with a wavelength of 800 nm. Treatment of TiO, films with laser
radiation resulted in the formation of laser-induced surface features, including nanoparticles
and nano-cracks. The selected laser processing conditions were aimed to maintain sufficient
transparency of the TiO, film that was achieved at the density of irradiation pulse energy of
0.025 J/cm’. The laser-treated surface exhibits improved hydrophilic properties. The optical
properties of TiO, films on glass, studied using photoluminescence and Raman scattering,
showed that after post-synthetic processing, including femtosecond laser treatment, a
predominantly anatase crystal structure was formed.
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1. Introduction

Titanium dioxide (TiO,) coatings on various substrates
are actively used for photocatalysis, self-cleaning
coatings, improvement of corrosion resistance, electron
transport layer in thin solar cells, efc. [1, 2]. Under the
influence of UV radiation, TiO, becomes superhydro-
philic and begins to attract moisture from the air, which
can collect dirt from the surface, due to electrochemical
reactions including oxidative decomposition of pollutants
[3, 4]. TiO, is of particular interest due to its multiple
polytypes (brookite, anatase, and rutile), which form
under different conditions and can transform into each
other. All TiO, polytypes have large refractive indices
(~1.93 <n < 2.6 at A = 633 nm) and high transparency
within the visible spectral range. TiO, is a wide-bandgap

semiconductor (£, > 3 eV). Rutile and anatase polytypes
of TiO, are technologically promising crystal structures
for the aforementioned applications. The anatase
polytype has a higher optical band gap than the rutile
(~ 3.2 vs 3.0 eV) [5]. The properties of TiO,, including
light absorption and charge transfer, are closely
dependent on its defect composition, which is important
for the utilization of solar energy, the photocatalytic
properties, etc. Oxygen vacancies, interstitial titanium
atoms, and titanium vacancies are considered as defect
states in TiO, [6]. The equilibrium concentration of these
defects and their slow transfer from the surface to the
bulk were determined.

The main chemical methods for producing titanium
dioxide-based films include chemical vacuum deposition,
chemical evaporation, the sol-gel method, and fusion.
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Among the proposed approaches, the sol-gel method is
the most attractive, as it allows for regulating the
physicochemical characteristics of the films by varying
the qualitative and quantitative chemical composition of
the film-forming composition, the conditions of sol forma-
tion, and the conditions of post-synthetic processing.

An improvement of photocatalytic activity can be
achieved by increasing the light absorption capacity of
the material based on TiO,, and requires an expansion of
the light absorption range of TiO, into the visible region.
Creating localized energy levels in the band gap could
promote the excitation of electrons from the valence band
to levels induced by the dopant that could improve light
absorption of TiO, [7]. Regarding the photocatalytic
efficiency of different TiO, polytypes, anatase prevails
over the more stable rutile. This can be explained by the
higher density of localized states, and, as a result,
surface-adsorbed hydroxyl radicals, as well as the slower
recombination of charge carriers in anatase compared to
rutile, which contributes to the improvement of photo-
catalytic capacity. It was stated that the anatase-rutile
mixture exhibits better photocatalytic properties due to
improved separation of charge carriers.

The ultrashort laser pulses provide a simple, fast,
and reliable method for contactless modification of thin
films due to a minimal thermal effect and high precision
in both lateral and vertical processing [8]. The number of
publications devoted to femtosecond laser structuring of
TiO, films is insignificant, but has begun to increase in
recent years, demonstrating the prospects of this method
for obtaining TiO, surfaces with properties that are
interesting for practical applications [9—12].

Laser treatment of sol-gel-derived TiO, films offers
broad opportunities to tailor film characteristics, namely
thickness, crystalline or amorphous structure, grain size,
residual stress, and defect density [13]. Compared to
other surface treatment methods, laser processing
uniquely combines time, temperature, and other
conditions that are otherwise unattainable, and it offers
high selectivity. Unlike thermal processing, laser
irradiation is extremely fast and affects only the thin
surface film. The influence of laser treatment of TiO,
films on their resulting wettability and photocatalytic
activity is of particular interest. Since the influence of
laser-induced surface structuring on the wettability of
metals and semiconductors is widely known, it is
reasonable to expect an influence of laser treatment on
these characteristics of TiO,.

Now we present the development of functional TiO,
films on glass substrates and their subsequent processing
with femtosecond laser radiation.

2. Experimental details

Titanium dioxide thin films have been prepared by the
sol-gel spin-coating method on a glass substrate [14].
Titanium tetra-isopropoxide as a starting material was
dissolved in i-propanol, then a calculated amount of block-
copolymer Pluronic P-123 and nitric acid was added.

The obtained sol was stirred for 2 hours. The resulting
sols were deposited on the glass substrates 1X2 cm by
spin-coating at 500 rpm for 1 minute. The resulting films
were dried in an oven at 100 °C for 4 hours, then
transferred to a muffle furnace and calcined at 450 °C for
2 hours at a heating rate of 2 °C/min.

The laser modification of TiO, films has been
performed with a Ti:sapphire femtosecond laser system
based on a Mira-900F femtosecond oscillator with a
Legend-HE chirped pulse amplifier (Coherent, USA)
using ultrashort laser pulses with a fundamental wave-
length of 800 nm, a pulse duration of 150 fs, and a pulse
repetition rate of 1 kHz. A laser beam with an average
power close to 450 mW was focused on the sample by a
spherical lens with a focal length of 100 mm. The samples
were placed in front of and behind the focus to prevent
the effect of air ionization in the focus on the processing.
To vary the power density of the laser radiation on the
surface, the sample surface was placed at different
distances from the focus (usually from 5 to 20 mm). An
average laser power was controlled by a laser power
meter “Field Master GS” with a detector head “LM-10”
(Coherent, USA). The horizontally polarized laser beam
was incident normally onto the sample surface. The
sample was placed on the 3-axis motorized stage, which
provided sample scanning at different speeds (typically
at 0.5-1 mm/s) perpendicular to the beam. The laser
processing has been performed in air in the multi-pulse
regime, creating an area sufficient for spectroscopic
studies and wettability estimation. The distance between
individual passes was 0.2 mm, which ensured partial
overlap of the neighbor passes.

The morphology of the obtained TiO, films after
ultrafast laser processing has been analyzed using a
scanning electron microscope (SEM) AURA 100
(SERON Technology Inc., Republic of Korea). The
ellipsometric parameters were measured using a Semilab
SE-2000 spectral ellipsometer (Semilab Semiconductor
Physics Laboratory Co. Ltd., Hungary). Transmission
(absorption) spectra were measured using a Cary 60
spectrometer (Agilent Technologies, USA) at room
temperature.

The photoluminescence (PL) spectra of the TiO,
films were excited by the third harmonic (wavelength of
266 nm) of a Ti:sapphire femtosecond laser “Mira Optima
900-F” (“Coherent”, USA). Output power — 16 mW,
pulse repetition frequency 76 MHz. The excitation beam
was focused on the sample by using the 100 mm
cylindrical lens in an area equal to 0.2x3 mm®. Spectra
were recorded using an Acton Research SP-2500i
spectrometer with a cooled CCD detector. Measurements
were performed at room temperature.

The Raman spectra of the TiO, films on Si substrate
have been recorded in backscattering geometry using the
RM1000 p-Raman spectrometer (Renishaw, UK) with
excitation at 532 nm at room temperature. The spectral
resolution is 0.3 cm'. The main Si phonon peak at
520.5cm' was used as a reference for the Raman
measurements.
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Fig. 1. Scanning electron microscopy of a TiO, film on glass. Image obtained with a mirror-reflected electron detector (a) and
a secondary electron detector (b). Time-sequential images of the same area (c, d) show the gradual dissipation of surface charge.

3. Results and discussion

The transparent TiO, films were obtained by the sol-gel
method and annealed at 450 °C. The presence of P-123 in
the reaction mixture provides stability, homogeneity, and
viscosity of the obtained TiO, sol as well as an ordered
oxide structure.

Fig. 1 shows SEM images of the TiO, film surface
on a glass substrate after deposition and annealing in an
oven at 450 °C. The SEM image obtained using a
specularly reflected electron detector (Fig. la) shows
high film homogeneity within a scale of hundreds of
micrometers. However, it shows the effects of charge
accumulation on the film surface (white stripes in the
upper right corner). To reduce these effects, SEM
observations were carried out near the carbon electrode,
which provided electrical contact to the surface. Its edge
can be seen in the lower left corner. The white particles
on the black carbon are gold microparticles, which were
used to focus the microscope. The dynamics of the
transformation of the shape of the stripes caused by the
surface charge (Figs. 1c, 1d) show that the film still has
nonzero conductivity. Indeed, when switching from a
larger magnification to a smaller one, a light rectangle

from the previous frame can be seen in the image, which
disappears after a few seconds.

The investigation of the effect of thermal treatment
on the thickness and optical constants of TiO, films was
carried out using spectroscopic ellipsometry. The
measurements of the ellipsometric parameters (¥ and A)
were performed at an angle of incidence of 60° within the
spectral range 0.6...5.0 eV. To determine the optical
constants (refractive index »n and extinction coefficient k),
as well as the film thickness d, the experimental data
were analyzed, minimizing the root-mean-square error
(RMSE) between the measured and model-generated
pseudo-dielectric function spectra ({€;) and (&,)) (Fig. 2).

The Tauc—Lorentz model [15] was used to describe
the dispersion of the optical constants of the TiO, layer.
This empirical model, developed specifically for
amorphous dielectrics and semiconductors, correctly
describes the shape of the absorption edge by limiting
interband transitions with the optical band gap (£,). We
have previously successfully applied this methodological
approach to the ellipsometric analysis of nanostructured
oxide films, particularly ZnO [16-18]. The quantitative
results of the ellipsometric modeling for the investigated
samples are summarized in Tables 1 and 2.
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Table 1. Optical model parameters of the TiO, films obtained from the analysis of spectroscopic ellipsometry data (Tauc—Lorentz

dispersion model).

Film state Model structure Layer thickness Roughness Refractive index n E,. eV R
d, nm drough, nm (at 633 nm) 8
(lDOE)lidC) Glass / TiO, / EMA 250.9+0.2 12.8+0.3 1.601 3.51 0.987
Amnealed Glass / TiO 86.8 = 0.1 <05 1.872 363 | 0997
(450 OC) 2 . . . . . .
Table 2. Best-fit parameters of the Tauc—Lorentz and Lorentz 7 —
oscillators used to model the optical dispersion of the TiO, ° :,'t?_? inital
itting
films. 6 TiO, annealed
. — fitting
Parameter Dried film Annealed film
(100 °C) (450 °C) 5]
Tauc—Lorentz oscillator A
A (eV) 297.09 185.81 Vo4
Ey(eV) 1.71 4.11
C (V) 2.44 1.97 37
E, (eV) 3.51 3.63
High-frequency dielectric constant 0 1 2 3 4 5
. ‘ 177 134 Photon energy, eV
Lorentz oscillator 44 5 Tio, infal
_ fitting
f 0.12 3+ TiO, annealed
Ey (eV) 7.11 - —— fitting
I (eV) 1.53 - 2
"The Lorentz oscillator was additionally required for the dried I;N 14
sample to account for high-energy absorption tails originating v
from the unburned organic components. 04
14
For the film, after deposition and drying at 100 °C,
the optical model included the substrate (glass), the main 2 ' ' ' ' '
TiO, layer, and a thin surface roughness layer (~13 nm) 0 1 2 3 4 5

described by the effective medium approximation
(EMA). The total thickness of such a film was ~ 264 nm.
The calculated refractive index at 633 nm is n ~ 1.60.
This relatively low value indicates that the film at this
stage is highly porous and amorphous. The nanocom-
posite contains a significant amount of residual organic
components (Pluronic P-123 block copolymer) and
solvent. The optical band gap (E;) of this amorphous
phase was estimated to be equal to 3.51 eV.

After thermal treatment at 450 °C for 2 hours,
radical changes in the optical characteristics are
observed, confirming the structural reorganization of the
matrix. The best fit to the experimental data (R’ > 0.996)
was achieved for a single-layer model with surface
roughness, indicating the formation of an optically
homogeneous film.

One can see from Fig. 3 and Table 1 that the film
thickness after annealing catastrophically decreased by a
factor of three, down to ~ 87 nm. This strong densification

Photon energy, eV

Fig. 2. Experimental (symbols) and model-calculated (solid
lines) spectra of the real ({¢;)) and imaginary ({€3)) parts of the
pseudo-dielectric function for TiO, films on glass substrates:
after drying at 100 °C (red curves) and after annealing at
450 °C (green curves).

is a direct consequence of the evaporation of solvent
residues, complete burnout of the organic template, and
the collapse of the inorganic framework. Simultaneously,
the refractive index »n (at 633 nm) significantly increased
from 1.60 to 1.87. This increase indicates the crystalliza-
tion of the material (predominantly into the anatase
phase) and the formation of a denser inorganic network.
The value n ~ 1.87 is characteristic of mesoporous
crystalline TiO, films, where the presence of pores
slightly reduces the effective refractive index compared
to the bulk material (n ~ 2.4...2.5).
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Fig. 3. Spectral dependences of the refractive index (n) and
extinction coefficient (k) of TiO, films before (red lines) and
after thermal treatment at 450 °C (blue lines), extracted from
ellipsometric data using the Tauc—Lorentz model.

The annealed film demonstrates absolute optical
transparency within the visible range (extinction coeffi-
cient £k — 0), confirming the absence of defect-induced
absorption or carbon residues. The optical £,, determined
from the Tauc—Lorentz model, was ~ 3.63 eV, slightly
higher than for the non-annealed film.

The treatment of TiO, films with femtosecond laser
radiation resulted in the formation of laser-induced surface
features, including nanoparticles, nanocracks, and other
features.

In our experiments, only a few basic processing para-
meters are varied, which allows us to single out their
influence on the resulting structures during further studies
of the samples. It also minimizes the need to realign the
laser system during a series of experiments, which reduces
the probability of uncontrolled changes in irradiation
parameters (e.g., intensity distribution in the beam cross
section), which can occur with complex optical schemes
even with minor displacements of optical components.

A separate task was to select the power density of
femtosecond radiation, which should be close to and
slightly beyond the ablation threshold of the material (in
this case, TiO, film), but not exceed it. We were guided
by certain conclusions from studies on the ultrashort laser
structuring of thin films, which are presented in [8, 19].

Irradiating the samples on a glass substrate, we
obtained different arecas with varied laser parameters
(Figs. 4a, 4b). For the sample TiO, film on glass without
calcination, area N1 was treated with radiation power of

450 mW (in front of the focusing lens), an irradiation
pulse energy density of 0.225 J/cm’, an effective number
of laser pulses incident on any point of the sample of
500 pulses, and a sample scanning speed of 1 mm/s. This
area turned out to be the opaquest. Partial damage to the
TiO, film occurred. The second area, N2, was treated at
0.025 J/cm®. The sample was located at 10 mm in front of
the lens focus. The transparency of the film improved.
For the next area of the sample (area N3), the irradiation
was performed when the sample was behind the focus.
This configuration adds the influence of plasma in the
focal spot in air on the laser beam, but results in a
diverging laser beam in the glass substrate and therefore
fewer color centers in the glass substrate. An irradiation
pulse energy density was 0.025 J/cm®. The transparency
of the sample improved under these treatment conditions.
Further studies of the optical properties of this sample
showed that the film was preserved and became more
homogeneous. This experience was extended to a sample
with a TiO, film on glass with calcination, treated with a
femtosecond laser (see Fig. 4b). This sample demon-
strates a sufficiently higher transparency and reveals
strong hydrophilic properties.

Fig. 5 shows the optical transmission spectra of
TiO, films on glass substrates (without calcination)
before and after laser treatment using the femtosecond
laser pulses at 800 nm. An interesting fact is that in the
optical transmission spectra for the TiO, film on a glass
substrate that was not annealed (N1, 0.225 J-cm™?) after
laser treatment, an increase in transmission is observed in
both ultraviolet and red ranges. Such, at first glance, an
interesting result may be associated with a violation of
the integrity of the film during laser treatment and, as a
result, the contribution of the transmission of the glass
substrate. The transmission of area N3 of TiO, film
(without calcination), which was treated at a lower laser
power (0.025 J-cm?), has the transparency at
approximately the same level within 350...1000 nm,
indicating the uniformity of the film after laser treatment.

b)

Fig. 4. (a) Image of a sample with a TiO, film on glass (without
calcination). N1-N3 represent the areas of varying degrees of
darkening caused by a femtosecond laser treatment with
different irradiation energy densities, (b) image of a sample
with a TiO, film on glass (with calcination), treated with a
femtosecond laser.

Dmytruk I.M., Berezovska N.I., Manoryk P.A. et al. Femtosecond laser processing of titanium dioxide films ...

296



SPQOEOQO, 2026. V. 29, No 3. P. 292-301.

70 3
1 oy g
60
S 2
c 50+
L |
7]
g 40 4
] 1
5 304
=
20 4 - TiO,film on glass, fs-laser treated area N3
E ——— 2 - TiO,film on glass, fs-laser treated area N2
10 4 —— 3 - TiO,film on glass, fs-laser treated area N1
1 —— 4 - TiO,film on glass without fs-laser treatment
04

S
200 300 400 500 600 700 800 900 1000 1100
Wavelength, nm

Fig. 5. Optical transmission spectra of TiO, films on glass
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Fig. 6. Optical transmission spectra of TiO, film on glass
substrate (with calcination) before and after femtosecond laser
treatment, and optical transmission spectrum of glass substrate.

In the spectra of TiO, film deposited on a glass
substrate and subjected to thermal treatment at 450 °C, a
decrease in transmission in the entire studied region has
been observed, but without change the components of the
spectrum (see Fig. 6). This behaviour may indicate that
during the synthesis of the films, such conditions were
selected that resulted in the formation of TiO, films with
high adhesion to the surface of the glass substrate. The
film becomes homogeneous and does not undergo
significant changes during the calcination and subsequent
laser treatment.

Under femtosecond irradiation, a phase transforma-
tion from anatase to rutile can occur. Therefore, it is
important to understand which polymorphic modification
is formed under certain synthesis and post-synthetic
processing parameters. During the research, it was deter-
mined that recording Raman spectra of TiO, films on glass
substrates is methodologically difficult. It was decided to
deposit the synthesized TiO, films on other substrates,
the Raman scattering spectra of which are well known. A
substrate of crystalline silicon (Si) was chosen.

Since previous studies have shown that the syn-
thesized TiO, film most likely has an anatase crystal
structure, we will focus on this polytype. We will also
keep in mind that the phonon frequencies for the rutile
structure are close in frequency to those of anatase
[20-22]. Raman spectra of the two polymorphic modifi-
cations of TiO, (anatase and rutile) are quite distinct from
each other and easily identified in pure forms, but their
spectral characteristics overlap in mixtures: this makes
their precise relative quantification difficult, especially
when the amount of one of the two phases is small.

Anatase has a tetragonal structure and belongs to
the space group D4h19(14/amd). The primitive unit cell
contains two formula units of TiO,. According to the
group-theoretical analysis, the 15 phonon modes have an
irreducible representation: 14,4, + 145, +2B,, + 1B,, +
3E,+2E,.

The 4,4, By,, and E, modes are Raman-active, while
the 4,, and E, modes are infrared-active. The B,, mode is
inactive in both the Raman and IR absorption spectra.
The phonon modes at 515 and 519 cm™' associated with
B\, and A, are usually spectrally resolved only at low
temperatures. It should be noted that for the TiO, film on
Si substrate, phonon bands characteristic of crystalline Si
could be recorded (our spectrometer records only one
band close to 520, 520.5 cm ). Therefore, which is the
superposition of TiO, and Si bands.

We experimentally investigated the Raman
scattering spectra for two samples (marked 2 and 3),
which represented TiO, films deposited on Si substrates.
For statistics, we measured the Raman spectra in several
areas (marked area 1 and area 2) of the corresponding
sample (see Fig. 7).

Analysis of Figs. 7 and 8 shows that TiO, films depo-
sited on a Si substrate belong to the anatase polytype. The
Raman spectra contain all main phonon modes that are
characteristic of anatase polytype: strong 143 cm' (Eg(1)
mode), in our case very weak 197 cm' (£4(2) mode),
396 cm' (B, mode), 519 cm! (41, mode), 636 cm!
(Eg(3) mode). We also revealed bands associated with
phonon modes of silicon (close to 301, 521, and 960 cm ™).

—— Sample 2, area 1
—— Sample 2, area 2

Sample 3, area 1
—— Sample 2, area 2

S
<
z", u
‘@
5
z Surface of Sample 2, Surface of Sample 3,
- area1 area 1
J L i agn N
A ‘Jk::: -
4

T T T T
600 800 1000 1200
Raman shift, cm™

200 400
Fig. 7. Raman spectra of TiO, film on Si substrate: for two

different samples and different areas of the corresponding
sample, Aqe =532 nm, 7= 300 K.
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Fig. 8. Raman spectra of TiO, film on the surface of Si
substrate: for two different samples, Ae,. =532 nm, 7= 300 K.

PL spectra have been studied for each regime of
ultrashort laser treatment of TiO, films deposited on
glass. PL intensity presents the recombination efficiency
of photogenerated charges, which is an important factor
for the photocatalytic efficiency of TiO, films. PL spectra
of TiO, films (both as grown and laser treated) contain
intense broad bands, namely green band close to 520 nm
(2.38 eV) caused by the radiative recombination of free
electrons with holes trapped around surface oxygen vacan-
cies (Vo) and red band at 620 nm (2.0 eV) related to the
defects of interstitial titanium ions (Ti’") [23-26]. These
bands are components of the broad bands observed in the
PL spectrum of TiO, films on glass substrates. The effect
of the glass substrate on the PL spectra of the samples
was investigated. The presence of the glass substrate causes
the appearance of spectral bands close to 536 nm (2.31 eV)
and 704 nm (1.76 eV). The weak PL band close to 340 nm
corresponds to the exciton recombination in TiO,. The
relative intensities of these bands depend significantly on
the parameters of laser treatment. The area NI (an
irradiation pulse energy density of 0.225 J-cm ™, effective
number of laser pulses N = 500, scanning speed 1 mm/s),
which looks the darkest, demonstrates the greatest
influence of the glass substrate on the PL spectrum of the
TiO, film (see Fig. 9). Such behaviour of the PL spectra
for this region is likely due to the violation of the
integrity of the TiO, film during laser processing. At the
same time, the area N3 (an irradiation pulse energy
density of 0.025 J-cm 2, effective number of laser pulses
N = 1500, scanning speed 1 mm/s) demonstrates the
greatest similarity of the PL spectrum to the PL spectrum
of the untreated TiO, film region. Fig. 9b represents the
result of subtracting the glass substrate spectrum from
the PL spectrum of N3 of the laser-treated TiO, film on
the glass substrate. PL bands close to 340 nm and
412...500 nm correspond to the free and bound excitons
recombination in TiO, film [25]. Therefore, under
selected laser parameters, the satisfactory transparency of
the sample is observed, and the anatase crystal structure
is preserved for the N3 area of the TiO, film on glass.

We expected the changes in the hydrophilic-
hydrophobic balance of samples with TiO, on glass
substrate after laser treatment. There is an interplay

704 nm
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1.0 4
=)
© —— Glass substrate
- ——TiO, film on glass
> fs-laser treated TiO, film on glass (area N1)
B —— fs-laser treated TiO, film on glass (area N2)
c —— fs-laser treated TiO, film on glass (area N3)
g8
£
—10.5
o
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2
0.30 4 442 50
| b)
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B
© 015+
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Fig. 9. PL spectra of TiO, films on glass substrates before and
after femtosecond laser treatment, A = 266 nm, 7'=300 K (a, b).
(b) represents the result of subtracting the glass substrate
spectrum from the PL spectrum of area N3 of the laser-treated
TiO, film on the glass substrate.

between different mechanisms that can contribute to
these properties: improved film homogeneity after laser
treatment; formation of laser-induced micro- and nano-
relief; laser-induced phase transitions; products of laser-
induced chemical reactions on the surface, etc. Our preli-
minary study of some samples of laser-treated TiO, films
on glass substrates shows changes in surface wettability,
namely, we observed a trend towards a decrease in
contact angle of distilled water. Moreover, for some
samples, the decrease in contact angle was less than 10°.
These properties of laser-treated TiO, films on glass
substrates will be studied in detail in our further research.

4. Conclusions

The developed composition of film-forming TiO, sols,
methods of their deposition, and post-synthetic processing
can be used to form coatings for various applications. The
proposed approaches simplify significantly the procedure
for preparing film-forming sols and reduce the time
required for their preparation for application to glass
substrates. The developed methods of sols deposition to
glass substrates and approaches to post-synthetic proces-
sing allow obtaining homogeneous, optically transparent
TiO, films. A femtosecond laser structuring regime was
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achieved, which increased the density and uniformity of
the part of the TiO, film on glass substrates, which
remained unharmed. In particular, for the laser radiation
wavelength of 800 nm, the best transparency of the TiO,
film was achieved at an irradiation pulse energy density
0f 0.025 J/cm®. The optical properties of the formed TiO,
films on glass substrates that were studied using photo-
luminescence and Raman scattering spectra showed that,
in our experiments, including the femtosecond laser treat-
ment, a predominantly single anatase crystal structure is
formed, and significant hydrophilic properties of the
films are observed.
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DeMTOCEKYHIHA JIa3epHa 00po0Ka MIiBOK AiOKCHAY TUTAHY, OTPMMAHHUX 30J1b-TeJIb METOA0M

LM. Amutpyk, H.I. bepe3oBcbka, II.A. Manopuk, H.I. PomanoBcska, I'.Il. Iloaycr, €.C. I'paGoBcbKkmii,
II.C. XoprT, O.C. Konaparenko, B.P. Pomaniok, C.B. Mamuxin

Anoranis. 3matHicTs TTiBOK TiO, 10 camooumimeHHs Ta (GOTOKaTalily Mae BHpIMIANbHE 3HAYCHHS VIS MOKPUTTIB
ONTHUYHHX EJIEMEHTIB, KOJIM BOHU IPALIOIOTh Yy CKJIAJHUX HABKOJIMIIHIX YMOBax. Y IPOLECi HAIIOTO JOCIHiKEHHS
BHOpaHO ONTHMAJbHUN XIMIUYHHI CKJIal pEeakIiifHOl 30Jb-Telh CyMilmi Ta yMOBH i ¢opmyBaHHS ILmiBoK Ti0O,
METO/IOM spin-coating. EnincomMerpuyHi TOCTIIKEHHs TOKa3aly, 10 nepe KanbluayBaHHsM pu 450 °C ocamkeHa
mwriBka TiO, Ha ckimi Mama ToBOIMHY 247 HM Ta Oylla JOCTaTHBO IOPUCTOIO i3 CYTTEBOIO MIOPCTKicTiO. Ilicms
KaJIbIIMHYBaHHS TOBIIUHA IUTiBKH Ti0, 3MeHIIMIACH 10 89 HM, a TaKOX IUTIBKA CTana 3HaYHO HIUIbHImIOW. [Toganbiry
Moaudikamito wriBok TiO, Oym0 MpoOBEIEHO 3a IOMOMOTOK (PEMTOCEKYHIHHX JIa3ePHHUX IMIYIBCIB 3 JOBKHHOIO
xpwii 800 HM. DemrocekyHaHa na3epHa 00poOka mriBok TiO, mpuBena 10 YTBOPEHHS Ja3epHO-IHIYKOBAHUX
MTOBEPXHEBUX EJIEMEHTIB, 30KpeMa HAHOYACTHHOK Ta HaHOTpimmH. BubOpani ymoBH (emMTOCEeKyHAHOI IazepHOi
00poOky Manmu Ha MeTi 30eperTH JOCTaTHIO Hpo30picTh ILTBKM Ti0,;, mo Oyno JOCATHYTO IpU T'YCTHHI eHeprii
iMmoynbeey ompominenns 0,025 JDx/cm2  OOpoOiieHa J1a3epoM IMOBEPXHS JIEMOHCTPYE IMOKpAIICHI TiapoduibHi
BinactuBocTi. Omnruuni BiactuBocTi MmIiBOK Ti0O, Ha CKISHMX MIAKIAAKaX, OOCHIIKEHI 3a JOIOMOIOIO
(doTONIFOMIHECIICHIIIT Ta PaMaHIBCHKOTO PO3CIFOBaHHS, IOKa3ajiM, IO MICISICUHTETHYHA OOpOOKa, BKIIHOYAIOYH
(beMTOoCeKyHIHY Ja3epHy 00pOOKY, IPUBOIUTH 0 GOPMYBAHHS MTEPEBaKAIOUO1 KPUCTAIIYHOI (pa3u aHATAa3Yy.

KirouoBi ciioBa: miokcuj THTaHy, TOHKA IUTIBKA, 30J1b-T'€lib METOMA, (DEMTOCCKYHHI JIa3epHI IMITYJIbCH, JIA3E€PHO-
IHAYKOBaHI MOBEPXHEBI CTPYKTYPH, (POTOTFOMIHECIICHINIS, paMaHIBCEKE PO3CIIOBaHHS.
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