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Abstract

Using a DC reactant magnetron, titanium dioxide nanostructured thin films were created on
glass substrates in this study. sputtering method, the plasma spraying system's operational
parameters were optimized, while the sedimentation duration was varied to find the best
conditions for getting high-quality samples. At various Sedimentation periods, single phase
(anatase) TiO2 thin films were produced utilizing an Ar: O2 gas mixture in a 50:50 ratio (1, 1:30,
2, 2:30, 3 hours). These thin films' multilayer architectures They were made with the same mixing
ratio following a one-hour sedimentation period. X-ray diffraction, atomic force microscopy, and
scanning electron microscopy were used to examine the structural properties of the produced
samples. The average crystal size of titanium dioxide, nitrogen, and Cu20 samples was 17.74,
22.80, and 22.81 nm, respectively, while the nanoparticles' lowest sizes were 60, 40, and 74 nm,
respectively, according to the characterization data. Using an energy-dispersive X-ray
spectrometer, the percentage contents of elements in the prepared samples were determined;
the results revealed that the prepared samples were structurally pure. The spectral features of
the samples created using UV visible light were inferred, as well as FTIR spectra, which
supported the structural uniformity of the samples. The advantages of DC reactive magnetron
sputtering Technique are to blame for this. Different concentrations of fluorescence and

absorption spectra were tested as well.
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1. Introduction

Titanium dioxide nanoparticles, also known as
ultrafine titanium dioxide, nanocrystal line titanium
dioxide, or microcrystalline titanium dioxide, are
titanium dioxide (TiO2) particles having diameters
less than 100 nanometers. Because of its ability to
block UV radiation while remaining transparent on
the skin, ultrafine TiO2 is utilized in sunscreens. To
inhibit photocatalytic processes, it has a rutile crystal
structure and is covered with silica or/and alumina.
The health risks of ultrafine TiO2 from dermal
exposure on undamaged skin are extremely low,[1],
and it is thought to be safer than other UV protection
chemicals. Titanium dioxide (TiO2) has been widely
reported recently for its visually appealing
properties, electronic properties, and good stability
in natural environments, as well as polycrystalline
TiO2 films with high refractive index, wide band gap,
and chemical stability for a variety of applications
including optics fabrications [1], dielectric usages [2],
dye sensitized solar cell (DSSC) [3], self-cleaning [4],
and photocatalytic applications [5]. TiO2 can be
prepared in a variety of ways, including thin films [6,
7]. Fujishima and Honda were the first to discover
TiO2's photocatalytic capabilities in 1972 [8]. There
are three crystalline phases of TiO2: brookite
(orthorombic), anatase (tetragonal), and Rutile
(tetragonal). At high temperatures, only the rutile
phase possesses stable thermal dynamics. At 500
nm, the refractive index of bulk anatase and rutile
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titanium dioxide is roughly 2.5 and 2.7, respectively
[9]. Electron beam evaporation [10], DC magnetron
sputtering [5], Sol-gel technique [7], RF reactive
magnetron sputtering [3], and plasma assisted
chemical vapor deposition [2] are some of the
deposition methods for TiO2 thin films. Dipcoating
was employed to prepare thin films with a drawing
speed of 9 mm/s in this study. Normal microscope
slide substrates were used to deposit the films. UV-
Vi's spectrometer and AFM were used to create
optical, morphological, and structural profiles.

2. Experimental part

A. Preparation of Thin Film Samples

To begin the deposition procedure, the targets were
cleaned and dried. Before the experiments, the glass
substrates on which the thin films were deposited
were cleaned. [9] On the cathode, the aim was
carefully maintained. The system's operational
conditions were split into two categories: constant
and variable. Vacuum pressure, current limiting
resistance, discharge voltage, discharge current,
flow velocity, deposition temperature, inter-
electrode spacing, and gas mixing ratio are among
the constant working conditions. [10] Variable
working conditions included deposition times of 1,
1:30, 2, 2:30, and 3 hours. The optimum operating
pressure as well as the optimum mixing ratio of Ar
and O2 gases were determined through a series of
studies. Also, the optimal inter-electrode spacing
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was discovered to be between 1 and 8 cm. Based on
the findings of the studies, 4cm was chosen as the
optimum inter-electrode distance. The optimum
discharge current was found based on the discharge
plasma's stability. To improve adhesion between the
deposited layer and the substrate, the cathode was
cooled by running water through the cooling channel
while the anode was left to heat. [11]

B. Extraction of Nano powders from
prepared thin films

The structural properties of thin film materials must
be studied without interference from the substrate
material on which they were deposited, which is a
difficult task. The most common procedure so far has
been scraping the film materials away from the
substrate. These minute amounts of substrate
materials can be detected using precise
measurements and characterisation tests such as
Fourier-transform infrared (FTIR) and energy
dispersive X-ray spectrometer (EDX). As a result, the
structural purity of thin-film materials cannot be
guaranteed, particularly when these materials are
used in applications that need extremely pure
materials. In nanomaterials and nanotechnology, any
approach or procedure having this attribute is
favored since it reduces the likelihood of existing
substrate material in the retrieved material. [14]
Mechanical approaches, unfortunately, cannot solve
this  challenge for precise structural and
spectroscopic applications. Thermal treatments are
clearly avoided due to the undesired increase in
nanoparticle size that results. The conjunctional
freezingassisted ultrasonic extraction method, which
was recently developed, is a very efficient instrument
for extracting nanopowders from thin-film samples
without leaving any residue from the substrate
materials in the end result. The operating parameters
of this approach, on the other hand, can have a
reasonable impact on nanoparticle size [15].

3- Results and conclusion Thickness and
time of D.C sputtering for (TiO2).

This chapter looks at the effects of working gas
pressure, gas mixing ratio, inter-electrode spacing,
and film thickness on the structural and optical
properties of synthesized samples. The results
showed that as the deposition time rose, the
thickness grew, as shown in the table (1).

Materials Deposition Time (h) Thickness(nm)
1 106.4
1:30 159.6
TiO2 2 190.0
2:30 209.0
3 212.8

Characterization of Thin Film Structures

The structural and spectral properties of the
produced samples were determined in this study. X-
ray diffraction (XRD) patterns, Fourier-transform
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infrared  spectroscopy  (FTIR), atomic force
microscopy (AFM), scanning electron microscopy
(SEM), Energy-Dispersive X-Ray (EDX) Spectroscopy,
Dispersion Curves of Nanostructured Thin Films, and
UV-Visible spectroscopy are among the tests
performed.

XRD Patterns of TiO, Films

The use of X-ray diffraction to identify the crystal
structure and crystallinity is critical. Strong diffraction
peaks were observed in the XRD patterns for TiO2
nanoparticles of various sizes, showing TiO2 in the
anisate phase generated at a gas mixing ratio of
50:50 and a chamber temperature of 400°C. The
diffraction peaks at 25.2°, 37.8°, 48.1°, 53.9°, 55.1°,
62.8°, 68.9°, 70.1°, and 75° corresponded to crystal
planes (101), (004), (200), (105), (211), (118), (116),
(220), and (125), which are in agreement with the
standard spectrum [71], as shown in figure (3-1).
Debye-equation [13] Scherer's was used to estimate
the average crystallite size of the composite:

_0.891
D= Bcosb (4_1)

D is the crystallite size, 0.89 is the Scherer's constant,
and 1.54056 is the X-ray wavelength. is the whole
breadth at half the peak and is the Bragg angle that
corresponds. The TiO2 thin film's average crystallite
size was calculated to be 17.74 nanometers.
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Figure (1): The XRD patterns for anatase phase of TiO:
thin films prepared at gas mixing ratio 50:50 and inter-
electrode 4 cm.

FTIR Spectra of TiO2 Films

The use of FTIR spectra to determine the
composition of metal oxides has been around for a
long time. The stretching and bending vibrations of
the OH group [16] cause peaks in the spectra at
3438.70 and 1640.26cm1, as indicated in the picture
(3-6). For all of the produced samples, the TiO2
structure al was clearly visible in these spectra. The
peak at 408.91 cm1 is attributed to Ti-O-Ti bands in
the TiO2 lattice, while the band assigned to Ti-O
stretching vibration was found at roughly 447 and
667 cm1. Because of the optimal working conditions
utilized in the sputtering equipment, the FTIR shows
that no contaminants are present inside the
produced samples.
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Figure (2): The FTIR spectra for TiOz thin films prepared
at gas mixing ratio 50:50.

AFM Results of TiO; Films

There were various grain sizes in the TiO2 thin film.
This sample had an anatase structure, which was
discovered. Before reaching the substrate surface,
these high-energy particles are gas-scattered as a
result of collision interactions between the target and
the substrate [18]. As shown in figure, the produced
TiO2 nanostructures had a surface average
roughness of 15.1 nm and a root-mean-squared

roughness (Rr.m.s.) of 17.5 nm.

Figure (3): The three dimensional AFM micrographs and
granularity cubulation distribution of TiOz thin film
prepared at inter-electrode 4 cm and gas mixing
ratio50:50 .

SEM measurements of TiO, Films

Scanning electron microscopy was used to
determine the surface profile and particle size of the
thin films produced (SEM). The homogeneity of
particle distributions, which is one of the most
important features of the DC magnetron sputtering
process used for nanostructure fabrication, can be
seen in these photos. The absence of aggregation
over the scanned sample [13] is another noteworthy
finding. This could be due to the TiO2 samples' heat
sink mechanism, which prevents anatase from
changing to rutile. This can be explained as follows:
in a single phase structure, such as the anatase TiO2
sample generated in this study (see picture) (3-16). In
the SEM images of nanoparticles, a hexagonal shape
can be seen.
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Figure (4):The SEM images of TiO: thin film prepared at
gas mixing ratio50:50 and inter-electrode 4 cm

EDX measurements of TiO, Films

The produced samples' energy-dispersive x-ray
(EDX) spectra were recorded and analyzed as
indicated in figure (3-19). The table shows a summary
of the elemental compositions in the final sample (3-
2). The weight ratio of Ti:O was found to be 46.77:
50.79, based on the availability of Ti and O in the
final sample. These findings supported the
stoichiometry of TiO2 molecules since they matched
the chemical bonding arrangement of the
compound perfectly. No contaminants were found in
TiO2 samples, which was corroborated by the atomic
integration of Ti and O atoms. This feature is
especially useful for investigations involving physical
and chemical features and processes.
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Fig.( 5) :The EDX results of TiO: thin film prepared at
gas mixing ratio 50:50 and inter- electrode 4 cm.
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4- Absorption and Fluorescence Spectra of
TiO2 NPs:

The absorption and Fluorescence spectra of the
anatase phase nanocrystal line TiO; films in the
spectral range of 200-600 nm as illustrated in Figure
(6)

Absorbance
fluoerscence intensity

= === +— b

waveeyth (M) wavelength (nm)

Fig. (6): a) absorption spectra for the prepared sample
of TiO2 NPs, b) Fluorescence spectra for the prepared
sample of TiO2 NPs

Figure (a) shows the adsorption spectrum of the
TiozNPs by using uv-visible device in distilled water
plotted against the wavelength (). The wavelength
has the highest absorbance (0.941) is equal to (300
nm), since the absorption depends on the size of the
particles.

Figure (b) shows the fluorescence spectrum of a
TiozNPs using Spectra Academy device for a wide
range of wavelengths (200-800) nm. The wavelength
at the highest fluorescence (9.579) is equal to (340)
nm. It was noticed that there is a shift towards the
red wavelength compared to the absorption
spectrum. The fluorescence spectrum was measured
to diagnose the TioNPs, as each Nanomaterial has
its own fluorescence spectrum. The results are
explained as in the table below:

Maximum peak Amax (nm)
0.941 301 Absorbance
9.579 340 Fluorescence

Conclusion

The following conclusions can be considered as the
main outcome of this

Work:

1- The pure anatase phase structure of titanium
dioxide can be prepared by careful optimization of
preparation conditions and operation parameters of
DC reactive magnetron sputtering technique.
2-High purity multilayer structures from titanium
dioxide by same this technique.

3- titanium dioxide can be diagnosed using
absorption spectra and fluorescence with high
accuracy.
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