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In this work, the photocatalytic activity was considered to inactivate Fusarium
oxysporum fungal under UV radiation exposure using highly-pure TiO2 nanoparticles.
These nanoparticles were extracted from thin film samples prepared by dc reactive
magnetron sputtering system. The mixed-phase (anatase+rutile) films were prepared
using two different gas mixing ratios and different deposition times (3, 3.30 and 4
hours). Accordingly, the weight fractions of rutile in mixed-phase were 40, 46 and 50%,
respectively. The single phase (anatase) was produced without any heat treatment
using specific mixing ratio of 50:50. The structural and spectroscopic characteristics
of the prepared nanoparticles were determined and analyzed. At weight fraction of 40%
of mixed-phase TiO2, the best antifungal activity was achieved.
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1. Introduction
Nanostructured
materials
have
garnered
considerable interest as catalysts and in another
applications, due to their distinctive structural
characteristics. The essential metal oxides such as
titanium dioxide (TiO2) have received a lot of
attention, due to its alchemical stability, optical,
physical, and electrical characteristics. The
photocatalytic characteristics be applied to the
removal of contaminants from both water and air in a
variety of environmental applications including water
purification [1,2]. Titanium dioxide is exists as
anatase, rutile, and brookite. Although rutile is the
most widespread and stable form of titanium dioxide,
anatase is preferred for its high photocatalytic activity
[3]. The mixed-phase (anatase/rutile) is widely used
much more than the anatase or rutile phase have
higher photocatalytic effectiveness than the single
phase (anatase) or mixed phase (rutile) that is due to
a synergistic impact between the two phases [4,5].
Titanium dioxide have a wide spectrum of
antifungal activities microorganisms of fungal.
Additionally, recent research has demonstrated that
titanium dioxide cannot only destroy a complex
cellular assembly with significant consequences for
pathogenicity (fungal) as concentration rise, but it
also has the ability to prevent the formation of fungus
at decrease concentrations [6-8].
The direct current (DC) reactive magnetron
sputtering method has that rely on momentum
exchange to release atoms from a solid or liquid
source. For decades, sputter deposition has been used
to deposit thin films as a flexible, reliable, and
successful approach. Operating factors such as total

ISSN 1813 – 2065

gas pressure, distance between electrodes, gas mixing
ratio, electrical discharge power, substrate
temperature, and sputtering time can all affect the
properties of titanium dioxide films [9-12].
The anti-fungal activity of two structural phases
of TiO2 nanopowder is studied and compared in this
work depending on the growth of fungal (Fusarium
oxysporum) as a function of TiO2 concentration.
2. Experimental Part
Titanium dioxide thin films were deposited on
glass substrates using a direct current, closed-field
unbalanced reactive magnetron sputtering system.
Highly-pure Ti (99.99%) target was sputtered in the
presence of oxygen gas as a reactive gas and argon
gas as a discharge gas with a constant inter-electrode
distance of 4 cm. Three various deposition times (3,
3:5, and 4 hours) and three various mixing ratios of
Ar:O2 gases (50:50, 67:33, and 80:20) were used to
prepare the film samples. The conditions of
preparation in detail can be found elsewhere [13,14].
Nanopowders were extracted from thin film samples
(Fig. 1) using conjunctional freezing-assisted
ultrasonic extraction method [15,16].
The fungal Fusarium oxysporum was chosen and
prepared for the experiments of photocatalytic
activity. To create the medium for fungal growth, 39
g of potato dextrose agar (PDA) was dissolved in 1
liter of distilled water. After 10 minutes of heating to
fully melt, the medium was sanitized by autoclaving
at 15 lbs., pressure (121°C), cool to 47°C, mix well
then the medium was dispensed into sterile Petri
dishes and stored in the fridge overnight. A small
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amount of the Fusarium oxysporum fungal was
applied equally on the surface of the PDA.

3. Results, and Discussion
The x-ray diffraction patterns of TiO2 (mixed- and
single-phase) thin films prepared in this work are
shown in Fig. (3). Both phases are identified (rutile;
R and anatase; A) [17]. The weight fraction (f) of
rutile phase in the prepared sample can be determined
by following equation [18]:
1
𝑓=
(1)
IA
1+0.88

IR

where ƒ is the weight fraction of rutile (R) in mixedphase (A+R) and IA/IR is the ratio of anatase to rutile
phase intensity as determined by x-ray intensities

An ultrasonic bath was used to dissolve TiO2
nanopowders in deionized water, which was then
homogenized using a vortex mixer. A small amount
of TiO2 nanoparticles was spread equally over the
surface of PDA with deionized water as a control and
the dishes were then exposed to UV radiation (200400nm) for 60 minutes. The UV light source was
placed at 10 cm away from the Petri dish. Finally, the
cells were cultured at 37°C for 24 hours and then
inspected for the creation of outgrowth inhibitory
zones. Figure (2) shows the fungal (Fusarium
oxysporum) before performing the experiments of
photocatalytic activity.
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Fig. (2) Photographs of growth fungal (Fusarium oxysporum)
(a) and the arrangement of photocatalytic activity
measurement (b)
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(b)
Fig. (3) XRD patterns of mixed-phase TiO2 sample (a) and
single-phase TiO2 sample (b) prepared using gas mixing ratio
of 50:50 and deposition time 3 hours

For samples produced after deposition times of 3,
3:30, and 4 hours, the percentage quantities of rutile
in mixed-phase (anatase-rutile) samples were 40, 46
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and 50%, respectively. The XRD pattern of the TiO2
sample of anatase phase only is shown in Fig. (3b),
where no peaks belonging to the rutile phase were
observed.
The Fourier-transform infrared (FTIR) spectrum
of prepared titanium dioxide nanopowder in the range
400-4000 cm-1 is shown in Fig. (4). This spectrum
was recorded using Shimadzu 8400S FTIR
instrument. The IR bands at 3464 and 1639 cm-1 are
allocated to the stretching and bending vibrations of
the OH group in water molecules [19,20]. At roughly
486 and 622 cm-1, the band associated with Ti-O
stretching vibrations was found, whereas the peak at
420 cm-1 is attributed to Ti-O-Ti bonds in the TiO2
molecule [21]. As a result, the samples may be
classified as highly-pure with no peaks ascribed to
contaminations.
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Fig. (4) FTIR spectrum of mixed-phase TiO2 thin film prepared
after deposition time of 3 hours

(b)
Fig. (5) SEM images of mixed-phase TiO2 (a) and single-phase
TiO2 samples prepared after deposition time of 3 hours

Figure (6) shows the EDX spectra of the same
TiO2 samples. The presence of Ti and O is indicated
by the weight ratio (Ti:O) of 37.73:61.25 for the
mixed-phase sample and 60.37:37.59 for the singlephase sample. These results may highlight the
structural purity of the prepared samples as no traces
belonging to other elements than Ti and O were
observed. The peak of Al in these spectra is originated
from the material of sample holder.

Scanning electron microscopy (SEM) was utilized
to examine the surface profile and grain size of the
prepared thin film samples, as illustrated in Fig. (5).
Average particle size was 10.5 nm for the mixedphase sample and 10.2 nm for the single-phase
sample. The SEM image of the mixed-phase sample
(Fig. 5a) reveals that the particles had nearly
homogeneous distribution, which is one of the major
advantages of the dc magnetron sputtering technique
used for synthesis of nanostructures. On the other
hand, the SEM image of the single-phase sample (Fig.
5b) clearly shows the aggregation and formation of
large particles as only single phase is formed with a
dominant crystal plane and some other planes.

(a)

(b)
Fig. (6) EDX spectra of mixed-phase TiO2 (a) and single-phase
TiO2 samples prepared after deposition time of 3 hours

ISSN 1813 – 2065

© ALL RIGHTS RESERVED

PRINTED IN IRAQ

11

IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 17, No. 4, October-December 2021, pp. 9-14

The UV-visible, spectroscopy was used to record
and investigate the absorption spectra of both mixedphase and single-phase TiO2 film, samples in the
spectral region,300-800 nm as shown in Fig. (7). The
mixed-phase samples prepared after different
deposition times showed identical behaviors as the
absorbance is relatively high in the UV region
(<380nm) and reasonably decreasing in the visible
region. Obviously, the sample of higher thickness
shows higher absorbance due to the higher optical
density. The single-phase sample showed lower
absorbance with respect to the mixed-phase samples
in the same wavelength range (<380nm) as well as
lower absorbance in the visible region. This is
attributed to the contributions of both phases (rutile
and anatase) in the mixed-phase sample while the
only contribution in the single-phase sample is due to
anatase phase.

The absorption characteristics of the TiO2
nanopowders used for anti-fungal applications are
very important as they determine how far the incident
radiation (e.g., solar radiation) is invested to induce
the photocatalytic activity of these nanopowders [22].
Therefore, the assessment of which samples are better
can be based on the experimental test of the prepared
samples to inactivate the fungal under test.
The energy band gap (Eg) can be calculated using
Eq. (2) and extrapolation of the curve to intersect the
photon energy (hv) axis, as shown in Fig. (8) to be
3.41eV for mixed-phase sample and 3.23 eV for
single-phase sample [23,24] as
(αhν)r = A (hν − Eg)
(2)
where α is coefficient of linear absorption, h is
Planck's constant, ν is incident photon frequency, A
is constant, and r is a constant determined by the type
of optical transition. Here, r was chosen to be 0.5 to
indicate that direct transitions are allowed [25]
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Fig. (7) Absorption spectra of mixed-phase sample (upper) and
single-phase sample (lower)
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Fig. (8) Determination of energy band gap of mixed-phase
sample (upper) and single-phase sample (lower)

The antifungal activity of TiO2 nanoparticles at a
concentration of (1g) against Fusarium oxysporum
before, and after photocatalytic,treatment is depicted
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in Fig. (9). The activity of TiO2 nanoparticles is
associated with the light-induced free radical
production which results in peroxidation when the
radical contacts with the fungal cell membrane. The
highly-active oxygen has the ability to oxidize
organic molecules that results in inactivation and then
decomposition of the fungal.

Fig. (9) Anti-fungal activity of TiO2 nanoparticles (a) mixedphase and (b) single-phase samples at concentration of 1g
against F. oxysporum with 60 minutes of UV radiation
exposure

4. Conclusion
In this study, high-quality mixed-phase
nanostructured TiO2 thin films were prepared using
dc reactive magnetron sputtering technique. It was
found that the weight fraction of the rutile phase in
the mixed-phase samples depends on the deposition
time, after which the sample was prepared. The
sample with 40% rutile content exhibited the best
photocatalytic activity. Synthesis of single-phase
(anatase) TiO2 samples was achieved without any
heat treatment. It was also found that both types of
TiO2 samples (mixed- and single-phase) exhibit
significant antifungal activity.
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