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AbstractIn recent years, the utilization of copper-doped titanium dioxide (Cu-TiO2) photocatalysts in antimicrobial activity has receivedintensive attention from researchers, especially during the COVID-19 pandemic. However, the common synthesis method ofCu-TiO2 such as the sol-gel method would not be applicable in the industrial processes because of the low production yield of thephotocatalysts. Besides, anatase TiO2 is always arguable due to its high cost and less stable after a long synthesis process. Therefore,in this study, the sonochemical method was utilized to produce the Cu-TiO2 photocatalysts using TiO2 rutile as a precursor. Thephysicochemical properties of the synthesized photocatalysts were examined via several instrumental techniques. As evidenced bythe X-ray diffraction (XRD) analysis, all the Cu-TiO2 samples were formed in the rutile phase. Diffuse reflectance ultraviolet-visible(DRUV-Vis) analysis results indicated the wavelength extension to the visible region upon Cu loading. The antibacterial properties ofCu-TiO2 photocatalysts were assessed via antibacterial testing using the Gram-positive bacteria, Staphylococcus aureus. The resultsindicated that the 5 mol% Cu-TiO2 achieved the highest antibacterial efficiency of 75.8% under visible light irradiation for 1 hour.The current findings suggest that the Cu-TiO2 photocatalysts could be produced via a straightforward and cost-effective synthesismethod, which may continue with large-scale production and for application as an antimicrobial agent.
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1. INTRODUCTION

Pathogenic microorganisms in the surroundings cause severe
outcomes and risks to human health because they could be
transmitted directly from close contact with people or indi-
rectly such as contamination of the surface when enclosed in
the environment of pathogenic microorganisms. Amidst the
COVID-19 pandemic, the usages of biocides have captured
a lot of attention for their antimicrobial properties because
pathogenic microbes may induce both healthcare-acquired in-
fections (HAIs) and community-acquired infections (CAIs)
(Salah et al., 2021) . The utilization of metal oxides as an-
tibacterial agents was discovered and studied in recent years
because of the physiochemical and photochemical properties of
metal oxides as photocatalysts. The metal oxide photocatalysts
would not promote the resistance of bacteria and thus exhibit
great safety from the inhibition of bacteria. Furthermore, the
metal oxide photocatalysts including zinc oxide and argentum
oxide demonstrated significant photochemical efficiency in an-

tibacterial applications as a result of a broad spectrum of light
absorption from UV to near-infrared light (Ma et al., 2024) .

Titanium dioxide (TiO2) has been well-known as a photo-
catalyst for a few decades due to its non-toxicity, high chemi-
cal stability, cost-friendly and excellent photocatalytic perfor-
mance of TiO2 (Koh et al., 2017, 2020) . With its outstanding
photochemical properties, TiO2 could be utilized in the applica-
tion of purification, disinfection, degradation, and self-cleaning
which might be employed in places with high-risk HAIs and
CAIs such as hospitals, clinics, and even communities (Mar-
garetta et al., 2019) . Although both rutile and anatase TiO2
exhibited significant photocatalytic properties and bacterial re-
duction, they show low sensitivity to visible light (Saravanan
et al., 2021) . As a result, the generation of reactive oxygen
species (ROS) important for microbial killing could only be
done by TiO2 in the presence of artificial UV light. Therefore,
the metal doping on TiO2’s surface appears crucial to enhance
the photochemical properties of TiO2 under visible light and
solar light. This is due to the surface plasmon resonance (SPR)
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effects between the metal dopant and TiO2 which could im-
prove the photocatalytic antibacterial efficiency of TiO2 under
the irradiation of visible light and solar light (Leong et al.,
2023) .

Among all the transition metals, copper (Cu) is an excellent
metal as the photocatalyst modifier and antimicrobial agent due
to the high activity under visible light region and high bacterial
killing efficiency (BKE) within a short time. A previous study
reported that the BKE of Cu reached up to 99.99% within the
contact time of two hours only (Montero et al., 2019) . Be-
sides, Cu nanoparticles can be applied as a coating to treat the
pathogenic microbes in the environment. Therefore, Cu could
be a suitable dopant for TiO2 for antimicrobial activity under
visible light illumination. Recently, Cu-doped TiO2 was pre-
pared via the micro-arc oxidation method (Tang et al., 2024) .
As reported, the bacterial reduction efficiency of copper-doped
anatase TiO2 was higher compared to the pure TiO2 under
visible light irradiation. Hence, it can be seen that the copper
dopant on TiO2 could activate the visible light absorption effi-
ciency of the composite, improving the bacterial reduction effi-
ciency (Tang et al., 2024) . However, the copper oxide dopant
ratio on TiO2 should be optimized because a higher dopant
ratio of copper oxide on TiO2 could lead to faster electron and
hole recombination and block active sites on the TiO2 surface.
The excess copper oxide dopant would also agglomerate on the
TiO2 surface and hence inhibit the visible light penetration,
thus reducing the photocatalytic activity (Qaderi et al., 2021) .

There are various methods and treatments for the synthesis
of TiO2 and TiO2-based photocatalysts such as sol-gel, wet-
impregnation, deposition, physical mixing, hydro/solvother-
mal, and sonochemical methods (Aslam et al., 2021; Koh et al.,
2019) . The great tunability and ability to produce nanoscale
particles of TiO2 could be the beneficial advantages of conven-
tional synthesis methods such as the sol-gel and hydrothermal-
solvothermal methods (Jassal et al., 2022) . However, there
are also some drawbacks to using the conventional synthesis
methods. For instance, the sol-gel method requires expensive
raw materials and high drying and calcination temperatures,
which may lead to high consumption of energy and synthesis
time (Alabdallah et al., 2024) . Furthermore, hydrothermal
treatment involves high temperature and high pressure during
the synthesis process, long synthesis time, and the inability to
control crystallinity (Jarusheh et al., 2022) ). Therefore, sono-
chemical treatment appears as a suitable method for TiO2
nanoparticle synthesis. This is due to the ease of controlling
the morphology of TiO2, short synthesis time, and favorable
synthesis conditions such as room temperature (Chen et al.,
2019) ).

This paper presents the synthesis of rutile phase Cu-TiO2
photocatalysts using the sonochemical method. In this work,
a series of Cu-TiO2 photocatalysts of different Cu dopant
amounts (0 – 10 mol%) was synthesized using rutile TiO2,
a cheaper commercial TiO2 as a precursor. The antibacterial
performance of the synthesized photocatalysts coated on fabric
was assessed through the antibacterial testing of a gram-positive

bacteria, Staphylococcus aureus. Using Staphylococcus aureus in
antibacterial testing with Cu-TiO2 photocatalysts is crucial be-
cause it is recognized as a major human pathogen that causes a
wide range of infections, from mild skin infections to severe
systemic diseases. Testing against S. aureus is highly relevant for
public health because it provides insights into the potential ap-
plications of Cu-TiO2 for combating Gram-positive bacterial
infections, which are generally harder to kill. This is because
Gram-positive bacteria have a thicker peptidoglycan layer that
offers more resistance to reactive oxygen species (ROS) gen-
erated by photocatalysts compared to Gram-negative bacteria.
Therefore, it is widely accepted that a material may possess
strong antibacterial properties and broader applicability if it
can effectively kill Staphylococcus aureus (Aravind et al., 2021) .

2. EXPERIMENTAL SECTION

2.1 Materials
Rutile TiO2 (TR595, 99%) was purchased from Crystal Com-
pany. Meanwhile, copper(II) nitrate (Cu(NO3) 2, 99%), sodium
hydroxide (NaOH), and ethylene glycol (C2H6O2, 99%) were
acquired from Merck Chemical Company.

2.2 Photocatalyst Preparation
A series of Cu-TiO2 photocatalysts was produced with dif-
ferent loading amounts of Cu dopants ranging from 1 to 10
mol%. The photocatalysts were synthesized via the sonochemi-
cal method. TiO2 dispersion (undoped TiO2) was prepared for
the comparison purpose. All the photocatalysts were produced
using the chemicals without prior purification.

Preparation of Cu-TiO2 Cu-TiO2 was synthesized via the
sonochemical approach as described elsewhere with minor
modification (Jhuang and Cheng, 2016) . Firstly, the rutile
TiO2 powder was dissolved in a solution containing NaOH
and C2H6O2. The mixture was labeled as Mixture X. Next,
1 mol% Cu(NO3) 2 was added into Mixture X. After that, the
resulting mixture was sonicated for 15 minutes to complete the
synthesis procedure. In this work, a series of Cu-TiO2 samples
of the different Cu(NO3) 2 doping amounts, ranging from 1 to
10 mol%, was synthesized.

2.3 Characterization of Photocatalysts
The physicochemical properties of the TiO2 dispersion and the
prepared Cu-TiO2 photocatalysts were investigated. The parti-
cle size and distribution of the synthesized photocatalysts were
determined using Malvern Zetasizer Nano ZS with dynamic
light scattering. The rheological information of the synthesized
photocatalysts was obtained via the rotational modes using the
Anton Paar Modular Compact Rheometer, MCR 302. The
color appearance and opacity of the as-prepared photocatalysts
were identified by the Datacolor 800 color spectrometer.

The powder X-ray diffraction (XRD) analysis via the Rigaku
SmartLab was employed to determine the crystallinity and
molecular structure of the photocatalysts. The chemical states
and element composition of the synthesized photocatalysts
were examined using X-ray photoelectron spectroscopy via the
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Kratos XPS Axis. The light absorption capability of the photo-
catalysts was studied via diffuse reflectance ultraviolet-visible
(DR UV-Vis) analysis using Shimadzu UV-3600 Plus Spec-
trometer. The morphology of the synthesized samples was
examined by field emission scanning electron microscopy (FE-
SEM) using the JEOL FESEM with the model JSM-6701F,
while the elemental analysis was conducted by the Energy Dis-
persive X-ray (EDX) analysis.

2.4 Coating of Copper-Doped Titania on Polyester Fabric
The as-synthesized copper-doped TiO2 was added into an
acrylic base textile screen printing paste to apply on polyester
mask fabric before the antibacterial testing using the AATCC
TM 100 test method. Firstly, 5% of each molar ratio of copper-
doped TiO2 was dispersed into the acrylic base textile screen
printing ink. Later, the prepared mixture was coated on the
fabric via the screen print method using the TAS Compact
CX12 Textile Screen Printing machine.

2.5 Antimicrobial Testing

Figure 1. Schematic Diagram Showing Antimicrobial Testing
Using Coated Fabric

The schematic diagram for antimicrobial testing using coated
fabric is illustrated in Figure 1. The antimicrobial performance
of the synthesized materials coated on fabric was evaluated
using Staphylococcus aureus bacteria under 1000 lux of fluo-
rescent daylight. In brief, Staphylococcus aureus was seeded
onto the coated fabric, and then covered with a sterilized glass
slip. After that, the incubation of bacteria on the coated fabrics
was conducted under the fluorescent light at a light intensity of
1000 lux for 10 – 240 minutes. Following the neutralization
of the bacteria using Dey-Engley neutralizer, the spread plate
method was employed to enumerate them. The reduction
percentage in bacteria was calculated using Equation 1:

(C − A)
C

× 100% = R (1)

Where R is the reduction percentage, C refers to the num-
ber of bacteria recovered from the inoculated treated test spec-
imen swatches in the jar immediately after inoculation (at a
contact time of 0) and A represents the number of bacteria re-
covered from the inoculated treated test specimen swatches in
the jar incubated over predetermined contact time (at a contact
time of t min).

3. RESULT AND DISCUSSION

3.1 Structural Study
3.1.1 Particle Size and Zeta Potential Analysis
The particle size and zeta potential for the undoped rutile TiO2
and Cu-TiO2 are exhibited in Figure 2 (a). As shown, the parti-
cle size of undoped TiO2 was roughly 234 nm and the particle
size increased significantly by 46% after the incorporation of
1 mol% Cu into TiO2 (342 nm). However, the introduction
of more Cu dopants into TiO2 had no obvious change in the
particle size as other Cu-TiO2 samples have particle sizes rang-
ing from 302 – 320 nm. The results are a good indication of
the successful doping of Cu ions in the TiO2 lattice which the
presence of the dopant ions has induced the aggregation or
growth of TiO2 particles (Leong et al., 2022) .

On the other hand, the zeta potential analysis exhibited a
significant increment from -19.47 mV for undoped TiO2 to
positive values as high as 42.87 mV for the Cu-TiO2 samples.
The increase of zeta potential strongly suggests the improve-
ment in colloidal stability which is associated with the samples’
surface charge after the Cu doping. As evidenced, the parti-
cles’ surface of all the Cu-TiO2 samples are positively charged,
thereby preventing aggregation (Pinton and Bulhões, 2019) .
This material property is particularly advantageous when ap-
plying the particles in suspensions, such as painters, coaters,
and photocatalysts.

The polydispersity indexes (PDI) of undoped TiO2 and
Cu-TiO2 are illustrated in Figure 2 (b). All the synthesized Cu-
TiO2 samples have low to moderate PDI values ranging from
0.12 to 0.20, corresponding to the uniform and narrow particle
size distribution and good stability even after the Cu doping
(Takechi-Haraya et al., 2022) . The findings implied that the
Cu doping process did not cause significant heterogeneity in
particle size.

3.1.2 X-Ray Diffraction (XRD) Analysis
Figure 3 shows the XRD patterns of undoped TiO2 and Cu-
TiO2 samples. As expected, the XRD pattern of the undoped
TiO2 samples displayed the sharp peaks at 2𝜃 = 27.4°, 36.1°,
41.2°, 54.3°, 56.6°, and 69.0°, which indicated the single phase
of rutile TiO2 attainment (Phromma et al., 2020) . The sharp
and intense peaks indicate the high crystallinity and well-ordered
structure of the TiO2 sample. Meanwhile, the XRD patterns
of Cu-TiO2 samples are identical to those of undoped TiO2,
without any significant shifting of the primary peaks of the
rutile phase after the sonochemical synthesis process. Peaks
corresponding to Cu dopant were not detected even in the 10
mol% Cu-doped TiO2 sample, indicating that the loading of Cu
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Figure 2. (a) Particle Size and Zeta Potential of Rutile TiO2 and Cu-TiO2 Samples; (b) Polydispersity Indexes of Rutile TiO2
and Cu-TiO2 Samples

Figure 3. XRD Patterns of Rutile TiO2 and Cu-TiO2 Samples

ions into the TiO2 did not affect the crystal structure of TiO2
(Chen et al., 2019; Mathew et al., 2018) . As can be seen, the
presence of Cu dopant has slightly decreased the crystallinity
of the samples. This could be indirect evidence of the success-
ful loading of Cu ions into the TiO2 lattice (Ahmadiasl et al.,
2022) . The XRD results confirmed that the rutile phase of
TiO2 remained after Cu doping via the sonochemical process.

3.2 Optical Study
The diffuse reflectance UV-Vis (DRUV-Vis) spectra of the
undoped TiO2 and Cu-TiO2 samples are illustrated in Fig-
ure 4. The absorption edge of the undoped TiO2 was present
at 400 nm, which indicated the presence of peroxo-titanium

Figure 4. DR UV-Vis Spectra of Rutile TiO2 and Cu-TiO2
Samples

complexes in the undoped TiO2 representing the excitation
of electrons from the valence band to the conduction band
within TiO2 particles (Park et al., 2022) . The absorption peak
at around 350 nm could be indicative of the dominant octahe-
drally coordinated Ti species in the sample.

All the Cu-TiO2 samples displayed similar absorption edges
at around 420 nm (Figure 4). As shown, all the Cu-TiO2
samples exhibited slight redshifts to the visible light region
at higher wavelengths, correlating to the minor reduction in
the band gap energy from 3.10 (for undoped TiO2) to 2.95
eV after the successful incorporation of Cu dopant into the
TiO2 lattice, introducing localized states within the band gap of
TiO2 (Adamu et al., 2023) . As shown in the inserted figure, a
slight increment in absorbance in the visible light region at 500
– 1000 nm was observed for all the Cu-TiO2 samples. The
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intensity of the absorbance at around 750 nm increased with
the increase of Cu dopant amount, implying the Cu dopant
in the samples induced the new electronic states within the
conduction band and valence band of TiO2 and thus enhancing
the absorptivity of the materials toward visible light (Leong
et al., 2022) .

3.3 Elemental Analysis

Figure 5. X-Ray Photoelectron Spectra of Undoped TiO2 and
1 mol% Cu-TiO2

The elemental compositions and chemical states of un-
doped TiO2 and copper-doped TiO2 were determined using
X-ray photoelectron spectroscopy (XPS) analysis. The results
displayed in Figure 5 showed that the undoped TiO2 exhibited
distinct peaks of titanium and oxygen, with binding energies
correlating to the Ti 2p and O 1s peaks. The Ti 2p 3/2 peak
and the O 1s peak were observed at around 458.5 eV and ap-
proximately 530.1 eV, respectively. It was indicated that the
stoichiometric composition of undoped TiO2 was compatible
with previous studies (El Nemr et al., 2019) . For Cu-TiO2 ma-
terials, any obvious peaks corresponding to copper ions were
not detected particularly the Cu 2p 3/2 peak at around 932.6
eV, which indicated the low concentration of copper element
on the surface of TiO2. Besides, the low concentration of cop-
per element on TiO2 was beyond the limit of detection (LOD)
of the XPS instrument.

There is no significant shifting in binding energies for the
Ti 2p and O 1s peaks for the copper-doped TiO2 compared
to undoped TiO2. The Ti 2p 3/2 peak was approximately
458.5 eV, and the O 1s peak was around 530.1 eV. This is due
to the insignificant alteration of the electronic environment
between the Ti and O atoms after Cu doping, thus indicating
no substantial change in the TiO2 lattice structure after the
Cu doping or no formation of Ti O Cu bonds (Temperton
et al., 2019) . Copper was likely incorporated into the TiO2
nanoparticles in some form, even if it was not detected by XPS
due to detection limits imposed by the XPS, considering the
process conditions and intended doping levels.

3.4 Morphological Study
The morphology properties and elemental analysis of undoped
TiO2 and Cu-TiO2 were investigated by the FESEM and EDX
mapping. The FESEM images shown in Figure 6 (a) and (b)
reveal that the undoped TiO2 exhibited a uniform and consis-
tent spherical morphology and smooth surfaces. This may be
due to the high degree of uniformity during the synthesis of
TiO2. Conversely, 1 mol% Cu-TiO2 exhibited some aggrega-
tion and irregular shapes in its morphology. This indicated the
successful loading of copper dopant on TiO2 which altered the
morphology and formed the particles with different sizes and
shapes (Raguram and Rajni, 2019) .

The EDX mapping analysis of the undoped TiO2 and Cu-
TiO2 are illustrated in Figure 6 (c) and (d). For the undoped
TiO2, the presence of titanium and oxygen in uniform distribu-
tion was detected, corresponding to the expected stoichiometry
of TiO2. For 1 mol% Cu-TiO2, it showed that the Cu dopant
present in localized space within the TiO2 matrix (Raguram
and Rajni, 2019) . Despite the relatively uniform distribution
of Cu, the signals were not as strong as expected, possibly due
to the detection limit of the instrument. Alternatively, a slight
loss of Cu might have happened during the sample drying pro-
cess. The FESEM and EDX mapping results indicated that Cu
doping altered the morphology and elemental composition of
the samples. As a result of this incorporation, the electronic
and surface properties of the nanoparticles might be modified,
which could enhance their functionality for various applications,
including photocatalysis and environmental remediation.

3.5 Rheology and Appearance Studies
3.5.1 Rheology of Cu-TiO2 Mixed with Textile Screen Print-

ing Ink
The rheology of the prepared materials was determined via
Anton Paar Modular Compact Rheometer MCR302, and the
graph of viscosity against shear rate is shown in Figure 7. As
can be seen, 1 mol% Cu-TiO2, 3 mol% Cu-TiO2, and 5 mol%
Cu-TiO2 samples exhibited similar pseudoplastic flow charac-
teristics after mixing copper-doped titania with textile screen
printing ink. However, the initial viscosity of 10 mol% Cu-
TiO2 was relatively lower as compared to the other samples.
This may be due to the low pH of the sample, which has ren-
dered it incompatible with acrylic-based textile screen printing
ink (Jawad and Jassim, 2020) . A significant reduction in the
viscosity of the ink paste could lead to a decrease in binding
strength on the substrate, resulting in poor fastness and lower
durability. Consequently, due to the low pH, 10 mol% Cu-
TiO2 and higher Cu-loaded samples would not be suitable for
printing applications as the viscosity of the samples would have
reduced to an unacceptable level. As for the remaining Cu-
TiO2 samples including 1 mol% Cu-TiO2, 3 mol% Cu-TiO2,
and 5 mol% Cu-TiO2 samples that possessed adequate pseudo-
plastic properties, they were suitable for application and tested
for antimicrobial activity with AATCC TM 100.
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Figure 6. (a) FESEM Image of Undoped Rutile TiO2, (b) FESEM Image of 1 mol% Cu-TiO2, (c) EDX Elemental Analysis for
Undoped TiO2, (d) EDX Elemental Analysis for 1 mol% Cu-TiO2

Figure 7. Graph of Shear Rate Against Viscosity of Cu-TiO2
Samples

3.5.2 Appearance of Cu-TiO2 Mixed Textile Screen Print
Ink

All the acceptable samples were coated onto a Form 2A opacity
chart and the color values (CIE L, CIE a, CIE b, and opacity)
were investigated and are tabulated in Table 2. As Cu con-
tent increased, the values of CIE L and CIE a of the samples
decreased, while CIE b values slightly changed. Besides, the

Table 1. Colour Value Measurement of Cu-TiO2 Mixed Textile
Screen Print Ink

Sample CIE L CIE a CIE b Opacity
1 mol% Cu-TiO2 93.05 -0.65 2.95 30.18
2 mol% Cu-TiO2 92.88 -1.09 2.83 33.25
5 mol% Cu-TiO2 92.26 -2.68 2.91 34.78

opacity values increased with the increase of the Cu dopant
amount in the samples. The decrease of values in CIE L and
CIE a could be associated with the decrease of whiteness and
increase in bluishness of the samples. The sample appeared
bluer as Cu dopant content in Cu-TiO2 increased, indicative
of the successful loading of Cu in the samples. Notably, 10
mol% Cu-TiO2 was not assessed for the color value test as its
viscosity was not compatible with the textile screen printing
method. The viscosity of 10 mol% Cu-TiO2 was too low to
achieve proper ink transfer and uniform coverage during the
textile screen printing process. Such low viscosity results in
poor adhesion and inconsistent application on the fabric, mak-
ing it unsuitable for producing reliable and repeatable color
measurements.
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3.6 Antimicrobial Testing of Cu-TiO2
The antibacterial testing of all the samples was conducted
via the standard test method, AATCC TM100-2019 – Test
Method for Antibacterial Finishes on Textile Materials: Assess-
ment. The antibacterial performance of Cu-TiO2 coated on
fabric was assessed using gram-positive bacteria, Staphylococ-
cus aureus, and light exposure of 1000 lux of fluorescent lamp
during inoculation of bacteria. The bacteria-killing efficiencies
(BKE) of all the samples of Cu-TiO2 are tabulated in Table 2.

Table 2. Bacteria Killing Efficiency (BKE) of Cu-TiO2 Catalysts
Under Dark and Visible Light Irradiation for 1 hour Reaction
Time

Sample
Bacterial killing efficiency (%)
Dark Visible Light

Rutile TiO2 30.6 31.5
1 mol% Cu-TiO2 38.7 46.8
2 mol% Cu-TiO2 55.7 62.9
5 mol% Cu-TiO2 49.0 75.8

The experimental data revealed that rutile TiO2 exhibited
30.6% BKE under dark condition. It is not surprising as rutile
TiO2 has been documented as a good antibacterial coating ma-
terial (Rajput and Kale, 2023) . The BKE of TiO2 increased
after Cu doping. Amongst, 2 mol% Cu-TiO2 showed the high-
est BKE of 55.7% with an increment about 2-fold under the
same reaction condition, indicating the optimum amount of
Cu dopant is important for the synergetic effect of Cu-TiO2
in enhancing the antibacterial activity. As reported previously,
the Cu dopant was able to spread and hence improved the
antibacterial activity by releasing Cu ions, resulting in effective
antibacterial activity against S. aureus (Kayani et al., 2022) .

Under visible light irradiation, the BKE of rutile TiO2
slightly increased to 31.5%. Since a wavelength filter was not
used during the reaction, it is believed that the TiO2 was ac-
tivated by the minimal ultraviolet light from the light source,
resulting in the generation of hydroxyl radicals (·OH) and
superoxide anion (·O2-) radicals (Mathew et al., 2018) . All
the Cu-doped samples have higher BKE than that of rutile
TiO2 under visible light irradiation. The improvement could
be due to the reduced band gap energy and the absorption
at visible light region upon Cu doping, as evidenced by the
DR UV-Vis analysis. The improved properties in Cu-TiO2
samples have facilitated the generation of more radicals which
play an important role in damaging the bacterial membrane,
causing cell death. Besides, it was reported previously that the
Cu dopant might have acted as an electron scavenger, bring-
ing into a slower electron-hole recombination rate and hence
increasing the amount of the radicals for bacterial killing.

Sample 5 mol% Cu-TiO2 recorded the highest BKE of
75.8% under visible light irradiation for 1 h. The experiment
data showed that the sample achieved > 99% BKE after a reac-
tion time of 4 h. The current findings indicated that the syn-
thesized Cu-TiO2 samples were effective antibacterial agents

under both dark and visible light.

4. CONCLUSIONS

A series of Cu-TiO2 of different mol% Cu dopants, ranging
from 1 to 10 mol%, were synthesized using rutile TiO2 as a
precursor via a sonochemical method. The analysis data con-
firmed that the particle size of the resulting materials ranged
from 230 – 350 nm. All the samples were crystallized solely in
the rutile phase. The antibacterial properties of copper-doped
titania photocatalysts were assessed via antibacterial testing us-
ing the Gram-positive bacteria, Staphylococcus aureus under
both dark and visible light irradiation. It has been demonstrated
the synthesized Cu-TiO2 were good visible-light-driven pho-
tocatalysts for antibacterial. Due to its enhanced structural and
optical properties, the presence of Cu dopant has extended the
light absorption range of TiO2 into the visible light spectrum,
significantly improved its photocatalytic efficiency, and hence
increased the BKE of the samples. Sample 5 mol% Cu-TiO2
achieved the highest BKE of 75.8% under visible light for 1 h.
A cost-effective TiO2 precursor and scalable synthesis method
were highlighted in this work as an effective approach for creat-
ing functional materials that can address current technological,
medical, and environmental challenges.
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