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ABSTRACT

This work used a green approach to produce carbon quantum dots (CQDs). TiO: nanoparticles (NPs) and TiO2-CQDs
nanocomposites with different weight ratios of CQDs were organized through a facile sol-gel method. XRD showed that the anatase
and rutile phases of TiO2 were polycrystalline with a tetragonal structure and that the CQDs exhibited a broad peak at (002) and a
hexagonal structure. High resolution-transmission-electron microscopy revealed that the TiO2 NPs agglomerated in mostly spherical
shapes and that the anatase and rutile phases of TiO2 had sizes of less than 15 and 25 nm, respectively. The CQDs had a relatively
uniform diameter, a spherical shape with a highly crystalline structure, and a size below 2 nm. UV-visible spectroscopy revealed that
the absorbance of the TiO2- CQDs nanocomposites increased with the increase in CQD ratio. The energy band gaps of the anatase and
rutile phases were 3.07 and 2.7 eV, respectively, whereas that of CQDs was 3.14 eV. Meanwhile, the energy band gaps of the TiO2-
CQDs nanocomposites decreased with the increase in CQDs ratio. The growth inhibition rates of the liver cancer HepG2 cell line and
the normal cell line RD were measured after 24 hours of experience to the two TiO2 phases and TiO2-CQDs nanocomposites. The
cytotoxicity test presented that the tested substances were extremely harmful to cells in cancer. Inhibition rates increased with the
increase in CQDs ratio. The inhibition rate of growth in cancer cells, including the liver cancer HepG2 cell line and the normal cell
line (RD), was measured for 24 hours after they were exposed to TiO2 (two phases) and TiO2-CQDs nanocomposites. The samples
showed a slight effect on the normal line (RD) compared to HepG2 cancer. The highest inhibition rate was 12.11% for the CQD 0.7
sample.

Keywords: Anatase phase, Rutile phase, CQDs, HRTEM, Liver cancer.

1. INTRODUCTION

In recent years, researchers have placed a notable
emphasis on the study of nanoparticles (NPs) within the
biomedical domain with a specific focus on their
application in cancer treatment strategies.

different cancer cell types, including HepG2, a human cell
line used to treat hepatocellular carcinoma, K592,
leukemia, cervical cancer, MCF7 and MDA-MB-468 breast
epithelial cells, and no small cell lung cancer are among the
human cell lines used in these studies [9-13]. The sol-gel

NPs offer various advantages because they may quickly
infiltrate tissues, bypass cellular barriers, and selectively
localize and aggregate at tumor locations and can
overcome rapid evacuation by the lymphatic system [1].
NPs can fulfill several functions because they can be
concurrently employed for diagnostics and therapeutics
determinations. The presence of light illumination can lead
to the generation of reactive oxygen molecules (ROS) by
metal or metal oxide NPs, resulting in the induction of cell
death [2,3]. TiOz is a mineral that occurs naturally. It can
be found in three distinct crystalline forms: anatase, rutile,
and brookite. TiO2 NPs have emerged as a novel category
of inorganic chemical compounds that have found
extensive applications in numerous fields, including
cosmetics, pollution remediation, food preservation,
medicines, and painting [4,5]. In recent times, TiOz has
been applied in the field of biomaterials [6, 7, 8]. TiO2 NPs
have been utilized as a photodynamic treatment agent for

method is a widely utilized technique for producing TiO2
NPs due to its comfort of usage, cost effectiveness, and high
success rate. It provides a means for synthesizing TiOzNPs
have many morphologies, including wires, rods, sheets,
tubes, particles, mesoporous structures, and aerogels [14].
A previous study extensively investigated carbon quantum
dots (CQDs), a type of carbon NPs [15]. CQDs have particle
sizes of 10 nm or less. By contrast, graphene nanosheets
have planar sizes of less than 100 nm and are referred to
as graphene quantum dots [16]. CQDs possess attributes,
such as chemical inertness, biocompatibility, low toxicity,
and cost-effectiveness, that are distinct from those of well-
known quantum dots with semiconducting properties;
akin to semiconductor quantum dots, they also
demonstrate  enhanced  fluorescence [17]. The
hydrothermal method is a suitable synthetic technique for
the synthesis of CQDs with precise control over their size.
It allows for the production of CQDs with highly regulated
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sizes from different organic compounds and carbohydrates
[18,19]. Biocompatibility and nontoxicity are essential
properties that determine the suitability of CQDs for
several biomedical techniques, particularly in the area of
cancer treatment. These properties are crucial
prerequisites for the successful utilization of CQDs in novel
approaches aimed at combating cancer. Some works have
investigated the biotoxic effects of CQD on various cancer
cells, such as HepG2 [20], Hek 293 [21], and A549 [22].

Furthermore, certain green-synthesized CQDs have
demonstrated exceptional fluorescence characteristics as
well as notable bioactivities, including antioxidizing,
anticancer, and anti-inflammatory capabilities. A previous
work investigated the strong inhibition of cancer cells by
photoluminescent CQDs derived from green tea [23].
Another work employed a different method for creating
fluorescent CQDs from chitosan derivatives and
investigated their biodistribution, cytotoxicity, and
antioxidant properties [24]. Furthermore, scholars have
researched the potential of aspirin-derived carbon dots as
biocompatible materials for bioimaging purposes while
also exhibiting anti-inflammatory properties [25,26].

Here, we present the integration of the up conversion of
TiO2 and CQD microspheres by using a straightforward
sol-gel technique. The in vitro cytotoxicity of the resulting
compounds was assessed by investigating their effects on
the HepG2 cell line, which is derived from human liver
cancer, and the RD normal cell line, which represents
normal liver tissue.

2. EXPERIMENTAL DETAILS

2.1 Synthesis of TiOz NP Powder Via the Sol-Gel
Method

The initial materials consisted of TiCls with a purity of
99.99% and ethanol (CH3CH20H) with a purity of 99.99%.
Synthesis was completed by introducing a series of
droplets derived from TiCls into an absolute ethanol
solution at a ratio of 1:10. The reaction was conducted
under a chemical fume hood with the help of a magnetic
stirrer to remove unwanted toxic gases, such as cloud HCl,
while the temperature was maintained at room
temperature. The above synthesis procedure yielded a
pale-yellow solution with pH values of 1.4-2. The gel state
was successfully obtained after subjecting the obtained
solution to a temperature of 80 °C for 12 h. The anatase
phase was obtained through calcination at 450 °C for 1.5 h.
By contrast, the rutile phase was obtained through
calcination at 900 °C for 1.5 h.

2.2 Synthesis of CQDs Via a Green Method

CQDs were prepared through hydrothermal carbonization,
which involves mixing ethanol with natural raw materials
and carbonizing the mixture at relatively low
temperatures. The primary processes involved in
hydrothermal carbonization are the dehydration,
polymerization, and carbonization of tiny nonconjugated
molecules. These molecules, which are commonly present
in orange juice, include citric acid, glucose, sucrose,

fructose, and ascorbic acid. Production of CQD is the
process's final result. To create a yellow solution, the
necessary amount of ethanol was mixed with the right
amount of pulp-free orange juice in a mixer. The solution-
containing glass dish was put inside a stainless-steel
autoclave and sealed tight. The autoclave's interior had an
atmosphere of one atmosphere pressure and was set at a
temperature of around 120 degrees Celsius. The process
was completed within approximately 150 min. The
autoclave was switched off and allowed to gradually cool
to room temperature after the prescribed amount of time
had elapsed. Subsequently, 40 ml of the resulting dark
brown solution was extracted. The solution underwent
centrifugation and additional washing with
dichloromethane and a a significant amount of acetone to
create a liquid phase and deposit, which were then
separated. The deposit had dried. The powder that formed
from the dried deposit was considered as CQDs. TiO2 NPs
and X-ray diffraction, UV-Vis-NIR spectrophotometry, and
high-resolution  transmission electron  microscopy
(HRTEM) were used to analyze CQDs.

2.3 Synthesis of TiO2-CQD Nanocomposites

Ti02-CQD nanocomposites were synthesized by using the
sol-gel method. Two combinations of composites were
prepared by mixing 0.3 g of TiOz (anatase phase) and
various quantities of CQDs (0.3 and 0.7 x 100% [w/w]).
Each mixture was put to 20 ml of deionized water, agitated
for three hours, and then dried for twelve hours at 80 °C in
an oven. A UV-Vis spectrophotometer was used to evaluate
the samples.

2.4 Anticancer Activity

The preservation and care of cell cultures were performed
as follows: The HepG2 cancer cell line and RD normal cell
line was cultured together in a culture container with a
surface area of 25 cm?. 10% calf B serum were added to
RBMI-1640, the culture medium. The cell suspension and
culture medium were placed in containers and incubated
in a 5% CO2 incubator at 37 °C for 24 h.

2.4.1 Cytotoxicity assays

Cells for the determination of the cytotoxic effect of the
two TiO2 phases and TiO2-CQD nanocomposites were
prepared by treating the contents of a 25 cm? tissue
culture container with trypsin/versine solution. The cells
were then incubated in an incubator at 37 °C for 10 min
and added with 20 ml of culture medium supplemented
with serum. The cell suspensions were mixed well0.2 mL
of the resultant mixture was then cautiously added to each
well of a tissue culture plate with a flat bottom. For 24
hours, the plate was incubated at 37 °C. Subsequently, the
previous culture medium was discarded, and 0.2 ml of the
pre-prepared  extract was added at different
concentrations to the wells, with three replicates for each
concentration. Three additional replicates were created.
Control plates, which consisted only of the cell suspension,
were incubated at 37 °C. After 24 h of exposure, the plates
were removed from the incubator, and a crystal violet
staining solution was added to all wells containing cells at
a rate of 100 pl per hole. The plates were returned to the
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incubator for 20 min and then removed. ELISA results
were read at a wavelength of 492 nm. The following
formula was used to determine the percentage of
cytotoxicity, or the inhibition rate of cell growth. [21]:

Inhibition rate = (A- B) /A x 100 ........ (1)

where A is the control group's optical density and B is the
optical density of the samples that are being studied.

2.4.2 Statistical analysis

The statistical evaluation of the results was conducted by
using Graph Pad Prism Version 6 analysis software and
analysis of variance. Means were compared by using the
Duncan multiplex experiment, wherein significant
differences were observed at a probability threshold of P <
0.05.

3. RESULTS and DISCUSSIONS
3.1 X-ray Diffractions Analysis

X-ray diffractions analyses was conducted to determine the
structure and phases of TiO2 NPs. Figure 1(a) displays
practically the crystal types in the spectrum acquired at
450 °C. The intensity peaks indicate that the anatase phase
had a polycrystalline nature and a tetragonal structure
oriented at the 20 diffraction angles of 25.52°, 37.04°,
38.01°, 38.67°, 48.23°, 54.09°, 55.26°, 62.87°, 68.95°,
70.43° and 75.25° that corresponded to the diffraction
planes of (101), (103), (004), (112), (200), (105), (211),
(204), (116), (220), and (215), respectively. These findings
are in line with the International Center for Diffraction
Data (ICDD) card number 21-1272 and comparable to
those reported by other studies [27,28]. The same figure
depicts that at 900 °C, the rutile phase had polycrystalline
TiO2 peaks and a tetragonal structure oriented at the 26
diffraction angles of 27.55° 36.17°, 39.31°, 41.33°, 44.14°,
54.41°, 56.72°, 62.82°, 64.14°, 69.10°, 69.88° and 76.40°
that corresponded to the diffraction planes of (110), (101),
(200), (111), (210), (211), (220), (002), (310), (301),
(112), and (202), respectively. These findings are in line
with the ICDD card numbers 21-1276 and comparable to
those reported by other researchers [27]. The increase in
temperature led to the agglomeration of particles and the
transformation of the TiO2 phase from anatase to rutile,
resulting in an elevation in the intensity of X-ray
diffraction. Furthermore, as crystallite size increased, the
diffraction peaks exhibited a profile that was narrower
than that of the TiO2 calcite at 900 °C. The XRD pattern in
Figure 1(b) of the CQDs shows a broad peak at 19.42°,
which corresponded to the (002) hkl plane with hexagonal
structure. This result is in agreement with the ICDD card
number 48-1206 and comparable to those reported by
other studies [29,30].

In this investigation, Scherrer’s formula was utilized to
determine crystallite size [28]:

D=09A/(BcosB) .vrrren (2)

where the symbol D represents the crystallite sizes, A
denotes the X-ray wavelengths associated with the CuKa
line emission, 3 represents the full width at half maximum,
and 0 signifies Bragg's angle. Calculations showed that the

crystallite sizes of the anatase and rutile phases were
15.89 and 40.54 nm, respectively. The crystallite size of
CQDs was 1.28 nm.
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Figure.1 (a) X-ray diffraction patterns of TiO2 NPs.
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Figure.1 (b) X-ray diffraction patterns of CQDs .

3.2 High resolution transmission electron microscopy

HRTEM was conducted to examine the microstructure of
the prepared materials. The HRTEM images of TiO2 NPs
and CQDs are displayed in Figures 2 and 3, respectively.
Figure 2(a) displays that the TiO2 NPs (anatase phase)
agglomerated in a mostly spherical form and that their
dimensions was less than 15 nm. When the preparation
temperature increased, the anatase phase turned into the
rutile phase, the size of the granules increased, and the
granules grew in different forms with sizes of less than 25
nm, as shown in Figure 2(c). This result supports and is
consistent with our XRD data on particle size. This
consistency can be attributed to the correlation between
the increase in temperature and the subsequent rise in
atomic kinetic energy. As a result, atoms are likely to
accept their appropriate places within the crystal lattice,
thus contributing to the enlargement of grain size [31].
Figures 2(b) and 2(d) illustrate that the lattice spacing of
the anatase and rutile phases was almost 0.31 nm.The
HRTEM descriptions of the CQDs are provided in Figures
3(a) and 3(b). Figure 3(a) shows that the CQDs had a
relatively uniform, dot-like spherical shape with a highly
crystalline structure and a size of less than 2 nm. These
results support and are consistent with our XRD data on
particle size. Figure 3(b) reveals that CQDs' lattice spacing
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was 0.24 nm. The photoluminescence (UCPL) feature of the
material [32]. These results are consistent with those of
previous studies[33].

Fig. 3 HRTEM images of CQDs .

3.3 Optical Studies

UV-Vis and NIR absorbance spectra obtained spanning the
wavelength range of 300900 nm were used to evaluate the
optical properties of the manufactured materials. Figure 4
shows the absorbance spectra of CQDs, TiO2NPs, and TiO--
CQD nanocomposites as a function of wavelength. The
absorption of the two TiO2 phases decreased gradually
with an increase in wavelength. However, as shown in
Figure (4a), the absorption of TiO2 in the anatase phase
was lower than that of TiOz in the rutile phase; this result
is consistent with a previously reported finding [34].
Figure 4(b) illustrates that the absorbance of CQDs
decreased slowly with the increase in wavelength (300-
900 nm). The absorbance of the TiO2-CQD nanocomposite
exhibited a rapid decrease in the wavelength region of

300-400 nm. Beyond this particular region, the correlation
gradually declined with the increase in wavelength, as
visually depicted in Figure4(b). The absorbance of TiO2-
CQD nanocomposites increased with the increase in CQD
ratio due to the upconversion

Anatase phase
Rotile phase

Absorbance(A)
5258

e
Y
T

0.1 1 1 1 1 1 1 1

200 300 400 500 600 700 800 900 1000
Wavelength (nm)

Figure.4 (a) Absorption spectra of TiO2 Np anatase and rutile
phases.
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Tauc's equation was utilized to ascertain the values of the
optical energy gap (Eg), which may be stated as
follows[32]:

h=Bm-E") ....(3)

where hv denotes the photon energy, and B denotes a
constant that lacks reliance on photon energy and r. Figure
5 presents the plot of (ahv)? versus hv, and Eg values were
calculated by using Tauc’s equation.
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Figure. 4(b) Absorption spectra of TiOz, CQDs, and Ti02-CQDs
nanocomopsites.

Figure 5(a) shows that the energy band gaps of the anatase
and rutile phases were 3.07 and 2.7 eV, respectively, which
agreed with the reported values [32]. As displayed in
Figure 5(b), the energy band gap of CQDs was 3.14 eV,
which was consistent with previously reported results
[35,36]. The Eg values of the TiO2-CQD nanocomposites
decreased with increasing CQD ratio. As shown in Figure
5(c), CQD 0.3 and CQD 0.7 had energy band gaps of 2.88
and 2.26 eV, respectively, which were in agreement with
previously reported results [33]. These results suggested
that because of CQDs' small band gap and upconversion,
modification might significantly increase TiO2's capacity to
absorb visible light. This modification technique was
different from carbon element doping, which forms a new
energy level in the band gap of TiO2 by inserting carbon
atoms into the interface and surface lattice. This process
results in visible light absorption. [33].

3.4 Anticancer study

Two cell lines, namely, the cancer cell line HepG2 and
normal cell line RD, were exposed to TiO2 phases and TiOz2-
CQD nanocomposites at a concentration of 100 pg/m for
24 h in an incubator at 37 °C. Figures 6 and 7 show that
these substances killed the tested cells, and Table (1)
shows that the TiO2 NPs and TiO2-CQD nanocomposites
had an inhibitory impact on the growth of the HepG2 and
RD cell lines for 24 h after exposure. Initially, the
cytotoxicity effects of the two TiO2 phases were tested. The
results provided in the table below reveal that the anatase
phase had a higher rate of inhibition of HepG2 and RD cell
lines than the rutile phase because the anatase phase is
smaller than the rutile phase, as demonstrated by XRD and
HRTEM measurements. As their size decreased, the surface
area of the materials increased. Therefore, the
nanomaterials became able to agglomerate, and lateral
dispersion increased. These effects increased the

)

interactions of the nanomaterials with cells and their
absorption by cells, leasing to the programmed death of
the HepG2 and RD cell lines [37]. Given that the anatase
phase had the best inhibitory effect on cells, it was chosen
for the preparation of TiO2-CQD nanocomposites. The
results presented that the inhibition rate of the HepG2 cell
line increased with increasing CQD concentration. The
percentage of inhibition by sample CQD 0.7 reached
81.01%. The inhibition rate of the normal line RD was
lower than that of the HepG2 cancer line. The percentage
of inhibition by sample CQD 0.7 reached 12.11%, as shown
in the Table 1. This result indicated that the prepared
nanomaterials did not affect healthy cells. Because CQDs
have advantageous qualities such high water solubility,
biocompatibility, and dispersibility, the percentage of
inhibition by Ti02-CQD nanocomposites rose with
increasing CQDs ratio. Furthermore, CQDs can narrow
semiconductor materials' band gaps, which boosts the
production of ROS [38,39].
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Figure. 5 Tauc plots of TiO2 (a), CQDs (b), and TiO2-CQDs
nanocomposites (c).
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Figure. 6 Comparison of the HepG2 cell lines unaer treatment
with TiO2-CQD nanocomposites (a), the control (b), and TiO2-
CQD nanocomposites with a CQD ratio of 0.7.
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Figure. 7 Comparison of the RD cell lines under treatment
with Ti02-CQDs nanocomposites (a), the control, and (b) TiO2-
CQDs nanocomposites with a CQDs ratio of 0.7.

Table 1. Inhibitory effect of TiOz NPs and TiO2-CQDs
nanocomposites on the cancer cell line HepG2 and normal cell

line RD.
Inhibition ratio of cancer Inhibition ratio of normal
cell line HepG2 cell line (RD)
Samples Inhibition Samples Inhibition
Ratio100% Ratio100%
anatase 67.42 anatase 5.13
phase phase
rutile phase 35.19 rutile 1.08
phases
CQDs 0.3 71.39 CQDs 0.3 6.23
CQDs 0.7 81.01 CQDs 0.7 12.11

4. CONCLUSION

Studying the operational, morphological, as well as optical
characteristics of the prepared materials revealed that the
anatase and rutile phases of TiOz were polycrystalline with
a tetragonal structure and that CQDs exhibited a broad
peak at (002) and hexagonal structure. The HRTEM results
indicated that the sizes of the anatase and rutile phases of
TiO2 were less than 15 and 25 nm, respectively, and that of
CQDs was less than 2 nm. The results of UV-Vis
spectroscopy presented that the absorbance of the TiO2-
CQDs nanocomposites increased with the increase in CQDs
ratio. The Eg values of the TiO:-CQDs nanocomposites
decreased with the increase in CQDs ratio. TiOz and the
Ti02-CQDs nanocomposites were highly cytotoxic against
the HepG2 and RD cell lines, and the rate of cytotoxicity
increased with the increase in CQDs ratio. This result
indicated that the prepared materials have promising uses
against cancer cells.
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